
ntial of
s
d

tion of
antial
ntier

ts that
action
1995).
Review of Economic Dynamics 7 (2004) 789–826

www.elsevier.com/locate/red

Multinationals and the gains from international
diversification

Patrick F. Rowlanda, Linda L. Tesarb,c,∗

a Financial Engines Inc., 1804 Embarcadero Road, Palo Alto, CA 94303, USA
b Department of Economics, 611 Tappan Street, University of Michigan, Ann Arbor, MI 48109, USA

c National Bureau of Economic Research, USA

Received 9 December 2002; revised 28 May 2004

Available online 8 July 2004

Abstract

This paper employs mean–variance spanning tests to examine the diversification pote
multinational firms and foreign market indices from the perspective of investors in the G7 countrie
over the 1984–1995 period. We find evidence that multinational corporations may have provide
diversification benefits for investors in Germany and the United States. We find that the addi
foreign market indices to a domestic portfolio—inclusive of multinationals—provided subst
diversification benefits in all countries. The economic importance of the shift of the portfolio fro
varied considerably across markets.
 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Despite the benefits of global diversification, evidence on home bias sugges
investors in industrialized countries have been reluctant to hold more than a small fr
of their wealth in foreign assets (French and Poterba, 1991 and Tesar and Werner,
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While investors have increased their holdingsof foreign equity in recent years, the fraction
of the portfolio invested abroad remains far less than the share implied by standard
of optimal portfolio choice. At the end of 1996, the share of national equity portfo
invested in foreign equity was 11.2 percent in Canada, 5.3 percent in Japan, 18.2 percen
Germany, 22.5 percent in the United Kingdom and 10 percent in the United States
and Werner, 1998). The extent of home bias in bond portfolios tends to be even larg
in equity portfolios.1

This paper employs mean–variance spanning tests to examine the diversifi
potential of multinational firms and foreign market indices from the perspectiv
investors in Canada, France, Germany, Italy, Japan, the United Kingdom and the
States over the 1984–1995 period. Wetest whether the addition of multinationals and
international equities to a broad-based portfolio of domestic equities significantly
the portfolio frontier. One possible explanation for the observed home bias in na
portfolios is that investors can obtain the benefits of international diversification indir
through multinational firms, and thereforedo not need to hold foreign equity in the
portfolios. Previous studies have generally concluded, however, that multinational fir
not provide diversification benefits. Jacquillat and Solnik (1978) regressed the returns
multinationals from nine countries on the set ofmarket indices and found that multination
returns tended to covary most with the firm’s home market. Senchack and Beed
(1980) contrasted the risk, returns and betas ofportfolios of multinationals with portfolios
of domestic and international equities and found that multinationals did not delive
diversification benefits. These studies presume that the appropriate domestic ben
is the market portfolio. While in theory the value-weighted index of domestic equ
should reflect the full benefits of investing in the home market, there is ample evi
that portfolios that deviate from the market can produce higher risk-adjusted returns
1977). The advantage of the mean–variance spanning methodology employed in thi
is that it imposes no restriction on the composition of the domestic portfolio o
international portfolio.

Our testing procedure is comprised of two steps. We begin with a portfolio of p
domestic equities that excludes multinationals and cross-listed firms. In the first st
examine whether the addition of multinationals (headquartered in the investor’s coun
of origin) to the set of domestic equities provides diversification benefits, controllin
the effects of industry classification and firm size. We find evidence that the addition
multinationals significantly shifts the domestic portfolio frontier for investors in Germ
and the United States. Thus, we find little evidence that home bias due to in
diversification through multinationals could possibly be rationalized for investors in mo
countries.

The finding that multinationals may shift the portfolio frontier does not necess
imply, however, that multinationals are a substitute for holding international assets.
second step we examine whether the addition of international stock-market indices
the domestic portfolio frontier inclusive of multinational equities. We find that from

1 The exception is the United Kingdom with foreign bondholdings at 37.5 percent of the portfolio in 1995. T
allocation of bonds to “foreign” and “domestic” categories is particularly problematic for the United Kingdo
due to the location of the eurobond market in London.
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perspective of investors in every country the addition of an international market ind
the set of domestic equities—inclusive of multinationals—significantly shifts the port
frontier. The results make clear that investors cannot exhaust the gains from diversifi
without turning to international markets.

Finally we examine the welfare benefits of global diversification from the perspe
of investors in each of the seven countries in our sample. While the mean–varianc
provide information about the statistical significance of the shift in the portfolio fro
as assets are added to the benchmark set, the tests do not provide information a
magnitude of the shift in an economic sense. We calculate two measures of the ma
of the shift in the efficient frontier. The first metric is the percentage change in consum
required to make the investor indifferent between holding the utility-maximizing port
comprised of the benchmark set of domestic assets and the utility-maximizing po
comprised of the set of domestic and international equities. The second is the cha
mean return per unit risk, or the change in the Sharpe ratio. We find that the gain
international diversification vary dramatically across the seven countries. Interesting
marginal gains of adding international indices to a broadly-defined domestic portfo
inclusive of multinationals—are small relative to the initial gains of adding multinatio
to a set of purely domestic assets.

Our paper is similar to the study by Errunza et al. (1999) although it differs in s
important respects. Errunza et al. examine the gains from “home-grown” diversific
from the perspective of investors located in the United States. The purpose of their
is to see if US investors can exhaust the gains from diversification by holding only
securities that trade on US exchanges, inclusive of ADRs and country funds. In gener
they fail to reject the null hypothesis that a broadly defined portfolio comprised o
industry indices, US multinationals, ADRs and country funds spans individual foreign
country indices. Our study differs from theirs in three ways. First, because we wish
understand the problem of home bias, we exclude ADRs and country funds fro
benchmark portfolio because these are by definition claims on foreign firms. The fi
that a portfolio with ADRs and country funds spans foreign indices tells us little abou
marginal benefits of global diversification. Second, by excludingmultinationals from the
benchmark portfolio, we can test explicitly for the marginal benefits of diversifica
if any, that can be obtained through multinationals. Finally, we examine the benefits
diversification for investors outside of the United States, where the ability to purc
claims on foreign firms in the home market may be more limited.2 Because investors i
different countries face different currency risks, we examine the gains from diversific
from each investor’s perspective by denominating all returns in their home currency.

The paper is organized as follows. The specification of the generalized meth
moments mean–variance spanning test is discussed in Section 2. Section 3 pres
metrics for quantifying the magnitudes of the gains from diversification and Sect
discusses our data set. The finite-sample properties of the test are discussed in S

2 Excluding multinationals and cross-listed equities from the benchmark domestic portfolio requi
to create our own indices, as “off the shelf” industry and country indices contain a significant fraction
multinational and international stocks. The methodologywe use to create the indices is described in Appendix
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and Appendix C. Section 5 summarizes the diversification benefits of multinational
The marginal benefits of adding country indices are discussed in Section 6.

2. Generalized method of moments mean–variance spanning test

Throughout, we will refer to the set of domestic equities as the “benchmark” a
and the set of expanded investment opportunities as the “extended set” of assets. W
perform mean–variance spanning tests to determine if the portfolio frontier compris
the benchmark and extended-set assets is statistically different from the portfolio fr
comprised of only the benchmark assets. In particular, the test provides eviden
determining whether the addition of the extended-set assets to the benchmark
assets restricts the set of discount factors that “price” the benchmark assets alone (
and Jagannathan, 1991). The advantage of the spanning test is that it does not
specification of a risk-free rate of return. The disadvantage, however, is that rej
of the null hypothesis that the portfolio frontiers are equivalent does not imply tha
marginal diversification benefits are economically significant. We will address this pro
in Section 3 by providing a utility measure of the benefits of an outward shift o
portfolio frontier.

We follow the methodology described in DeSantis (1993) and Bekaert and Urias (
to test for mean–variance spanning. Assuming frictionless markets, a common res
on asset pricing models is

E[Rt+1mt+1] = ι (2.1)

whereRt+1 is an-dimensional vector of gross asset returns,mt+1 is the stochastic discoun
factor andι is a vector of ones of dimension(n × 1).3 Explicit parameterization ofmt+1
gives Eq. (2.1) an economic interpretation. For example, specifyingmt+1 as a linear
function of the return on the market portfolio yields the Capital Asset Pricing Mo
Alternatively, if mt+1 is specified as the intertemporal marginal rate of substitution
consumption CAPM is obtained.

Following DeSantis and Bekaert–Urias, letmt+1 be a candidate discount factor forRt+1
and assumemt+1 is a linear projection ontoRt+1 such that

mt+1 = c + [
Rt+1 − E(Rt+1)

]′
β + εt+1 (2.2)

wherec is a constant,εt+1 is the error term of the regression and is uncorrelated
Rt+1 by assumption. In general,β cannot be estimated becausemt+1 is unobserved
Nevertheless, ifmt+1 is required to priceRt+1, then substitution of Eq. (2.2) into Eq. (2.
yields the unconditional asset pricing restriction, where0̄ is a(n × 1) vector of zeros:

E
{
c + Rt+1

([
Rt+1 − E(Rt+1)

]′
β
)} − ι = 0̄. (2.3)

PartitionRt+1 such thatRt+1 ≡ �R′
B,t+1R

′
E,t+1� and partitionβ such thatβ ≡ [β ′

Bβ ′
E].

The dimensions ofRB and RE are (nB × 1) and (nE × 1), respectively.RB and RE

3 The derivation of the theoretical bounds for the first two moments ofmt+1 are presented in Hansen a
Jagannathan (1991) and the computational steps are discussed in DeSantis (1993).
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correspond to the benchmark portfolio ofnB assets and the extended-set portfolio
nE assets. The null hypothesis thatRt+1 is priced by the subset ofnB assets inRB,t+1

implies thatRE,t+1 is redundant for asset pricing. Therefore, under the null hypoth
the coefficients inβE are equal to zero and the unconditional asset pricing restriction
be rewritten as:

E
{
Rt+1

[
c + [

RB,t+1 − E(RB,t+1)
]′
βB,1

] − ι
} = 0̄. (2.4)

Conditional on a given value ofc and thatRB,t+1 is a subset ofRt+1, the restriction in
Eq. (2.4) implies that the portfolio frontier comprised of the benchmark assets is ta
to the portfolio frontier comprised of the benchmark assets and extended-set asset
point corresponding to the highest Sharpe ratio.4

The two-fund separation theorem states that any frontier portfolio can be obtain
a linear combination of any two distinct frontier portfolios. Therefore, if the portf
frontiers implied byRt+1 and RB,t+1 are tangent at two distinct points, then the t
frontiers must coincide at all points. LethT (β̄B) denote the 2nB sample moment condition
that are obtained as a generalization of Eq. (2.4),

hT (β̄B) = E

{
Rt+1

[
c1 + [

RB,t+1 − E(RB,t+1)
]′
βB,1

] − ι

Rt+1
[
c2 + [

RB,t+1 − E(RB,t+1)
]′
βB,2

] − ι

}
= 0̄, (2.5)

where β̄B = [β ′
B,1, β

′
B,2]. Denoteb̄B = [b′

B,1, b
′
B,2] as the vector of estimators of̄βB

subject to the restriction that the coefficients corresponding to the extended-set as
equal to zero. The vector̄bB is the solution to

argminb̄B = argminhT (β)′ΩT hT (β)

subject to β̄E = 0
(2.6)

where β̄E = [β ′
E,1, β

′
E,2] and ΩT is an optimally chosen weighting matrix.5 The

null hypothesis is that the frontiers coincide at all points (i.e.β̄E = 0̄). Under the
null hypothesis, the generalized method of moments (GMM) test of over-identi
restrictions has a chi-square distribution with 2nE degrees of freedom. The order of t
Newey–West correction used in the GMM algorithm is equal to 4(T /100)2/9 (see Newey
and West (1992)).

T
[
hT

(
b̄B

)′
ΩT hT

(
b̄B

)] ∼ χ2(2nE). (2.7)

The alternative hypothesis is thatβ̄E �= 0. Rejection of the null hypothesis implies that t
variation in the returns of the benchmark assets does not explain the variation of the
of the benchmark and extended-set assets. Failure to reject the null hypothesis p
evidence that the benchmark set of assets spans the risk-return opportunities offered by
extended set of assets.

4 See DeSantis (1993) for a detailed explanation of the relationship between the portfolio frontiers and the
volatility bounds ofmt+1.

5 See DeSantis (1993), Bekaert and Urias (1996) and Campbell et al. (1997).
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3. Quantifying the gains from international diversification

Rejection of the null hypothesis that the benchmark portfolio of domestic assets
the extended-set portfolio does not provide information about the magnitude of the shift
the efficiency frontier, nor does it provide insight into whether the shift is economi
significant. To give the shift in the portfolio frontier an economic interpretation,
quantify the gains from diversification in two ways. First, we calculate the gains in life
utility associated with expanding the portfolio to include the extended set of assets (L
2000). The utility gain is measured as the percentage reduction in permanent consumpt
that makes an individual indifferent between the optimal portfolio comprised of assets
the benchmark and the extended-set and the optimal portfolio comprised of assets f
benchmark set only.6 Second, we report the change in Sharpe ratio resulting from the
in the portfolio frontier. We use the country-specific mean LIBOR rate as a proxy fo
risk-free rate in our calculation of the change in the Sharpe ratio.

To measure utility gains, we follow Lewis (2000) by lettingCt denote permanen
consumption at timet of an individual holding the optimal portfolio of benchmark ass
and lettingC∗

t denote the permanent consumption at timet of an individual holding the
optimal portfolio of benchmark and extended-set assets. The utility gain,δ, is given by the
relationship

U0(C0) = U0
(
C∗

0(1− δ)
)
. (3.1)

We use the Epstein–Zin–Weil (see Epsteinand Zin, 1989) specification for utility whic
allows the risk-aversion parameter,γ , to differ from the inverse of the elasticity o
intertemporal substitution parameter,θ :

Ut = [
c
(1−θ)
t + β

[
Et

(
U

1−γ

t+1

)](1−θ)/(1−γ )]1/(1−θ) for γ, θ > 0; γ, θ �= 1. (3.2)

The utility maximizing portfolio is obtained by maximizing the utility function given
Eq. (3.2) subject to the portfolio frontier of available assets. Portfolio returns are ass
to be jointly log-normally distributed such that ln(RB,t ) ∼ N(µB − (1/2)σ 2

B,σ 2
B), and

ln(RBE,t ) ∼ N(µBE − (1/2)σ 2
BE,σ 2

BE), whereRB,t and RBE,t are the vector of gros
returns on the benchmark portfolio and the vector of gross returns on the portfoli
includes the benchmark and extended-set assets, respectively. The expected u
consumption for an investor who is holding the optimal benchmark portfolio ma
written as

EtU(Ct ) = Wt

{
1− β exp

[
(1− θ)

(
µB − 1

2
γ σ 2

B

)]}−(1/(1−θ))

, (3.3)

6 The utility-gain metric has two shortcomings. First, the spanning test presented in Section 2 te
hypothesis that the asset-pricing kernel is the same for the two sets of assets. If the asset-pricing kernel is
valid across the two sets of assets, then the utility-gain metric, which is a function of the mean and vari
the portfolios, is also not valid. Second, we do not considerthe variance of the utility-gain metric. Despite the
shortcomings, this metric provides an economically intuitive measure of thedistance between portfolio frontier
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Fig. 1. Utility improvement from expanding the set of available assets.

and the expected utility of consumption for an investor who is holding the optimal por
of benchmark and extended-set assets may be written as

EtU(Ct ) = Wt

{
1− β exp

[
(1− θ)

(
µBE − 1

2
γ σ 2

BE

)]}−(1/(1−θ))

, (3.4)

whereWt is equal to the individual’s wealth at timet and is assumed to be exogenous.
Figure 1 illustrates the utility gain from adding the extended set of assets to the po

of benchmark assets. Without the extended set of assets the investor maximizes utility
subject to the portfolio frontier of benchmark assets. The optimal portfolio is obta
at the tangency labeledTB . If the set of available assets is expanded to include both
benchmark and extended-set assets, the investor increases utility bychoosing the optima
portfolio at TBE . The utility gain is measured as the percentage reduction in perm
consumption that makes an individual indifferent between the optimal portfolio atTBE

and the optimal portfolio atTB , as given in Eq. (3.1).
Note that the inner brackets in Eqs. (3.3) and (3.4) indicate that utility maximiz

involves a trade-off between the mean return of the portfolio and its variance. As disc
in Lewis (2000), the portfolio allocation decision depends only on the coefficient o
aversion and no other preference parameters. To compute welfare gains, we numerica
solve for the optimal portfolio weights given the set of benchmark assets and the ex
set of assets. We then use Eqs. (3.3) and (3.4) to compute the utility levels associat
the two portfolios. Finally we compute welfare gains using Eq. (3.1).
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For the utility specifications in Eqs. (3.3) and (3.4), the admissible combinationsγ

andθ are restricted such that the discount factor,β , is less than one:

β−1 > exp

[
(1− θ)

(
µ − 1

2
γ σ 2

)]
. (3.5)

We consider the utility gain from diversification for risk-aversion parameter(γ ) equal
to 2 and an elasticity of intertemporal substitution parameter(θ) of five.7 There is little
consensus in the literature about the “true” magnitudes of risk aversion and intertempo
substitution. Our specification is intended to be suggestive of the possible gains fr
diversification, and the parameter values are chosen so that our measures can be comp
to estimates in other studies.

4. Data description and finite sample properties of the test

We consider the benefits of diversification—through the addition of multinationals and
the addition of foreign market indices—from the perspective of investors from Ca
France, Germany, Italy, Japan, the United Kingdom and the United States. For each coun
in the sample, firm-level data is used to construct portfolios by industry classification
size and domestic/multinational status. The number of domestic portfolios ranges fr
for Italy to 21 for the United States. The data is extracted from Datastream, a prop
database. In instances where Datastream is notthe primary source of the data, the prima
source is cited. With the exception of Japan, the sample of equities includes firms t
currently traded or were previously traded.8 International equities that are cross-listed
the domestic market are eliminated from the sample of domestic firms. The time ser
sampled weekly and the data sample spans nearly a twelve-year period from January
1984 to October 25, 1995.

4.1. Domestic portfolios

Within each country, equities are classified according to industry, firm size an
domestic/multinational status. The four industry classifications are consumer goods
services, energy andutilities, finance and real estate, andindustrials. Classification b
firm size is based on firm market capitalization relative to industry capitalization.
three classifications are small, medium and large. In addition, each equity is cla
as a domestic or a multinational equity. Therefore, each country’s portfolio include

7 Lewis (2000) discusses the relationship between the risk-aversion parameter and the elasticity
intertemporal substitution parameter. She reports findings for a broader set of parameter values for an
who holds a portfolio of market indices.

8 Our sampling of Japanese companies from the Datastream database yielded no delisted or bankrupt fi
and no firms were allocated to the “other” industry classification (see Appendix A). Given the Japanese busin
environment, financially distressed companies may be dissolved in ways other than through bankruptcy. T
extent to which delistings and bankruptcies occurred in Japan and were not covered by Datastream wou
our results to overstate the benefits of holding Japanese equities.
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Table 1.1
Summary statistics by firm classification, Canada

Number in
population

Number in
sample

Sample mean
return

Sample standard
deviation

Return per
unit risk

Canada domestic
Consumer goods and services

small 787 30 0.1701 3.0092 0.0565
medium 11 11 0.1493 1.9642 0.0760
large 4 4 0.2591 3.8254 0.0677

Energy and utilities
small 48 30 0.1839 1.6389 0.1122
medium 4 4 0.1927 1.7682 0.1090
large 1 1 0.1715 1.8708 0.0916

Finance and real estate
small 194 30 0.0476 2.1251 0.0224
medium 7 7 0.2087 2.2354 0.0933
large 3 3 0.2421 2.5705 0.0942

Industrial
small 793 30 0.1033 2.6526 0.0389
medium 19 19 0.1113 2.4715 0.0450
large 7 7 0.1260 2.5340 0.0497

Canada multinationals
Consumer goods and services

small 2 2 0.0717 3.7192 0.0193
medium 1 1 0.2592 2.8941 0.0896
large 2 2 0.2738 2.6646 0.1027

Industrial
small 2 2 0.2573 3.8351 0.0671
medium 1 1 0.1780 3.1096 0.0572
large 2 2 0.1893 3.5212 0.0538

Notes. Unless otherwise noted, the sample period is from January 4, 1984 to October 25, 1995. The returns
stated in percent return per week in the local currency. The return per unit risk is the sample mean return
by the sample standard deviation.

a maximum of twenty-four categories: half of the categories are domestic equitie
half of the categories are multinational equities.

Ideally, the portfolios of individual firms categorized by size and industry shoul
based on the entire set of firms within each country-industry-size class. Given the
number of firms in some of the categories and the lack of documentation about the
of many firms, we form value-weighted portfolios based on a random sample of
from each category.9 Sources in addition to the information provided by Datastream w

9 In forming country-industry-size portfolios, we include up to 30 firms within each type of portfolio (b
industry, size and country), where size is based on the cumulation of market capitalization. Given the skewness
the distribution of firm size in the population, the largefirms are “oversampled” in the sense that a large firm w
almost certainly be included in the “large” portfolio, whereas there is only a small chance that a particular sm
firm will be included. We were more concerned about the representation of firm “size” as a factor than about t
representation of a particular firm in the portfolio.
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Table 1.2
Summary statistics by firm classification, France

Number in
population

Number in
sample

Sample mean
return

Sample standard
deviation

Return per
unit risk

France domestic
Consumer goods and services

small 331 30 0.3518 2.8243 0.1246
medium 19 19 0.3054 2.6909 0.1135
large 4 4 0.2912 3.6179 0.0805

Energy and utilities
small 10 10 0.3136 3.9954 0.0785
medium 0
large 1 1 0.3758 4.0440 0.0929

Finance and real estate
small 175 30 0.1593 1.7992 0.0885
medium 21 21 0.1996 2.6445 0.0755
large 10 10 0.2609 3.4417 0.0758

Industrial
small 278 30 0.2804 3.2883 0.0853
medium 12 12 0.3395 3.3269 0.1020
large 3 3 0.2552 4.4517 0.0573

France multinationals
Consumer goods and services

small 1 1 0.3478 4.7955 0.0725
medium 3 3 0.2237 3.2893 0.0680
large 3 3 0.3228 3.0674 0.1052

Industrial
small 2 2 0.2500 3.8345 0.0652
medium 9 9 0.3306 3.2535 0.1016
large 2 2 0.3518 3.1396 0.1120

Note. The sample period of French firms is truncated to the period from July 17, 1985 to October 25, 199

used to verify the status of each firm in our random sample. The weights withi
sample portfolio change over time as the market capitalization of the firms in the po
changes. This ensures that the returns of thesample portfolio for each category are val
weighted over the full time series. Details of the equity classification and the constru
of the portfolios are explained fully in Appendix A. A listing of the multinational firms
country is provided in Appendix B.10 Tables 1.1 through 1.7 provide summary statis
of the portfolios by size and industry for each of the seven countries. The first co
of each of the tables shows the number of firms per category. For example, there a
small, domestic, consumer-goods-and-services firms in Canada covered by the Dat
database. Notice that no country has firms in all of the categories. The United

10 Various studies have used different indicators of multinational status, such as foreign assets, foreign
the number of foreign subsidiaries. Each of these indicators has its own strengths and weaknesses. In this ana
we used the Hoopes (1994) to obtain a list of companies withforeign branch operations. There is considerable
overlap between our list of multinationals and the list of companies in Datastream that have foreign as
example.
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Table 1.3
Summary statistics by firm classification, Germany

Number in
population

Number in
sample

Sample mean
return

Sample standard
deviation

Return per
unit risk

Germany domestic
Consumer goods and services

small 394 30 0.1468 2.2187 0.0662
medium 37 30 0.1940 2.4469 0.0793
large 20 20 0.1798 2.9924 0.0601

Energy and utilities
small 45 30 0.2291 1.3667 0.1677
medium 10 10 0.2651 2.1703 0.1221
large 6 6 0.2758 3.0938 0.0892

Finance and real estate
small 197 30 0.1681 2.2325 0.0753
medium 23 23 0.2584 3.1063 0.0832
large 10 10 0.0986 4.1346 0.0238

Industrial
small 675 30 0.1428 2.4221 0.0590
medium 3 3 0.1144 2.5352 0.0451
large 0

Germany multinationals
Consumer goods and services

small 0
medium 1 1 0.2685 3.0581 0.0878
large 1 1 0.2603 3.1069 0.0838

Energy and utilities
small 0
medium 0
large 1 1 0.3102 2.8927 0.1072

Finance and real estate
small 0
medium 0
large 2 2 0.2131 3.3857 0.0630

Industrial
small 8 8 0.2025 2.9864 0.0678
medium 5 5 0.2164 2.8263 0.0766
large 3 3 0.1748 2.9535 0.0592

has the most non-empty categories with 21. The maximum size of the random s
is 30. Column two reports the number of firms in the sample portfolio. For exam
the sample portfolio for the small, domestic, consumer-goods-and-services categ
Canada contains 30 firms. Columns three through five provide sample mean returns,
standard deviations, and the mean return per unit risk in local currency units for eac
category over the January 4, 1984 to October 25, 1995 period.11

11 Datastream incorporates the dividend payment bymultiplying the return due to price appreciation by t
most recent dividend yield.
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Table 1.4
Summary statistics by firm classification, Italy

Number in
population

Number in
sample

Sample mean
return

Sample standard
deviation

Return per
unit risk

Italy domestic
Consumer goods and services

small 52 30 0.2140 2.6499 0.0807
medium 10 10 0.3217 3.7001 0.0869
large 4 4 0.2737 3.7716 0.0726

Energy and utilities
small 8 8 0.4321 3.1293 0.1381
medium 2 2 0.4612 4.0891 0.1128
large 1 1 0.4991 4.4583 0.1120

Finance and real estate
small 92 30 0.3076 3.3523 0.0918
medium 11 11 0.2824 3.6339 0.0777
large 2 2 0.3670 3.5300 0.1040

Industrial
small 116 30 0.2310 3.1295 0.0738
medium 11 11 0.2024 3.1813 0.0636
large 2 2 −0.0067 4.1506 −0.0016

Italy multinationals
Industrial

small 0
medium 1 1 0.0957 4.9967 0.0191
large 3 3 0.2564 4.0878 0.0627

Note. The sample period for Italian firms is truncatedto the period from January 15, 1986 to October 25, 199

4.2. Exchange rates

The benefits of diversification are examined from the perspective of an invest
domiciled in each of the seven countries in our sample in local currency units.12 The time
series of exchange rates for the seven sample countries are the Datastream weekly e
rates. Table 2 shows the mean and standard deviation of the exchange rates relativ
pound for our sample countries (UK excluded). For ease of comparison, the exchange ra
are stated in pounds per foreign-currency unit.

4.3. International indices

In the tests for global diversification, the extended-set portfolio contains interna
market indices from the countries other than the benchmark country. We use the w

12 Alternatively, we could calculate all returns in US dollars and assume that investors hedge their po
against exchange rate risk. It is difficult to obtain clear evidence on the extent of hedging in global capital mark
but survey evidence suggests that investors do not hedgefully against exchange rate risk (Bodnar et al., 199
Indeed there is evidence that exchangerate fluctuations provide some of the benefits of global diversification. We
leave the question of the benefits of global diversification based on hedged returns to future research.
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Table 1.5
Summary statistics by firm classification, Japan

Number in
population

Number in
sample

Sample mean
return

Sample standard
deviation

Return per
unit risk

Japan domestic
Consumer goods and services

small 503 30 0.1506 2.8495 0.0529
medium 44 30 0.1556 2.6852 0.0580
large 14 14 0.2039 2.8063 0.0726

Energy and utilities
small 22 22 0.2451 3.5082 0.0699
medium 4 4 0.2087 3.6560 0.0571
large 3 3 0.2857 4.3285 0.0660

Finance and real estate
small 186 30 0.2033 3.2284 0.0630
medium 9 9 0.4091 4.2324 0.0967
large 6 6 0.3768 4.3924 0.0858

Industrial
small 1047 30 0.2993 3.5426 0.0845
medium 43 30 0.0900 2.8014 0.0321
large 5 5 0.0599 2.8049 0.0213

Japan multinationals
Consumer goods and services
small 3 3 0.2172 3.9566 0.0549
medium 4 4 0.1630 3.1202 0.0522
large 6 6 0.1797 3.1795 0.0565
Industrial
small 12 12 0.1378 2.9620 0.0465
medium 25 25 0.1428 2.8974 0.0493
large 12 12 0.1267 3.3453 0.0379

total-return index for each sample country as calculated by Datastream.13 The sample
means and standard deviations of the return series for eachcountry-specific index ar
reported in local currency in Table 3.1 and in US dollars in Table 3.2. The third co
of each table shows the return per unit risk (Sharpe ratio). Table 4 shows the correlatio
between market indices in US dollars.

4.4. Finite sample properties of the test

The size and power characteristics of our test are a concern because the num
test assets is large. In related research, Bekaert and Urias (1996) present Mont
simulation results indicating that the empirical size and power of GMM-spanning tes
adversely affected by an increase in the number of assets in the benchmark and extend
set portfolios conditional on a given sample size. This suggests that, for a given n
of benchmark (extended-set) assets, the sizeand power characteristics deteriorate as th

13 The total-return index is a value-weighted index that includes dividend reinvestment. Dividend disburse
ments are incorporated into the index return through the most recent dividend yield on the component securit
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Table 1.6
Summary statistics by firm classification, United Kingdom

Number in
population

Number in
sample

Sample mean
return

Sample standard
deviation

Return per
unit risk

UK domestic
Consumer goods and services

small 548 30 0.4200 2.4823 0.1692
medium 16 16 0.3133 2.3575 0.1329
large 3 3 0.4337 2.9323 0.1479

Energy and utilities
small 45 30 0.5312 3.8064 0.1395
medium 3 3 0.2995 2.9892 0.1002
large 2 2 0.3451 3.1076 0.1110

Finance and real estate
small 196 30 0.2477 2.6039 0.0951
medium 10 10 0.3407 2.8288 0.1204
large 5 5 0.3930 3.0080 0.1306

Industrial
small 507 30 0.3107 2.7629 0.1125
medium 3 3 0.1913 3.5566 0.0538
large 2 2 0.3052 2.4674 0.1237

UK multinationals
Consumer goods and services

small 9 9 0.3535 2.6231 0.1348
medium 4 4 0.2898 2.6224 0.1105
large 3 3 0.3967 2.6122 0.1519

Industrial
small 24 24 0.3319 2.6021 0.1275
medium 10 10 0.2903 2.5767 0.1127
large 1 1 0.3792 3.4027 0.1114

Note. The sample period for UK firms is truncated to the period from December 17, 1986 to October 25, 1

number of extended-set (benchmark) assets increases. This is a concern for our test beca
some of the test cases include as many as 21 assets in the benchmark portfolio and ni
assets in the extended-set portfolio. The degradation of the size and power prope
mitigated, however, because our sample size (617 observations) is more than fou
larger than the sample size used in the Bekaert and Urias’ simulations. We investig
size and power characteristics of the GMM-spanning test used in this paper following th
simulation methodology of Bekaert and Urias. (See Appendix C for a complete discu
of the simulation methodology and our results.)

As shown in Appendix C, if the simulation is conducted with a sample size of
observations, our size and power results are consistent with those reported in B
and Urias. We find that as the number of extended-set assets increases the size of the
increases and the power of the test decreases. However, the simulation results based on
larger sample size of 617 observations indicate that the adverse effects of increas
number of test assets are minimal. (For specificresults, see Table C.1.) These simulat
results provide us with a high degree of confidence in our test results.
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Table 1.7
Summary statistics by firm classification, United States

Number in
population

Number in
sample

Sample mean
return

Sample standard
deviation

Return per
unit risk

US domestic
Consumer goods and services

small 3481 30 0.3485 3.1540 0.1105
medium 76 30 0.3961 2.3619 0.1677
large 17 17 0.3105 2.5210 0.1232

Energy and Utilities
small 609 30 0.2529 1.8099 0.1397
medium 30 30 0.2967 1.7528 0.1687
large 5 5 0.3498 2.2681 0.1542

Finance and real estate
small 2215 30 0.3502 2.4296 0.1441
medium 122 30 0.3124 2.3048 0.1355
large 20 20 0.3074 2.6679 0.1152

Industrial
small 3170 30 0.2604 3.3273 0.0783
medium 55 30 0.1857 2.4780 0.0750
large 6 6 0.1118 3.7643 0.0297

US multinationals
Consumer goods and services

small 19 19 0.3729 2.4437 0.1526
medium 22 22 0.3494 2.3126 0.1511
large 15 15 0.3979 2.4026 0.1656

Energy and utilities
small 0
medium 0
large 1 1 0.3157 2.6300 0.1200

Finance and real estate
small 3 3 0.3872 4.4630 0.0868
medium 0
large 4 4 0.2549 3.2476 0.0785

Industrial
small 77 30 0.2298 2.6641 0.0862
medium 50 30 0.3787 2.6312 0.1439
large 12 12 0.2407 1.9139 0.1258

Table 2
Summary statistics for exchange rates

Canada France Germany Italy per
100 lire

Japan per
100 yen

United
States

Mean rate 0.4987 0.1027 0.3429 0.0438 0.4585 0.6372
St. dev. 0.0487 0.0123 0.0520 0.0031 0.1134 0.0795

Notes. The exchange rates are stated as pounds per unit of local currency. The exchange rate for Italy and Ja
are stated per 100 units of lire and yen, respectively. The sample period is from January 4, 1984 to October
1995.
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Table 3.1
Summary statistics for the returns on the international indices (local currency)

January 1984–October 1995

Sample mean
return

Sample standard
deviation

Return per
unit risk

Canada 0.1589 1.7582 0.0904
France 0.2929 2.6858 0.1091
Germany 0.2097 2.3496 0.0893
Italy 0.2987 3.0148 0.0991
Japan 0.1670 2.6777 0.0624
United Kingdom 0.3323 2.1038 0.1579
United States 0.2913 1.9778 0.1473

Notes. The rates of return are stated in percent return per week in the local currency. The return per uni
the sample mean return divided by the sample standard deviation.

Table 3.2
Summary statistics for the returns on the international indices (US dollars)

January 1984–October 1995

Sample mean
return

Sample standard
deviation

Return per
unit risk

Canada 0.1472 1.9431 0.0758
France 0.3806 2.9151 0.1306
Germany 0.3236 2.5780 0.1255
Italy 0.3161 3.3857 0.0934
Japan 0.3111 3.1216 0.0997
United Kingdom 0.3577 2.5426 0.1407
United States 0.2913 1.9778 0.1473

Table 4
Sample correlations of the dollar-returns on the international indices

Canada France Germany Italy Japan UK U

Canada 1.00 0.42 0.39 0.22 0.30 0.54 0.75
France 1.00 0.56 0.40 0.31 0.48 0.46
Germany 1.00 0.39 0.27 0.45 0.43
Italy 1.00 0.22 0.35 0.24
Japan 1.00 0.30 0.35
UK 1.00 0.57
US 1.00

Note. The sample period is from January 4, 1984 to October 25, 1995.

5. Do multinationals provide diversification benefits?

In this section, we examine the diversification benefits of multinational equities
two perspectives. First, multinational equities are added to a portfolio of dom
equities. Setting up the spanning test in this way reveals the marginal benefit of a
multinationals to a portfolio of purely domestic equities. The second test adds multina
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equities to a portfolio that contains domestic equities as well as international e
market indices. This test reveals the marginal diversification benefits of multina
equities relative to all assets available to the investor. If, for example, the retur
multinational firms tend to “mimic” international markets, the null hypothesis of spannin
would be rejected in the first test but not necessarily in the second. If, on the other
multinationals provide diversification benefits that are different from the benefits pro
by international markets, the null hypothesis of spanning could be rejected in the s
case. All returns are unhedged and in local currency units.

The significance of the spanning test and the associated utility gain are cons
jointly. If the null hypothesis is rejected, we evaluate the relative magnitude of the utili
gain. If the spanning test fails to reject thenull hypothesis that the benchmark portfo
spans the set of broader assets, measurement of the utility gain is meaningless bec
cannot conclude with a high level of statistical significance that the portfolio frontiers
in fact, different.

In the first set of tests, the benchmark portfolio is the set of domestic equities an
extended-set portfolio is the set of multinational-corporation equities. The results
tests are reported in Table 5.1. We fail to reject the null of spanning for Canada, F
Italy, Japan and the United Kingdom. We reject the null of spanning for Germany an
United States at the 0.02 percent and 0.06 percent levels of significance, respecti
these two countries, multinationals appear to offer statistically significant diversificatio
benefits.

Table 5.1 also reports the utility gains resulting from the shift in the efficiency fro
as multinationals are added to the set of domestic assets. The utility gains from
multinationals appears to be sizable ranging from 5.97 to 15.43 percent of perm
consumption.14 The US investor receives the largest utility gain from adding multinati
equities. The finding that US investors could have obtained sizable benefits from h

Table 5.1
Mean–variance spanning tests and the utility gain from MNC diversification

Canada France Germany Italy Japan UK US

Sample: January 1984–October 1995
test statistic 20.7570 17.1128 41.1144 7.7403 19.6770 7.9546 43
p-value 0.0540 0.1454 0.0002 0.1016 0.0734 0.7887 0.00
#obs. 617 536 617 511 617 462 617
df 12 12 14 4 12 12 18

Utility gain (percent)
(γ = 2, θ = 5) 8.48 9.64 6.36 5.97 7.16 3.44 15.43

Sharpe ratio change
percent change 29.82 16.41 21.73 17.81 13.52 10.00 38.
absolute change 0.0269 0.0206 0.0247 0.0302 0.0179 0.0152 0.0

Notes. The benchmark set is the set of domestic assets in each country. The extended set is the set of mult
in that country.

14 In general, we tend to find large utility gains from adding assets to the benchmark portfolio. Gains
magnitude are consistent with those reported in Lewis (2000) based on equity returns.
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Table 5.2
Mean–variance spanning tests and the utility gain from MNC diversification

Canada France Germany Italy Japan UK US

Sample: January 1984–October 1995
test statistic 24.7356 16.6737 40.0131 8.8627 16.7115 7.2037 41
p-value 0.0161 0.1623 0.0003 0.0646 0.1608 0.8439 0.00
#obs. 617 536 617 511 617 462 617
df 12 12 14 4 12 12 18

Utility gain (percent)
(γ = 2, θ = 5) 4.01 8.87 6.13 5.13 3.35 3.77 14.86

Sharpe ratio change
percent change 10.16 16.70 19.43 16.82 10.32 10.26 34.
absolute change 0.0141 0.0210 0.0227 0.0289 0.0145 0.0170 0.0

Notes. The benchmark set is the domestic assets and an equally-weighted portfolio of the six international
The extended set is the set of multinationals in that country. The sample data for France, Italy and the Uni
Kingdom are not available for the entire time series. The data series for France begins on July 24, 1985. The
series for Italy begins on January 15, 1986 and the dataseries for the United Kingdom begins on December
1986.

multinationals may provide part of the explanation for home bias in the US, though
does not resolve the puzzle for other countries. The diversification benefits measu
the change in the Sharpe ratio are consistent with our utility-gain metric. Two of the
largest percentage changes in the Sharpe ratios are Germany and the US. Canad
second largest percentage change in its Sharperation but we fail to reject that the Canadi
portfolio frontiers are significantly different.

In the second set of tests (Table 5.2), the benchmark portfolio is the set of dom
equity and the set of international equity market indices. The extended-set po
is the set of multinationals. The international market indices are included in
benchmark portfolio as an equally-weighted portfolio. We reject the null of spannin
Canada, Germany and the US. This result suggests that for investors in these co
multinationals offer diversification benefits, but the diversification benefits obtaine
not offered by domesticor international assets. We leave the question of identifying
source of the diversification benefits provided by multinationals to future research.

6. International diversification benefits of market indices

In this section, we examine the benefits of adding international stock market indi
a benchmark portfolio of domestic equities. To ensure that the domestic portfolio ca
all of the possible diversification benefits available on the domestic market, multinat
are included in the benchmark portfolio. The purpose of our study is to isolate dom
and foreign sources of diversification benefits. Therefore, we depart from Errunza et
(1999) in that we exclude cross-listed securities, ADRs, GDRs and country funds
the domestic portfolio because these securities are claims on foreign firms. Inc
these foreign securities in the domestic portfolio blurs the distinction between fo
and domestic assets. Furthermore, if the gains from diversification stem from hold
portfolio that includes cross-listed securities, then failing to reject the null of span
does not help to explain home bias.
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We consider the benefits of diversification from the perspective of investors dom
in each of the seven countries covered by ourstudy. The six remaining country indices
are added separately to the set of domestic assets in order to consider the diversificatio
benefits of each country index in isolation. The test results for the individual indices a
reported in columns one through seven of Tables 6.1 through 6.7. Note that the sp
test is not reported for the market index of the country under consideration. The do
market index is a linear combination of the sub-portfolios of domestic equities an
therefore, redundant by definition.15

The indices are also added jointly to the set of domestic assets in order to co
the diversification benefits of the market indices as a group. The market indices are
under two alternative specifications. The first specification combines the six indices i
equally-weighted portfolio.16 The results of the spanning tests with respect to the add
of the equally-weighted index are reported in column 8, which is labeled “Equal-wt. in
The second specification does not restrict the portfolio weights on the market in
In this case, the extended-set portfolio contains six separate assets. This specifica
allows the indices to be held in various proportions, including shortpositions, along the
portfolio frontier. Because theportfolio weights are unconstrained, the diversification
benefits associated with this specification are found to be substantially larger th
diversification benefits from the addition of the equally-weighted index. The resu
the spanning tests with respect to the addition of the set of market indices are repo
column 9, labeled “All indices.”

Before turning to the specific results, an important feature of the data is worth n
Recall from Table 3.1 that the returns (meanreturns and risk-adjusted returns) in t
Canadian market are low relative to the other six markets. As a result, if the por
weights are not restricted, an investor is likely to short equities with a low return
unit risk and go long in other available assets. Thus, investors from Canada can
substantial gains from international diversification by taking short positions in the dom
market and taking long positions in other markets. Conversely, investors from
markets may obtain substantial diversification benefits by holding a short position
Canadian index and long positions in the other available assets. This will be confirm
the results reported below.17

6.1. US investors

The US equity market is the largest equity market in the world so reviewing the re
for this market is an appropriate place to begin. Table 6.1 reports the results of the sp

15 Specifically, the covariance matrix derived from thereturns of the benchmark assets and the domestic m
index is singular and, therefore, the test statistic isnot defined. Test results confirm the conjecture that
covariance matrix is singular or near-singular and that the domestic index is a linear combination of the d
securities. This provides evidence that we have a representative sample of firms in our industry-size portfoli

16 The equally-weighted portfolio includes all ofthe indices accept the index for the country un
consideration. Therefore, the equally-weighted portfolio contains six indices.

17 We do not report the portfolio weights of the utility maximizing portfolios in the tables. They are ava
from the authors upon request.
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Table 6.1
Mean–variance spanning tests and the utility gain from diversification, United States

Canada France Germany Italy Japan UK Equal-wt.
index

All
indices

Sample: January 1984–October 1995
test statistic 25.1755 12.5384 15.1047 12.0908 15.8948 16.8687 12.5551 2
p-value 0.0000 0.0019 0.0005 0.0024 0.0004 0.0002 0.0019 0.0
#obs. 617 617 617 617 617 617 617 617
df 2 2 2 2 2 2 2 12

Utility gain (percent)
(γ = 2, θ = 5) 1.62 0.21 0.01 0.001 0.01 0.64 0.16 3.13

Sharpe ratio change
percent change 1.30 2.16 1.51 0.96 0.96 3.34 2.57 6.26
absolute change 0.0033 0.0055 0.0038 0.0024 0.0024 0.0085 0.0065 0

tests, the associated utility gains, and the changes in the Sharpe ratio for an in
holding an initial portfolio of US domestic and multinational equities. We find that
null hypothesis that the US benchmark portfolio spans the portfolio of domestic eq
and foreign market indices isrejected across the board.

At first glance, the results of the spanning tests appear to imply that a US inv
obtains significant benefits from international diversification. The magnitudes of the
benefits of diversification, however, are somewhat modest. The utility gains from a
the French, German, Italian and Japanese market indices separately are less than
of one percent of permanent consumption. The gains from adding Canada and t
range from 0.64 to 1.6 percent of permanent consumption. In every case the utility
from adding the market indices separately or as a group areless than the marginal benefit o
adding multinationals shown in Table 5.1. The utility gain from adding the Canadian
is achieved by constructing a portfolio that includes a short position in the Canadian
This implies that, rather than invest heavily in Canadian equities, US investors wou
better off if they held a large short position in the Canadian market and leveraged a
of the US portfolio.

The largest utility gains from adding the international-equity indices are obtained
adding the markets jointly with unrestricted weights (3.13 percent). Again, the si
utility gains are achieved by holding a short position in some of the international in
and long positions in others.

Our findings suggest that if a US investor takes a stepwise approach to portfo
versification, the largest utility gain is obtained from the inclusion of US multinati
equities. Multinationals do not, however, exhaust the benefits of international div
cation. US investors could have obtained sizable additional benefits from the addit
international-equity indices although the magnitude of the benefits varies across cou
In many cases, the utility benefits were a result of taking large short positions in fo
markets, which may not be a feasible strategy for most investors.

Our results for the US appear to contrast sharply with Errunza et al. (1999). Startin
a benchmark set of US industry indices over the January 1976 to December 1993 peri
they are unable to reject the null hypothesis of spanning in all 7 industrialized cou
they consider and in 4 of 9 emerging markets. We reject spanning in all 7 industri
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countries in our sample. The difference between the two studies lies in the power
test statistic and not in the economic interpretation of the findings. To see this, co
the change in the Sharpe ratio of the US portfolio when international indices are ad
the domestic portfolio, inclusive of multinationals. We report changes of 0.0033, 0.
0.0038, 0.0024, 0.0024, and 0.0085 for Canada, France, Germany, Italy, Japan and
respectively (see Table 6.1, last row). In a comparable test, Errunza et al. (1999, T
panel C, column 2) report changes of 0.002, 0.002, 0.004, 0.002, 0.007 and 0.011 for
same set of countries. The changes in the Sharpe ratios in the two studies are sim
the results of both studies suggest that the magnitude of the shift in the portfolio fron
small. Our tests simply have more power to reject the null of spanning.

6.2. UK investors

We next turn to the results for an investor residing in the United Kingdom
Table 6.2). Similar to the US results, the null hypothesis that the UK benchmark por
spans the portfolio comprised of the benchmark and foreign market indices is rejec
all international market indices at the five percent level of significance. The utility g
for the UK investor vary across markets. The smallest utility gain is an increase o
percent of permanent consumption from the addition of the US index. The larges
from an individual index is 3.48 percent for the Canadian index. The utility gains fo
equally-weighted index and the unrestricted set of six indices are again larger than th
from any individual index (2.96 and 7.22 percent, respectively). Analogous to the fin
for the US investor, the utility gains of the UK investor are achieved by holding large
positions in a subset of the benchmark and extended-set equities.

6.3. Japanese investors

The null hypothesis that the Japanese benchmark portfolio spans the portfol
comprised of the benchmark and extended-set of international equities is rejected

Table 6.2
Mean–variance spanning tests and the utilitygain from diversification, United Kingdom

Canada France Germany Italy Japan US Equal-wt.
index

All
indices

Truncated sample: December 24, 1986 to October 1995
test statistic 15.3316 9.4736 11.4767 11.4867 9.4351 10.5895 14.5413 21
p-value 0.0005 0.0088 0.0032 0.0032 0.0089 0.0050 0.0007 0.0
#obs. 462 462 462 462 462 462 462 462
df 2 2 2 2 2 2 2 12

Utility gain (percent)
(γ = 2, θ = 5) 3.48 1.52 1.50 3.36 1.83 0.52 2.96 7.22

Sharpe ratio change
percent change 8.13 2.94 3.36 6.03 3.11 0.78 9.04 17.4
absolute change 0.0136 0.0049 0.0056 0.0101 0.0052 0.0013 0.0152 0
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Table 6.3
Mean–variance spanning tests and the utility gain from diversification, Japan

Canada France Germany Italy UK US Equal-wt.
index

All
indices

Sample: January 1984–October 1995
test statistic 29.8952 25.5252 25.1491 28.8062 28.2219 25.4564 28.8294 3
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0
#obs. 617 617 617 617 617 617 617 617
df 2 2 2 2 2 2 2 12

Utility gain (percent)
(γ = 2, θ = 5) 0.03 4.71 4.79 1.53 5.15 2.53 4.85 13.94

Sharpe ratio change
percent change 1.56 4.85 4.19 0.95 4.14 1.02 2.66 21.6
absolute change 0.0024 0.0073 0.0063 0.0014 0.0062 0.0015 0.0040 0

test specifications (see Table 6.3).18 The results indicate that international diversificat
by a Japanese investor significantly shifts the portfolio frontier. The investor ob
moderately-sized utility gains from the addition of European indices (France, Ger
and the United Kingdom) to his portfolio. As noted in Section 4, the returns on
Japanese equities in our sample may be upwardly biased because the data rep
Datastream includes only currently-traded Japanese equities.19 The results should therefo
be considered with caution.

6.4. Canadian investor

Of all of the countries in our study, Canadian investors appear to reap the largest b
from global diversification (see Table 6.4). This is not surprising, given the low Can
returns over this period. An examination of the portfolio weights selected by the inv
reveals that the large gains are indeed obtained by taking a large negative pos
Canadian equities and a large positive position in some international markets. Aga
largest gains are due to the addition of the set of six international indices, which allo
investor to vary the portfolio weights in the different markets. The large potential g
from diversification for Canadian investors makes the home bias in Canadian por
even more puzzling.20

6.5. French, German and Italian investors

For investors from France, Germany, and Italy (Tables 6.5 through 6.7), the
hypothesis of spanning can be rejected in all cases at the five percent level of signifi

18 The reported results are correct. Thep-value is approximately zero for seven out of eight tests.
19 There were few bankruptcies in Japan during the time period studied here so the extent of bias could

small. The Japanese market index is not constructed from our firm-level data and therefore does not cont
survivorship bias.

20 Until recently, Canada has maintained some controls on the level of ownership of foreign equity. It
clear that the restrictions were binding, however, because the amount of Canadian holdings of foreign equity w
well below the legal limitations (see Tesar and Werner, 1995).
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Table 6.4
Mean–variance spanning tests and the utility gain from diversification, Canada

France Germany Italy Japan UK US Equal-wt.
index

All
indices

Sample: January 1984–October 1995
test statistic 17.7117 26.1546 17.6338 16.6561 29.1212 23.6513 29.8906 3
p-value 0.0001 0.0000 0.0001 0.0002 0.0000 0.0000 0.0000 0.0
#obs. 617 617 617 617 617 617 617 617
df 2 2 2 2 2 2 2 12

Utility gain (percent)
(γ = 2, θ = 5) 7.15 6.14 2.23 3.16 11.04 10.32 12.60 16.18

Sharpe ratio change
percent change 20.85 15.51 6.71 9.24 28.58 20.01 30.20 41.
absolute change 0.0244 0.0181 0.0079 0.0108 0.0335 0.0235 0.0354 0

Table 6.5
Mean–variance spanning tests and the utility gain from diversification, France

Canada Germany Italy Japan UK US Equal-wt.
index

All
indices

Truncated sample: July 24, 1985–October 1995
test statistic 20.0938 16.3060 15.3906 17.4202 16.3636 14.2107 22.5420 3
p-value 0.0000 0.0003 0.0005 0.0002 0.0003 0.0008 0.0000 0.0
#obs. 536 536 536 536 536 536 536 536
df 2 2 2 2 2 2 2 12

Utility gain (percent)
(γ = 2, θ = 5) 1.70 0.21 0.11 0.13 1.68 0.31 0.37 10.99

Sharpe ratio change
percent change 7.47 0.029 0.28 0.11 1.30 0.08 0.25 24.
absolute change 0.0109 0.0000 0.0004 0.0002 0.0019 0.0001 0.0004 0

Table 6.6
Mean–variance spanning tests and the utility gain from diversification, Germany

Canada France Italy Japan UK US Equal-wt.
index

All
indices

Sample: January 1984–October 1995
test statistic 23.4907 11.8360 12.2323 20.2513 25.6023 27.0655 29.7116 3
p-value 0.0000 0.0027 0.0022 0.0000 0.0000 0.0000 0.0000 0.0
#obs. 617 617 617 617 617 617 617 617
df 2 2 2 2 2 2 2 12

Utility gain (percent)
(γ = 2, θ = 5) 3.98 0.51 0.05 0.05 0.32 0.00 0.004 12.29

Sharpe ratio change
percent change 5.44 2.86 0.25 0.41 3.40 0.87 0.73 29.8
absolute change 0.01075 0.0040 0.0003 0.0006 0.0047 0.0012 0.0010 0
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Table 6.7
Mean–variance spanning tests and the utility gain from diversification, Italy

Canada France Germany Japan UK US Equal-wt.
index

All
indices

Truncated Sample: January 15 1986–October 1995
test statistic 10.0478 12.7300 8.3308 13.7818 9.1717 11.0977 10.0618 31.8
p-value 0.0066 0.0017 0.0155 0.0010 0.0102 0.0039 0.0065 0.001
#obs. 511 511 511 511 511 511 511 511
df 2 2 2 2 2 2 2 12

Utility gain (percent)
(γ = 2, θ = 5) 0.24 2.66 1.41 2.06 4.48 2.24 3.40 9.20

Sharpe ratio change
percent change 1.39 0.74 0.15 0.91 2.73 0.43 0.39 15.32
absolute change 0.0017 0.0015 0.0003 0.0018 0.0055 0.0009 0.0008 0.03

The utility gains from adding international indices to each of the benchmark (domesti
multinational) portfolios are relatively small, with the exception of the addition of Can
This again involves a taking a short position in Canada and leveraging other market

7. Conclusion

Three conclusions may be drawn from our analysis. First, ex post, there is we
idence that investment in multinationals could have provided diversification benefi
German and US over the 1984–1995 period. In other countries, there is virtually n
dence that multinationals increase investment opportunities over and above those offe
by purely domestic equity. Thus, we conclude that the home bias puzzle cannot
plained by the indirect international diversification opportunities available to investors
home.

Second, the addition of international assetsto a benchmark portfolio that include
domestic equities as well as the equities of multinationals significantly shifts the por
frontier. The utility gains from diversification vary depending on the assets added
benchmark portfolio. Often the largest gains are obtained from the addition of the eq
weighted index and the set of six international indices rather than from the additio
single foreign market. This result is not surprising given the vast literature on the be
of international diversification.

Third, the utility gains from international diversification are in some cases
substantial but are often obtainable only by holding large long or short position
investors face substantial costs in taking short positions, the gains from interna
diversification may be limited. The sources of the gains from diversification vary acro
samples and, as a result, a strategy for future portfolio allocations is not readily app

In future work, we plan to utilize this data set to explore a number of other is
related to the benefits of global diversification. First, tests of the spanning hypothesis a
an analysis of the associated utility gains for international diversification subject to
selling constraints would be useful. This test specification would determine if an inv
subject to reasonable allocational constraints could obtain sizable utility gains
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international diversification. Such an analysis may indicate that the large utility gain
overstated if the investor cannot leverage the portfolio. Second, current research in
that investment in emerging markets yields substantial diversification benefits. Expa
the set of available assets to include emerging market indices would be interes
the testing framework presented above. The results would indicate the magnitude
utility gains and the portfolio allocations needed to obtain the gains in utility. Finally
of the results here are based on ex post sample returns. In future work, we plan to e
the benefits of global diversification in a framework that takes into account the inve
uncertainty about future returns.
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Appendix A

A.1. Equity classification methodology

Datastream classifies firms according to country of origin and industry. The primar
classification is by country of origin. American depository receipts, global depository
ceipts and cross-listed securities are omitted from Datastream’s country-specific classific
tion of firms.21 We follow Datastream’s classification hierarchy and use four broad ind
categories as defined by Datastream: consumer goods and services (CGS), energy and u
ties (EU), finance and real estate (FIR) and industrials (IND). Firms that do not have a
Datastream industry classification are assigned the industry classification OTHER.22 Firms
that are classified as OTHER may have unobservable characteristics that distinguis
from firms in the four categories. If the OTHER category remains distinct, the por

21 Datastream documentation states that the lists of firmsby country do not include cross-listed securities. (F
specific reference.) We performed a secondary check to ensure that cross-listed securities are not omitted fr
the sample.

22 For example, a firm whose trading has been suspended is classified by Datastream as a suspended firm.
designation overlays the industry classification. As a result, the industry classification cannot be determined fr
the information available from Datastream.
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selection process may be biased. To reduce this potential bias, the OTHER category
incorporated into the four industry categories. The methodology is explained below.23

We construct the firm size classification within each industry by using a
sorting algorithm based on the annual observations of each firm’s market capitalizatio
denominated in the local currency. If a firm has no market capitalization during the s
period, it is dropped from the sample. A firm may have a reported market capitaliz
of zero. Datastream measures market capitalization in millions of local currency
We assume that a firm that has a reported market capitalization of zero either has
capitalization equal to zero or has a true capitalization that is positive and a re
capitalization of zero due to rounding. Including firms with reported market capitaliza
equal to zero and true market capitalizations greater than zero biases the size
algorithm such that the marginal firm in a size category is classified as smaller t
actually is.

The firms are classified into small, medium and large categories such that approxi
one third of the total industry market capitalization falls into each size category. If each s
category contains exactly one third of the industry’s market capitalization, the theor
value-weighted portfolio weights for each size category in each industry are equal to o
third. This methodology provides a reference point for a comparison of the weights d
from mean–variance optimization and the value-weighted portfolio weights.

To allocate firms in this way, the total market capitalization for each industry category
calculated for each set of annual observations. The firms within each industry are sorted
market capitalization in descending order. Beginning with the largest firm in each indust
and proceeding with progressively smaller firms, the market capitalizations are summ
until the accumulated total isgreater than or equal to one third of the industry ma
capitalization. The market capitalization of the last firm that is added to the accumula
total is the reference point that partitions the medium-sized firms from the large-sized
Denote the market capitalization of this firm at timet asM

M/L
t . The process of summin

the market capitalizations continues until the accumulated total is greater than or equa
two thirds of the industry market capitalization. The market capitalization of the last
that is added to the accumulated total is the reference point that partitions the sma
firms from the medium-sized firms. Denote the market capitalization of this firm asM

S/M
t .

The methodology described above is used to calculate the values ofM
S/M
t andM

M/L
t

conditional on the market capitalizations of firms that begin trading prior to the
year of the sample or begin trading in thefirst year of the sample. As new firms beg
trading and old firms cease trading over time,the market capitalization of each indus
changes. Rather than recalculateM

S/M
t andM

M/L
t at each point in time conditional o

the market capitalizations of all firms at timet , the values ofMS/M
t andM

M/L
t for time

periods after the first year of the sample are scaled to reflect the growth rate in the mark

23 Firms whose trading has been suspended comprise themajority of the firms that are included in the OTHE
category. We infer from this status that the firms are poor performers. If the OTHER category contains
disproportionately high number of poorperformers, the four other categories contain a disproportionately low
number of poor performers. We assume that the investorcannot identify poor performers a priori, therefore, t
investor could not construct the OTHER category a priori.
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capitalization of the industry. For example, if the consumer goods and services ind
market capitalization grows by five percent from the first year to the second year,M

S/M
2

is equal toMS/M

1 times 1.05. As a result, a firm’s size is determined only once during
sample and a firm’s size classification cannot change during the sample period.

If M
S/M
t and M

M/L
t were recalculated each year using the market capitaliza

of all firms at timet , a small successful firm with an increasing market capitalizatio
could be reclassified as a larger firm and an unsuccessful firm with a diminishing m
capitalization could be reclassified as a smaller firm. If the size classification of a firm
is permitted to vary with the firm’s success or failure, the portfolio weights would be
function of the size classification. The investor would hold relatively more of the la
i.e. successful, firms and relatively less of the small, i.e. unsuccessful, firms. The po
weights would be a function of survivorship bias. By classifying the size of the firm
once, the effects of survivorship bias are reduced.

A firm is designated as a domestic or multinational firm conditional on the listin
multinational corporations inWorldwide Branch Locations of Multinational Companies
(Hoopes, 1994). The primary criteria for inclusion in the listing is the existence of o
more branches, subsidiaries, manufacturing plants or other holdings located in co
other than the country in which the corporation is headquartered. This selection cr
for multinational corporations is relatively narrow. A broader definition would incl
all firms with a large percentage of corporate sales outside the country in whic
corporation is headquartered. We assume the list of firms with one or more bra
subsidiaries, manufacturing plants or other holdings located in countries other th
country in which the corporation is headquartered is highly correlated with the list of
that fulfill the broader definition of a multinational firm.

The list includes five hundred multinational corporations. Approximately two hundre
are headquartered in the United States and the majority of the remaining three h
are headquartered in Canada, France, Germany, Japan, the United Kingdom and S
This classification methodology captures the largest and most prominent multination
corporations. Because these firms have a physical presence in other countries, the firms
directly affected by international economic conditions. Firms that have international sa
and no international physical presence are less directly affected by international eco
conditions.

A.2. Sample selection and sample construction methodology

Conditional on the classification of the firms, a random sample is drawn from
category. Define the initial set of the firms for each category as the population an
random sample from each category as the sample.24 The maximum number of firms in th
sample for each category is arbitrary set at thirty firms. If the number of firms in a categor
population is less than thirty, all of the firms are included in the sample portfolio.25 The size

24 The database of firms that are available from Datastream is not the true population of firms. For
discussion, consider it the population of Datastream firms.

25 The names of the firms included in each category subsample are available from the authors upon request.
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of the category sample is reported in the second column of Tables 1.1–1.7. For ex
the sample size for medium, domestic, finance-and-real-estate firms in Canada is 7.

Datastream provides returns data on firms that are currently traded and firms that
currently traded but were traded in the past. For firms that are no longer traded, Data
does not, however, provide information regarding the disposition of the firm on th
day that it was traded. This shortcoming implies that a bankrupt firm cannot eas
distinguished from a firm that has been acquired by another firm. As a result, the
series must be edited to reflect the final status of the firm. If the firm went bankrup
investor is assumed to have lost the entire amount of the investment and the last
observation is set equal to minus one. If the firm merged with another firm or was acquir
by another firm, the investor is assumed to receive the amount of the investment on
of the last observed return. The investor is assumed to reinvest the proceeds in the po
The last observed return as stated by Datastream, which reflects the capital appreciation a
any dividend disbursement over the last period, is not altered.

The primary source used to determine the final status of individual firms is Stand
Poor’s (1996) Standard Corporate Descriptions. Standard & Poor reports the final
sition of individual securities. In addition to Standard & Poor, Canada Stockwatch (199
an on-line securities database, is used to verify the final status of some Canadian
If these sources do not provide the needed information, the final status of the firm
ferred from the return series and the price series for each individual firm. As a rule
thumb, the firm is assumed to be bankrupt if the time series of prices for the firm’s e
approaches zero as the date approaches the final day of trading. The firm is assumed
be acquired by another firm or merged with another firm if the time series of price
the firm’s equity is significantly different from zero as the date approaches the final da
trading. In cases such that the final status of the firm is ambiguous, the firm is assu
be bankrupt.26

Conditional on the random sample of firms by category, a value-weighted portfo
constructed for each category sample. The firms are chosen randomly from the list o
for each category. A firm is included in the list if its equity traded during any part of th
time series of returns. This selection methodology biases the sample portfolio beca
firms that trade for a short period of time are over-represented in the list of firms and
that trade for a long period of time are under-represented in the list of firms. To demon
this bias, consider an example. Suppose the sample for small, domestic, industrial fi
Canada is comprised of fifty firms. Forty-five of the firms are traded for six months o
sample time period and five firms are traded for five years of the sample time perio
sample of thirty firms is chosen from the list of fifty firms. This selection methodo
implies that each firm is equally likely to be included in the sample portfolio. If the samp
portfolio is constructed on a period-by-period basis however, each firm does not h
equal probability of being included in the sample portfolio. The firms that trade for a
period of time have a higher probability of being traded at any point in time and ther
have a higher probability of inclusion in the period-specific sample portfolio. To re

26 A summary of the status for all firms, both currently traded and not traded, is available from the auth
upon request.
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the bias of the sample selection methodology, the weights of the sample portfolio
function of the value of the firm relative to the total value of all the firms in the cate
and the relative length of the time series of returns for each firm. The weight for each equ
in the sample portfolio is equal to

ωit =
[
mvit

/ NS∑
i=1

mvit

][
ni

/ NS∑
i=1

ni

]
λt ∀i = 1, . . . ,NS (A.1)

whereωit is equal to the portfolio weight on asseti at timet , mvit is equal to the marke
value of firm i at time t , ni is equal to the number of observations in the time serie
returns for firmi, NS is the number of firms in the sample, andλt is an adjustment facto
that ensures that the weights of the portfolio sum to one for each time period. The line
combination of the time series of returnsfor the firms in each category yields one tim
series of returns for each category.

The portfolio for each category is augmented to incorporate the return series of t
OTHER category because the characteristics of the firms in the OTHER category m
be readily identifiable a priori. The three size classifications of the OTHER category a
individually incorporated into the size categories of the other four industry classifica
For example, the small OTHER category is incorporated into the small categories
other four industry categories.The return series are combined conditional on the rela
market value of each category. The augmented return series is a linear combination of t
industry return series and the return series of the OTHER category,

rA
it = ritω

A
it + rOt

(
1− ωA

it

)
, (A.2)

whererA
it is the augmented return of industry categoryi at time t , rit is the return of

industryi at timet , ωA
it is the augmented weight on industryi at timet , and(1 − ωA

it ) is
the augmented weight on the other category at timet .27

Constructing the augmented weight on industryi is a two-step process. The first step
the calculation of the percent of total market value of each size category for each ind

zit =
Ni∑

j=1

mvjt

/(
NCGS∑
j=1

mvjt +
NEU∑
j=1

mvjt +
NFIR∑
j=1

mvjt +
NIND∑
j=1

mvjt +
NOTHER∑

j=1

mvjt

)
,

∀i = CGS,EU,FIR, IND, (A.3)

wherezit is the percent of total market value of industryi, mvjt is the market value o
firm j at timet , andNj is the number of firms in the sample of industryj . For categories
where the number of firms in the population is greater than thirty, the total market va
the category is approximated as the average market value of a firm in the category
times the number of firms in the category’s population:

Ni∑
j=1

mvjt
∼= Ni

[
1
	Ni

	Ni∑
j=1

mvjt

]
(A.4)

27 The size category subscript is omitted in this derivation for notational clarity.
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where 	Ni is the number of firms in the category sample. For example, suppose th
zits for the medium sized CGS, EU, FIR, IND and OTHER categories are 0.30, 0.10
0.35 and 0.05, respectively. For this example, the IND category is the largest categ
measured by market capitalization and the OTHER category is the smallest.

The second step in the construction of the augmented weight is to apportion the
series of the OTHER category to each of the fourindustry categories in proportion to the
percent market value. Therefore, the augmented weight for industryi at time t , wA

it , is
equal to

ωA
it = zit

zit + zit zOt

(A.5)

where zOt is the percent of total market value of the OTHER category. Using
apportionment methodology and the example percentages from step 1, 20 per
the return series of the OTHER category, which comprises five percent of the to
apportioned to the CGS category. The weights for combining the CGS category a
OTHER category would be 0.9524 and 0.0476, respectively. Therefore the augm
return for the CGS category would be

rA
CGSt = rCGSt(0.9524) + rOt (0.0476). (A.6)

Appendix B. Geographical listing of multinational corporation headquarters

Canada (11 Firms)

Abitibi-Price, Inc.
Alcan Aluminium Ltd.
Dominion textile, Inc.
Inco Ltd.*

Ivanco, Inc.
John Labatt

Ltd.
Moore Corp. Ltd.
Northern Telecom Ltd.
Quebecor, Inc.
The Seagram Company

Ltd.
Thomson Corporation

France (22 firms)

L’air Liquide SA
Alcatel Alsthom
BSN Groupe
Bull SA
Cap Gemini Sogeti

Holding Company

Club Mediterranee SA
Dumez SA
Groupe Pernod Ricard
Hachette SA
Lafarge Coupee SA
LVMH Moet Hennessy
Louis Vuitton
L’Oral SA*

Pechiney SA
Peugeot SA
Regie Nationale Des

Usines Renault SA*

Rhone-Poulenc SA
Saint-Gobain
Salamon SA
Societe Bic SA
Societe Nationale Elf
Aquitaine
Source Perrier SA*

Total Compagnie
Francaise des Petroles

Germany (32 firms)

Allianz
Aktiengesellschaft
BASF Aktiengesellschaft
Bayer AG
Bayerische Motoren

Werke AG
Beiersdorf AG
Bertelsmann AG*

Continental AG
Daimler-Benz AG
Degussa AG
Deutch Babcock AG*

Deutch Bank
Dywidag-Systems

International GmbH*

FAG Kugelfischer Georg
Schaefer KGAA

Feldmuhle Nobel AG*

Franz Haniel & Cie
GmbH*
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Freudenberg & Co.*

Fried. Krupp GmbH*

Fuchs Petrolub AG OEL
& Chemie

Grundig AG*

Hoechst
Kloecknet-Werke AG
Mannesmann AG
Philipp Holzmann AG
Preussag AG
Robert Bosch GmbH*

Schering AG
Siemens AG
Siemens Nixdorf

Informationssysteme
AG
SMS AG*

Veba AG
Volkswagen AG
Wella AG*

Italy (6 Firms)

Alfa Romeo SpA*

Benetton Group SpA
Fiat SpA
Ing. C. Olivetti & C. SpA
Montedison SpA
Pirelli SpA*

Japan (68 firms)

Advantest Corp.
Ajinomoto Co., Inc.
Alps Electric Co., Ltd.
Anritsu Corp.
Asahi Chemical Industry

Co., Ltd.
Bridgestone Corp.
Brothers Industries Ltd.
C. Itoh & Co., Ltd.*

Canon Inc.
Citizen Watch Company
Dai Nippon Printing Co.,

Ltd.
The Daiei, Inc.
Daihatsu Motor Co.

Dainippon Ink and
Chemicals, Inc.

Dentsu, Inc.*

Fuji Heavy Industries
Ltd.

Fuji Photo Film Co., Ltd.
Fujitsu Ltd.
Furukawa Electric Co.
Hakuhodo, Inc.*

Haseko Corp.
Hitachi Ltd.
Honda Motor Co., Ltd.
Ishikawajima-Harima
Heavy Industries Co.,

Ltd.
Kajima Corp.
Kanematsu Corp.
Kao Corp.
Kawasaki Heavy

Industries Ltd.
Kikkoman Corp.
Kirin Brewery Co., Ltd.
Kobe Steel Ltd.
Komatsu Ltd.
Konica Corp.
Kubota Ltd.
Kyocera Corp.
Marubeni Corp.*

Matsushita Electric
Industrial Co. Ltd.

Minolta Camera Co.
Mitsubishi Electric Corp.
Mitsubishi Heavy

Industries
Mitsui & Co., Ltd.
NEC Corp.
NGK Insulators
Nippon Mining Co., Ltd.*

Nippon Steel Corp.
Nissan Motor Co., Ltd.
Nissho Iwai Corp.
NTN Corp.
Oki Electric Industry Co.,

Ltd.
Omron Tatesi Elecronics

Co.
Pioneer Electronic Corp.
Ricoh Co., Ltd.
Sanyo Electric Co., Ltd.
Seiko Epson Corp.
Sharp Corp.
Shimuzu Corp.
Sony Corp.
Sumitomo Chemical Co.
Sumitomo Corp.
Sumitomo Heavy

Industries Ltd.
Suntory Ltd.*

Suzuki Motor Corp.
Takeda Chemical

Industries
TDK Corp.
Toshiba Corp.
Toyota Corp.
Yamaha Corp.
Yoshida Kogyo KK*

United Kingdom
(58 firms)

ADT Group Plc*

Allied Lyons Plc*

Amec Plc
APV Plc
Associated British Foods

Plc*

BBA Group Plc
BET Plc
BICC Plc
Blue Circle Industries Plc
The BOC Group Plc
Booker Plc
Bowater Plc
Bowthorpe Holdings Plc
British Aerospace Plc
British Petroleum Co.,

Plc
Bunzl Plc
The Burmah Oil Plc
Cadbury Schweppes Plc
Coats Viyella Plc
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Delta Plc
Dowty Group Plc
Eagle Star Insurance Co.,

Ltd.*

ECC Group Plc
Ferranti International

Plc*

FKI-Electricals Plc
GKN Plc
Grand Metropolitan Plc
Halma Plc
Hanson Plc
Hawker Siddeley Group

Plc
Ibstock Johnson Plc
ICL Plc*

IMI Plc
Imperial Chemical

Industries Plc
Johnson Matthey Plc
Laporte Plc
Lonrho Plc
Lucas Aerospace Ltd.
Pearson Plc
Racal Electronics Plc
The Rank Organisation

Plc
Reckitt & Colman Plc
Redland Plc
Reed International Plc
RMC Group Plc
Rolls-Royce Plc
The RTZ Corp. Plc
Saatchi & Saatchi Plc
Scapa group Plc
Shandwick Plc
Smithkline Beecham
Tarmac Plc
Tate and Lyle Plc
Thorn EMI PLV
Towers, Perrin, Forster &

Crosby, Inc.*

Unilever Plc
United Biscuits

(Holdings) Plc

Vickers Plc

United States (214 firms)

Abbott Laboratories
Air Products and

Chemicals, Inc.
ALCO Standard Corp.
Allied-Signal, Inc.
Amax, Inc.
Amdahl Corp.
American Cyanamid Co.
American Express Co.
American Greetings

Corp.
American Home Products

Corp.
Amoco Corp.
AMP, Inc.
Amway Corp.
Anixter Bros., Inc.
Apple Computer, Inc.
Armstrong World

Industries, Inc.
Arvin Industries, Inc.
Ashland Oil, Inc.
Atari Corp.
Atlantic Richfield Co.
Avery International Corp.
Avis Rent A Car System,

Inc.
Avnet, Inc.
Avon Products, Inc.
Baker Hughes, Inc.
Bausch and Lomb, Inc.
Bechtel Group, Inc.
Berlitz International, Inc.
BF Goodrich
Black & Decker Corp.
The Boeing Co.
Boise Cascade Corp.
Borden, Inc.
Bozell, Inc.
Briggs & Stratton Corp.
Bristol–Meyers Squibb

Co.

Burson-Marsteller
Campbell Soup Co.
Caterpillar, Inc.
CBI Industries, Inc.
CBS, Inc.
Champion International

Corp.
Chevron Corp.
Chrysler Corp.
Cigna Worldwide, Inc.
The Coca Cola Co.
Colgate-Palmolive Co.
Coltec Industries, Inc.
Communications Satellite

Corp.
Compaq Computer Corp
Control Data Corp.
Cooper Industries, Inc.
Corning, Inc.
CPC International
Crown Cork & Seal Co.,

Inc.
Cummins Engine Co.,

Ltd.
Dana Corp.
D’Arcy Masuis Benton &

Bowles, Inc.
Data General Corp.
Deere and Co.
Digital Equipment Corp.
Dover Corp.
Dow Chemical Co.
Dow Jones & Co., Inc.
Dresser Industries, Inc.
Du Pont
Dun & Bradstreet Corp.
The Dynatech Corp
Eastman Kodac Co.
Eaton Corp.
EG & G, Inc.
Eli Lilly and Co.
Encore Computer Corp.
Ethyl Corp.
Exxon Corp.
Ferro Corp.
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Fluor Corp.
FMC Corp.
Foote, Cone, & Belding

Communications, Inc.
Ford Motor Co.
Foster Wheel Corp.
Frank B. Hall

International, Inc.
The Franklin Mint
General Dynamic Corp.
General Electric Co.
General Mills, Inc.
General Motors Corp.
General Signal Corp.
Georgia-Pacific Corp.
The Gillette Co.
The Goodyear Tire &

Rubber Co.
Grey Advertising Inc.
GTE Corp.
Hasbro, Inc.
H.B. Fuller Co.
Hercules, Inc.
Hershey Foods Corp.
Hewlett-Packard Co.
H.J. Heinz Co.
Honeywell, Inc.
Hosokawa Micron

International, Inc.
Ingersoll-Rand Co.
International Business

Machines, Inc.
International Paper Co.
ITT Corp.
James River Corp.
Johnson Controls, Inc.
Johnson & Johnson
Kaiser Aluminum &

Chemical Corp.
Kellogg Co.
Kimberly-Clark Corp.
Levi Strauss & Co.
Litton, Inc.
The Lubrizol Corp.
Manville Corp.

Martin Marietta Corp.
Mary Kay Cosmetics,

Inc.
Mattel, Inc.
McCann-Erickson

Worldwide
McDonald’s Corp.
McDonnell Douglas

Corp.
The Mead Corp.
Measurex Corp.
Medtronic, Inc.
Merck and Co., Inc.
Merrill Lynch, Pierce,

Fenner, & Smith
Minnesota Mining and

Manufacturing
Mobil Corp.
Molex, Inc.
Monsanto
Morton International, Inc.
Motorola, Inc.
Murphy Oil Corp.
National Semiconductor
National Starch and

Chemical Co.
NCR Corp.
Neutrogena Corp.
Newmont Mining Corp.
Occidental Petroleum

Corp.
Olin Corp.
Omnicom Group, Inc.
Owens-Corning

Fiberglass Corp.
Paccar, Inc.
Parker Hannifin Corp.
The Penn Central Corp.
Pepsico, Inc
The Perkin-Elmer Corp.
Pfizer, Inc.
Phelps Dodge Corp.
Phillip Morris Cos., Inc.
Phillips Petroleum Co.
Phillips-Van Heusen

Corp.
Pioneer Hi-Bred

International, Inc.
Pitney Bowes, Inc.
Polaroid Corp.
PPG Industries, Inc.
Precision Valve Corp.
Premark International
The Prudential Insurance

Co. of America
Quaker Oats Co.
Quaker State Corp.
Ralston Purina Co.
Raychem Corp.
Rayovac Corp.
Raytheon Co.
The Reader’s Digest

Assn., Inc.
Reynolds Metals Co.
RJR Nabisco, Inc.
Rockwell International

Corp.
Rohm and Haas
Rosemount, Inc.
R.R. Donnelley & Sons
Sara Lee Corp.
Scott Paper Co.
Searle
Sears, Roebuck, and Co
The Sherwin-Williams

Co.
Sonoco Products Co.
Standex International
The Stanley Works
Storage Technology

Corp.
Sunstrand Corp.
Sunkist Growers, Inc.
Tektronix, Inc.
Teledyne, Inc.
Tenneco, Inc.
Texaco, Inc.
Texas Instruments
Tidewater Marine

Service, Inc.
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Time Warner, Inc.
Timken Co.
Trinova Corp.
TRW, Inc.
Union Carbide Corp.
Unisys Corp.
United Technologies

Corp.
Unocal Corp.
UOP

The Upjohn Co.
USG Corp. International

Ltd.
USX Corp.
Varian Associates, Inc.
The Wackenhut Corp.
Wang Laboratories, Inc.
Warner-Lambert Co.
Weatherford

International, Inc.

Westinghouse Electric
Corp.

Westvaco Corp.
Weyerhaeuser Co.
Witco Corp.
WM. Wrigley Jr. Co.
Xerox Corp.
Zenith Electronics Corp.

Source: Worldwide Branch Locations of Multinational Companies.
* Not available from Datastream database.

Appendix C. Simulation methodology and results

It can be shown that the benchmark assets span a set of extended-set assets
extended-set asset is a linear combination of the benchmark assets.

rE,jt =
nB∑
i=1

wirB,it + εjt ∀j = 1, . . . , nE

s. t.
nB∑
i=1

wi = 1. (C.1)

The number of benchmark assets is equal tonB and the number of extended-set asset
equal tonE . The return on thej th extended-set and theith benchmark asset are denoted
rE,jt andrB,it , respectively, and the weight given to each benchmark asset is denoted
wit . Under the null hypothesis that the benchmark assets span the extended-set assets
return on thej th extended-set asset is assumed to be generated by the specificatio
in Eq. (C.1).

If the return on the extended-set assets is a linear combination of the benchmark
and an additional factor or factors, it can be shown that the benchmark assets do n
the set of extended-set assets. Following the methodology of Bekaert and Urias, the n
of additional factors is set equal to one:

rE,jt = wF rF,t +
nB∑
i=1

wirB,it + εjt ∀j = 1, . . . , nE

s. t. wF,t +
nB∑
i=1

wit = 1. (C.2)

The weight on the factor and the return on the factor are denoted bywF,t and rF,t ,
respectively. The error terms in Eqs. (C.1) and (C.2),εjt , are assumed to be joint
distributed. The distribution of the error terms is discussed below. The weights in Eqs
and (C.2) are estimated conditional on the set of returns of the benchmark and factor ass
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using the Gauss constrained maximum likelihood routine with the Newton algorithm
the Brent search method.

The factor weight is constrained such that it is a function of the percentage o
variation inrE that is explained by the variation inrF . Under this specification, the facto
weight equals

wF =
[
φ

σ 2(rE)

σ 2(rF )

]0.5

(C.3)

whereφ equals the percentage of the variation inrE explained by the variation inrF .28

By restricting the factor weight in this manner, the amount of variation in the return
extended-set asset explained by the factor is standardized across the set of exte
assets. The parameterφ is set equal to ten percent for all simulations.

The returns of the benchmark assets and the factor are assumed to be generat
AR(1) process with drift. The vector of error terms is assumed to be a jointly distrib
GARCH(1,1) with a constant conditional correlation structure (see Bollerslev, 1990)

rit = µi + θiri,t−1 + uit ∀i = 1, . . . , nB,F,

uit = v̄t

√
h̄t ,

v̄t ∼ IN(0,1),

hii,t = ωi + αiε
2
i,t−1 + βihii,t−1,

hij,t = ρij (hii,t , hjj,t )
0.5. (C.4)

Note that the matrix̄ht is (nB × nB) under the null and((nB + 1) × (nB + 1)) under the
alternative;v̄t is a vector of independent unit normal random variables with a dimen
of appropriate size.

The GARCH parameters in Eq. (C.4) are estimated equation-by-equation
maximum likelihood estimation techniques. The cross-equation correlation mat
assumed to be exogenously determined, such that assets within the benchmark
assumed to have a correlation of 0.5, and the correlation between the benchmark
and the factor asset are zero.29 The assumption of zero correlation between the benchma
assets and the factor is consistent with the simulation specification of Bekaert and U

Generating a set of simulated returns is a two-step process. First, a set of sim
returns for the benchmark assets and the factor, as specified in Eq. (C.4), are obtained
generating the vector̄v with length t in combination with the estimates of the GARC
parameters. Second, a set of simulated returns for the extended-set assets under
and alternative hypotheses, as specified in Eqs. (C.1) and (C.2), are then gener
combining the benchmark and factor returns with the estimates of the asset weights

28 The variation inrF affects the variance ofrE only through the variance ofrF because the correlation ofrF
with the benchmark returns is zero. Therefore, the percent variance ofrE explained by the variance inrF can be
exogenously determined by the specification ofφ, such thatσ2(rE) = φw2

F
σ2(rF ).

29 This assumption does not appear to systematically biasour results. We obtain size and power characteris
that are consistent with those found by Bekaert and Urias (1996). A detailed analysis of the effect of the correlat
matrix specification is deferred to future research.
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The residuals for Eqs. (C.1) and (C.2) are generated using bootstrapping. The r
is equal to the observed return minus the expected return. Therefore, under th
hypothesis, the residual for assetj at timet is equal to

ejt = rE,jt −
nB∑
i=1

wirB,it ∀j = 1, . . . , nE. (C.5)

Under the alternative hypothesis, thej th residual at timet is equal to

ejt = rE,it − wF,t rF,t −
nB∑
i=1

wirB,it ∀j = 1, . . . , nE. (C.6)

Under the null hypothesis, thej th residual in Eq. (C.1) is randomly drawn wi
replacement from thej th vector of residuals as specified in Eq. (C.5). Similarly, under
alternative hypothesis, thej th residual in Eq. (C.2) is randomly drawn with replacem
from thej th vector of residuals as specified in Eq. (C.6).

In order to reduce the effects of the initial conditions imposed on the GAR
specification, the simulated data for the benchmark and the factor assets are gener
with a sample size of 5000 observations, with only the lastT observations (152 or 617
included in the sample used to estimate the size and power characteristics. The simula
data is generated 1000 times under the null hypothesis and a test statistic is cal
for each sample ofT observations. A critical value with an empirical size equal to
percent is determined by identifying the value of the test statistic that correspond
five percent probability of rejecting the nullhypothesis given that the null hypothesis
true. To determine the power of the test, the simulated data for the benchmark
and the factor asset are generated 1000 times under the alternative hypothesis an
statistic is calculated for each sample ofT observations. The power of the test is equa
the percentage of test statistics that exceedthe empirical critical value under the null. T
investigate the size and power properties across various specifications, we vary the
of assets in the benchmark and extended sets.

The simulations are conducted using US domestic and multinational assets, and
set of international indices.30 Benchmark portfolios containing twelve or fewer ass
are comprised of US domestic assets. Extended-set portfolios containing nine or
assets are comprised of US multinational assets. Extended-set portfolios containing
assets are comprised of a combination of the nine US multinational assets and the G
Japanese and UK indices. The equally-weighted portfolio of the six international in
is the one extended-set asset for the simulation with twenty-one benchmark ass
one extended-set asset. If a benchmark or extended-set portfolio contains fewer ass
the maximum number of assets available, the size and type classifications of the in

30 We presume that the results are applicable to the othercountries in the sample. A more detailed analysi
left to future work.
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Table C.1
Empirical size and power

Benchmark Sample size: 152 observations Sample size: 617 observations

Extended Size Power Extended Size Power

4 1 0.0392 0.9520 1 0.0514 1.0000
4 12 0.4452 0.4010 12 0.0100 1.0000

12 1 0.0547 0.5200 1 0.0186 0.9950
12 9 0.3730 0.2440 9 0.0188 0.9960
21 1 0.0241 0.9980
21 6 0.0139 0.9750

Notes. Columns one and two are the number of assets in the benchmark portfolio and the number of a
the extended set, respectively. Column three is the significance level from the standard chi-squared distribu
for the critical value corresponding to an empirical sizeof five percent. Column four is the power of the te
conditional on the critical value corresponding to an empirical size of five percent.

assets are varied so that the portfolio is not dominated by a single type of asset.31 The
factor asset in Eq. (C.2) is specified as the Datastream value-weighted global index

Conditional on a sample size of 152 observations, our results are consistent w
results of Bekaert and Urias. Holding the number of benchmark assets constant, w
that as the number of extended-set assets increases the size of the test increases and
power of the test decreases. Table C.1 presents our results. The empirical size es
presented in the table are equal to the significance level from the standard chi-s
distribution for the critical value corresponding to an empirical size of five percent
a portfolio that contains four benchmark assets, the size of the test increases fro
percent to 46.29 percent as a result of an increase in the number of extended-se
from one to twelve. The power of the test decreases by more than fifty percent. Simi
results are obtained for a portfolio that contains twelve benchmark assets.32

The simulation results based on a sample size of 470 observations indicate th
adverse effects of increasing the number of test assets are minimal given our larger
size. The results are presented in Table C.1. For example, the empirical size of the te
is nearly unchanged as a result of an increase in the number of extended-set ass
one to nine for the portfolio containing twelve benchmark assets. The power of th
decreases by a small amount. The simulation results for benchmark portfolios con
four and twenty-one assets are similar. These simulation results provide us with
degree of confidence in our test results.

31 For example, if the benchmark portfolio contains fourassets, the assets which are included in the benchm
portfolio are: small consumer goods and services, medium energy and utilities, large finance and real estate
small industrials.

32 For a benchmark portfolio of twelve assets, we add nine extended-set assets instead of twelve bec
specification corresponds to the spanning test with twelve US domestic assetsin the benchmark portfolio and nin
US multinational assets in the extended-set portfolio. A benchmark portfolio containing twenty-one assets and
extended-set portfolio containing six assets correspondsto the spanning test with twelve US domestic assets
nine US multinational assets in the benchmark portfolio and six international indices in the extended-set portfol
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