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|. Introduction

Theinternational CAPM predicts that investorsin different countries
should invest in portfolios whose risk and return characteristics are
similar.! Inreality, shareholdersin each country allocate substantially
more to domestic assets than to foreign assets. For example, French
and Poterba(1991) notethat “ domestic ownership sharesof theworld's
five largest stock markets are: United States, 92.9%; Japan, 95.7%;
United Kingdom, 92%; Germany, 79%; and France, 89.4%.” The
common label for this phenomenon, “home bias’, suggests that
investors' preferencefor domesticequity isirrational, seeLewis(1999).
This paper uses statistical tests to demonstrate that observing a home
bias does not necessarily imply that investors are irrational .

Theorigind literatureoninternational portfolio choiceestablishesthat
investorsshould benefit frominternationa diversificationthrough ashift
in the efficient frontier, see Solnik (1974) and Levy (1980), among
others. Recently, De Santis(1995), Bekaert and Urias(1996), De Santis
and Gerard (1997) conclude that shiftsin the efficient frontier are not
statistically significant. These results are robust to the inclusion of
emerging markets, see Errunza, Hogan, and Hung (1999). Inasimilar
spirit, thispaper concludesthat observed portfolio allocationweightsare
not significantly different thanan optimal allocation. Theimplicationis
that extreme home bias allocations are insignificantly different than
optimal alocations, and therefore domestically oriented investorsarenot
necessarily acting irrationally.

Thefindingsarerobust to avariety of plausibleinvestment strategies
and methodologies.? For example, theresult remainswhenweintroduce
short selling constraintsor alow for hedging foreign exchange (FX) risk
using forward contracts. Weapply different statistical methodol ogies,
including asymptotic tests, simulated small-sampl e distributionsand no
arbitrage Hansen-Jagannathan bounds. Weeval uatethe out-of-sample
properties of theoretically optimal investment portfolios relative to a
100% domestic allocation portfolio for investment horizonsuptothree

1. This presumes the absence of market imperfections such as transaction costs,
deviations from purchasing power parity, and inflation risk. See, amongst others, Adler and
Dumas (1983) and Stulz (1984).

2. Some, but not al, are reported in this version of the paper.
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years. Consistent with the in-sample findings, out-of-sample results
reveal that the Sharpe ratio of the theoretically optimal portfolio is
typically below the Sharperatio of the 100% domestic portfolio. This
indicatesthat benefitsfrominternational diversificationaredifficult to
capturein practice.

The remainder of the paper is organized as follows. Section 2
describes the econometric methodology employed in the tests on the
significance of the home bias. Section 3 describes the data. Section 4
reports the in-sample test results of allocations and the out-of-sample
testsof investment performance. Finally, section’5 concludesthe paper.

[I. Econometric M ethodology

Weadopt themean-varianceframework asthe premisefor determining
aninternational equity portfolio. Fromtheview of investorsineach G-5
country, weestimatethetheoretically optimal, tangency portfolio based
on in-sample data (from 1973 to 1994) and compare the tangency
allocation weights to allocations associated with extreme home bias.
Additionally we comparethe out-of -sample (1995 to 1997) performance
of the tangency portfolios to portfolios that exhibit a strong home bias.

We employ two different methods for estimation of the expected
return vector, E[R], and the variance-covariance matrix, VCV, used as
inputstotheinvestors’ mean-variance optimization; (1) a"Markowitz
based" approach in which the expected returns and the variance-
covariancematrix, VCV parametersare estimated asthe historical mean
and VCV matrices, and (2) a "Bayes-Stein shrinkage estimator"
approach, which hasbeen shown by Jorion (1985,1986) to out perform
the M arkowitz based approach in out-of -sampleinvestment performance
tests.

Inboth the Markowitz and Bayes-Stein approachesthe parameters,
E[R] and VCV, cannot be estimated precisely.®> Any optimization
procedure passestheimprecision of theinput parametersthroughtothe
outputs, tangency alocation weights, and hence provides that the
tangency portfolio weights are also suffer from imprecision, see

3. Although precision isimproved with Bayes-Stein when compared to Markowitz.



134 Multinational Finance Journal

Michaud (1998). This imprecision of the tangency weights is
responsiblefor not being ableto statistically distinguishthese portfolio
weights from those associated with extreme (100%) home bias. We
follow French and Poterba(1991) and consider equity for Group of Five
(G-5) countries, and hence a 100% allocation of domestic equitiesis
described by the 5 x 1 vector [1 00 0 0]" with 100% weighting in the
home country (first entry) and zero weighting in the four foreign
countries.

Thisinability to distinguish between thetangency vector and[100
00]" iscouched in statistical termsasthe failureto regject the null that
the tangency allocation equals[10000]’. Loosely speaking, thisin-
sampl efinding can a so be couched asaccepting thenotion that thetruly
optimal international portfolio allocation (whatever itis) isprobably not
statistically different than a 100% domestic allocation.

In addition to the above in-sample tests, we also conduct out-of -
sample tests of investment performance of the tangency portfolios
across three investment horizons. Based on views from (i) all five
countries, and (ii) acrossone, two, and three year investment horizons,
the[10000]’ allocationtypically outperformed boththe Markowitz and
Bayes-Stein portfolios.

Unfortunately, tangency all ocationsassociated withthe Markowitz
approach tend to perform poorly out-of-sample. Jorion (1985, 1986)
demonstrates that an effective technique for improving out-of -sample
performance of aMarkowitz tangency portfolioisto modify theinput
parameters (i.e. E[R] and VCV) so that they are effectively “ shrunk”
towards the mean and variance associated with the minimum variance
portfolio (MVP). These* shrinkageestimators’ also commonly referred
to as Bayes-Stein estimators, improve the out-of-sampl e performance
vis-avisMarkowitz. Intuitively, thisimprovement arises because the
MVP allocationsdepend only upon the sample VCV matrix, and not upon
the expected returns (which are notoriously difficult to estimate
precisely). Hence, shrinking each asset’ shistorical meanreturntoward
the return of the MVP portfolio improve precision associated with
estimating the expected return of each asset. Thisimproved estimation

4. The extensive literature on estimation error in portfolio choice includes Kalymon
(1971), Frankfurter, Phillips, and Seagle (1971), Dickinson (1974), Burgess and Johnson
(1976), Dhingra (1980), Jobson and Korkie (1980), Barry and Brown (1985), and Kandel,
McCulloch, and Stambaugh (1995).
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of theexpected returnsresultsinimproved out-of -sample performance.
Specifically, the Bayes-Stein estimate of the expected return vector,
E[r®9], and the VCV matrix, X5, are computed as (using bold italicsto
indicate vectors and matrices):

EHBSE:(:L_‘//)E'H// Myye [,

10 A 10
88 =% 3 :
%HT A0 TT+1+4) 121

where T is the vector of historical mean returns, ry,., is the return
associated with the MVP, X is the usual VCV matrix (based upon
historical returns), 4 is computed as:

(N +2)(T +1)

A= ,
(F = W) EOF 1y @) AT =N -2)

and v is the shrinkage factor, such that y = A/(T + 1). Inthe Bayes-
Stein procedure, the historical meanreturnvector isshifted (or shrunk)
toward the return associated with the minimum variance portfolio.
Empirically, thedegreeof shiftissubstantial. Thatis, wistypicalyinthe
range 0.88 to 0.95.

Independent of the method of selecting the expected return vector
and VCV matrix (Bayes-Stein versusMarkowitz), thetangency portfolio
isthe onethat maximizesthe Sharperatio. Fromtheview of investors
ineach G-5 country, theweightsassociated with thetangency portfolio
arefound by solving aconstrained mean-variance optimization problem
similar to the unconstrained case in Markowitz (1959), and further
analyzed in Roll (1977). Unlike these papers, we also investigate the
case where investors cannot short sell. Therefore, when appropriate,
the optimization incorporates inequality constraints related to short
selling.

A discussion of the home bias promotes consideration of how
investorsmay chooseto hedgeforeign exchange (FX) risk. Thisstudy
allows for the hedging of FX risk across different risk management
strategies, including the case in which thereis no hedging of FX risk.
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With five countries under study, the no-hedging case involves five
assets, whereas when hedging is allowed, four additional assets
representing thereturnson FX futurescontractsareincluded aswell, for
atotal of nineassets. Depending uponthetype of FX hedging strategy
alowed, additional constraintsupontheoptimization (in additionto any
short selling constraints) are imposed.

Within this paper we focus on the no-hedging case. Additional
results, available from the authors, demonstrate the robustness of the
reported findings to various FX risk management strategies. Inthe
interest of brevity, the ensuing discussion of econometric methodol ogy
assumesano-hedging strategy, and henceincludesonly 5 assets, not 9.
For the case of five assets, the problem is one of constrained
optimization, w; = arg max Sharpe ratio subject to:

E[r] =w -E[r], =W Zw, i'w=1,w > 0,

where w; isthe 5 x 1 vector of portfolio weights (allocations) at the
tangent; wisab x 1 vector of weights, not necessarily at the tangent,
coveringthe5 equity weights, E[r] =E[r, ... r:]" isthe5 x 1 vector of
expected returns, X isthe 5 x 5 VCV matrix of returns; i isan5x 1
vector of ones;, and E[] is the mathematical expectation operator.
Recall that the Sharpe ration is defined as E[r¢|/oc where r¢ is the
portfolio excessreturn. Thelast restrictionisremoved whenweallow
for the short selling of equity.

Let w,bethe[10000Q]’ vector, and let w; be the vector of equity
wel ghtsassociated with thetangent portfolio. ThecorrespondingWald
test for isHq wy =w,, Hy: wy # w,

W =[w, —w,] = fw, -w], (2.1)

where X, isthe 5 x 5 VCV matrix of the estimated portfolio weights,
w;.5 Dueto theimposed constraint that the five equity weights sum to
one, therank of X, isequal to the number of non-zero weighted equity
markets minus one. Hencefor estimationsinwhich all five countries
have non-zero weights, the rank of X, is four. In this case, the

5. Empirical construction of X, is described in the appendix.
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appropriate Wald test is constructed by selecting any four components
of w, and w; and the associated 4 x 4 VCV matrix. Inthiscase, thetest
statistic, W, isdistributed »3. For casesinwhich y of the countries has
a(binding) optimal investment weight of zero, therank of X, isreduced
by w. In this case the test statistic is constructed in an analogous
manner, and is distributed x7 ..

[11. Data

Thedataemployed cover the G-5 countriesover theperiod July 1973to
December 1997, a294 month period. For testing purposes, wesplit the
data into an in-sample and out-of-sample period using July 1973 to
December 1994 asthein-sample period, and January 1995 to December
1997 asthe out-of -sampl e period. Dataon local currency equity index
returnswith dividend reinvestment for the G-5 countrieswere obtained
from Morgan Stanley Capita International (MSCI). Data on foreign
exchange rates and eurocurrency rates were obtained from Data
Resourcelnternational (DRI). Theforeign exchange dataconsistsof bid
and ask quotesfor both spot and one month forward contracts between
the USdollar and theremaining G-5 countries. Theeurocurrency quotes
consist of bid and ask prices on 1 month deposits.® The eurocurrency
ask rates are used as risk-free rates for each G-5 country. All quotes
from DRI areend of monthfrom London’sNational Westminster Bank.
Spot foreign exchange bid and ask cross-rates(i.e. not quoted vis-a-vis
the dollar) were supplied by Telerate. The data set allows us to
determinethetangent portfolioinvestment weightsfromthe perspective
of aninvestor ineach G-5 country, not just fromthe perspectiveof aUS
investor.

A. Construction of Returns

Given monthly equity returns expressed in local currency terms, spot
foreign exchangeratesareempl oyed to convert thereturnsintoforeign
currency terms. Excess returns are computed via subtracting the one
month eurocurrency ask rate. For example, for aUSinvestor investing

6. Eurocurrency rates for the yen are only available from February 1979 to December
1997, a 229 month period.
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y dollars in the German equity market, the one month excess rate of
return expressed in dollarsis:

N g
oo T ) BSR40
M5 = = s _1_rfu,ts+11

y

where S” isthe spot foreign exchange rate expressed in dollars per

Deutsche mark at timet, r,° istherate of return of German equities
expressed in Deutsche mark termsfor the period ending at timet + 1,
and r/’},; isthelmontheurocurrency ask ratefor USdollarsdeposited

fromtimettotimet+ 1. Analogously, anon-USinvestor investingina
non-US market would employ the spot cross-rate market.

In order to remove much of the foreign exchange risk associated
with foreign equity investment, investors may elect to take hedge
positionsin foreign currency viaforeign exchange forward contracts.
Consider aUSinvestor investingin the German equity market and taking
ashortforward positionin order to hedgethe FX risk. Therate of return
associated with the forward hedge is expressed as:

FOM _ gDM
H _ "tt+l +1
v = S|:)|\/| ’ (31)

where 1.\, isthereturndueto hedging viaforward contractsfromtime

ttotimet+ 1, and FY), isthe forward rate contracted at time 't for

exchanging Deutsche marksfor dollarsat timet + 1. When an investor
chooses to hedge a proportion, &, of the principal invested, the total

return including the hedge is computed asr%, +9 [, .

B. Descriptive Satistics

Annualized historical mean and volatility of returns expressed in local
currency are reported for thein-sample period (1973/07 - 1994/12) in
table 1, panel A. Inlocal currency terms the UK shows the highest
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averagereturn (17.26%) and highest volatility (24.01%). Japan shows
the lowest average return (10.15%) and Germany shows the lowest
volatility (18.04%). Table1, Panel B reportstheforeign exchange spot
returns from the view of an investor in each G-5 country. The yen
(pound) appreciated (depreciated) against al other G-5 currenciesover
the period. The franc, mark and dollar were mixed against the other
currencies. As demonstrated by panels A and B collectively,
appreciation of the yen rewarded foreign investment in the Japanese
equity market, whiledepreciation of the pound punishedthe UK equity
market. Table 2 reports annualized excess returns, volatilities, and
Sharperatiosfor 100% equity investment in each G-5 country, fromthe
view of investorsin each G-5 country. Infour of thefivecountry views,
Japan (France) has the highest (lowest) Sharpe ratio.

Table 3 reportsin-sample return correlations. Panel A isbased on
equity returns expressed in local terms, and spot foreign exchange
returns expressed in dollar terms. The local market equity returns are
positively correlated with other locally measured equity returns, ranging
from alow of 0.2939 between Japan and Germany, to ahigh of 0.5765
betweenthe USandthe UK. Japan showsthelowest overal correlation
of local equity returnswith other local equity returns. The spot foreign
exchange returns are sensitive to the country from which they are
viewed. We have chosen to report them from the perspective of aUS
investor going long theforeign currency. Japan al so showsthelowest
overal correlation of spot foreign exchange returns with other spot
foreign exchange returns.

Foreign exchange returns appear uncorrelated with returns of the
local equity market. The mean correl ation between acountry’sforeign
exchange return and its local equity market return is 0.0257 from the
perspective of U.S. investors. Panel B reports correlations from
unhedged equity investment in dollar terms. As expected, given the
evidence in panel A, Japan has the lowest overall correlations. The
highest off-diagonal entry is associated with dollar returns between
France and Germany (0.6026) while the lowest off-diagonal entry is
associated with dollar returns between the US and Japan (0.2517).

Table4 comparestheexpected return vectorsfromtheview of each
country using both the Markowitz and Bayes-Stein approaches. The
associated shrinkage weights are reported aswell. For example, from
pand B, theshrinkagefactor fromthe USview is0.8939, the Markowitz
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based expected excess return of Japan is 8.20%, and the expected
return of the MV P is5.26%. The resulting expected excess return of
Japan under Bayes-Stein is 5.57%. Effectively, the Bayes-Stein
expected returns are determined by heavily shifting the Markowitz
expected returns toward the expected return of the MVP. A much
more modest degree of shrinkage is associated with the variance-
covariance matrices.

V. Results

Our framework allowsfor hedging FX risk through taking positionsin
futurescontracts. Wehavedetermined that theresultspresented bel ow
are effectively insensitive to a wide range of FX hedge strategies.
Giventherobustnessof thefindingsto FX hedging, welimit thecurrent
discussiontoinvestment strategiesthat do not involvefutures contracts.’

A. In-Sample Allocation Tests

In order to address the home biasissue from adiverse perspective (not
just from the perspective of a US investor), each strategy is analyzed
separately from the view of aninvestor in each G-5 country. Panel A
of table5 reportsthetangency allocationsinthe Bayes-Stein case, inthe
no short selling scenario. Notice that from some perspectives, the
tangency allocation to France and/or the U.K. iszero. Thisstemsfrom
acombination of relatively low excess returns in the French and UK
equity markets and relatively large off-diagonal covariance entries
associated with France and the UK.

The maximum domestic equity investment weight across the five
countriesisassociated withtheUS. Mean-variance optimization under
Bayes-Stein prescribes that Americans should invest 60.31% of their
assets in the U.S. equity market, substantially below the actual
investment all ocation of 92.9% reported by French and Poterba (1991).
However, the standard error associated with this portfolio estimate is

7. A detailed analysis of in-sample alocations and subsequent out-of-sample
performance stemming from strategies that allow for FX hedging is available from the
authors upon request. These “with hedging” results are supportive of the “without hedging”
results upon which we focus.
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0.4134. Therefore, thetangency weight estimate of 60.31%isonly 0.79
standard errorsaway fromtheactual investment weight of 92.9%. One
could therefore conclude that the observed home bias for American
investorsis not a statistical anomaly.

French and Poterba estimate the actual domestic equity investment
of UK investorsto be 92.0%. Given thetangency estimate of 16.29%
with standard error of 0.3487, theestimateis2.17 standard errorsfrom
the actual portfolio weight. This t-test argument rejects the null
hypothesi sthat tangency weightsequal theactual weights. Inthiscase,
unlike the American view, one could conclude that from the UK view
home bias is a statistical anomaly. Similar calculations for France,
Germany and Japan indicate that the tangency weightsare 1.52, 0.83,
and 1.17 standard errors away from the actual weights, respectively.
Overall, these initial test results appear mixed.

The above t-tests are tests of a single weight, specifically the
domestic equity allocation. However, investors may allocate funds
across multiple foreign equity markets. For example, French and
Poterba(1991) estimatethat in December 1989 aUS investor invested
0.5%, 0.5%, 3.1%, and 1.1% of assetsin France, Germany, Japan, and
the UK, respectively. Given the broad choice of international equity
markets available to investors, ajoint test is appropriate.

In principle, we could test whether the tangent wei ghts are equal to
actual equity weights held by the representative investor. That is, we
could test the null hypothesis Hy: Wi,y = Wi, @gainst the alternative
Hy: Wrang # Waaa- Unfortunately, the actual portfolio weightsreported
by French and Poterba (1991), such as:

wys,, =[948 005 .005 .031 .011]

fromthe US perspective, are subject to substantial measurement error,
since they are “crude estimates of the equity portfolio allocation [p.
222]".

Lacking accurate estimatesof actual portfolio holdings, we substitute
theextremevector of [10000]’ indicating 100% domestic allocation,
for the actual allocation vector (whatever it may be). With this
substitution, we test whether the estimated tangent weights are
significantly differentthan[10000]’, themost extremeform of home



Portfolio Selection 149

bias. That is, we apply the null hypothesis, Hy, wr,,, =[10000],
against the (two-sided) alternative, H;. Wr,,, # [10000]". Weemploy
the previously described Wald statistic (2.1) for testing purposes.

Of course, imposing the extreme 100% home bias vector of [1 00
00]’ intothenull hypothesisof thetests, rather than an actual allocation
vector such as [.948 .005 .005 .031 .011]’, serves to bias the test
methodology towards increased power, which ultimately makes the
inability to reject the null hypothesis more difficult to achieve.

Table5, panel A reportsp-valuesresultingfromtheWaldtest (2.1).
Thesmallest p-valueis0.1108, associated with investment from aUK
perspective. Therefore, fromtheview of investorsineach G-5 country,
theBayes-Steintangency weightsarenot significantly different than[1
0000]'. Tableb, panel B reports parallel resultsunder the Markowitz
methodology. Inthiscase, thelowest p-valueis0.1539, againindicating
that the null hypothesisisnot rejected. Takinginto account thefinding
of panels A and B, the findings are consistent with the belief that
investorswith a100% domestic market allocation arenot allocating their
assets in a manner that is significantly different than theoretically
predicted portfolio alocations.

Table 6 relaxesthe no-short sales constraint imposed previously in
table 5. Table 6, panel A reports on tangency allocations when short
selling isalowed in the Bayes-Stein case. In this scenario, German,
UK and US investors take short positions in the French and/or UK
markets, although the degree of shorting is modest (the most extreme
hedging occurs when aUS investor allocates 6.47% of their wealth to
a short position in French equities). Given the modest degree of
shorting, itisnot surprising that the p-valuesof table 6, panel A closely
resemblethose of table 5, panel A. Inthe case of table6, theminimum
p-vaueis0.1956, indicating afailureto reject the null hypothesisfrom
the view of investors in each G-5 country. Table 6, panel B reports
resultsunder the Markowitz approach and when short selling of equity
is alowed. In this scenario, the lowest p-value is 0.2523, again
indicating that the null hypothesisis not rejected.

Overall, theinfrequent rejection of thenull necessitatesaconcernfor
low inherent power of the tests. Small sample simulations, available
from the authors, indicate that the infrequent rejection of the null
hypothesisisnot likely dueto deviationsfrom theassumed 3 asymptotic
distribution. Additionally, theuse of an extremevector,[10000]’,in
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the null (rather than the actual allocation vector, whatever it may be)
serves to increase the power of the test.

Taking into account tables 5 and 6, these in-sample findings
demonstrate that the tangency allocation is not significantly different
than[10000]’. Thisfindingappearsrobust across(1) theavailability
of short sale opportunities, (2) the ability to hedge FX risk, and (3) the
methodology used to estimate the expected return vector and VCV
matrix. Insummary, we concludethat a100% domestic allocationisnot
significantly different than an allocation based upon either the Bayes-
Stein or Markowitz methodology. That is, the tangency portfolio is
insignificantly different than[1000Q]".

B. Out-of-Sample Tests of Investment Performance

Using all ocation wei ghts estimated over thein-sampleperiod July 1973
to December 1994, weinvestigate how returns associated with a100%
domestic allocation compareto (1) the Bayes-Stein portfolio returnsand
(2) the Markowitz portfolio returnsin the subsequent period. Werefer
tothe period July 1973 to December 1994 asthein-sample period, and
investigate three out-of -sampl e periods covering the subsequent 12, 24,
and 36 month periods. Essentialy, wewishto determineif thetangency
portfoliodlocationin December 1994, which outperformed thedomestic
portfoliointhe 1973/07 to 1994/12 period, can again outperform a100%
domestic alocation in three out-of -sampl e periods beginning January
1995. From the view of each G-5 country, we compute a signed-rank
test under the null hypothesisthat the monthly returns associated with
thedomestic market are equal to themonthly returnsassociated with the
tangency portfolio. We a'so compute Sharpe ratios for each country
view, and subsequently compute the overall mean (across all G-5
countries) of the Sharpe ratio measures.

Table7 reportson the out-of-sampl e performance of the Bayes-Stein
portfolio for theno shorting case.® Panel A reports performanceinthe
12 month period January 1995 to December 1995. Thereturns of the
Bayes-Stein portfolio haveacorrelationthat rangesfrom 0.4659 (French
view) to 0.7601 (US view) with the returns of the 100% domestic
allocation portfolio. Theranked sum statistic’ s p-valueisnever below
0.05whichindicatesthat neither portfolio out-performed theother inthis

8. The “with shorting” case, not reported here, produces essentially the same findings.
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12-month period. Although close, the advantage seemsto residewith
the 100% domestic portfolio aswithessed by ahigher mean Sharperatio
(across the five different views) of 1.6298 vs. 1.4300 for the Bayes-
Stein portfolios.

Table7, panel B reports performancein the 24-month period January
1995 to December 1996. Theranked sum statistic’s p-valueisbelow
the critical value of 0.05 in 2 of the 5 cases, which |eaves a mixed
impression. Specifically, fromthe Japanese (UK) view, theBayes-Stein
(100% domestic) portfolio outperformed in asignificant manner. The
overall mean Sharperatio associated with the 100% domestic portfolio
of 1.1951, is larger than the mean Sharpe ratio associated with the
Bayes-Stein portfolio of 0.9640. On average, the 100% domestic
alocation appearsto have outperformed theBayes-Steinportfoliointhis
24-month period.

Table7, panel Creportsperformanceinthe 36-month period January
1995 to December 1997. Theranked sum statistic’ sp-valueindicates
that the Bayes-Stein portfolio outperformed the 100% domestic portfolio
from the view of a Japanese investor. However, the 100% domestic
portfolio outperformed the Bayes-Stein portfolio from the view of
investors in both the UK and the US. In summary, the mean Sharpe
ratio associated with the 100% domestic portfolio of 0.9258, islarger
thanthemean Sharperatio associated with the Bayes-Stein portfolio of
0.8184. Again, on average the 100% domestic allocation appears to
have outperformed the Bayes-Stein portfolio.

Table8reportsontheout-of-sampl e performance of the Markowitz
tangency portfolio. Panel A reports performanceinthe 12-month period
January 1995 to December 1995. Thereturnsof theMarkowitz portfolio
have a correlation that ranges from 0.4027 (German view) to 0.7934
(UK view) with the returns of the100% domestic allocation portfolio.
Theranked sum statistic’ sp-valueisnever below 0.05, whichindicates
that neither portfolio out-performed the other in this 12-month period.
Again, as in Bayes-Stein performance evaluations of table 7, the
performance advantage resides with the 100% domestic portfolio as
witnessed by a higher mean Sharpe ratio (across the five different
views) of 1.6298, versus 0.5996 for the Markowitz tangency

The values of the mean Sharpe ratios associated with the 100%
domestic allocation portfolio, the Bayes-Stein portfolio, and the
Markowitz portfolio are 1.6298, 1.4300, and 0.5996 respectively.
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Consistent with previous findings of Jorion (1985, 1986) the out-of-
sample performance of the Bayes-Stein portfolio is superior to that of
theMarkowitz portfolio. Onthewhole, the 100% domestic allocation
portfolio, [10000]’, isthe best performer. This provides substantial
evidencethat although there aretheoretical advantagestointernational
diversification, inactuality it can bedifficult to capture such advantages.

Table8, panel B reportsperformancein the 24-month period January
1995 to December 1996. The ranked sum statistic’ s p-valueisbelow
the critical 0.05 value in 1 of the 5 cases. Specifically, from the
Japanese view, the Markowitz portfolio outperformed the 100%
domestic portfolio. Y et themean Sharperatio associated with the 100%
domestic portfolio of 1.1951, isstill larger than the mean Sharperatio
associated with the Markowitz portfolio of 0.4488. On average, the
100% domestic all ocation appearsto have outperformed the M arkowitz
portfoliointhis2-year period. Consistent withthefindingsinpanel A of
tables 7 and 8, the highest mean Sharpe ratio is associated with the
100% domestic allocation portfolio, followed by the Bayes-Stein
portfolio, and thentheMarkowitz portfolio (respectivevaluesof 1.1951,
0.9640, and 0.4488). Weconcludethat, inthisperiod of study, any gains
to international diversification appear difficult to capture in practice.

Table8, panel Creportsperformanceinthe 36-month period January
1995 to December 1997. Theranked sum statistic’ s p-valueis below
thecritical 0.05valuein 4 of the5 cases. 1n 3 of the 4 cases, the 100%
domestic portfolio outperformed the Markowitz portfolio (from the
French, UK and US views) while from the Japanese view, the
Markowitz portfolio outperformed the 100% domestic portfolio. Overal,
the mean Sharpe ratio associated with the 100% domestic portfolio of
0.9258, whichislarger than the mean Sharperatio associated with the
Markowitz portfolio of 0.3228. Once again, on average, the 100%
domestic alocation appears to have outperformed the Markowitz
portfolio. When taking into account the findings reported in table 7,
panel C, the highest mean Sharpe ratio is associated with the 100%
domesticall ocation portfolio, followed by the Bayes-Stein portfolio, and
thenthe Markowitz portfolio (respectivevaluesof 0.9258, 0.8184, and
0.3228).

To summarize across Tables 7 and 8, the out-of -sampl e statistical
evidence indicates that the theoretical benefits to international
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diversification aredifficult to achievein practice.® For boththe Bayes-
Stein and Markowitz methodologies, we find that a 100% domestic
alocation typically performs as well or better than the tangency
portfolio.

A common thread of explanation across the in-sample and out-of -
sampleresultsistherolethat the VCV matrix associated with the data
generating mechanism (DGM) of returnsplays. Thelarge variance of
the DGM makes estimation of the expected returns imprecise. This
causesdigtinct portfolio alocationsto bestatistically indistinguishable, as
demonstrated repeatedly in thein-samplefindings. Further, thelarge
variance of the DGM produces out-of-sample performances that can
vary across allocation strategies in non-anticipated ways.

V. Conclusion

This paper investigates whether investors' domestic equity holdings,
which may at first appear to be excessive, constitute an anomaly inthe
dtatistical sense.  The in-sample alocation tests demonstrate that
portfolio allocations representing extreme home are not significantly
different than the portfolio allocations associ ated with thetheoretically
optimal tangency portfolios. The result is driven primarily by the
substantial imprecision associated with estimating the expected return
vector and VCV matrix. Thesefindingsholdfor bothaMarkowitz and
aBayes-Stein approach to estimation of the E[R] and VCV parameters.
The results are effectively insensitive to imposing or relaxing short
selling and FX hedging constraints.

The out-of-sample performance tests provide evidence that
theoretical international diversification benefitsareparticularly difficult
tocapturein practice. Wefindthat a100% domestic allocationtypically
performsaswell or better than the estimated tangency portfolios. The
explanationfor the poor out-of -sampleinvestment performanceis, like
thein-sampletests, highly dependent uponthelarge variance associated

9. When out-of-sample performance is measured across various strategies that allow
for the hedging of FX risk through futures contracts, the results parallel the findings in
Tables 7 and 8. That is, a 100% domestic allocation portfolio performs better out of
sample compared to a “with hedging” tangency portfolio. Results are available from the
authors upon request.
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with the data generating mechanism. Intuitively, the standard errors
associated with estimation of the parameters of the data generating
mechanism are simply too large for an investor to accurately forecast
what the future returns will be.

Thisstudy addressestheroleof estimation uncertainty inexplaining
anomalies. We explore whether estimation risk calls into question
whether thehomebiasisan“irrational” bias. Inparticular, we address
mean-variance portfolio choicesin two cases. First, inthe Markowitz
case, we presume that investors know the return parameters, the
expected returns and the variance covariance matrix of returns.
Nonetheless, estimation risk arises in this setting as we estimate the
investors tangency portfolio. Second, in the Bayes-Stein case, we
assume that investors do not know the return parameters, instead they
chosetangent portfoliosusing Bayesian updating based onthe observed
returns.’® Thereported resultsmight suggest that other anomalies, such
assizeeffectsand post-earningsannouncement drift, could beexplained
by either Bayesianinvestors' behavior orinvestors' learning. Weleave
this possibility for future work.

Appendix

This appendix describes the numerical procedure for determining the standard
errors associated with the portfolio weights of the tangent portfolio. The
procedure allows for FX hedging via long and short futures contracts used for
risk-management purposes. We estimate the tangent portfolios numerically.*
For the case in which hedging of FX risk is allowed, there are nine assetsin
guestion (five equity indices and four FX futures contracts). We define the 9
dimensional vector of tangent portfolio weights, wy = f(8), as afunction of the
54 dimensional vector @ = [E[r¥]’ vech(Z)']’.** Hence, f(6) is afunction with 54
inputs (9 E[R]’s, 54 unique VCV entries) and 9 outputs (tangency weights).

A first order Taylor series expansion of f(#) around 6 yields:

10. This second case is similar to Pastor (2000) who presumes that investors
observed portfolio choices are the result of Bayesian analysis and infers the loading factor,
on theinvestors' prior that explains the home bias.

11. We employ optimization routines within Matlab and confirm their high
precision against known closed form solutions when available.

12. The vech operator transforms an (n x n) matrix into an ([n(n+1)/2]x1) vector
by vertically stacking the lower triangular entries.
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to)ot(@)of(a) (e 4).

where 8 is the sample estimate of #. Taking the variance of the Taylor
expansion gives:

z, O (@) 5 1 (4). A)

where Of (é) is of dimension 9 x 54, . is54 x 54, and X,is9 x 9. The

gradient Vf is computed numerically in Matlab using a forward differencing
algorithm.

The sguare root of the diagonal entries of (A), appropriately scaled by the
number of periods, provides an estimate of the standard errors of the estimated
tangent weights.®®* Due to the definition of g, these standard errors take into
account estimation error in both the expected return vector and the VCV matrix.
Estimation of @ is straightforward and allows for the computation of the 54 x 54

VCV matrix X ;. Foreachperiodt=1,..., T, formy, defined as:

I
0 5 O
0 o 0
O t , O
e
grtel _r—tel)(rtez _r—tezg
Y, = grtel _r—tel)(rtes _r—les)g,
0 : 0
0 ) |
R
0 (=) -) o
0 |
g (*-%) B

where r% (r_ej ) is the excess return (mean excess return) of the ™" equity index

inperiodt,j =1,..5 and r* (r_k) isthe hedge return (mean hedge return) of the

13. The methodology is aso known as the delta method.
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k" forward contract in period t, k= 6,..9. Let 6 =[y, y, ... y;] . Withthese
defined, we then define 9 = (67 m) /T and construct X ; by computing the 54

x 54VVCV matrix of § . Theupper left 9 x 9 sub-matrix of X ; isthe VCV matrix
of the excessreturns, while the lower right 45 x 45 sub-matrix of ¥ ; isthe VCV

matrix of the second moments of the excess returns. The remaining entries
measure the covariance between the first and second moments of the excess

returns. Collectively, X, measures how accurately the first and second

moments of the excess returns are estimated in @ . With z; estimated, the 9

x 9 matrix Z,(A), which measures the precision with which the tangency
weights are estimated, can be used to test joint hypotheses concerning the
home bias.

For the case of “no-hedging” (in which there is only 5 assets, not 9) the
analogous agorithm for estimating the 5 x 1 vector of the tangency portfolio
weights, f(#), and their associated degree of estimation precision %, (a5 % 5
matrix) is employed. In this case wy equals f(#) and Z,, ; equals X,,, and hence
there is no need to extract a5 x 1 sub-vector from a9 x 1 vector, nor isthere a
need to extract a5 x 5 sub-matrix from a9 x 9 matrix. The vectorsand matrices
required for hypothesis testing, wy and Z,, , are obtained directly.
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