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Foreword

The importance of investing in international assets cannot be overemphasized.
Partly because international investing is still in its infancy, however, research
on the relative merits of this investment alternative remains sparse. The risk
and return patterns observed for various asset classes across different coun-
tries is of particular interest to investments practitioners.

Solnik advances our understanding of how international asset returns and
risks vary over time. In this vein, the author provides risk-return benchmarks
that are useful in implementing international investment programs. Of partic-
ular importance are Solnik’s findings about the predictability of the time-vary-
ing component of expected returns, even though the length of the reversion
time varies across asset classes.

The author posits that practitioners often look for trends in the short run
(positive autocorrelation of short-term returns) and reversion to fundamental
values over the long run (negative autocorrelation of long-term returns). Itis
with respect to the time patterns of long-term returns that this research is
especially valuable. Among three major asset classes (stocks, bonds, and
currencies) in eight different countries, Solnik finds that returns follow a
mean-reversion process. Thus, expected returns can be predicted based on
past realized returns.

Solnik proposes that technical analysis could be used to detect meaningful
trends and reversions, but he cautions that changes in the length of time of
mean reversion could render these technical models useless.

Solnik’s findings may appear to be inconsistent with markets in equilibrium.
After closer inspection, the results are more consistent with the presence of
business cycles among markets in equilibrium.

The Research Foundation is pleased to sponsor Solnik’s work on interna-
tional risk and return. He has contributed to the understanding of a vital topic
that will be at the forefront of investments thought and inquiry for a Jong time
to come.

John W. Peavy III, CFA



Predictable Time-Varying
Components of International
Asset Returns

International investment management has been growing rapidly during the
past 10yearsin all developed countries. International assets of U.S. tax-exempt
institutions, for example, have grown at a rate of more than 25 percent a year
since 1988. The bulk of cross-border assets are in international equities, but
international fixed-income investments are also growing rapidly.

Investment managers have come to realize that, in a global context, the
asset-allocation decision is the major explanation of differences in portfolio
performance. The selection of individual securities has much less impact on
the performance of a diversified global portfolio. Therefore, the focus of
international financial analysis is moving from the study of individual compa-
nies to the study of national markets and currencies.

In parallel, recent academic research suggests that measures of expected
returns and risk have a predictable time-varying component. Such time
variation is not inconsistent with the well-accepted theories of market equilib-
rium, which never claimed that measures of risk or expected returns should
be constant over time. Clearly, predictable time variation is of great practical
relevance to investment managers.

The purpose of this paper is to review the major approaches to modeling
the time variation in asset returns and to illustrate their applications in a global
context. The discussion will not be exhaustive or contain the latest theoretical
sophistication, but it will describe those methods that can be of most practical
use to financial analysts and investment managers.

Mathematical developments are kept to a minimum, and readers should
consult referenced articles for detailed derivations. A minimal set of notations
and concepts do need to be defined, however. The basic idea is that the
expected return on an asset over period ¢+ 1, E (R, ®,), and its variance,
VAR(R,,;! @), can be predicted at time ¢ based on a public information set, ®;,
that is observable at the start of the period. The models are functions of the
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information set considered. Conditional isthe term for the distribution of asset
returns in which the expected return and variance (the moments) are allowed
to vary over time on the basis of (conditional on) observable information set
®,. Unconditional is the term for the distribution of asset returns in which the
expected return and variance are assumed constant over time. This definition
is equivalent to assuming that information set @, reduces to a constant. The
unconditional mean and variance are typically estimated from historical data
by taking the sample mean and variance.

The various approaches to modeling time variation in expected returns will
be illustrated with stock and bond data from France, Germany, the Nether-
lands, Switzerland, the United Kingdom, Japan, Canada, and the United
States—capital markets for which the data are of good quality. Together, these
markets account for 90 percent of world market capitalization.

The data on international financial markets vary greatly in availability,
quality, and comparability. The quality of data is important, however, if one is
to avoid spurious forecasting ability based on poor data measurement. The
study covers the period from January 1960 to December 1991 for equity and
cash investments, for which period month-end data are available for eight
national stock indexes and exchange rates. Prior to 1970, however, active and
free markets for long-term and short-term fixed-income instruments did not
exist in the countries used in this study except in the United States and the
United Kingdom.! Interest rates were set at artificial levels by the govern-
ments of most other countries. Therefore, to ensure high-quality data, espe-
cially for bonds and short-term interest rates, the study uses bond indexes only
for the 1971-91 period. Because of the higher quality interest rate data since
1971, the general focus of the study is on this later period. The data are
described in the appendix.

The next two sections of the study deal with models of expected returns,
specifically with models of expected returns based on past realized returns,
which is sometimes known as mean reversion in asset prices, and models in
which time variation in expected returns is predicted on the basis of a set of
fundamental variables. The subsequent section introduces models of the
volatility of asset returns that incorporate past volatility and shocks. In the
final sections, dynamic strategies are designed that use the conditional risk-
premium models previously introduced. The models’ performance is studied,
and the issue of currency hedging is discussed.

Y See for example, observations about Japan by Campbell and Hamao (1992).
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Mean-Reversion Models

Practitioners tend to believe that past returns can be used to forecast future
returns. They often look for trends in the short run (positive autocorrelation
of short-term returns) and reversion to fundamental values over the long run
(negative autocorrelation of long-term returns). The autocorrelation in re-
turns comes from the autocorrelation in transitory expected returns. The
rationale for expecting short-term positive autocorrelation is intuitive: Expec-
tations depend on current economic conditions, and these economic condi-
tions change slowly over time. In the long run, economic conditions and
expected returns should revert to normal long-term trends. This pattern of
positive short-term correlation and negative long-term correlation is consistent
with business cycles.

Several econometric studies have demonstrated the presence of serial
correlation in asset returns.? Positive autocorrelation is indeed generally
found for short-term returns, and negative autocorrelation for long-term re-
turns.

The stochastic return on an asset can be written as

Ri1=E (R @)+, @

where R,,; is the asset return over period ¢ + 1, E(R,,|®;) is its conditional
expected return based on the ®,information set observable at time ¢, and ¢,,,
is a pure noise term with zero mean and no serial correlation. The conditional
expected return is assumed to be made up of a permanent component, R (the
unconditional mean return), and a transitory component, #, (which is serially
correlated with a mean of zero), in such a way that

E (R, )®) =K +m,. @)

In computing the autocorrelation, one looks at deviations from the uncon-
ditional mean return, i.e., deviations from the sample mean return, R . The
unconditional autocorrelation with a k-month lag, py, is as follows:

Z See Cutler, Poterba, and Summers (1991); Cecchetti and Lam (1990); Conrad and Kaul
(1989); Chan (1988); Fama and French (1988b); Kandel and Stambaugh (1988); Lo and
McKinley (1988); Poterba and Summers (1988); and Keim and Stambaugh (1986). These
articles discuss autocorrelograms and variance tests.
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pp=cor(R, R, ) =E[(R,- R)R,_,—R")]
=E [(m,+€)(m,_, +¢,)] 3
=E (mt’ mt__k).

Empirical Findings. Table 1 reports the autocorrelation data for the
eight major stock markets from January 1960 to December 1991. The first two
columns give the sample (unconditional) mean return and standard deviation.
The next four columns give the autocorrelation with lags of 1, 2, 3, and 12
months. The last three columns report the average autocorrelation over one
year (lag of 1to 12 months), two years (lag of 13 to 24 months), and three years
(lag of 25 to 36 months). Calculations are performed in local currency in the
top panel and in U.S. dollars in the bottom panel. The local-currency returns
are the most pertinent for this analysis. Evidence of positive one-month
autocorrelation for each national stock market is clear. Nontrading could
explain part of this phenomenon, but the autocorrelation is too large to be
explained solely by a technical factor. Evidence of mean reversion after two
yearsis also clear: The two-year autocorrelations are negative for each market.

Table 2 reports similar statistics for currency returns over the 1960-91
period. These returns are equal to the U.S. dollar return in foreign short-term
deposits. Most of the short-term correlations (from one to three months) are
positive. The one-year autocorrelations are all positive. The three-year corre-
lations tend to be negative.

Table 3 reports the statistics for bond returns for the 1971-91 period. For
the sake of comparison, autocorrelations for stocks and currency returns are
also reported for the 1971-91 period in Tables 4 and 5. Again, bond returns
tend to be positively correlated over the short term (one year) and negatively
correlated over the long term (two and three years). The results confirm the
findings of Cutler, Poterba, and Summers (1991) for a different time period.
The mean-reversion phenomenon reported for the U.S. market by Poterba and
Summers (1988) and Lo and McKinley (1988) is also shown to be true for
international markets.

Practical Implications. The positive and negative autocorrelations are
observed statistical phenomena, but they provide evidence to support the use
of technical analysis and related techniques. The problem is to determine the
proper technical model and data frequency to use, both of which depend on
the market being considered. For example, the positive autocorrelation is a
short-term phenomenon for stock markets, and the mean reversion seems to
take place within two years. Positive autocorrelation seems to be longer lived
(one or two years) for currencies, and mean reversion takes several years.
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As seen in equation (3), the observed autocorrelation comes from the time
variation in conditional expected returns. Conditional expectations adapt to
changing economic conditions and tend to revert to long-term fundamentals.
The best approach to make use of this phenomenon would thus be to model
the time variation in expected returns directly as a function of a set of observ-
able economic variables—as is done in the next section.

Modeling with the Information Variables

The risk premium on an asset is equal to its expected return minus the
risk-free rate. Because this study is working with several nationalities, defini-
tions of risk (and, therefore, of the risk-free rate) will vary according to the
currency used. An asset’s national risk premium is defined as its expected
return in local currency minus its national risk-free rate. For example, the
national risk premium on a French asset is equal to the expected return in
French francs minus the franc short-term interest rate:

RP, t-{l = E(Rtill D)) - "tj’ @
where RP/, is the risk premium on asset j estimated at time ¢ for the next

period, R/, is the local-currency return on asset, and r/ is the local-currency
interest rate. The realized excess return is defined as

Xt{q = Rtil - "tj- ®)

The dollar risk premium of an asset (that is, the risk premium on a foreign
asset for a U.S. investor assuming no currency hedging) is its expected return
in U.S. dollars minus the U.S. risk-free rate:

RP =ER @) -7}, 6)
The realized dollar excess return is defined as
Xt;{ =Rj-7/. ™

Because of interest rate parity (the forward exchange rate premium is equal
to the interest rate differential), the national risk premium of an asset is also
equal to its dollar risk premium when the investment is fully hedged against
currency risk. Indeed, the national risk premium is identical to the currency-
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hedged risk premium for investors from any country.?

The dollar risk premium of currency j is simply equal to the expected dollar
return on an investment in the foreign short-term deposit (at the foreign
interest rate) minus the U.S. interest rate. As a first approximation, the dollar
risk premium on a foreign asset can be assumed equal to its national risk
premium plus the dollar risk premium of its currency.*

Asetof economic variables observable at time ¢, Z,, is used to forecast period
t + 1 returns. These economic variables are usually called information vari-
ables. The @, information set reduces to a vector of # economic variables such

thatZ,=(Zy;, Zy, . . ., Z,;). The risk-premium model is assumed to be linear:
RPL =EX/ |\ Z)=b}+biZ+...+b]Z, = bZ,. ®

Selection of Information Variables. Numerous studies have at-
tempted to discover the information variables observable at the start of the
holding period that help forecast returns of U.S. stocks over the period.5 The
economic information variables that have generally worked well for U.S. stock
risk premiums are the dividend yield, the term structure spread (long-term
minus short-term rates), the default spread (yield on risky or junk bonds minus
yield on investment-grade bonds), the short-term interest rate level and its past
change, and a seasonal term (January). These variables are clearly linked to
the business cycle (see Fama and French 1989) and to changes in global
uncertainty. The information-variable approach to modeling risk premiums
has also been applied to foreign stock market indexes with positive results.®

3 Thisis an approximation that assumes the full currency hedge is continuously rebalanced
to adapt to movements in the asset price and, therefore, in the capital exposed to currency risk.

4 This approximation holds exactly if no covariance exists between the asset and currency
risks.

5See Ferson and Harvey (1991); Breen, Glosten, and Jagannathan (1989); Fama and French
(1988a); Harvey (1989); Ferson (1989); and Campbell (1987).

6 Bekaert and Hodrick (1992) examined the stock markets and exchange rates of Japan, the
United Kingdom, and Germany for January 1981 to December 1989; Campbell and Hamao
(1992), Japan for January 1970 to March 1990; Cumby (1990), Germany, the United Kingdom,
and Japan for January 1975 to December 1987 using monthly observations of quarterly returns
(hence, requiring an adjustment for overlapping); Cutler, Poterba, and Summers (1991), 12
foreign stock and bond markets and their associated exchange rates, with observations starting
between January 1960 and July 1969, depending on the country, and ending in 1988; Harvey
(1991), 17 foreign stock markets for January 1970 to May 1989; and Solnik (1993b), 8 stock
markets and 8 bond markets for January 1971 to August 1990.

11
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Models of the predictable time-varying component of currency returns that
have been tested in the past generally indicate that the interest differential
helps forecast exchange rate movements.” The currencies of countries with
high interest rates (relative to other countries) tend to appreciate.

In light of previous studies, and given what international data are available,
this study uses the following four national economic information variables: the
short-term interest rate (#), the term spread (national long-term rate minus
national short-term rate, LT), the dividend yield (DIV), and the short-term
interest rate differential (national minus United States, DIF). National eco-
nomic information variables are used for each national market. A January
dummy accounts for seasonality, and the lagged return on the market accounts
for short-term autocorrelation.

The following linear projections are estimated:

X/, =bJ+bjr/+ bJLT/+bj DIV /+ b] DIF/+ bJJAN,,, + bi X[+ ¢/, (9)

where X/, is the monthly excess return over the one-month risk- free rate on
an asset of country j (where the asset return and the risk-free rate are both
measured in the national currency); v/ , LT/, DIV/, and DIF/ are, respec-
tively, the one-month interest rate, the term spread, the dividend yield, and the
interest rate differential of country ; at the end of period ¢. JAN, is a dummy
variable that takes the value 1 if January is month ¢, and €/ is a forecast error
with, given the information variables, zero conditional mean.

Empirical Results. The national risk-premium model estimates for com-
mon stocks for the 1960-91 period are reported in Table 6. The coefficients’
t-statistics are in parentheses, and the adjusted R%s are also given. The national
equity risk premiums are significant at the 10 percent level for all countries
according to an F-test for each regression.8 The average Ris approximately
5.5 percent. Although this adjusted R? looks low, the section titled “Tests of
Dynamic Asset-Allocation Strategies” will show that it can lead to significant
profit opportunities.

Some conclusions, valid for all markets, can be drawn from Table 6. The
interest rate has a significant influence on the equity risk premium; the higher

7 See Hodrick (1987) for a survey of the early work. See also Bekaert and Hodrick (1992),
Cumby and Huizinga (1992), Cumby (1990), and Froot and Thaler (1990).

8 The p-value (the confidence level at which the null hypothesis can be rejected) of the F-test
is 0.06 for Germany and Japan and less than 0.05 for all other countries. The F-tests are not
reported in order to keep the tables readable.
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the interest rate, the lower the risk premium. The dividend yield has a large
positive influence in all countries, which suggests that the risk premium is
high in periods of high dividend yield (low stock prices). There is a positive
January effect; this seasonal factor is statistically significant in all countries
except Germany. Finally, some evidence exists of positive serial correlation
in risk premiums; the coefficients are all positive, although in many cases, the
significance level is low.

In addition to the poor quality of the interest rate data prior to 1971 for many
countries, exchange rates were semifixed in the 1960s. Therefore, the study’s
detailed analysis and examination of the performance of dynamic strategies
based on the risk-premium models is concentrated on the 1971-91 period.
Table 7 reports results of applying the risk-premium model to common stocks
(top panel) and bonds (bottom panel) for this period. The signs and magni-
tudes of the coefficients are similar to those reported in Table 6 for the 1960-91
period. The average adjusted R? is somewhat higher, however (7 percent
instead of 5.5 percent), which suggests that expected returns on stocks have
become somewhat more predictable than when the earlier years are included.
The R%s could also be confirmation of the better quality of interest rate data in
the later period.

The expected returns for bonds are more predictable than those for stocks;
the R? averages 10 percent. Most of the higher predictability comes from a
strong positive autocorrelation in Swiss bond returns, however, which can be
explained by the well-known illiquidity of the Swiss government bond market.
Except for the autocorrelation term, the only variable that is significant (at the
5 percent level) for all markets is the term spread (the difference between the
long- and short-term rates). This result suggests that expected bond returns
are high when the term spread is large. In other words, investors should
expect a drop in the long-term rate when the term spread is high.

The average R for the currency risk-premium model (Table 8) is 8.3
percent. A few coefficients are statistically significant at the 5 percent level
(for example, some weak evidence of a January effect is present), but the only
strong systematic influence is the interest rate differential. The expected
currency return is high when the interest rate differential (national minus
foreign) is high. For example, the French franc tends to appreciate against
the U.S. dollar when the French interest rate is high relative to the U.S. rate.
(Remember that the dollar currency risk premium is equal to the expected
currency movement for a U.S. investor [e.g., the French franc] plus the local
interest rate [French interest rate] minus the U.S. interest rate.) The currency
movement does not offset the interest differential, as many theories would
suggest; it actually accentuates the differential. This finding confirms earlier



Predictable Components of International Returns

(651 STT- 62°07) 6y (€sT) Or1)

00 £01°0 £00°0~ 0000 8980~ 685°C 0€6'1 110°0- SOEIS PaNU()
©en) €40~ ©omn e (@ve) 109 (99¢-)

080°0 980°0 000~ 1801 €69 8¢£9 6661 1500~ epeus)
0.2 8¥0- #8T) ¥6'1-) 9z°¢) 987 (901

¥80°0 9ULT0 2000~ 878°0 £9¢ 90L° 0602 9000~ uedef
059 120 (06'0) (892 €2 26°0) #83-)

0520 $82°0 0000 7820 82V £V6°C vI0°T ¥10°0- pUepaZILAg
Iz0 1971 @Ln 8z'1) o1°¢) 8y (€0'¢-)

2900 €10°0 2100 AL STV T6.8 2029 ¥0°0- wop3ury] pajun
(12°€) 9.0 L2 (96°0) (692) s ©Le)

811°0 9020 €000 96¥'T 92E'1 SLeY 688'T 610°0- SPUELRIION
(281 A (€2'¢) (660~ Lye) usm (S6'1-)

1600 SIro 9000 6.1°2 UrT- I8€% 08T 210°0- soueL]
(897 860 (sn &1D ¥e'2 \7ay] (96'1-)

£90°0 S91°0 2000 6% e 81z°¢ el S10°0~ Aueuuion

spuog

61°0-) 6LT) (66°2) 09°0) (¥02) V1)

7200 2100~ 6100 0000 066'S1 SIST £59°%~ 1200~ SO1EIg I
(g0 VALY (65°0) 0£2) 190~ (202 1£°07)

oo 6100 9100 91T eesel 822~ 3L L00°0~ gpeue)
(60°0-) oD (05°0) (<82 (98'1-) (€£e) (6L2)

£90°0 90070~ 8100 9990 evL'61 6- 168°0T- 900 uede(
©8'0) 06D @61 (52) z1) L61-) (S€0)

090°0 ¥50°0 2200 ¥32°¢ 210z S67°8~ SeUTI- 6000 puBHIZIMSG
12 009 @07 0z'S) 692 98'¢-) (cL°0)

8510 SY10 Ly00 0%9'¢ vE5°9¢ 62251~ 6£€'61~ 1200 wop3un| pajun
(ogm o1°¢) e (¥6°2) (€50 01°2-) 1o

S01°0 180°0 9200 6550 128'11 0292~ VoL L~ 9000~ SpueLIRYIaN
©rD 99D @zn (evn (€107 €1r1-) €10

S80°0 7600 $200 Lv9e 8L’ 3850~ a1ge- £00°0 souelg
©on (9£°0) wrn 06D 870~ 65'1-) (900~

2200 S90°0 ¥00°0 gIge Ge6'11 8902~ Se1'g- 300°0- Avewron

Y2018
A 9 Sq ¥q £q 29 Ig 0g Anuno) /1essy

T6-TL6T ‘spuog pue $)20}§ Uowwo) o} pajjddy |9po WNIWAId-}SIY jeuoneN "L F18VL

15



Predictable Components of International Returns

(02 (89°0-) Cra)] (€12 (681 00'1-) 19

80T°0 6¥1°0- 4000- LS1°2 096'¢— a1~ 9LV o- €100 SaJelS panur}
€0 091 (67°€) (600-) (90°0) 8807 #6'D

G90°0 ¢c00 ¢10°0- 666¢ 800~ 6L1°0 Le8'T~ 0200 epeue)
r91-) 92 19¢) ©r0) @L1-) €L17) (Sord)

960°0 01°0- G300~ 886'% 011 6Vc'6— or8’L- €500 uedef
@ro 0900 61°¢) 900) @z1-) 62°07) (88°0)

2800 0€0°0 ¥00°0~ 8¥8°¢C 902°0 SIVe- 6’1~ €100 PUE[IIZ)IMG
(9807 ®|L1) (00°¢) (80°0) 61'1-) 9gT1) (1€2)

€L0°0 LS00~ ¥10°0- e 802°0 [k a6¥'€- €€0°0 SPUBHIaYION
(S6°0-) 191-) (692 (860 691-) @1e) #v¢)

€600 2900~ g0 656C €€0°'¢- 696°C— evre- 9€0°0 IOUBL]
(60°0-) @1z (i (€21 (€0°0) (€€ @81

2900 9000~ L1070~ 801°C 280°G— 9.0°0 LeL 0 0€0°0 Auewnron

A 9 Sq ¥q €9 2q 1q 0q Anuno)

T6~-TL6T ‘saiousun) o0} polddy [9POI WnIWAIG-HISIY Jejlod 8 318V1

16



Predictable Components of International Returns

studies (see footnote 7). The dollar risk premium of equity can be thought of
as the sum of the national risk premium (given in Table 7) and the currency
risk premium (given in Table 8), which is a good approximation because the
covariance between stock market risk and currency risk is quite small.’

Data Mining and Snooping. This type of study runs an obvious risk,
that of data mining—sifting through a large number of economic information
variables until one (or some) with apparent predictive ability is found. Data
mining would lead to spuriously high R%s with little economic use; the relation-
ship would be likely to vanish with a fresh data set (for example, a later period).
This study avoided data mining by starting with a preestablished list of
economic variables. All the variables, even those with little predictive power,
were kept. If those variables had been discarded, the level of statistical
significance (t-statistics) of the other variables would have improved.

The model used here is simple and similar for each country and market. In
all cases, the same national economic variables are used. Quality of the data
was assured, which restricted the time period, in order to avoid having the
model’s forecasting ability based on data errors.

Although not guilty of data mining, the study does risk the accusation of
data snooping—that is, basically, using the data mining of other researchers.
Previous studies showed that the model works well for the U.S. stock market.
The risk of data snooping was reduced somewhat by this study’s use of a more
recent period than the period typically used to demonstrate the predictability
of U.S. stock returns. This study also introduces a new data set of foreign asset
returns and information variables. These data are correlated with U.S. data,
however.!?

Foster and Smith (1992) investigated data-snooping bias across correlated
portfolios when using a small set of information variables selected from a large
number of variables in order to maximize the regression R of the original
portfolio. They constructed a simulation in which they maximized the R” for
the U.S. stock portfolio by selecting 5 information variables out of 50 candi-
dates that were generated so as to be truly independent of the U.S. portfolio
return. Then they fit the same 5 information variables across a number of
foreign correlated portfolios in order to estimate the data-snooping bias. Their
simulation indicated (see their Table 5) that a correlation of 0.4 across national

% For the sake of brevity, the results for the dollar risk-premium model applied to stocks and
bonds are not reported; those results confirm this conclusion.

10 Hedged foreign stock returns have an average correlation of 0.40 with U.S. stock returns
over the period. The average correlation for bonds is approximately 0.33.
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portfolios would induce an R? for the foreign forecasting regression of approx-
imately 40 percent of the U.S. regression R%. The data-snooping bias induced
by the correlation implies, therefore, that the regression R? should drop by
only 60 percent, not by 100 percent as suggested by the constructed indepen-
dence between asset returns and information variables. The drop in K should
nevertheless be significant in the presence of data snooping.'! In the present
study, however, the reported results (see Tables 6 and 7) show, on average,
no reduction in R when moving from U.S. data to foreign data. This casual
observation suggests that data-snooping bias is not strong in this study’s
international data.

Clearly, better performing models could be found, but even this simple
model shows that the predictability of the time variation in expected returns
is significant. Thus, the model can lead to high-performance global investment
strategies, as will be seen in the section titled “Tests of Dynamic Asset-Alloca-
tion Strategies.”

Modeling the Variance

So far in the study of the predictable components of time- varying expected
returns, a stable variance of return has been assumed. This assumption is now
relaxed in order to see if movements in the variance itself can be predicted.
Clearly, markets go through tranquil and through agitated periods. The first
question is whether these changes in volatility can be predicted to any extent
in a systematic fashion. The second question is whether predicting these
changes in variance can improve the prediction of asset returns—that is, can
predict a change in conditional expected returns.

The most powerful methodology to model variations in conditional variance
is the generalized autoregressive conditional heteroscedasticity (GARCH)
approach. Heteroscedasticity simply means the variance is not constant over
time. A good review of this approach can be found in Bollerslev, Chou, and
Kroner (1992); Kritzman (1991) offers a lay introduction to the subject. The
basic idea is that future variance can be modeled as a function of past variance
and shocks or surprises in asset returns. In other words, the variance esti-
mated in ¢ for period ¢ + 1 is conditional on the shocks observed at time ¢.
Although the econometric methodology is fairly complex, the model is intu-

" Foster and Smith’s empirical design is similar to that of this monograph’s but with 250
observations instead of 251 and five information variables instead of four. The size of the total
set of information variables in the current study before data snooping is not known, however
(Foster and Smith used 50). In addition, the data-snooping risk of this study was reduced by
using the foreign counterparts of U.S. information variables.
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itive. A first-order, or GARCH(1,1), process can be written as
= E(al®,)= 06 +707 10

where o, B, and 7y are positive constants (estimated using a fairly sophisti-
cated maximum-likelihood technique), and €, is the shock in the asset return
equation (9). If a strong negative shock occurs in period ¢, the asset price falls
and the asset return is well below its expected value, which leads to a large
negative €, . The GARCH model tells us that the variance in the next period,
cil should be large because of the squared shock, s?. Large shocks, positive
or negative, lead to an increase in the conditional variance. Remember that
62,1 is an estimate of the variance for period ¢ + 1 taken at time ¢ and based only
on information available at time ¢.

For the purpose of the present study, the major question is whether the
modeled changes in variance enhance prediction of the asset returns. The
search for the answer to this question leads to the so-called GARCH-M model,
in which the conditional variance is assumed to influence the conditional
expected return. In other words, the conditional variance, o, , is added as an
explanatory variable in the risk-premium model of equation (9). Dropping the
country superscript, 7, for readability, the equation can then be written as

+ b6 Xt + 60?+1 + €41 (1 1)

where o7,, = o+ e’ + Yo~ .

Ordinary least squares cannot be used to estimate such a model; instead,
one uses an algorithm that maximizes the log-likelihood function. The model
estimates for common stocks over the 1960-71 period are reported in Table 9.
(The b coefficients of the economic information variables are very similar to
those in Table 6 and are not reproduced in Table 9 in order to keep the table
readable.) The purpose here is to investigate whether the time variation in the
variance of returns can be successfully modeled and whether this time varia-
tion has a significant infliience on the conditional risk premium. A likelihood-
ratio test is used to test these hypotheses.

The first step is to estimate the likelihood function for the constant-variance
model of Table 6 (equation 9). This function is then compared with the
likelihood function of the same model with a GARCH variance but no effect on
the risk premium. Finally, the complete model of equation (11) is estimated
with a GARCH model of the variance and an influence of the conditional
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variance on the conditional risk premium, as reported in Table 9. LR1 is the
likelihood-ratio test that a significant GARCH modeling of the variance exists,
and LR2 is the test that a significant influence on the risk premium exists. The
LR test follows a chi-squared distribution.

The values of the coefficients o, B, and yindicate the presence of a signifi-
cant GARCH effect in the conditional variance. The B coefficients are positive
for every country, and the #-statistics are significant at the 5 percent level.
Table 9 shows a significant improvement in the likelihood function over
equation (9), and all the LR1 tests are significant at the 5 percent level. The
U.S. stock market has the weakest GARCH effect.

TABLE 9. Estimation of a GARCH-M Model for Common Stocks,

1960-91
Country d o B Y LR1 LR2
Germany 3.808 0.0010 0.111 0.868 28.6* 34
(1.42) 1.75) (3.26) (27.449)
France 7.600 0.0010 0.094 0.757 10.4* 2.6
(1.60) (1.45) (1.95) (5.62)
Netherlands 3.86 0.0006 0.040 0.959 28.2* 14
(1.02) 0.25) (1.88) (26.80)
United Kingdom 4.334 0.0009 0.304 0.391 68.6* 5.2*
(3.32) (3.02) (329 2.51)
Switzerland 4415 0.0010 0.067 0.913 10.8* 2.0
(1.19) (1.39) (2.59) (30.17)
Japan -1.920 0.0008 0.061 0.905 12.2* 0.2
(-0.52) (149) 2.32) (21.15)
Canada 11.825 0.0002 0.048 0.944 15.8* 3.2
(2.13) (1.08) (2.98) (51.66)
United States 7411 0.0003 0.059 0.881 6.8* 14

(1.20) (1.33) (1.92) (14.60)

* Significant at 5 percent level

Table 9 also indicates that the feedback of the conditional variance on the
expected return is insignificant in most countries. The LR2 test (which
indicates whether the addition of a conditional variance term in the mean
equation is significant) finds significance at the 5 percent level for only one
country (the United Kingdom) out of eight. To summarize, the GARCH effects
are significant for all markets, but the influence of conditional variance on the
conditional expected return (GARCH-M) is not.
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Tests of Dynamic Asset-Allocation Strategies

So far, the analysis has established the statistical significance of the time
variation in risk premiums in order to evaluate the predictive model’s stability
over time. Now, the analysis can turn to measuring and testing the economic
significance of the time variation in risk premiums by looking at the perfor-
mance of investment strategies based on the conditioning information set.

The investment strategy is mean-variance efficient at each point of time,
based on the conditioning information set, and uses only public information
available to investors at the time of selecting their asset allocations. The null
hypothesis is that investors have no predictive abilities; hence, the conditional
distribution reduces to the unconditional distribution. The test here uses a
framework previously proposed by the author (Solnik 1993b) to test the
out-of-sample performance of dynamic global strategies. The econometric
procedure tests whether this dynamic strategy dominates the set of primitive

assets and selected benchmarks in the sense of unconditional mean—variance
efficiency.

Refresher on International Asset Pricing. The selection of a proper
benchmark portfolio to measure performance is difficult even in a domestic
framework, and the benchmark has a powerful impact on performance mea-
surement, as stressed by Roll (1978). The difficulty is compounded by the fact
that simple performance measures, such as Jensen’s alpha, suffer from serious
biases when applied to dynamic strategies with changing relative risks.!? In
an international context, the problems are even worse. Because of the pres-
ence of currency risk, international asset pricing models yield simple prefer-
ence-free separation theorems only under very restrictive assumptions.

Solnik (1974), Sercu (1980), and Adler and Dumas (1983) showed that the
pricing relationship of a traditional nominal capital asset pricing model
(CAPM) applies to asset returns hedged against currency risk when the set of
investment opportunities is constant (e.g., the set exhibits no stochastic
inflation) and a nominal risk-free bill (comparable to a Treasury bill for the
United States) exists in each currency. In this case, a pseudo separation
theorem can be stated. All investors should hold a combination of their
national risk-free bills and a common portfolio made up of the market portfolio
of risky assets plus positions in all national bills. A forward currency position
is then equivalent to going short in the foreign bill and long in the domestic
bill; therefore, this common portfolio is often referred to as the world market

12 For a review of these problems, see Grinblatt and Titman (1989).
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portfolio hedged against currency risk. Note, however, that the word
“hedged” does not imply a full hedge with unitary hedge ratios in each
currency; it refers to a more complex, partial, multicurrency hedge. Only in
the special case of currency risks and capital market risks being uncorrelated
does the hedge become a simple unitary hedge ratio in each currency.

This common portfolio could theoretically be used as a benchmark, but its
weights are not directly observable or easily estimated. In general, the weights
of the national bills in this portfolio depend on parameters for individuals’
relative wealth and risk aversion and, therefore, cannot be inferred from
observable market data. The world market portfolio is part of this “common”
mean-variance-efficient portfolio, but it cannot be used as the benchmark
because, by itself, it is not efficient.’® Without a theoretical benchmark,
however, one cannot talk about the relative risk, or beta, of an asset. Therefore,
although this chapter makes some comparisons between the performance of
the dynamic strategy and that of the world market portfolio fully hedged
against currency risk, the formal test does not assume a predetermined
benchmark.

Design of the Dynamic Strategy. In the absence of an equilibrium
asset pricing model, no assumptions are made about an optimal passive
benchmark allocation or portfolios’ relative risk measures. The dynamic
global strategy will be a simple conditional mean-variance strategy. Informed
investors will revise their beliefs about expected returns during the next period
based on the previously discussed risk-premium models. They adapt their
asset allocations accordingly. At the start of each month, an informed investor
using the dynamic strategy reestimates the risk-premium model in the light
of last month’s data, forecasts excess returns using the current values of the
conditioning information variables, and decides on an optimal conditional
mean~variance asset allocation. A reasonable relative risk aversion of 2 is
assumed.!* There are no transaction costs, and short selling is not allowed.
At the end of the month, the investor can observe the realized excess return;
thus, a time series of asset-allocation weights and of realized returns is
obtained. '

13 Similarly, IBM might be part of an efficient portfolio (e.g., the U.S. stock market index)
but is not an efficient portfolio by itself.

4 The relative risk aversion is equal to twice the investor’s marginal rate of substitution of
expected return for variance. A risk aversion of 2 is most commonly used in empirical work,
but various levels of relative risk aversion from 1 to 10 have been simulated with similar
qualitative results.
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The conditional risk premium derived from the risk-premium model for
assetjis denoted RP/;,. Itis aforecastformulated at time ¢ of the excess return,
X/, for period ¢ + 1. The investment rule can be written as follows:

Max [wtthil -w/ Vw{l
Wy

Z w;, < 1,

7

where Vis the unconditional covariance matrix of excess returns, and w;, is
the vector of portfolio weights, w;,, chosen at time £. Note that these weights
do not necessarily sum to 1 because part of the asset allocation could be
invested in the risk-free asset.

Note also that an explicit model for the conditional covariance matrix could
be incorporated in the strategy design and that this strategy has presented
evidence that GARCH models of the conditional variance differ from those of
the unconditional variance. In this study, the focus is on conditional expected
returns and a fixed covariance matrix is retained in order to separate the
effects. Furthermore, conditional variances are much more stable than condi-
tional expected returns, so the modeling of conditional covariances has less of
an impact on the performance of the strategy than would the modeling of
conditional expected return.’® In any case, at present, the estimation of a
16-by-16 multivariate GARCH covariance matrix seems to be an impossible
task.

Performance Testing. With no a priori benchmark, this study cannot
apply the traditional return/risk tests discussed in Grinblatt and Titman (1989)
or in Gibbons, Ross, and Shanken (1989). The asset-allocation weights of the
dynamic strategy can be observed, however, at each point of time; therefore,
an approach proposed by Cornell (1979) and Copeland and Mayers (1982) can
be applied.

The idea is that informed investors possess information on assets’ condi-
tional expected returns and build dynamic strategies that invest in assets with

15 Cumby, Figlewski, and Hasbrouck (1991) studied optimal mean—variance strategies based
on two countries (the United States and Japan). They did not model conditional mean returns,
but they used various models of the conditional covariance. They conclude (p. 35), “While there
clearly was time variation in variance and the E/G models did seem to capture some of it, the
improvement in portfolio performance was somewhat limited.”
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high time-conditional expected returns. If their forecasting models have no
value, the conditional distribution of asset returns reduces to the unconditional
distribution. The null hypothesis is an independently and identically distrib-
uted unconditional distribution of asset excess returns, and an investor holding
such beliefs about the return distributions is called “uninformed.” To be able
to conduct ttests, the study also assumes joint normality of these distributions.
For each time period, the return to be expected by an uninformed investor can
be easily estimated from the asset-allocation weights observed at the start of
the period. The performance test is, therefore, a direct comparison of the
realized return on the dynamic strategy in each period, R?, with its “unin-
formed” expected value, E(R?).

The details of the econometric methodology and tests can be found else-
where (Solnik 1993b). The basic test relies on t-statistics comparing the
realized return performance of the dynamic strategy with the unconditional
expected value of returns. With the weights of the asset allocation at each
point of time and the unconditional mean returns known, the return that could
be expected on the dynamic strategy in the absence of any forecasting ability
can be measured.

Empirical Results. Solnik (1993b) examined eight stock and bond mar-
kets from January 1971 to August 1990. Only currency-hedged returns were
considered, and the risk-premium model used was somewhat simpler than the
one developed in the section “Modeling with the Information Variables.” The
test had to be conducted out of sample by using a risk-premium model
estimated for data anterior to the investment decision. The forecasts for period
t + 1 were obtained as follows. The coefficients of the risk-premium model
were estimated with the use of data up to period ¢. The information variables
observed at time ¢ were then used to formulate forecasts for the ¢ + 1 period.
Based on these forecasts, the optimal asset allocation at time t was then
decided. In this procedure, the first years of data were omitted in order to
obtain a significant estimation of the risk-premium models’ coefficients, which
reduced the testing period.

In the 1993(b) study, the author observed that the model’s coefficients do
not differ widely among countries. The coefficients of the risk-premium model
for U.S. stocks and bonds over the 1960-70 period were estimated by using
data from Ibbotson Associates. These U.S. coefficients were then used for all
countries to make one-step-ahead forecasts for the first four years of the sample
(thatis, January 1971 to December 1974). The models for the stock and bond
markets are, of course, different.

Starting in January 1975, the risk-premium models generate estimates for
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each country and asset type based on the domestic data from January 1971.
The models’ coefficients are reestimated each month to formulate one-step-
ahead forecasts up to August 1990. This procedure allows use of the full
sample.

Before looking at the results for the global strategies, take a moment to
study the performance of purely domestic strategies. The top part of Table 10
reports the results of three types of dynamic domestic asset-allocation strate-
gies. The first uses only the domestic risk-free asset and domestic stocks; the
second uses bonds instead of stocks; and the third uses both bonds and stocks
(a so-called three-way tactical asset allocation). The first three columns for
each country report the excess returns of the domestic stock index, the
domestic bond index, and an equally weighted mix. The relative weights of
the bond and stock markets in the mix are set arbitrarily at 50 percent for each
country to obtain a crude measure of the risk-return trade-off of a diversified
bond-and-stock domestic portfolio.!® The next columns report the realized
monthly excess returns on the dynamic strategy, R, the uninformed expected
return, E(R?), and a t-test of the mean difference between the realized and
expected returns.

Consider first the domestic strategies. For all countries except Germany,
the dynamic stock-only strategy produces greater returns and less volatility
than the domestic stock index. The same comment applies to the bond-only
strategy. In some countries, the mixed stock-and-bond domestic strategy
yields performances that are more volatile than the benchmark, but the excess
returns are much larger and so are the Sharpe ratios (excess return divided
by standard deviation). For example, the U.S. mixed strategy yields a monthly
return of 0.457 percent, compared with 0.038 percent for the benchmark with
similar volatility. The average annualized difference is approximately 5 per-
cent a year over 20 years.

The uninformed investor should be impressed by these numbers, but one-
should be cautious in their interpretation. The risk level of the dynamic
strategy changes over time, and a conditional risk-pricing model is needed to
avoid potential biases. The more direct #test, however, which does not require
arisk-pricing model, indicates, as reported in Table 10, that with the exception
of Germany, the performance of all the strategies is superior to their unin-
formed expected values. In many cases, the unexpected return on the strate-
gies is significantly positive at the 5 percent level.

Consider now the results of a global dynamic strategy as reported in the

16 Although this percentage corresponds to an overall international breakdown of stocks and
bonds in market capitalizations, the proportions vary somewhat among countries.
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bottom part of Table 10. Here, the “benchmarks” are world indexes hedged
against currency risk. The international indexes are weighted averages of the
eight markets used in the study, where the weights are the market-capitaliza-
tion weights at the start of each year. (Because relative weights are not
available for the bond markets prior to 1981, 1981 relative weights are used for
the prior years.) The benchmark statistics are provided for illustration pur-
poses only, to describe a reasonable, well-diversified, passive international
alternative to the global dynamic strategies.

The universe of the global strategy consists of the risk-free asset and 16
asset classes. Because the strategies are currency hedged, the excess return
would be similar for any base currency, although the risk-free rate would be
different. The stock-only global strategy allows investment in the risk-free
asset and any or all of the eight national stock markets in such a way as to
achieve monthly mean—-variance optimization based on the forecasts of each
risk-premium model.

The performance of the dynamic strategies exceeds that of the benchmarks
and of the uninformed expected values. The realized excess return on the
mixed strategy is three times larger than its expected value. The unexpected
component is significant at the 5 percent level (test of 2.2) and averages to
more than 10 percent a year. A similar conclusion applies to the global
stock-only strategy. The realized return exceeds its uninformed expected
value by 0.839 percent a month (approximately 10 percent a year) and is
statistically significant at the 5 percent level (t-test of 2.09). The realized return
on the bond-only strategy exceeds its uninformed expected value by 0.282
percent a month, but the #test is only 1.64. Although this amount of superior
performance is smaller than that for the global stock-only strategy, remember
that the excess return on the global bond index was close to zero (slightly
negative over the 20-year period).

Transaction costs would, of course, reduce the performance of these dy-
namic allocation strategies, but because futures markets exist for most of the
asset classes, transaction costs could be kept to a minimum. With a conserva-
tive round-trip transaction cost of 0.1 percent on futures contracts, the perfor-
mance of the mixed strategy is reduced only to 1.25 percent a month.

The standard deviations of the dynamic strategies are large and of the order
of magnitude of the standard deviation of a single market. Clearly, the
strategies are highly undiversified in each time period; often, an optimizing
investor selects only one risky asset class (usually stocks). On the other hand,
international indexes are well diversified, and their standard deviations are
much smaller than those of their individual components. Note, however, that
the Sharpe ratio—the realized excess return per unit of risk (standard devia-
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tion)—is at least twice as large for the dynamic strategies as it is for the
corresponding benchmarks. A geographical breakdown of the global stock
strategy shows that the portfolio tends to be fully invested in stocks most of
the time. Europe (various markets) and Japan tend to dominate. The dynamic
strategy was fully invested in European stocks in October 1987, resulting in a
sizable loss. The overall good performance of the dynamic strategy is not
explained by the exceptional performance in a couple of months resulting from
the timing of market crashes in 1974 and 1987.

Another interesting comparison appears in the optimal asset allocation
based on the unconditional moments.!” As previously, the optimal asset
allocation can be computed from the vector of expected excess returns and a
relative risk aversion of 2. The unconditional expected return is estimated by
the sample mean return; hence, the ex post performance of the asset allocation
is equal to its unconditional expected return. For the global universe, the
excess return on the unconditionally efficient asset allocation is 0.790 percent,
with a standard deviation of 5.04 percent, compared with an excess return of
1.322 percent and a standard deviation of 5.90 percent for the dynamic strategy.
The unconditionally efficient asset allocation, among the set of primitive asset
allocations, with a standard deviation of 5.90 percent has an excess return of
0.861 percent, compared with 1.322 percent for the dynamic strategy using the
conditioning information set. Again, the performance of the dynamic asset-al-
location strategy is superior, although the comparison is somewhat biased in
favor of the “unconditional” strategy: The dynamic strategy is based solely on
ex ante information known prior to the asset allocation, while the “uncondi-
tional” strategy uses realized returns as inputs for expected returns in order
to select the asset allocation. A similar conclusion can be reached for the
stock-only and bond-only strategies. Clearly, dynamic strategies dominate the
efficient frontier constructed from static portfolios of the primitively chosen
assets. Moreover, the difference is economically large.

Currency Hedging

Currency hedging has become a hot topic in global asset allocation. The
issue is more important in making allocations among bonds than among
stocks, however, because currency risk is a larger component of the total risk
of a foreign bond investment than of a foreign equity investment. Generally,

17 The author thanks Bernard Dumas for suggesting this approach. Because of the obvious
problems with statistical inference in this context, statistical tests for the performance compar-
isons are not provided here.
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asset allocation and hedging are treated as a two-dimensional process: An
investment manager decides market allocation and currency allocation sepa-
rately. For example, a U.S. manager might decide to put 10 percent of a
portfolio in Japanese yen bonds and 20 percent in Japanese equity but retain
only a 15 percent currency exposure to the yen. In this case, half of the yen
assets would be hedged against the yen/dollar currency risk.

Choosing a Global Benchmark and Hedging Policy. Currency
hedging policy is an important component of the global benchmark set for
asset allocation.®® Typically, a fund manager will select a benchmark for the
fund’s long-term “neutral” investment strategy. The choice of a benchmark
for global portfolios is a controversial issue, however. Domestically, U.S.
pension plan sponsors have traditionally used separate benchmarks for sepa-
rate asset classes rather than one common benchmark that includes all
investable assets. For example, U.S. equities and U.S. bonds would have
separate benchmarks. Investment managers extended this approach by cre-
ating a non-U.S. equity benchmark and a non-U.S. bond benchmark. For this
purpose, most funds initially used as the stock benchmark a market-capitaliza-
tion-weighted index of all non-U.S. stock markets, namely, the Morgan Stanley
Capital International Europe/Australia/Far East (EAFE) Index.. Some invest-
ors prefer to use an index weighted to reflect countries’ gross domestic product
(GDP), which corrects the index according to the distribution of the produc-
tive economies internationally. For example, because most Japanese compa-
nies are publicly listed and trade at high price-to-earnings ratios compared with
the rest of the world, the relative stock market capitalization of Japan is higher
than its relative economic production. This difference is compounded by the
large amount of cross-holdings of Japanese companies, which artificially in-
flates reported market capitalization. Some other investors believe that cur-
rency risks should not be borne and use a currency-hedged EAFE benchmark.

The choice of benchmark strongly influences investment strategy. Because
of the relative independence of market movements from currency movements,
international asset allocations that differ from the allocations of the benchmark
can lead to marked differences in performance. The result is clear in the huge
differences in performance, as reported by the major firms measuring interna-
tional performance, of international money managers with similar mandates.

Given the importance of the benchmark and the debate about its choice,
how should one choose? What are the desired attributes of a benchmark?

18 Some comments in this section are drawn from Odier and Solnik (1993).

29



Predictable Components of International Returns

30

Based on the realities of international investing and performance measure-
ment, a chosen international benchmark should have at least three properties:
It should be widely accepted and easy to replicate, and it should have a strong
conceptual foundation.

To assure that the validity and composition of the benchmark are not
questioned, it should be accepted and used by other sponsors and managers.
A benchmark that is not widely accepted by the profession is still useful,
because it guides the international asset allocation of the money manager. Any
benchmark also helps the client to structure a long-term strategy and sets a
target for the money manager. Comparisons of a manager’s performance with
the performance of other managers operating under other, more widely
accepted benchmarks will always be open to question, however, particularly
if the maverick benchmark is easy to outperform.

A benchmark should require an asset allocation that can be easily repro-
duced in the marketplace as a long-term, low-cost, passive strategy. This
criterion is not met when nonmarket weights are used. For example, tracking
the performance of a GDP-weighted index with full currency hedging is
extremely difficult and incurs heavy costs. Good tracking can require as high
as 1 percent or more a year in transaction costs. Each time one national stock
market goes up relative to the others, the manager must sell stocks to reweight
the strategy to GDP figures, which are much more stable than market prices.
Currency hedging is not viable in most currencies. Thus, using a GDP-
weighted benchmark requires imperfect cross-hedging in the portfolio. It also
requires constant and costly monitoring to rebalance the number of currency
contracts to reﬂec\t cross-hedge ratios, stock market price movements,
changes in the portfolio composition, rollovers, and so on. No investment
strategy can exactly replicate the performance of a GDP-weighted benchmark.

Finally, the benchmark must have a conceptually strong foundation; it must
rest on the belief that it represents the efficient passive alternative to an
aggressive investment strategy. It is set as the objective to match or beat
because itis regarded as the best strategy one could follow if the markets were
fully efficient. The theory behind the CAPM has confirmed in the domestic
milieu that the market portfolio (the stock index with market-capitalization
weights) is the efficient portfolio that every single investor should be using as
a benchmark if the market is efficient. The empirical evidence shows that
beating the U.S. index is indeed quite difficult, even after risk adjustment.

Based on these three criteria, an important guide to determining the proper
international benchmark is the answer to the following question: What does
international asset pricing theory say is the optimal or efficient portfolio in a
setting in which investors measure returns using different currencies?
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What the Theory Teaches. International asset pricing theory has dis-
turbing implications for hedging policy.19 The theory concludes that all
investors should combine their national risk-free bill with a common portfolio,
often referred to as the world market portfolio partly hedged against currency
risk. The problem is that the hedge ratios in currencies are different, and they
depend on investors’ preferences and relative wealth. For example, nationals
of countries that are net foreign investors (such as Japan), or investors who
have strong risk aversions have stronger needs to hedge foreign investment
risks than do other investors. Therefore, the usefulness of the domestic
CAPM, which claims that an observable market portfolio is efficient, disappears
in the international setting; in contrast to market capitalizations, preferences
and relative wealth are clearly not observable.

Recall what the theory does and does not say. It says that the world market
portfolio (the “world index”) should not be efficient; rather, it should only be
part of an efficient portfolio. Similarly, the world market portfolio fully hedged
against currency risk (i.e., with unitary hedge ratios) should not be efficient
by itself. Therefore, although some universally efficient portfolio that could
be used as a benchmark does exist, its weights are not observable.

Basically, therefore, an investment manager cannot know what the “neutral”
currency-hedging policy is. The efficient currency-hedging policy consistent
with market equilibrium is not known.

In the absence of a directing observable theory, all kinds of arbitrary a priori
assumptions can be and have been made. Many managers and researchers
have taken only a partial view of the theory, with results that are not consistent
with international market equilibrium.

Some managers assume that currency risk carries no risk premium; hence,
they suggest unitary hedge ratios to offset unrewarded currency risks.?’ This
attitude basically attempts to minimize risk without considering expected
currency return.?! Actually, the risk-minimizing hedge ratio should be differ-
ent from 1 if a correlation exists between the asset return and the currency
movements (clearly the case for bonds, because exchange rates are correlated
with interest rate movements). Unitary hedge ratios are apparently being
adopted for the sake of simplicity.

19 See Solnik (1993a), Adler and Solnik (1990), Adler and Dumas (1983), Sercu (1980), and
Solnik (1974).

2 Gee, for example, Perold and Schulman (1988).

21 Fyrthermore, this approach attempts to minimize the risk of only the foreign part of the
portfolio, not the global portfolio.
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Another group of managers claims that currency risks cancel in the long
run, and because currency-hedging policies are costly and time-consuming,
they advocate a systematic no-hedging policy. This claim assumes that ex-
change rates exhibit reversion toward purchasing power parity. Indeed, the
real exchange rate cannot diverge too much, or physical arbitrage will take
place. Thus, the short-run volatility of the exchange rate should not be of
extreme concern to a pension fund with long-term objectives. For example,
the monthly standard deviation of the French franc/U.S. dollar exchange rate
has been 3.31 percent a month since 1972, but the dollar moved only from 5.22
francs at the end 0of 1971 to 5.53 francs at the end of 1992—an annualized move
of only 0.2 percent (5.9 percent over 21 years). The mean reversion is very
slow, however, and to neglect currency risk completely, especially for bonds,
seems to be foolhardy.

Other managers make arbitrary assumptions about the parameters of utility
functions and relative wealth and derive various systematic hedging policies.?
For example, a “universal hedge policy” with identical hedge ratios in each
currency can be derived from such arbitrary assumptions as “identical risk
aversion for all investors” or “no net foreign investment in any country.” Even
in the case of universal hedging, however, the amount of hedging is a function
of the postulated world-market risk premium. Different sets of arbitrary
simplifying (and unrealistic) assumptions yield different hedging strategies,
but one has no way to tell which policy is “correct.”

Another word of caution should be added. Theory tells us that the compo-
sition of each investor’s equity portfolio should be equal to the world equity
portfolio and that any hedging of currency risk should take place through
forward contracts, not through the composition of the equity portfolio. For
example, if the United States represents 40 percent of world market capitaliza-
tion, the theory tells us that U.S. investors should hold 40 percent of their
equity portfolios in U.S. equity and 60 percent in the EAFE Index. Assume,
however, thata U.S. investor decides to hold 90 percent in U.S. equity and only
10 percent in foreign equity. The theory does not state that the 10 percent
should remain invested in the EAFE. The optimal composition of foreign
holdings is likely to be strongly affected by their relative importance in the
total portfolio. Similarly, the optimal currency-hedging policy is likely to
depend on the percentage of foreign assets in the total portfolio. Looking at
risk alone, Jorion (1989, 1991) showed that the currency contribution is hardly

%2 See Solnik (1993a), Black and Littermann (1992), Adler and Solnik (1990), and Black (1989,
1990).
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noticeable for portfolios with less than 10 percent invested in foreign currency
assets.

Actually, taking some currency risk is a good diversification move against
domestic budget, deficit, and/or monetary-policy risk, unless foreign assets
represent a large proportion of the total portfolio.” Holding 5 percent of a
portfolio in deutsche mark or other European Community currencies could,
forexample, provide interesting risk-diversification benefitsfor aU.S. investor,
but the diversification advantage would disappear if European assets repre-
sented 40 or 50 percent of the total portfolio.

Finally, the optimal hedging policy will depend on the asset composition of
the portfolio—especially whether the assets are foreign equity or foreign
bonds.

To summarize, investment managers have no clear theoretical or pragmatic
guides regarding optimal currency-hedging policies. They know the hedge
ratio should not be 1 or zero, however; the currency hedge should only be
partial. Moreover, they know it should differ among assets and vary over time.

The Empirical Importance of Currency Hedging. Changes in equity
risk premiums are likely to affect the asset-allocation decision. Expected
returns and asset risk premiums clearly change over time, and this study has
provided evidence of a predictable component in the time variation of risk
premiums on international assets. Everyone would agree that the risk pre-
mium on equity should stay relatively stable and should be positive because it
is a compensation for risk in an asymmetrical market. The supply of equity is
somewhat fixed, and investors bid prices up or down as a function of their
expectations of profits and perception of risks. Most investors would agree
that the equity risk premium should stay somewhere between 2 and 8 percent
ayear.

The bond situation is a contrast. The risk premium on a bond investment
is equal to the expected return minus the short-term interest rate. Hence, the
bond risk premium is linked to the relationship between long- and short-term
rates. Loosely speaking, if investors prefer long-term investments while bor-
rowers prefer short-term borrowing, a “negative risk premium” could exist.
The reverse situation, however, is generally believed to hold.

The issue of a currency risk premium is even more delicate than the issue
of a bond risk premium. For the French franc/U.S. dollar exchange rate to

2 Anincrease in the budget deficit can lead to inflation, a rise in interest rates, and a drop in
the value of the domestic currency.
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have a positive risk premium, the U.S. dollar/franc exchange rate must have

a negative risk premium. The equilibrium risk premium depends on the

demand for currency hedging. This demand is affected by the net foreign
investment position in each currency, the relative risk aversion of nationals of
different countries, and economic conditions in the various countries. The
sign and magnitude of the risk premium on each currency are likely to change
over time. Thus, the optimal currency-hedging policy is going to vary consid-
erably over time.

This conclusion can be illustrated by using the previous information vari-
ables and a similar empirical design (using only publicly available information
to select the asset allocations). Consider three types of global dynamic
strategies. The first strategy, which is similar to the strategies discussed
previously, allows only fully hedged investments. The second strategy allows
only unhedged strategies. In other words, one can invest across the world,
but one cannot hedge the currency risk; the currency and market choices are
thus necessarily linked. The third strategy allows separation of the market
and currency decisions; partial currency hedging is allowed.

To facilitate the comparison, the analysis separates the universe of possible
investments into equity-onlg and bond-only investments for the January 1971
to December 1991 period.?* Table 11 reports the performance returns in
excess of the risk-free rate of the three strategies compared with the perfor-
mance of the U.S. market index. The strategies have the same volatility as the
U.S. index; that is, the domestic and global performance is compared for the
same risk level, in U.S. dollars.

For the period studied, the excess return on the U.S. stock index over the
risk-free rate was 0.247 percent a month, with a monthly standard deviation of
4.67 percent a month. The out-of-sample performance of the global equity
strategy with full currency hedging was much higher, at 0.694 percent amonth
for the same standard deviation. Because of the predictability of the currency
risk premium, however, the performance of the unhedged strategy is superior
to both, 0.962 percent a month. Allowing a separation of the market selection
and currency selection provides a further improvement in performance—to
1.149 percent a month.

Results are similar for the global bond strategies. The excess return on the
U.S. bond index was close to zero during these 20 years (-0.017 percent a
month) with a standard deviation of 2.56 percent a month. Performance of the

24 This empirical analysis differs from the author’s previous study (Solnik, 1993b) as to the
period covered. The earlier work studied the performance of strategies over the period January
1971 to August 1990.
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TABLE 11. Performance in U.S. Dollars of Dynamic International
Strategies with Different Currency-Hedging Policies,
January 1971 to December 1991

Mean Monthly Excess Returns

Volatility us. Full No Partial
Asset (standard deviation) Market Hedge Hedge Hedge
Stocks 4.67 0.247% 0.694% 0.962% 1.149%
Bonds 2.56 -0.017 0.395 0.508 0.663

global bond strategies with the same standard deviation was 0.395 percent with
full currency hedging, 0.508 percent with no currency hedging, and 0.663
percent with flexible currency hedging.

Conclusions

This study of the stock, bond, and cash markets of eight countries found
significant evidence of predictable time variation in expected returns and risk
across all markets. Mean reversion was found for all asset classes. The time
to mean reversion depends on the asset but is fairly similar among countries.
For equity markets in all countries, the mean reversion took between one and
two years. For bonds, the mean reversion took between two and three years.
Currency exhibited the longest time before mean reversion—at least three
years. This finding confirms that “speculative bubbles” can exist for a pro-
longed time on the currency market.

Technical analysis could help an investment manager detect the trends and
reversions. The conclusions here were based on simple autocorrelograms,
but more sophisticated technical models could be of practical use. Investment
managers should remember, however, that the performance of such models
is very sensitive to the stability of the mean-reversion phenomenon. An
increase or reduction in the length of time to mean reversion could make a
technical model that was estimated with past data useless for the future.

A more productive approach than technical analysis would be to search for
the underlying reasons for the observed phenomenon. Those reasons are
likely to be linked to the business cycles in each country and in the interna-
tional community.

Study of the influence of specific information variables on risk premiums
(expected returns in excess of the risk-free rate) can enhance understanding
of the predictability of asset returns. The study found that a predictable
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component in the time variation of asset risk premiums exists in most coun-
tries. The risk premium on equity is linked to the interest rate, the yield
spread, the term spread, and the interest rate differential (local minus U.S.
rate). This result is consistent with the business cycle having an influence on
risk premiums, as explained by Fama and French (1989). Bond risk premiums
were found to depend on the term spread, and currency risk premiums on the
interest rate differential. This dependence is statistically significant and,
perhaps more importantly, economically significant. Tactical asset allocation
using these models of conditional risk premiums can, therefore, generate large
profits.

The volatilities of asset returns vary over time in a somewhat predictable
fashion. A GARCH model of the variance proved to be superior to an assump-
tion of constant variance. Evidence is sparse, however, that this kind of time
variation in volatility induces any change in the risk premium.

The final issue raised in this study was optimal currency-hedging policy.
The theory suggests that the optimal global portfolio would be partly hedged
against exchange risk; the theory is of little help, however, in determining the
exact amount of currency hedging that should be implemented. A simulation
over the 1971-91 period using the predictable risk premiums that were pre-
viously derived indicated that a strategy of selective hedging will greatly
outperform a full-hedge or no-hedge strategy.

These findings have important implications for financial research and
money management. Evidence is now ample that international assets’ ex-
pected returns have a predictable component that can be identified by using
some of the econometric methods outlined in this monograph. Although the
risk always exists that the relationships found are suspect because of data
mining or snooping, this study provides confirmation of previous findings
(using a more recent time period and with a fresh set of data) and thus attests
to the robustness of the phenomenon. More sophisticated models or addi-
tional information variables might increase predictability (but also the risk of
data mining).

The performance of dynamic global strategies using these models proved
to be quite good over the long run. The R%s of the risk-premium models are
quite low, however, so as many as 10 years will be needed to be reasonably
sure that the dynamic strategies will outperform passive benchmarks. For
many managers, 10 years or more might seem a very long horizon.

The findings of this study related to time variation in risk premiums can be
interpreted theoretically in two ways. One interpretation is that the interna-
tional financial markets are not yet fully efficient. A second interpretation is
that the markets are efficient and the variation in expected returns is caused
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by a change in investors’ risk perceptions and/or risk aversions.

If risk premiums do change over time, performance need not be measured
by using unconditional returns and risk measures. As long as those measuring
performance continue to look at sample mean returns and risk measures,
however, an astute investor will appear to be achieving superior performance.
Given the low correlation between stock and bond markets across the world,
different asset allocations will yield markedly different performance.
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Appendix. Data Description

Common Stocks

Month-end stock market indexes calculated in local currency come from
Morgan Stanley Capital International (MSCI), which since 1970 has also
reported the stocks’ dividend yields (calculated by averaging dividends paid
over the preceding 12 months). For the period prior to 1970, dividend yields
are those reported by the Organization for Economic Cooperation and Devel-
opment (OECD). The MSCI sample covers approximately 60 percent of each
market capitalization, and an attempt is made to stratify the sampling by
industry breakdown so that each industry is represented in the national index
in proportion to its national weight. The selection of individual companies is
not, therefore, based solely on the companies’ market capitalizations.

Bonds

Government bond indexes are from Lombard Odier and include price-only
and cumulative bond indexes as well as average yields to maturity.?® These
bond indexes are based on a small sample of plain-vanilla, actively traded,
long-term government bonds in each currency. Although the number of
bonds in each index is limited, the bond prices and yields are current. These
indexes have been published daily in the Wall Street Journal (Europe) since
the early 1980s.

% Some researchers have used monthly foreign government bond indexes provided by
Ibbotson Associates (Ibbotson, Carr, and Robinson [1982]), which were calculated prior to the
mid-1980s by applying a simple duration model to average bond yields published by the OECD
and the International Monetary Fund (IMF); a fixed duration was chosen for each country.
Several methods to estimate bond yields are used by the reporting countries: In some, bond
yields are the average yield of newly issued government bonds during the month; in other
countries, they are the average vield to maturity on seasoned bonds with a fixed remaining life;
in yet other countries, they are the yield to maturity on a selected benchmark bond (which
changes over the years). Many countries have changed methods over time. The OECD and
IMF tend to ignore the numerous optional clauses found in Europe, and the reported yields are
calculated by using simple yield (Japan), semiannual actuarial yield (the United States), or
annual actuarial yield (Europe).
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Short-Term Interest Rates

One-month Eurocurrency interest rates represent risk-free rates. Eurocur-
rency rates are the only true market rates for many countries, and they are
fully comparable, which is an important feature for the study.?® All interna-
tional researchers know how difficult it is to compare short-term rates across
countries. Many countries have no “treasury” bill rates, and other short-term
rates such as the call rate, discount rate, and rate on bond repurchase agree-
ments (such as Gensaki in Japan) are often highly regulated and differ in tax
treatment. As with bonds, an active market for many currencies developed
only in the 1970s. The interest rate data come from Morgan Guaranty and
Lombard Odier. National short-term interest rates are available for the 1960~
71 period, and some summary statistics for the whole 1960-91 period are
reported, but the comparability of data is questionable for the 1960s.

Exchange Rates

Month-end spot exchange rates come from the International Monetary
Fund. Forward exchange rates are calculated by applying interest rate parity,
and the relevant interest rate differential is “added” to the spot exchange rate.

2 The volume of Eurodollar transactions is enormous, and the London Interbank Offered
Rate has become the reference short-term dollar interest rate for borrowing in the United States.
For example, the Eurodollar futures contract has the largest transaction volume in terms of
underlying capital, and a similar comment applies to other currencies.
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