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Currency Hedging for International
Portfolios

JACK GLEN and PHILIPPE JORION™

ABSTRACT

This paper examines the benefits from currency hedging, both for speculative and
risk minimization motives, in international bond and equity portfolios. The risk-
return performances of globally diversified portfolios are compared with and with-
out forward contracts. Over the period 1974 to 1990, inclusion of forward contracts
results in statistically significant improvements in the performance of unconditional
portfolios containing bonds. Conditional strategies are also implemented, both in
sample and out of sample, and are shown to both significantly improve the risk-re-
turn tradeoff of global portfolios and to outperform unconditional hedging strate-

gies.

WHETHER INTERNATIONAL PORTFOLIOS SHOULD be hedged against currency risks
is the subject of an active debate. The theoretical side of the debate has been
closely associated with two strands in the academic literature: international
asset pricing and optimal hedging in the futures markets. In the interna-
tional asset-pricing model (IAPM) of Solnik (1974), optimal portfolios contain
positions in forward contracts, or equivalently foreign currency denominated
bills. These positions, which can differ from the positions in foreign stocks,
have since been termed “hedges.” Black (1990) shows that, under additional
assumptions, the hedge ratios should be identical for all investors regardless
of their nationality (universality) and that investors should never fully hedge
their foreign currency exposures. Similarly, theoretical models from the
futures literature produce demands for hedging instruments that contain
both speculative and hedging components. The empirical issue, unanswered
so far, is whether adding forward contracts to international portfolios signifi-
cantly improves the risk-return profile of global investments.

Empirical research has barely begun to respond to the challenges of
theoretical models; there exists little empirical evidence on either the rele-
vance of Black’s universal hedge ratios, or the optimality of hedge ratios less
than one. Instead, researchers have concentrated on the benefits of fully
hedging exchange risk. For example, Eun and Resnick (1988) indicate that
stock portfolios perform better when fully hedged, but offer no statistical tests
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are due to Bob Cumby, Bernard Dumas, Craig MacKinlay, Richard Marston, Tony Pellechio, Piet
Sercu, and Robert Stambaugh for useful comments. We are especially grateful to Michael Adler
and the editor, René Stulz, for helpful discussions and suggestions.

1865



1866 The Journal of Finance

to support their evidence.! More recently, Bekaert and Hodrick (1992) show
that the addition of currencies improves the performance of stock portfolios;
but again these authors do not offer tests of statistical significance, nor do
they explore the relationship between the optimal hedge ratios and those
predicted by theoretical models.

This paper considers both stocks and long-term bonds as risky assets;
hedges are implemented using one-month forward contracts. We investigate
the benefits from currency hedging from several perspectives, each succes-
sively more narrowly defined. First, we consider an unrestricted mean-vari-
ance optimization approach. This is in the spirit of the IAPM where hedging
involves unconstrained positions where stocks, bonds, and forward positions
are chosen simultaneously. We test whether adding currency hedges to the
menu of assets improves the performance of diversified portfolios of stocks
and bonds. We find that, over the sample period, hedging does significantly
improve the performance of portfolios containing bonds.

Second, we investigate the use of forward contracts to “cross-hedge” a
portfolio with predetermined positions, in this case a passive index invested
in stocks and/or bonds. This corresponds to the optimal hedging approach
from the futures market literature. These tests can also be viewed as tests of
the mean-variance efficiency of a global index against the alternative that it
should also contain bills in various currencies. Our tests do not reject the
efficiency of the global index in this case, indicating either that cross-hedging
is suboptimal, or that our efficiency tests have low power.

We also show that these approaches lead to portfolios that have extreme
long and short positions which might not be implementable in practice.
Moreover, such positions are at odds with views on hedging that consider
leveraged positions in forward contracts as speculation. Therefore, we also
investigate portfolios where no short sales are allowed for stocks and bonds,
and where forward sales cannot exceed the amount of the underlying expo-
sure. The tests show that constrained hedging still significantly improves
portfolio performance.

Finally, evidence on the predictability of foreign exchange returns raises
the issue of the optimality of unconditional hedging strategies. To address
this issue, we simulate a conditional hedging strategy where the hedge
positions depend on prior interest rate differentials. We find that this sub-
stantially improves portfolio performance. This raises further doubts about
the importance of unitary and universal hedge ratios in particular, and in
unconditional asset-pricing frameworks in general.

The paper is structured as follows. Section I reviews the frameworks
employed in the paper and relates them to the theory of currency hedging.
Optimal static hedging strategies are described in Section II, and statistical

! See for instance Jorion (1989) and Kaplanis and Schaefer (1991). Proponents of hedging
argue that full currency hedging reduces the volatility of returns without a commensurate
reduction in returns. This leads Pérold and Schulman (1988) to argue that currency hedging is a
“free lunch.”
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tests of performance improvement are presented in Section III. Section IV
extends the analysis to situations where short sales are not allowed for stocks
and bonds, and where no leverage is permitted through forward contracts.
Section V analyzes conditional currency hedging and Section VI offers con-
cluding comments.

I. Currency Hedging

In Solnik’s IAPM, investors are rational mean-variance optimizers that
hold a combination of the domestic risk-free asset and a portfolio of all assets,
including stocks and bills (or forward contracts).? This latter portfolio of risky
assets is called “logarithmic” since it would be the sole investment of an
investor with a logarithmic utility function. A result of this model is that all
investors should hold the same portfolio of risky assets, which are optimally
“hedged” against currency risk through the inclusion of forward contracts.
Defining A; as the risk tolerance of investor i, and W, as his wealth, this
investor holds (1 — A))W, in the domestic bill and A;W; in the Log portfolio.
The composition of the Log portfolio is given by 3w, where ¥ is the
covariance of asset returns and u is the vector of expected returns. Because
the Log portfolio contains stocks and bills, one can define a hedge ratio as
minus the ratio of the weight of the currency i bill to that of stock i in the
Log portfolio: h; = —y,/x;, where x; is the weight of stock i and y; is the
weight of bill i in the portfolio.

Adding specific assumptions to the IAPM, Black (1990) suggests that there
exists a “universal” hedge ratio that is optimal for all investors. Black’s result
comes from the aggregation of individual optimal portfolios across countries.
Since the domestic bill is held by domestic investors, and assuming it is in
zero net supply, it must enter the Log portfolio with a negative weight. In
equilibrium, the hedge ratio is therefore proportional to &, = (1 — A))W,/M,,
where M, is the market capitalization of country i’s stocks. By assuming that
(1) all investors have the same risk tolerance, and (2) each national wealth is
exactly equal to the value of each stock market, the optimal hedge ratio
reduces to the “universal” value h = (1 — A). As discussed by Adler and
Prasad (1992), the universality of the hedge ratio follows directly from the
assumptions that impose homogeneity on world investors. Moreover, the
assumptions require foreign investment to be in balance for all countries at
all times. Whether universal or individual, the hedge ratio that arises from
the IAPM encompasses both risk minimization and speculation motives. With
low risk tolerance, the hedge ratio will be close to unity, which corresponds to
pure risk minimization. The hedge ratio for a logarithmic investor is zero. For
less risk-averse investors, the hedge ratio is even negative.

% The model assumes that consumption opportunity sets differ across countries, but that no
barriers to international investments exist. The model assumes that inflation is nonstochastic.
This model has been expanded by Sercu (1980), Stulz (1981), and Adler and Dumas (1983).
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A second definition of hedging used in the literature refers to the practice
of holding a portfolio of hedging assets to improve the risk-return characteris-
tics of a predetermined portfolio. Anderson and Danthine (1981), for instance,
find that the vector of optimal weights for the hedge instruments, z, is given
by

where x is the vector of underlying asset positions, 3 is the covariance
matrix of hedges, u; is the expected return on the hedges, and 3., contains
the covariances between the hedging instruments and the underlying posi-
tions. The optimal hedge ratio can be said to contain two components: a
speculative component and a hedging component. The first one represents a
gamble on expected returns from hedges, and reflects the investor’s risk
tolerance, If these expected returns are zero, then the optimal hedge position
collapses to the coefficients obtained by a regression of asset returns on hedge
instruments, the second term in the equation. Unitary hedging occurs when,
in addition, local currency returns are uncorrelated with exchange rates, i.e.
when 3 = 3,. Finally, the second term is zero when movements in underly-
ing positions measured in the reference currency are uncorrelated with
hedging instruments, i.e. when 3. = 0. The vector of optimal hedges is then
identical to that in an optimization that involves both underlying assets and
hedges. .

A shortcoming of the two theoretical models described so far is that they
ignore the type of short-selling constraints that investors normally face,
Extreme short positions are not possible in most markets; many institutional
investors and banks limit leveraging through forward contracts. Our third
approach considers portfolios with short-selling restrictions,

Considerable evidence now exists that expected returns in international
markets exhibit variation through time, or that returns can be forecast. Our
final approach to hedging incorporates a well-known forecasting variable, the
forward premium, into the hedging decision. This results in a conditional
hedging strategy where the hedge ratio varies through time. The approach
used to calculate the optimal portfolio weights is again similar to that used
with the IAPM approach.

Throughout all of these approaches, we assume rational expectations and
use ex post data as measures of expectations. In contrast with the previous
literature, however, we provide statistical tests of the performance improve-
ment derived from adding currency hedges to portfolios of stocks and/or
bonds.

II. Optimal Unconditional Hedging

We take the viewpoint of a U.S. investor who measures returns in dollars
and views U.S. Treasury bills as riskless assets. Defining S;, as the spot
dollar price of foreign currency i at time ¢, and P}, as the foreign currency
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asset value inclusive of reinvestments, returns in dollars are measured as

5% ~
5 Pi,t+1Si,t+1

R.,.,= - 1. 2
i,t+1 P;;’:tSi’t ( )

Forward contracts involve a commitment to buy or sell foreign currency and
produce a random payoff, but require no initial investment. Therefore, a rate
of return cannot be defined for forward contracts. It is possible, however, to
compare the return on the portfolio with and without forward contracts.
Without forwards, defining x; , as the fraction of wealth invested in asset i,
the portfolio return is given by

t+l= tht i,t+1- (3)

Now defining 4, ,x; ,/S; , as the amount of foreign currency i sold forward
at time ¢ for delivery at time ¢ + 1, the return on a portfolio with forwards is
equal to

N
Rt+1 R+ L (=hy % Mot 4)
i=1
where £ 1 = (S~L 1+1 — F; 1)/S; ; is the normalized “payoff” on a long for-

ward contract, with one- month forward price F, ,. This notation permits any
hedging strategy to be defined through the hedge ratio h;,. For example,
when hL . = 0, assets denominated in currency i are left ‘unhedged. Con-
versely, h; , = 1 implies a unitary hedge ratio, or a fully hedged strategy. In
the remainder of this paper, we investigate the 1mphcat10ns of various
strategies for choosing A, , on the performance of R ..

The general approach we take is as follows. We investigate the composition
of the portfolio of risky assets that maximizes the Sharpe ratio, the ratio of
excess return to risk. This approach is consistent with the IAPM, and
produces the same Sharpe ratio as the Log portfolio. We focus on the
improvement in the Sharpe ratio that occurs when adding currency hedges to
a portfolio of stocks and/or bonds.

This study considers five markets, the United States, Japan, Germany,
Britain, and France.? The empirical analysis is based on monthly observa-
tions over January 1974 to December 1990. Returns are measured in U.S.
dollars and expressed in excess of the one-month U.S. Treasury bill rate.
Details on data sources are given in the Appendix.

Table I presents estimates of average returns and volatilities over the
sample period. The first column reports statistics for long forward positions
in the foreign currencies. The average return for these is between 0.87 and

3 As of December 1990, the five stock markets selected account for 85 percent of the total
market capitalization of all countries covered by the Capital International world stock index; the
five currencies selected account for 89 percent of the total market capitalization of all countries
covered by the Salomon Brothers world bond index.
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Table I

Summary Statistics: January 1974 to December 1990
Statistics for forward positions, bonds, and stocks. A fully hedged foreign asset consists of the
foreign asset plus a short position in a forward contract on the foreign currency. Returns are
annualized percentages (% pa), in U.S. dollars and in excess of the one-month U.S. Treasury bill
rate.

Forward Fully Hedged Fully Hedged
Positions Bonds Bonds Stocks Stocks

Average Excess Return (% pa)

United States 142 4.56
Germany 0.87 4.89 4.02 9.42 8.55
Japan 241 5.44 3.02 11.16 8.75
United Kingdom 2.53 4.67 2.14 11.60 9.06
France 2.70 2.34 —0.36 9.49 6.78
World 2.87 5.81

Standard Deviation of Returns (% pa)

United States 10.00 16.75
Germany 11.99 15.14 6.14 22.17 18.91
Japan 12.32 16.23 7.06 23.03 17.96
United Kingdom 11.80 19.65 13.31 28.72 25.72
France 11.58 13.34 5.81 26.35 23.21
World 9.31 15.36

2.70 percent per annum. As a result, unitary hedge ratios would have lowered
returns, but they also would have lowered risk. Fully hedged foreign assets
display substantially less volatility than unhedged foreign assets. The reduc-
tion is particularly striking for foreign bonds, where the volatility can be cut
by more than one-half.*

In theory, however, the unitary hedge ratio is suboptimal since it ignores
correlations between exchange rates and local returns as well as speculative
motives for taking currency positions. To address the issue of currency
hedging with more generality, two efficient sets can be compared. The first
one includes stocks and bonds only, whereas the second also includes forward
contracts. This second framework corresponds to a situation where an in-
vestor simultaneously optimizes over both the underlying assets and forward
contracts, as in the IAPM.

The composition and risk-return characteristics of the optimal portfolios
are reported in Table II. Adding currencies improves the portfolio perfor-
mance. For example, consider a portfolio with standard deviation equal to

* The reduction in return from hedging, however, is unstable and period specific. We also
investigate three subperiods. Over 1974 to 1978 and 1984 to 1990, full hedging generally reduces
returns; in contrast, hedging improves returns from 1979 to 1983.
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that of a corresponding U.S. asset. At the risk level of U.S. bonds, adding
currencies would have improved the annual return of a bond portfolio by 4.7
percent.5 At the risk level of U.S. stocks, the improvement amounts to 2.7
percent. Finally, for a portfolio consisting of stocks and bonds, the increase in
annual return would have been 6.7 percent at the risk level of U.S. stocks.

Alternatively, the value of hedging can be analyzed in the context of
cross-hedging a passive benchmark portfolio, chosen here as a global index of
bonds, of stocks, and a balanced index of stocks and bonds. Table III reports
the performance and allocations of passive benchmarks with and without
optimal hedge positions in forward contracts. Maintaining the risk level equal
to that of U.S. assets, as above, currencies would have increased returns by
2.7 percent for bonds, by 3.7 percent for stocks, and by 3.8 percent for a
balanced stock/bond benchmark. Compared to Table II, the performance
improvement from adding currencies to bond portfolios is much less than
before, which reflects the superiority of optimizing over all assets rather than
just over currencies. Because of high correlations between bonds and curren-
cies, the optimal bond allocations reported in Table II are substantially
altered when adding forward contracts. For example, the weight on the
German bond market increases from 134 to 195 percent of the portfolio when
forward contracts are added; this additional position is offset to some extent
by a short position of 326 percent in deutsche mark one-month forward
contracts. In Table III, on the other hand, the bond allocations are fixed to
the market capitalization weights. As a result, the performance measures are
lower than those reported in Table II and indicate that this cross-hedging
approach would have been suboptimal over this time period, an issue investi-
gated in more detail below.

II1. Tests of Performance Improvement

The Sharpe performance measures presented in Tables II and III, while
interesting, suffer from estimation error which precludes any direct compari-
son across samples. Since the optimization and the performance measure-
ment are done over the same sample period, the performance of the optimized
portfolios must by construction improve when assets are added. The main
question, then, is whether the performance improvement is too large to be
attributed to chance.

When short sales are allowed and a riskless asset exists, an appropriate
test has been provided by Jobson and Korkie (1982), and extended by Kandel
and Stambaugh (1989). Define T' as the number of observations (months), N,
as the number of base assets, and N,(> N;) as the number of total assets,
with N = N, — N,. Efficiency of the optimal portfolio of N, assets can be

® Using the historical volatility of 2.89 percent per month for U.S. bonds, the difference in the
Sharpe ratios of the optimal bond portfolios with and without forwards translates into a
difference in returns of (0.262 — 0.125)2.89 percent = 0.40 percent per month, or 4.7 percent per
annum.
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tested by the F-statistic that corresponds to the joint hypothesis of zero
intercepts in a system of multivariate regressions of the additional N asset
returns, R} ,, on the original N, assets, R} :

N,
Ry, =o; + ZBL, rote i=1,...,N,t=1,...,T. 5)

As Gibbons, Ross, and Shanken (1989) have shown, this test can also be
interpreted in terms of the maximal Sharpe ratios, 01 and 02 attainable in
the sample with N, and N, assets, respectively. The statistic can also be
written as

(T—Ny) o, & A
= —— (03 - 82)/(1 + 67), (6)

which has an F-distribution with (7' — N,, N) degrees of freedom. Large
values of F' imply that portfolio performance is significantly improved by
extending the menu of assets (02 > 01 ), and that consequently, it is unlikely
that the subset of assets is efficient.® The F-test assumes that returns are
normal ii.d.” Under less strict assumptions, a generalized method of mo-
ments (GMM)-based Wald test can be constructed as

= (T - N-1)(&'[D'S™'D]"" &) (7

where [ D'S~!D] is the heteroskedasticity-consistent covariance matrix devel-
oped by White (1980).2 Under the null, the Wald statistic has an asymptotic
chi-square distribution with N degrees of freedom.

Tests of performance improvement to hedging are displayed at the bottom
of Table II. The optimal portfolio with forward contracts is compared to three
alternatives: an optimal portfolio of unhedged assets, of fully hedged assets,
and of universally hedged assets. For bond portfolios, both the F- and Wald
statistics reject the null hypothesis that currency forwards do not improve
the risk-return tradeoffs of global unhedged bond portfolios at the usual 5
percent confidence level. For mixed stock and bond portfolios, Table II shows

® Actually, this statistic tests a necessary condition for efficiency. Abnormally large values of
the statistic may also indicate a reduction in performance, unless the algebraic—as opposed to
the absolute—value of the Sharpe ratio is also improved.

7 Affleck-Graves and McDonald (1989) find the F-test to be robust to departures of the
normality assumption. Amsler and Schmidt (1985) find that asymptotic statistics tend to reject
too often in small samples, but that the F-test is generally well behaved.

8 The pattern of return autocorrelations indicates that returns on stocks, bonds, and forward
contracts are generally not autocorrelated over the sample period. Therefore no lags are allowed
in the computation of S~1. See MacKinlay and Richardson (1991) for further details on the GMM
estimator.
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that the performance improvement is also significant. For equity portfolios, in
contrast, there is little evidence of improvement from adding currencies. The
rejections when bonds are included in the portfolios appear related to two
factors. First, the improvement in performance due to the addition of forward
contracts is much greater when bonds are included in the portfolio than for
the stock portfolio. And second, while the test statistics have low power to
reject the null hypothesis, the reduction in portfolio volatility due to the
introduction of bonds makes rejection easier.

For fully hedged assets, there is no statistical evidence that adding an
optimal combination of forward contracts improves performance. This sug-
gests that the risk reduction attained from full hedging is a major component
of the performance improvement observed above. A similar conclusion holds
for universally hedged assets. The universal hedge ratios, found by numerical
optimization, are 1.59, 0.62, and 1.19, respectively, for bonds, stocks, and all
assets. For bonds, for instance, the ratio of 1.59 can be compared with the
optimal hedge ratios from the unrestricted optimization, which are 1.67
(mark), —0.45 (yen), —5.00 (sterling), and 1.95 (franc). Since the largest bond
positions are for the mark and franc, imposing either a full or universal
hedge ratio is apparently not statistically different from individual hedge
ratios.

Statistical tests of performance improvement from currency management
of passive indices are also presented at the bottom of Table III. In contrast
with before, there is no evidence that currency hedges add value to any of the
three portfolios, using either unhedged, fully hedged, or universally hedged
benchmarks. Therefore, optimizing separately over bonds and currencies does
not take full advantage of currency hedging. An important conclusion, there-
fore, is that the practice of delegating the management of currencies to
overlay managers may be suboptimal because it does not fully exploit correla-
tions between assets, especially bonds and exchange rates.

The rejections reported in Table II are rare in the literature. Most previous
tests of international asset pricing have concentrated on the International
Capital Asset-Pricing Model and efficiency of the market portfolio. Cumby
and Glen (1990), for example, are unable to reject efficiency of the global
stock market. Rejection of the efficiency of an optimal stock and bond
portfolio, which by definition must outperform a market-weighted portfolio of
stocks, can be traced to the risk reduction brought about by introducing
bonds.

IV. Hedging with Short-selling Restrictions

A drawback of the classical approach to hedging and portfolio construction
is that it yields portfolios involving very large positive and negative positions,
often several times the size of the initial investment. If in practice some
foreign markets cannot be sold short, or if investors are prohibited from
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taking such positions, the above results are irrelevant. In this section, we
examine portfolios where short-selling restrictions are imposed on stocks and
bonds; hedging is restricted to selling short no more than the exposure of the
underlying market. Such hedging strategies have not been examined in the
theories of hedging, but investors face similar restrictions in reality.

Table IV reports the composition of the optimal portfolios with short-sale
restrictions. The optimal bond portfolio including currency forwards is in-
vested in the German and Japanese bond markets, which are fully hedged
against currency risk. The optimal stock portfolio is invested in three mar-
kets, Germany, Japan, and Britain; Germany is fully hedged, Japan is
partially hedged, and Britain is left exposed. Similar patterns appear in the
optimal mix of stocks, bonds, and forwards.

The Sharpe ratios in Table IV are substantially lower than those reported
in Table II, reflecting the fact that the short-sales restrictions are binding.
Still, currency hedging appears to improve total performance; at the risk level
of the equivalent U.S. asset, currency forwards increase returns by 2.9
percent annually for a bond portfolio, by 0.8 percent annually for an equity
portfolio, and by 3.8 percent annually for a mixed equity and bond portfolio.
As before, the question is whether these increases reflect an actual perfor-
mance improvement or are solely due to sampling variation.

When short selling is not allowed, the distribution of the statistic (6) is
unknown and must be approximated by simulation. This is done as follows.
First, expected returns, variances, and covariances are derived from histori-
cal data. Expected returns are then modified so that the null hypothesis—the
mean-variance efficiency of the subset of assets—is satisfied.® Then 7' ran-
dom samples of joint returns are drawn from a multivariate standard normal
distribution with these parameters. From these simulated returns, a new set
of means and a new variance-covariance matrix are estimated; the optimiza-
tion is performed as before, and the value of the statistic is recorded. The
empirical distribution of the statistic is tabulated under the null by repeating
this process 1,000 times.!°

The bottom of Table IV reports tests of performance improvement in
portfolios where short sales are not allowed. The simulation p-values indicate
that hedging results in a significant performance improvement for bond
portfolios and portfolios containing both stocks and bonds. For the interna-

? This is achieved by first computing the portfolio of N, assets that maximizes the Sharpe
ratio, allowing only positive weights. Expected returns on the remaining N, — N, assets are
then forced to be proportional to their beta relative to this optimal portfolio. This ensures that
the optimal portfolio is the same for the sample of N; and N, assets, which is the null under
investigation.

1® The simulations are also performed with time-varying second moments, by specifying a
GARCH(1, 1) model for return variances. Throughout the table, the empirical significance levels
obtained under the assumption of constant variances are very close to those found under the
assumption of time-varying variances. The results are therefore robust to departures from
homoskedasticity.



The Journal of Finance

1878

00 00 — 00 - fouerq

00 00 — 00 — wop3ury] pejrun)
66T — L'6T— — SIT— — uedep
9'8L— g'8¢— — ¥'G8— — Kueurion)
SpIemIO,|
00 00 00 00 — — QouRIL]
0y T'6T G991 Gl — — wopSurs] payrun
Lyl 607 (414 1414 — — uedep
T'L 0vg 98¢ §'0€ — — Aueurron)
00 9 00 8'C — — s9e1g pPajIUN)
SY[2038
00 00 — — 00 00 QoueI]
00 00 — — 00 911 wop3ury] pajrun)
8% 00 — — 971 0¥ uedep
iav) gTI — — v'a8 oy Aueurren
00 00 — — 00 (107 S9jels pajrup
spuog
soSe)uedIoJ Ul SUOIYISOJ
444y LI9T'0 6L1°0 99T°0 G610 LOT'0 onjer odreyg
GG6'T G06'V Syey €8¢°¢ 8TLT 098'¢ (wd) uoryeIASp prepuels
9%7°0 8180 G180 8L8°0 0€€0 1454\ (wd) uespy
SPIBMIO ] S}2038 SPIBMIO] ATuQ SPIBMIO] Aup
‘S300g pue pue SY00)8 pue spuog
‘spuog spuog SYo0)g spuog

‘0661 1oquIada(J 03 FL6T Arenuep si pousd ‘(wd) sedejusored
ur siseq A[yjuowr e uo pojroder ore pue ‘sjel [[Iq AINSeaL], 'S’[] YIUOUW-9UO oY) JO SS90Xd UI ‘SIB[[OP 'S’[) UI painsesawr
aIe SWINeY "SJUOWOW PU0dIes (HOYVY)) Sulkies-owr) pue (I1SLIG-) JURISU0D SUTWNSSE ‘SUOIB[NWIS (00T Aq PoyewI)sa
ST onpea-d peouridure oy, "AOUSLIND SUIES Y[} Ul S¥20}s/spuoq jo uonisod Suldjiepun oy} Jo junowre oy} 0 dn pamoyre A[uo
ST S9TOUALIMD Jo SuI[[es 1I0ys ‘oATyIsod aq 0} PJOLI)SAI Ak S320)s,/spuoq Jo sjySrem rewydo oy, "SUOIIILIISAL SUT[[OS-}I0YS
Y3 orjojurod B 03 S)RIIU0D premio] Surppe woa juswesordwr edueuriojred ou Jo sIseyjodAy oy 9S8 SOTSIRIS O,

SUOH)OLI)SY SO[ES-HOYS YA soffofyro ojdureg-uf fewrydo
AI?qelL



1879

Currency Hedging for International Portfolios

‘Teas] quedied g a3 Je JuedYUIIG ,

(6%0°0) (682°0) (3€0°0) (souELIEA
HOUVD ‘onres-d)
(2€0°0) *L89°0 (052°0) G020 (930°0) +81C'T (9ouELIEA JUBISU0D
‘onyea-d) o1sneIS- 4
padpayun ‘sa
premiof yyim rewndQ
JuowaA0IdUI] SOUBULIONISJ JO SIS9],
SpIemIo] S¥2038 SpIemio] £up SpIemIoq £up
{5 pluls pue pue S3}001g pue spuog
‘spuog spuog S¥003g spuog

panu1uo)—Al 2qeL



1880 The Journal of Finance

tional equity portfolios, the simulation p-value is 0.250, which is lower than
the p-value found without any restrictions, although still not statistically
significant.

Overall, these results are very similar to those for unconstrained hedging,
and suggest that static currency hedging improves the risk-return tradeoff,
especially for portfolios including bonds, even when sampling variation is
taken into account.

V. Optimal Conditional Hedging

In this section, we explore the possibility of improving performance even
further by a conditional strategy that allows the hedging coefficient to vary
over time. We present two approaches to evaluating conditional hedging
strategies based on in-sample and out-of-sample performance.

Previous research on the efficiency of the foreign exchange market has
identified the forward premium as a variable that predicts expected returns
on forward contracts.!’ Since, by interest rate parity, the forward premium is
also the interest rate differential, a simple forecasting equation for the return
on forward contracts can be written as

(S~t+1 - Ft)/St =a+b0G} —1)+ &,y (8)

where i,(i¥) is the domestic (foreign) riskless interest rate, and i* — i is the
forward discount. In such regressions, the slope coefficient is generally signif-
icantly positive, although the explanatory power is usually low. We use this
regression to implement two conditional hedging strategies.

The first trading strategy sets the hedging coefficient equal to +1 depend-
ing on the sign of the forward discount. Intuitively, the strategy sells a
foreign currency forward when it is at a premium and, conversely, initiates a
purchase when it sells at a discount. This trading strategy is thus conditioned
on prior information; the resulting time series of returns are then included in
the in-sample tests of efficiency described above.

Table V presents the results of the conditional “forward premium hedge.”
Two sets of results are presented. The left-upper part of the table compares
the performance of portfolios of bonds, stocks, and combined portfolios of
bonds and stocks, with and without the forward premium hedge. In each case
the efficiency of the unhedged portfolio is rejected. This is quite a strong
result, especially in the case of the stock portfolio, whose efficiency is not
rejected by the static hedging strategy.!? The right-upper part of the table
considers the same active hedging strategy, but combined with the passive

u See, for instance, Bilson (1981) and Giovannini and Jorion (1989). This research is surveyed
by Hodrick (1987).

12 Bekaert and Hodrick (1991) have independently examined similar trading rule strategies
based on forward premia and also dividend yields, but report no statistical tests of performance
improvement. It can be shown, however, that statistically significant improvement occurs only
when adding the currency returns series scaled by the forward premium, which is similar to our
trading rule strategy.
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indices used previously. Rejections also occur in all cases. Note, however, that
the values of the statistics are systematically lower than those in the left
panel, even though the number of degrees of freedom are the same. As before,
this indicates that efficiency gains could be obtained by not only actively
hedging exchange rate risk, but also by changing the underlying asset
positions to account for the currency hedges.

The middle section of Table V considers the question of whether the
performance of portfolios with static forward contracts can be improved
through the use of the forward-premium hedge. In all cases investigated,
efficiency of the static currency hedge is rejected in favor of the forward
premium hedge. Thus, over the sample period, investors are able to signifi-
cantly improve the performance of their portfolios, even those containing
forward contracts, by selectively buying and selling foreign currencies on the
basis of the forward premium. The lower panel confirms that the forward-pre-
mium hedges also improve on fully hedged and universally hedged assets.

These results are quite dramatic in light of previous empirical research in
this area. No other tests that we are aware of reject the efficiency of the
global market-weighted stock portfolio. This highlights the role that hedging
plays in improving portfolio performance, as well as the importance of
considering conditional distributions. The results do not lend support to
either of the unconditional models of asset pricing mentioned earlier. Finally,
the time-varying nature of the hedges rejects the optimality of either univer-
sal or unitary hedge ratios.

The results in Table V suggest that, over this time period, it would have
been possible to improve the portfolio performance by using forward con-
tracts; unfortunately, the optimal weights are only revealed after the fact.
Therefore, a remaining question is whether the performance gain also occurs
when investment decisions are based only on prior information. Our second
conditional strategy addresses this question as follows. Starting in December
1978, expected returns are constructed for forward contracts using equation
(8) estimated over the previous 60 months; the variance-covariance matrix is
also estimated over the same time period. These parameters are fed into a
portfolio optimizer that determines the forward positions of the portfolio with
the highest excess return-to-risk ratio. The performance of the optimal portfo-
lio is recorded for the following month, after which the process is repeated,
updating the input parameters over a moving window of 60 months. This is
an “ex ante” strategy, as investment decisions are based only on prior
information.

To focus on the benefits of conditional hedging, the analysis considers only
passive benchmarks of bonds or stocks. Each month, the decision variables
are the amounts to buy or sell forward. As before, short currency positions are
allowed only up to the extent of the underlying market exposure.

Table VI reports the results from this second active hedging rule, imple-
mented over the period January 1979 to December 1990, and compared to
unhedged and fully hedged passive indices. Clearly, the active hedging rule
adds substantial value to the bond portfolio. Holding the risk level equal to
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that of the world bond portfolio, the excess return on an unhedged bond
portfolio is increased by 3.5 percent through currency hedging. In the equity
portfolio, active hedging increases returns by 2.7 percent. Similar gains are
obtained over the fully hedged bond and stock portfolios.'®

Table VI also reports tests of performance improvement, using the method-
ology developed by Jobson and Korkie (1981) for testing the equality of
Sharpe ratios. This test is applicable to an out-of-sample analysis, whereas
the previously used F- and Wald tests account for the biases due to in-sample
optimization. In spite of the reported low power of these tests, Table VI shows
that the performance improvement for the bond portfolio is not only economi-
cally, but also statistically significant against the unhedged passive index.!
The tests are inconclusive for the stock and fully hedged bond portfolios.

VI. Conclusions

This paper examines the speculative and risk minimization motives for
adding currency hedges to international portfolios. Even if currency hedging
reduces the volatility of portfolio returns, hedging will be beneficial only if
this risk reduction is not accompanied by an offsetting decrease in returns. In
an IAPM framework, portfolio performance will be improved by currency
hedging only if forward contracts are not fairly priced; hedging may be
valuable to investors if exchange rate risk is not priced consistently with
other risks.'

Four approaches to hedging are considered. In the first, the investor
compares an optimal portfolio of stocks/bonds with an optimal portfolio also
containing forward contracts. In the second, currency hedges are added to a
predetermined stock /bond position. The third approach imposes short-selling
restrictions on optimized portfolios; whereas, in the fourth approach, time
variation in hedge ratios is introduced through the information contained in
the forward premium.

Over the 1974 to 1990 time period, test statistics suggest that uncondi-
tional currency hedging significantly improves the performance of optimized
portfolios containing unhedged bonds. Such hedging, however, does not sig-

% In addition, the results are consistent across two subperiods, covering periods of both
strength (1979 to 1983) and weakness (1984 to 1990) for the U.S. dollar.

4 One drawback of the Jobson-Korkie test is that it assumes constant moments, whereas the
risk of the variably hedged portfolio changes through time due to changing portfolio weights.
Therefore, a second statistic is presented, based on the portfolio excess returns, R,, scaled by the
anticipated standard deviation, o,. Under the null hypothesis of no additional value, the
difference between the scaled returns on the benchmark and on the hedged portfolio should be
zero. Table VI shows that, over the 1979 to 1990 period, this approach gives conclusions similar
to the Jobson-Korkie tests.

!5 Recent research compares the risk-return tradeoffs in the foreign exchange and stock
markets. Jorion (1991) finds that unconditional exposure to currency risk does not appear to be
priced in the U.S. stock market, which is consistent with the findings that unconditional
expected returns from forward market speculation are generally rather small. Korajezyk and
Viallet (1992) report that international stock market factors cannot fully explain the time
variation of foreign exchange returns.
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nificantly outperform unitary or universal hedging strategies. With predeter-
mined positions in either stocks or bonds, there is little evidence of improve-
ment from adding currencies, which highlights the suboptimality of eptimiz-
ing on currencies separately from bonds.

Finally, conditional hedging strategies significantly improve the perfor-
mance of stock and bond portfolios, both in sample and out of sample,
yielding substantially higher returns without additional risk. This condi-
tional hedging strategy also outperforms both a unitary and universal hedg-
ing strategy. Currencies therefore appear to play an important role in opti-
mized global portfolios, especially when used in conditional strategies.

Appendix: Data Sources

The stock index data are taken from Morgan Stanley Capital International,
which provides national stock indices, measured in the local currency, where
the individual stock performance is weighted by market value, starting in
1970. From this information, dollar returns are computed inclusive of divi-
dends.

The bond data are taken from Salomon Brothers. The data source provides
intermediate government bond indices that include all bonds with a remain-
ing maturity of more than five years, weighted by par value, starting in 1978.
The indices are computed in dollars inclusive of coupons, reinvested monthly.
From 1974 to 1977, government bond indices are constructed from govern-
ment bond yields provided by the International Monetary Fund. Returns are
computed from the changes in yields, based on the reported maturities and
assuming par coupons, and then translated into total dollar returns,

The passive benchmarks are taken to be the standard performance indices
for international portfolios: the Salomon Brothers world bond index and the
Morgan Stanley Capital International world stock index. In addition, a
balanced stock /bond world index is constructed by weighting returns by the
market capitalization of stocks and bonds, as reported at the end of each year,

Data Resources Incorporated (DRI) is the source of foreign exchange data
up to December 1988, after which quotes are collected from the Financial
Times. Spot and one-month forward rates are taken as the arithmetic average
of bid and ask quotes against the U.S. dollar.

The U.S. risk-free rate is taken from Ibbotson and Sinquefield up to
December 1988, and updated using the same methodology, using U.S. Trea-
sury bill quotes from the Wall Street Journal. The risk-free rate is computed
as the monthly return on the shortest Treasury bill with no less than one
month to maturity.
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