
Fin Mkts Portfolio Mgmt (2007) 21:95–120
DOI 10.1007/s11408-006-0034-2

Country and currency diversification of bond
investments: do they really make sense for Swiss
investors?

Nicola Carcano

Published online: 30 January 2007
© Swiss Society for Financial Market Research 2007

Abstract The inclusion of hedged or unhedged foreign currency bonds within
a strategic asset allocation is a crucial decision which should be analyzed care-
fully. The goal of this paper is to provide a contribution to this analysis by
focusing particularly on the time horizon of the investment. Results are ana-
lyzed from the perspective of a Swiss investor. We find that over the last 21 years,
investing in bonds denominated in Swiss Francs has been clearly less efficient
in terms of risk-adjusted returns than investing in a hedged global bond port-
folio. For short-term investors, we find robust evidence against the hypothesis
of investing in unhedged foreign currency bonds. The picture changes dramat-
ically, however, when we consider an investment horizon of 6 years and the
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to hedge only the exposure to US dollar bonds.
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1 Introduction

1.1 Goal of the paper

Between 2002 and 2005, bonds denominated in Swiss Francs provided a monthly
return in excess of the Swiss Franc risk-free rate of approximately 0.42%. Com-
pounded over 1 year, this leads to an excess return of approximately 5.15%.
This undoubtedly represents a good result, both in absolute terms and relative
to the characteristics and history of the Swiss bond market.

As a result, it should not come as a surprise that the debate concerning the
benefits of foreign currency bonds for Swiss investors has become particularly
heated. Nowadays, it is common to hear from Swiss institutional investors and
their consultants that unhedged foreign currency bonds should not be included
in the strategic asset allocation of a diversified portfolio. In this context, the
term hedging is related to the immunization of foreign currency risk against
the domestic currency. Unhedged foreign currency bonds should be replaced
either by hedged foreign currency bonds or by bonds denominated in Swiss
Francs. Similar arguments have also been made for other bond markets, but
they recently became particularly relevant for the Swiss market because of its
outstanding risk-adjusted performance.

The inclusion of hedged or unhedged foreign currency bonds within a stra-
tegic asset allocation is a crucial decision, which is likely to affect the future
risk-return profile of the portfolio. As such, it should be analyzed carefully. The
goal of this paper is to provide a valid contribution to this analysis by focusing
particularly on the time horizon of the investment.

The paper is organized in four sections. Section 1 summarizes the relevant
literature as well as our theoretical and empirical framework. Section 2 presents
the results of tests focusing on a time horizon of one month. Section 3 presents
the results of tests focusing on time horizons of one year and longer. Section 4
summarizes our conclusions.

1.2 Summary of the most relevant literature

From the early days of modern finance, the issue of strategic investments in
unhedged foreign currency bonds has generally been regarded as an empiri-
cal matter. From a theoretical point of view, we know that diversification is
a positive feature of a strategic asset allocation, and foreign currency bonds
certainly represent a source of diversification. Diversification is not, however,
a goal per se: it makes sense to include an asset class in the strategic asset
allocation of a portfolio if this improves the overall efficiency of the portfolio
in terms of expected risk-adjusted return. The question of how much of the
foreign currency risk investors should hedge is not easily answered on a the-
oretical basis. Black (1989) derived a universal formula for the optimal hedge
ratio in an ideal world of frictionless trading and investment flows but high-
lighted that this hedge ratio varies between 30 and 80% depending on the value
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of parameters which in reality cannot be objectively recorded. This difficulty
led scholars—like Gastineau (1995)—rather to postulate a certain hedge ratio
than to determine it based on theoretical models. Still today, financial theory
does not provide us with a precise and widely accepted answer to the question
of the optimal hedge ratio.1

Unfortunately, also empirical studies have not converged to provide a com-
mon answer to the question of whether an investor should hedge his portfolio
against foreign exchange risk, and if so, by how much. Perold and Schulman
(1988) advocate a fully hedged position on the basis that foreign currency risk
does not provide a commensurate return. At the other extreme, Froot (1993)
argues that, according to the theory of Purchasing Power Parity, over long
investment horizons, real exchange rates revert back to their means and inves-
tors should maintain an unhedged foreign currency position. Froot (1993) does,
however, acknowledge that real exchange rates may deviate from their theo-
retical fair value over shorter horizons and currency hedging in this context is
beneficial in reducing volatility. Greshin and Hadzima (1991) and Rosenberg
(1991) suggest that foreign currency bonds are effective tools for diversifying
the investments and making a portfolio more efficient. Systematic hedging is
unlikely to be beneficial in terms of risk-adjusted returns, especially when one
considers transaction costs.

More recently, Haefliger et al. (2002) analyzed five of the most important
bond markets of the world - including the Swiss bond market—and concluded
that a global bond portfolio is more efficient than a domestic bond portfolio
if the denomination currency of a bond is systematically hedged against the
reference currency of the investor. On the contrary, unhedged global bond
portfolios should be avoided since they are much riskier than domestic bond
portfolios and this additional risk is not sufficiently remunerated by a corre-
sponding premium. However, this paper does not take into account the costs
of hedging and the time horizon of the investment, two elements that will be
central to our analysis.

Finally, Campbell et al. (2003) highlighted that foreign currencies can rep-
resent a hedging vehicle against the risk of reduced domestic real returns, as
long as they tend to appreciate when real domestic interest rates fall. This
Intertemporal Asset Pricing approach resembles some arguments presented
20 years earlier in an important survey paper by Adler and Dumas (1983).
Campbell et al. (2003) presented empirical evidence in favor of this hypothe-
sis and concluded that—assuming that real exchange rates are stationary and
revert to their long-term mean—long-term investors of most countries should
be exposed to foreign currency risk, whereas short-term investors should not.
This study is limited to money market rates and does not refer to Swiss investors.
However, it has the great merit of stressing the importance of mean-reverting

1 However, one point made by Black (1989) has received general acceptance on a theoretical
ground. Since Jensen’s Inequality leads a profit made when a currency appreciates to be always
greater that the loss suffered in the depreciating currency (the so-called Siegel’s Paradox), hedging
the entire currency risk would not be efficient.
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foreign exchange rates for long-term investors. We will not analyze unhedged
foreign currency bonds as a hedging vehicle against the risk of reduced domestic
real returns, since it is not clear that reinvesting at a lower real money market
rate represents a key risk for Swiss pension funds—as mentioned below, our
representative investors—which often have their liabilities mainly expressed in
nominal terms and a low level of liquidity.

1.3 Theoretical framework

In order to refer to concepts that are also well-known among practitioners, we
will use the mean-variance portfolio analysis as the theoretical framework of this
paper. One of the earliest versions of this analysis was developed by Markowitz
(1952). The use of this framework is generally justified by an assumption of
normality of the portfolio returns. In most cases, the assumption of normality is
not violated for the portfolios and time horizons we consider in this paper. We
will report on the cases for which certain evidence of non-normality emerges
from the data.

Consistent with the selected framework of mean-variance portfolio analysis,
the parameter we will use to rank the efficiency of the different portfolios is the
Sharpe Ratio, as described by Sharpe (1970). Again, this has the advantage of
being a very well-known parameter among practitioners.

1.4 Empirical framework

We analyzed the returns expressed in Swiss Francs provided by the world’s
major bond markets. The gross-of-fees returns provided by hedged foreign
currency bonds were calculated by assuming a monthly hedging via forward
foreign exchange contracts. The 1-month forward exchange rate was based on
the spread between the 1-month interest rates for the two currencies involved.
The returns reported for hedged foreign currency bonds are net of costs. The
assumed level of hedging costs will be presented in the following section.

The representative investor of our study was a Swiss pension fund. Firstly,
pension funds represent—with total assets in excess of CHF 450 bio.—a sig-
nificant portion of the Swiss asset management market. Secondly, their asset
allocation varies within official boundaries which are partially the result of legal
recommendations,2 whereas this is generally not the case for private investors.
These boundaries ensure a certain consistency in the asset allocation. For exam-
ple, the total proportion invested in equities moves typically in a range between
15 and 35% of the total assets of the pension fund, whereas bonds denominated
in Swiss Francs hardly fall below a level of 45%. We will show below that the

2 Until the year 2000, Swiss pension funds were not allowed to violate a set of legal boundaries.
Since then, it is possible to violate these boundaries, but the Management Board of the pension
fund must be able to demonstrate the ability of the fund to sustain the risks potentially arising from
these violations.
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conclusions of our study remain valid as long as the asset allocation moves
within these boundaries, whereas this is not necessarily the case when the latter
condition is not fulfilled.

Return figures were based on Citigroup WGBI All Maturities Total Return
Indices, provided by Datastream, for government bond markets in the follow-
ing locations: Switzerland, USA, UK, Euro-zone, and Japan. The period we
considered ran from 31 December 1984 to 31 December 2005. For the period
before 31 January 1999, we used the WGBI All Maturities Total Return Index on
German Government bonds as a proxy for Euro-denominated bonds. Risk-free
rates were based on the 3-month money market rates provided by Datastream.
For the period before 31 January 1999, we used the rate on the German Mark
as a proxy for the Euro risk-free rate.

In addition to considering regional bond markets, we also analyzed the
returns offered by two global bond portfolios. The first portfolio was weighted
in accordance with the JPM Global Active Index as of December 2005 (the
JPM GA portfolio), whereas the second portfolio was weighted in accordance
with the JPM Global Traded Index as of December 2005. These indices repre-
sent well the current geographical bond allocation of Swiss pension funds. The
regional weights of these indices as of December 2005 are reported3 and have
been assumed constant over our test data set. The major difference between
the two indices is the proportion of bonds denominated in US dollar, which is
significantly larger for the Global Traded index.

Finally, we analyzed the returns of three Balanced Portfolios including a
10% investment in Swiss equities and a 10% investment in foreign equities.
Equity returns were based on the local MSCI Total Return Indices provided
by Datastream. For the period before 31 January 1988, we used the MSCI Ger-
many Index as a proxy for the MSCI EMU index. The remaining 80% of the
portfolio was structured as follows:

• For the first portfolio, 80% was invested in bonds denominated in Swiss
Francs.

• For the second portfolio, 50% was invested in bonds denominated in Swiss
Francs and 30% in the unhedged JPM GA portfolio.

• For the third portfolio, 50% was invested in bonds denominated in Swiss
Francs and 30% in the hedged JPM GA portfolio.

The actual strategic asset allocation of a Swiss pension fund is generally opti-
mized in the context of an Asset and Liability Management (ALM) study.
Therefore, these allocations vary from one pension fund to the other. The
weights reported above for the second portfolio represent an average of the

3 The weights used for the JPM Global Active Index were 56% for bonds denominated in EURO,
30% for bonds denominated in Japanese Yen, 7% for bonds denominated in US dollars, and 7%
for bonds denominated in British Pounds. The weights used for the JPM Global Traded Index
were 40% for bonds denominated in EURO, 29% for bonds denominated in Japanese Yen, 26%
for bonds denominated in US dollars, and 5% for bonds denominated in British Pounds. These
weights were based on a simplification: bonds denominated in Canadian and Australian dollars
were grouped together with bonds denominated in US dollars.
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Table 1 Interbank bid-ask spreads on exchange rates against the Swiss Franc (basis scenario)

BID/ASK SPREADS USD(%) EUR(%) YEN(%) GBP(%)

Spot 0.041 0.032 0.074 0.045
1-Month forward 0.045 0.046 0.091 0.077
3-Month forward 0.053 0.052 0.099 0.112

The reported spreads are the lowest estimates of the average historical percentage spread for the
corresponding currency among Reuters, UBS, and CS

weights we observe for rather conservative Swiss pension funds.4 The first
and third portfolio are the alternatives we intend to test against the second
portfolio.

1.5 The costs of hedging

Hedging is not a free service. There are at least two significant cost sources.
The first one is represented by the bid-ask spread the hedger has to pay on
the spot and forward foreign exchange markets. The second one is repre-
sented by the additional management and settlement fees that banks gen-
erally charge in order to execute a systematic hedging service. We based
our analysis on two scenarios for these costs. The basis scenario represents
the average level of these costs for large Swiss institutional investors. The
higher-cost scenario represents the average level of these costs for smaller
investors.

The sources we used in order to estimate the interbank percentage bid-
ask spreads for the basis scenario were Reuters and the two primary mar-
ket makers for the Swiss Franc foreign exchange rate: UBS and CS. Since
this is supposed to represent a low-cost scenario, we selected the lowest esti-
mate of the average historical spread among the three available sources.5 The
spreads we obtained for spot and forward exchange rates are reported in
Table 1.

As usual, the length of the maturity period, the volatility of the exchange
rate and their lack of liquidity are factors that tend to increase the level of
bid-ask spreads. We used the above-reported spreads in the following way: We

4 Consistently, we assumed a balanced geographical allocation of the regional equity markets. In
fact, the foreign equity portfolio was composed as follows: 30% of US equities, 30% of Euro-zone
equities, 15% of UK equities, 15% of Japanese equities, and 10% of other equities (represented by
the MSCI Asia Ex-Japan Index).
5 UBS and CS bid/ask quotes were available starting from January 2000. Reuters provides longer
time series of bid/ask interbank spot exchange rates against the CHF. For the EURO and the GBP,
regime shifts were visible within Reuters time series on, respectively, 31.05.2001 and 31.12.1993.
We believe that these shifts are due to an improvement in the quality of the data, mainly because of
wider use of electronic trading platforms. On this basis, we decided not to use the data before the
regime shifts. For the USD and the YEN, Reuters data were available starting from, respectively,
31.12.1993 and 30.06.1995. When we selected UBS or CS spreads, we assumed that the average
reduction in the spread compared with Reuters also applied before the year 2000.
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Table 2 Assumed yearly costs of hedging (basis scenario)

USD(%) EUR(%) YEN(%) GBP(%)

Spread costs 1-month hedging 0.64 0.59 1.11 0.85
Administration costs 1-month hedging 0.05 0.05 0.05 0.05
Total costs 1-month hedging 0.69 0.64 1.16 0.90
Spread costs 3-month hedging 0.23 0.21 0.39 0.35
Administration costs 3-month hedging 0.03 0.03 0.03 0.03
Total costs 3-month hedging 0.26 0.24 0.42 0.38

The spread costs of a single hedging period equal half of the spread on forward rates plus half of
the spread on spot rates plus an additional charge to non-banking clients of 0.01%. For monthly
hedging, we multiplied this value by 12 in order to obtain the yearly cost, and for quarterly hedging,
we multiplied this value by 4. Administration costs reflect average management and settlement fees
actually charged to large Swiss institutional clients by custodian banks for executing a systematic
hedging service

assumed that half of the spread on forward rates was paid when the forward
foreign exchange contract was opened, and we assumed that half of the spread
on spot rates was paid when the forward foreign exchange contract was closed.
In fact, rolling over a forward contract implies closing the old contract in the
spot market and opening a new forward contract. The cost was represented by
half of the spread because we assumed that the fair value of the exchange rate
was the average between the bid and the ask prices. On this basis, we obtained
the total interbank spread that would be paid for a single hedging period.

In the basis scenario, we assumed that the custodian bank would charge insti-
tutional clients—on top of the interbank spread—with an additional 0.005% on
each of the two transactions necessary to open and close a forward foreign
exchange contract. This led us to obtain the overall trading costs of a single
hedging period. In order to obtain the yearly costs, we multiplied the trading
costs of a hedging period by 12 for monthly hedging and by 4 for quarterly
hedging.

Additional yearly management and settlement fees charged for executing a
systematic hedging service have been assumed to amount to 0.03% for quar-
terly hedging and 0.05% for monthly hedging. These costs reflect average fees
actually charged to large Swiss institutional clients.

The overall yearly costs of hedging calculated as described above are reported
in Table 2. Since most institutions actually hedge on a quarterly basis (a decision
supported by our cost analysis), we decided to perform our study on this basis.
Except where otherwise stated, all figures for hedged bond positions will be
meant to be net of the hedging costs specified in the last row of Table 2. These
costs represent more than 13% of the average return provided by a global bond
portfolio in excess of the risk-free rate and are likely to significantly influence
our results.

For the higher-cost scenario, we assumed that hedging costs are increased by
0.125% p.a. for all currencies. Considering actual market conditions, we believe
hedging costs of conscious institutions should not significantly exceed this level.
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Both scenarios of yearly hedging costs are consistent with the 0.3–0.6% range
indicated by Rosenberg (1991) for global bond portfolios.

2 Analysis for a time horizon of one month

2.1 Methodology

This part of our analysis focuses on a time horizon of one month. As such, it is
suitable for those investors who consider the risk-return profile of their port-
folio over 1-month periods to be significantly more important than the same
profile over longer time horizons.

We define the monthly compounded return over 1-month periods for port-
folio A as:

R(1)
t,A ≡ Pt,A

Pt−1,A
− 1 (1)

In order to calculate the Sharpe Ratio—denoted by SR—we estimate the
sample mean and sample standard deviation of the excess return over the
risk-free rate. These estimations were based, respectively, on the following
equations:

µ̂
(1)
R,A = 1

T

T∑

t=1

(
R(1)

t,A − R(1)

t,f

)
(2)

σ̂
(1)
R,A =

√√√√ 1
T

T∑

t=1

(
R(1)

t,A − R(1)

t,f − µ̂
(1)
R,A

)2
(3)

In (2) and (3), Rt,f indicates the monthly compounded risk-free rate at time
t − 1 and T indicates the total number of observations contained in our data
set. The superscript ˆ indicates sample values.

On this basis, the Sharpe Ratio can be estimated as:

SR̂(1)
R,A = µ̂

(1)
R,A

σ̂
(1)
R,A

(4)

If portfolio A contains more indices, its monthly compounded return over
1-month periods is calculated in accordance with the following equation:

R(1)
t,A ≡

N∑

i=1

wi,AR(1)
t,i (5)
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In (5), Rt,i indicates the monthly compounded return provided by index i and
wi,A indicates the percentage weight that portfolio A invests in index i. These
weights are assumed to be constant. N indicates the total number of indices in
which portfolio A invests.

2.2 Results

Our results report begins with regional bond markets. These results are summa-
rized in Table 3. In addition to the full sample results, we also report results for
the two 10-year sub-samples. The two sub-samples represent simply one-half of
the full sample and no economic factor influenced their definition.

The first remarkable result reported in Table 3 is the large difference between
the average excess return provided by bonds denominated in Swiss Francs
in the two sub-samples (a monthly loss of 0.08% against a monthly gain
of 0.31%). This reflects a well-known phenomenon: bonds markets are sub-
ject to a dramatic long-term cyclicality. Very good phases follow very bad
phases and vice versa. It is outside the scope of this paper to provide a rig-
orous explanation for this phenomenon. However, we know that fundamen-
tal factors like the rate of growth of the economy, the rate of inflation and
its volatility, and the level of public debt heavily influence the bonds mar-
kets. And these fundamental factors tend to follow quite long and persistent
cycles.

We should also emphasize that over the last 20 years, bonds denominated in
Swiss Francs clearly underperformed unhedged bonds denominated in Euro,
Yen, US dollars, and Pounds in terms of absolute returns. Even during the
outstanding second sub-sample, only bonds denominated in Yen performed
worse than bonds denominated in Swiss Francs. Furthermore, this observation
is consistent with economic intuition. Switzerland is a country with a relatively
low-growth economy, low inflation, a stable currency, and solid public finances.
Thus, the Swiss bond market should be expected to return less than most other
bond markets. The fact that the Swiss Franc has appreciated against some cur-
rencies has been largely balanced out by the interest rate spreads, as suggested
by the principle of Uncovered Interest Rate Parity. This principle states that
forward rates, which are based on interest rate spreads, are unbiased predictors
of future spot rates.

When we consider risk-adjusted returns, we obtain a different picture. Over
the whole period considered, no unhedged bonds denominated in foreign cur-
rencies scored better than bonds denominated in Swiss Francs. However, most
hedged foreign currency bonds did, even if we still have not analyzed if the
observed differences in terms of Sharpe ratios are statistically significant. The
last observation is reinforced when we consider the results for portfolios com-
prising more currencies, as shown in Table 4. For each portfolio, we performed
tests of the null hypothesis that the Sharpe Ratios of the tested portfolio and of
the corresponding hedged portfolio are equal. The alternative hypothesis was
that the Sharpe Ratio of the hedged portfolio is higher.
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These hypothesis tests have been based on the GMM variance estimates
suggested by Lo (2002) for non-IID returns.6 Their P-values are reported in
Table 4.

The comparison between the average excess return obtained by hedged and
unhedged indices shows that the principle of Uncovered Interest Rate Parity
has largely held for the JPM Global Traded (i.e., the difference between the
average excess return of the hedged and unhedged investment is roughly equal
to the hedging costs), whereas the unhedged JPM Global Active has performed
even better than expected against the Swiss Franc. Nevertheless, unhedged
foreign currency bonds appear to be the least efficient investment in terms of
risk-adjusted return.

On the contrary, hedged foreign currency bonds have been the most efficient
investment for Swiss investors in terms of Sharpe Ratio. Their superiority with
respect to the portfolio investing only in domestic bonds is more evident than
in Table 3. This is consistent with intuition, since portfolios including foreign
bonds denominated in multiple currencies display a higher level of diversifi-
cation. This advantage becomes evident only if we hedge the foreign currency
risk, because of the high short-term volatility of foreign exchange markets.

The ranking implied by these results does not change when we consider the
balanced portfolios. Mainly because of the very high correlation between the
two portfolios, the difference between the Sharpe Ratios of the balanced port-
folio investing only in domestic bonds and of the hedged balanced portfolio is
statistically significant at a 5% level.

6 Our tests of the significance of the difference between two Sharpe Ratios were based on the
following z-scores:
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In order to estimate the denominator of this expression, we extended the approach of Lo (2002) to
the covariance between the estimators of the two Sharpe Ratios for the case of non-IID returns:
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We remind that Lo (2002) identifies with θ the vector of the parameters embedded in the estimate
of the Sharpe Ratio and with ϕ(Rt,u, θ) the vector of the deviations from the central moments
observed at time t. The truncation lag m has been set equal to 36 months.
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Table 4 Results based on 1-month periods for global bond and balanced portfolios (period:
12/1984 – 12/2005)

JPM JPM JPM JPM Balanced Balanced Balanced
GA GA GT GT Portfolio Portfolio Portfolio

Hedged Hedged Hedged with Swiss
Bonds only

Average Excess Return
Full period 0.21% 0.15% 0.20% 0.16% 0.27% 0.25% 0.24%
12/1984 – 01/1994 0.08% 0.04% 0.03% 0.08% 0.10% 0.09% 0.05%
01/1994 – 12/2005 0.34% 0.25% 0.35% 0.24% 0.42% 0.40% 0.42%

Std. Deviation Excess Return
Full period 1.77% 0.91% 1.99% 0.94% 1.49% 1.23% 1.30%
12/1984 – 01/1994 1.94% 1.03% 2.16% 1.04% 1.65% 1.39% 1.44%
01/1994 – 12/2005 1.61% 0.77% 1.82% 0.83% 1.31% 1.05% 1.13%

Sharpe Ratio
Full period 0.12 0.17 (0.16) 0.10 0.18 (0.16) 0.18 0.20 (0.20) 0.19
(higher cost)
P-value vs. hedged 24% 15% 15% 4%
12/1984 – 01/1994 0.04 0.04 (0.03) 0.02 0.08 (0.07) 0.06 0.06 (0.06) 0.04
(higher cost)
01/1994 – 12/2005 0.21 0.33 (0.32) 0.19 0.29 (0.28) 0.32 0.38 (0.38) 0.37
(higher cost)

Sample sizes are identical to those reported for Table 3. Average Excess Return, Standard Devia-
tion Excess Return and Sharpe Ratio are calculated on monthly compounded returns over 1-month
periods in accordance with Eqs. (2–4) respectively. JPM GA and JPM GT indicate, respectively,
global bond portfolios based on the regional weights of the JPM Global Active and the JPM Global
Traded indices as of December 2005. All balanced portfolios include 10% investment in Swiss equi-
ties and 10% investment in foreign equities. The remaining 80% is invested, respectively, in bonds
denominated in Swiss Francs (50%) and in the unhedged JPM GA portfolio (30%) (Balanced
Portfolio), in bonds denominated in Swiss Francs (50%) and in the hedged JPM GA portfolio
(30%) (Balanced Portfolio Hedged), or only in bonds denominated in Swiss Francs. Sharpe Ratios
in parentheses assume hedging costs are higher by 0.125% p.a. The reported P-values refer to
tests of the null hypothesis that the Sharpe Ratios of the tested portfolio and of the corresponding
hedged portfolio are equal against the alternative hypothesis that the Sharpe Ratio of the hedged
portfolio is higher

When we consider the third and the fourth moment of the distribution of
returns (not reported for the sake of brevity), strong evidence of both negative
skewness and leptokurtosis appears for the balanced portfolio investing in the
hedged JPM Global Active index and for the one investing only in domestic

Footnote 6 continued
When B = A, our estimate of the covariance reduces to the estimate of the variance suggested by
Lo (2002):
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bonds. The corresponding t statistics all display absolute values larger than 2.05.
On the contrary, no evidence of non-normality can be identified for the balanced
portfolio investing in the unhedged JPM Global Active index. In particular, a
very significant difference emerges between the positive skewness displayed by
the unhedged JPM Global Active index and the negative skewness displayed
by the hedged JPM Global Active index.

Summarizing, Swiss investors with a short time horizon and no strong aver-
sion to negative skewness and leptokurtosis should have invested in hedged
foreign currency bonds over the last 20 years. As indicated by our sensitivity
analysis (not reported for the sake of brevity), this conclusion remains true
even if the cost of hedging becomes as high as 0.7% per annum. Only investors
with a very strong aversion to negative skewness and/or leptokurtosis could
have preferred investments in unhedged foreign currency bonds over the last
20 years. For both types of investors, the exclusion of foreign currency bonds
does not appear as an efficient decision.

3 Analysis for time horizons of 1-year and longer

3.1 Methodology

We now turn our attention to investors with a longer time horizon. If we indicate
by k the number of months defining the time horizon of the investor, we can set

(
1 + R(k)

t,A

)k ≡ Pt,A

Pt−k,A
(6)

R(k)
t,A = k

√
Pt,A

Pt−k,A
− 1 (7)

Expression (7) defines the monthly compounded average monthly return cal-
culated for portfolio A on a time horizon of k months ending at month t.

By definition, an investor focusing on a time horizon of k months is not con-
cerned about the actual monthly returns, but rather about the total return he/she
will obtain over the next k months. As a result, the analysis of the efficiency of a
certain asset allocation can be performed on the average return defined in (7).
If we select an asset allocation that leads to the highest Sharpe Ratio for the
average return defined in (7), it is intuitive that we have also selected the asset
allocation with the highest Sharpe Ratio for the total return defined in (6).

The total return over k months can be written as the multiplication of the
single monthly returns:

(
1 + R(k)

t,A

)k = Pt,A

Pt−1,A

Pt−1,A

Pt−2,A

Pt−2,A

Pt−3,A

Pt−3,A

Pt−4,A

Pt−4,A

Pt−5,A
· · · Pt−k+1,A

Pt−k,A
(8)

where, for portfolios containing more indices, we calculate monthly returns in
accordance with (5). From this point of view, the average monthly return can
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be defined as the geometric average of monthly returns. It is well known that it
is quite difficult to calculate the statistical properties of geometric averages. For
this reason, we follow the approach recommended by, among others, Campbell
et al. (1997), and we base our analysis on continuously compounded monthly
rates of return defined as

ert,A ≡ Pt,A

Pt−1,A
(9)

We show in the Appendix how we start from the last definition and derive
the following estimation of the Sharpe Ratio for the average return defined in
(7):

SR̂(k)
r,A ≈ µ̂r,A

σ̂
(k)
r,A

with (10)
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r,A ≡ µ̂r,A = 1

T
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)
, (11)
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√
1
k

[
γ̂0,A + 2

k − 1
k

γ̂1,A + 2
k − 2

k
γ̂2,A + · · · + 2

1
k

γ̂k−1,A

]
and (12)

γ̂j,A = 1
T − j

T∑

t=1+j

(
rt,A − rt,f − µ̂r,A

)(
rt−j,A − rt−j,f − µ̂r,A

)
(13)

The previous equations emphasize that in addition to the sample variance
(represented by the term γ0), we also consider the auto-covariance in the esti-
mation of the variance of the average excess return. The total effect of the
auto-covariance is represented in (12) by the sum of all terms, excluding γ0. We
will show below that this consideration has a dramatic impact on our conclu-
sions.

3.2 The volatility of long-term average returns

The change of our focus from short-term volatility to volatility of long-term
average returns is so important that we should immediately analyze its impli-
cations. This implies assessing the total effect of the auto-covariance terms in
(12) for the different portfolios we are considering. We report in Fig. 1, the
structure of the auto-covariance of the excess returns for the unhedged JPM
Global Active index and for bonds denominated in Swiss Francs.

Two crucial observations should be made in relation to Fig. 1. Firstly, the
auto-covariance of an order shorter than one year [i.e., the value of Eq. (13)
for j <12] is almost consistently positive for bonds denominated in Swiss Francs
and, in total, larger than for the unhedged JPM Global Active index. This
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Fig. 1 Auto-covariance structure of excess returns (period: 12/1984 – 12/2005). Sample sizes are
identical to those reported for Table 3. JPM GA indicates a global bond portfolio based on the
regional weights of the JPM Global Active index as of December 2005. The numbers on the y-axis
indicate the size of the auto-covariance of the continuously compounded excess returns as defined
in (13), the numbers on the x-axis correspond to parameter j of Eq. (13)

confirms the observation already reported in Sect. 2.2: bond markets are sub-
ject to a long-term cyclicality: very good phases follow very bad phases and
vice versa.7 The reason why this phenomenon is less evident for the unhedged
JPM Global Active index is its diversification across different bond markets and
currencies. In particular, foreign exchange markets are usually considered the
most efficient of all financial markets; their returns exhibit almost no low-order
auto-correlation at all.

Secondly, the auto-covariance of an order longer than one year [i.e., the value
of Eq. (13) for j >12] is largely negative for the unhedged JPM Global Active
index, whereas this is not the case for bonds denominated in Swiss Francs.
Again, this is mainly the effect of the foreign currency exchanges, which display
certain evidence of mean-reversion in the medium- and long-term. This mean-
reversion is consistent with the principle of the Purchasing Power Parity (PPP).
According to this principle, the purchasing power of different currencies should
tend to be the same. Right from its formulation, this principle was supposed to
hold in the medium- and long-term. In fact, short-term violations of the PPP
have been widely documented from the very early tests on, but recent studies
present evidence supporting the PPP at longer time horizons.8 This implies that
the real exchange rate between two currencies—which is related to the nominal
exchange rate net of the difference between the price levels in the two corre-
sponding countries—should be mean-reverting. In other words, the nominal
exchange rate should offset the difference in the level of inflation between the
two countries in order to bring the real exchange rate back to its long-term

7 Empirical evidence of positive autocorrelation for bond returns has been reported in several
studies. For example, Siegel (2002) considers this phenomenon one of the main reasons why bonds
are significantly less attractive than stocks in the long run. He provides some long-term statistics
and further references on this subject.
8 See Campbell et al. (2003) for a survey of these studies.
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Fig. 2 Cumulative foreign exchange returns of the Swiss Franc (December 1984 = 100)

mean. Now, as already reported by Adler and Dumas (1983), “. . .price levels
fluctuate little in comparison to exchange rates”, so that the dynamics of nomi-
nal and real exchange rates tend to be similar. Therefore, if real exchange rates
are mean-reverting—as assumed, among others, by Campbell et al. (2003)—
nominal exchange rates might well exhibit a similar behavior.

As recently confirmed by Campbell et al. (2003), “. . .mean-reversion in the
real exchange rate is notoriously slow and hard to estimate over short sample
periods...” and it is beyond the scope of this paper to provide a formal test of
this hypothesis. Here, it suffices to say that the evidence reported in Fig. 1 is
consistent with it. As an additional support for this hypothesis, we report in
Fig. 2 the cumulative returns of the Swiss Franc against the four considered
currencies. Cyclical patterns and reversion to previous values dominate the
dynamics reported in Fig. 2 with a few exceptions (mainly, the depreciation of
the US dollar and the British Pound during 1985 and 1986 and the depreciation
of the German Mark during 1993).

The combined effect of these two observations is that the sum of all auto-
covariance terms in (12) calculated for 6-year periods is largely positive for
bonds denominated in Swiss Francs, largely negative for the unhedged indi-
ces, and somewhere in between (therefore, not very sizeable) for the hedged
indices. This, of course, has to lead to a drastic change in the level of volatility
we obtained in Sect. 2.2 for the analysis of monthly excess returns, which did
not consider the auto-covariance of these returns. The next section will provide
clear evidence of this change.

3.3 Historical results

Our results for 1-year, 3-year, and 6-year periods are summarized in Table 5.
None of these periods contain evidence of non-normality for the average
monthly excess return. This is understandable since the average of even a
relatively small sample tends to be normally distributed if the population is not
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Table 5 Results based on 1-year, 3-year, and 6-year periods (Period: 12/1984 – 12/2005)

CHF JPM JPM GA JPM JPM GT Balanced Balanced Balanced
Bonds GA Hedged GT Hedged Portfolio Portfolio Portfolio

Hedged with Swiss
Bonds only

Average Monthly 0.12% 0.20% 0.15% 0.18% 0.16% 0.26% 0.24% 0.23%
Excess Return

Std. Deviation Average Monthly Excess Return
Over 1-year periods 0.43% 0.59% 0.33% 0.66% 0.32% 0.53% 0.46% 0.49%
Over 3-year periods 0.28% 0.27% 0.20% 0.31% 0.18% 0.32% 0.30% 0.32%
Over 6-year periods 0.20% 0.15% 0.12% 0.19% 0.10% 0.20% 0.19% 0.21%

Sharpe Ratio Average Monthly Return
Over 1-year periods 0.28 0.34 0.45 (0.42) 0.27 0.49 (0.46) 0.48 0.53 (0.52) 0.48
(higher cost)
P-value vs. hedged 27% 16% 21% 7%
Over 3-year periods 0.43 0.73 0.76 (0.70) 0.59 0.90 (0.84) 0.80 0.81 (0.80) 0.74
(higher cost)
P-value vs. hedged 47% 23% 45% 5%
Over 6-year periods 0.60 1.35 1.25 (1.16) 0.96 1.67 (1.56) 1.33 1.29 (1.27) 1.13
(higher cost)
P-value vs. hedged 55% 20% 57% 5%

Sample sizes are identical to those reported for Table 3. Average Excess Return, Standard Devi-
ation of Average Excess Return and Sharpe Ratio are calculated on continuously compounded
returns in accordance with Eqs. (11), (12), and (10), respectively. JPM GA and JPM GT indicate
respectively global bond portfolios based on the regional weights of the JPM Global Active and
the JPM Global Traded indices as of December 2005. The compositions of the balanced portfolios
are identical to those reported for Table 4. Sharpe Ratios in parentheses assume hedging costs are
higher by 0.125% p.a. The reported P-values refer to tests of the null hypothesis that the Sharpe
Ratios of the tested portfolio and of the corresponding hedged portfolio are equal against the
alternative hypothesis that the Sharpe Ratio of the hedged portfolio is higher

too far away from a normal distribution. The reported evidence of non-normal-
ity for monthly returns was significant but not overwhelming.

According to the results presented in Table 5, investing only in bonds denom-
inated in Swiss Francs was clearly the least efficient strategy in terms of Sharpe
Ratios. Like in our monthly analysis, the difference between the Sharpe Ratios
of the balanced portfolio investing only in domestic bonds and of the hedged
balanced portfolio is statistically significant at a 7% level for all considered time
horizons. For time horizons of 1 year or longer, however, also unhedged invest-
ments in foreign currency bonds were generally more efficient than investments
in domestic bonds. This remarkable difference compared with our monthly anal-
ysis is explained by the phenomena described in Sect. 3.2.: for monthly horizons,
the unhedged JPM Global Active index displays a much higher standard devi-
ation of monthly returns than bonds denominated in Swiss Francs (+79%). For
average returns over 6-year periods, the same index displays a visibly lower
standard deviation of monthly returns than bonds denominated in Swiss Francs
(−25%).

The evidence reported in Table 5 is less clear-cut when we wish to com-
pare hedged and unhedged investments in foreign currency bonds. Generally,
we can say that—based on the P-values—the presumed superiority of hedged
investments, which was not statistically significant over monthly periods, is even
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less significant over longer time periods. However, the two indices we analyzed
provide us with opposite evidence. Over 6-year periods, the unhedged JPM
Global Active index displays a higher Sharpe Ratio than the corresponding
hedged index. Again, this difference compared with shorter time horizons is
explained by the phenomena described in Sect. 3.2. However, the unhedged
JPM Global Traded index clearly displays a lower Sharpe Ratio than the corre-
sponding hedged index for all considered time horizons. These rankings remain
unchanged when one considers the balanced portfolios.

The results presented in Table 5 are based on monthly returns defined as in
(5). This formula assumes constant weights, which corresponds to a monthly
rebalancing of the portfolios. However, corresponding results for buy-and-hold
investors would look almost identical.9 Strong similarity of results between buy-
and-hold portfolios and portfolios rebalanced at constant weights has already
been reported by Barberis (2000). Also, for the sake of brevity, we have not
reported results of hedged portfolios with a hedge ratio lower than 1 (a hedge
ratio that we assumed constant across all currencies). These results show that
— for global bond portfolios—hedge ratios lower than 1 can lead to Sharpe
Ratios higher than both unhedged and fully hedged portfolios, especially over
3-year periods. However, this does not apply to balanced portfolios and applies
only to a very small extent to 6-year periods.

The reason for the reported inconsistency between the results provided by
the two analyzed indices will be explained in Sect. 3.4. Here, it suffices to
remind that the main difference between the two indices consists of the amount
of investments in bonds denominated in US dollars. Also, the US dollar was by
far the most important reference currency for the global financial and trading
flows in the period we analyzed. This unique role of the US dollar could have
led this currency to display a peculiar behavior relatively to all other currencies.
On this basis, it appears plausible to test bond portfolios that include systematic
hedging of foreign currency risk only on the US dollar. The results of these tests
are reported in Table 6. In this case, the differences between the two hedging
cost scenarios are negligible, so that we decided to report only the values for
the basis scenario.

Table 6 confirms that the US dollar was indeed the main reason for the
reported inconsistency between the results provided by the two analyzed indi-
ces. The strategy of hedging only the exposure to the US dollar would have
provided our investor with a less (more) efficient portfolio than a full hedging
strategy over 1-year (6-year) periods. This ranking inversion on longer time
horizons is now consistent for both indices and for the balanced portfolios. We
have, however, to ask ourselves how much this conclusion is due to specific

9 We estimated the standard deviation of average excess returns for buy-and-hold portfolios as

σ̂
(k)
r,A =

√√√√E

[
N∑

i=1
wi,A

(
ri − rf − µ̂r,i

)]2

.

The variance and covariance terms implicit in the last expression have been adjusted for serial
correlation by using the N-dimensional version of formulas (12) and (13) applied to the vector
process of the returns of the N indices in which portfolio A invests.
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Table 6 Bond portfolios hedging only the exposure to the US $ (Period: 12/1984 – 12/2005)

JPM GA with JPM GT with Balanced Portfolio
Hedged US$ Hedged US$ with Hedged US$

Average Monthly Excess Return 0.20% 0.20% 0.26%
Std. Deviation Average Monthly Excess Return

Over 1-year periods 0.55% 0.49% 0.52%
Over 3-year periods 0.25% 0.22% 0.32%
Over 6-year periods 0.13% 0.10% 0.19%

Sharpe Ratio Average Monthly Return
Over 1-year periods 0.37 0.41 0.50
P-value vs. hedged 32% 31% 28%
Over 3-year periods 0.80 0.91 0.82
P-value vs. hedged 55% 51% 53%
Over 6-year periods 1.63 2.09 1.37
P-value vs. hedged 63% 59% 66%

Sample sizes are identical to those reported for Table 3. Average Excess Return, Standard Deviation
of Average Excess Return and Sharpe Ratio are calculated using continuously compounded returns
in accordance with (11), (12), and (10), respectively. JPM GA and JPM GT indicate respectively
global bond portfolios based on the regional weights of the JPM Global Active and the JPM Global
Traded indices as of December 2005. The Balanced Portfolio includes 10% investment in Swiss
equities and 10% unhedged investment in foreign equities. The remaining 80% of the portfolio is
invested in bonds denominated in Swiss Francs (50%) and in the JPM GA (30%), hedging only
the exposure to the US dollar. The reported P-values refer to tests of the null hypothesis that the
Sharpe Ratios of the tested portfolio and of the corresponding fully hedged portfolio are equal
against the alternative hypothesis that the Sharpe Ratio of the fully hedged portfolio is higher

characteristics of our data set, which are unlikely to be observed again in the
future. This question is particularly justified since most of our results are not
statistically significant. Section 3.4 of this paper focuses on this question.

3.4 Results based on the Uncovered Interest Rate Parity

A first criticism that could be made to the results presented in Sect. 3.3 for the
JPM Global Active index is that they are heavily influenced by a violation of
the principle of Uncovered Interest Rate Parity. This principle has been found
to hold in the long term. Even studies that reported the plausible existence of
a risk premium (Hansen and Hodrick (1980)) indicated that the average long-
term value of this premium was close to zero. As a consequence, the return
obtained from hedged investments (gross of hedging costs) should equal in the
long-term the return obtained from unhedged investments.

On this basis, we decided to assess how much the results presented in Sect. 3.3
would change under the hypothesis that the Uncovered Interest Rate Parity had
held in the past. We performed this assessment by imposing an average return
for hedged bond positions equal to the average return provided by unhedged
bond positions, less the costs of hedging assumed in Sect. 1.5. For the standard
deviation, we continued to use the historical estimates presented in Sect. 3.3.

The results obtained for the hedged portfolios under the principle of Uncov-
ered Interest Rate Parity are reported in Table 7. This evidence is now con-
sistent for both indices: hedged portfolios were more efficient than unhedged
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Table 7 Hedged bond portfolios under the principle of Uncovered Interest Rate Parity (period:
12/1984 – 12/2005)

JPM JPM GA JPM JPM Balanced Balanced
GA with GT GT with Portfolio Portfolio
Hedged Hedged Hedged Hedged Hedged with Hedged

US$ US$ US$

Average Monthly Excess Return 0.17% 0.20% 0.16% 0.18% 0.25% 0.26%
Sharpe Ratio Average Monthly Return

Over 1-year periods (higher cost) 0.53 (0.50) 0.36 (0.36) 0.48 (0.45) 0.36 (0.35) 0.54 (0.54) 0.49 (0.49)
Over 3-year periods (higher cost) 0.89 (0.83) 0.78 (0.77) 0.88 (0.82) 0.78 (0.77) 0.84 (0.83) 0.81 (0.81)
Over 6-year periods (higher cost) 1.47 (1.38) 1.57 (1.57) 1.63 (1.52) 1.80 (1.77) 1.33 (1.32) 1.36 (1.36)

Average Excess Return for hedged bond positions was calculated as the average excess return
provided by unhedged bond positions (as in Table 5) less the costs of hedging assumed in Sect. 1.5.
The Standard Deviation of Average Excess Return is the same as in Tables 5 and 6. Sharpe Ratios
in parentheses assume hedging costs are higher by 0.125% p.a

portfolios. The most efficient strategy for long-term investors was, however, still
the one of hedging only the exposure to the US dollar. On the basis of Tables 6
and 7, we can conclude that one main reason for the inconsistency of the results
observed on the two indices was the violation of the Uncovered Interest Rate
Parity, particularly for the US dollar.

A second criticism to our analysis could be based on the fact that the 21-year
period we analyzed is a relatively short period characterized by very special
events, such as the convergence to the Euro or the equity markets bubble.
We should, therefore, question whether the estimates of risk we based on this
period are valid representations of what we expect for the future.

This criticism is justified. A partial answer to it is to perform a sub-sample
analysis. The results of this analysis are reported in Table 8. These results high-
light some clear differences between the two sub-samples. As already shown in
Sect. 2.2, bonds denominated in Swiss Francs performed extremely poorly in
the first sub-sample and extremely well in the second sub-sample. This result is
amplified over longer time horizons, since the positive auto-covariance of excess
returns for these bonds is very low in the second sub-sample. As a result, the bal-
anced portfolio investing only in bonds denominated in Swiss Francs appears to
be the best balanced portfolio for long-term investors in the second sub-sample.

Another striking result displayed by this sub-sample analysis is the relatively
poor performance of the unhedged portfolios in the second sub-sample. This is
mainly due to the fact that the auto-covariance of excess returns for unhedged
bonds is, for most currencies, significantly higher in the second sub-sample.

The two sub-samples, however, provide consistent results on two important
tests for long-term investors. Hedging only bonds denominated in US dollars
would have led in both sub-periods to equal or better risk-adjusted results
than unhedged bonds. Also, balanced portfolios with hedging limited to bonds
denominated in US dollars would have led in both sub-periods to equal or
better long-term risk-adjusted results than other portfolios containing foreign
currency bonds. It is interesting to note that this is also true in the second
sub-sample in which full hedging would have provided the best result on the
JPM GA index taken on its own.
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Table 8 Hedged bond portfolios under the principle of Uncovered Interest Rate Parity Sub-sample
analysis (first sub-sample: 12/1984 – 05/1993 and Second sub-sample: 06/1993 – 12/2005)

First sub-sample Second sub-sample

Over 1-year Over 3-year Over 6-year Over 1-year Over 3-year Over 6-year
periods periods periods periods periods periods

Sharpe Ratio Average Monthly Return
CHF Bonds NM NM NM 0.70 1.51 6.70
JPM GA 0.17 0.44 0.75 0.52 0.97 3.09
JPM GA Hedged 0.26 (0.23) 0.39 (0.35) 0.72 (0.64) 0.81 (0.77) 2.02 (1.93) 4.77 (4.55)
(higher cost)
JPM GA with 0.18 0.42 0.77 0.57 1.08 4.18
Hedged US$
JPM GT 0.09 0.27 0.42 0.46 0.81 1.89
JPM GT Hedged (higher cost) 0.14 (0.11) 0.22 (0.17) 0.40 (0.32) 0.80 (0.76) 2.20 (2.10) 6.27 (5.98)
JPM GT with 0.11 (0.11) 0.25 (0.24) 0.51 (0.49) 0.66 (0.65) 1.33 (1.32) 4.58 (4.53)
Hedged US$ (higher cost)
Balanced Portfolio 0.11 0.19 0.28 0.84 1.30 3.42
with Swiss Bonds only
Balanced Portfolio 0.20 0.41 0.60 0.74 1.14 3.02
Balanced Portfolio 0.22 (0.21) 0.38 (0.37) 0.58 (0.57) 0.84 (0.84) 1.30 (1.29) 3.02 (2.99)
Hedged (higher cost)
Balanced Portfolio 0.20 0.40 0.60 0.76 1.16 3.14
with Hedged US$

Average Excess Return for hedged bond positions has been calculated as the average excess return
provided by unhedged bond positions less the costs of hedging assumed in 1.5. Not meaningful
(NM) is reported in the case of negative Sharpe Ratio. Ratios in parentheses assume hedging costs
are higher by 0.125% p.a. They have been reported only when the difference from the ratios in the
basis scenario was relevant

The reason for the latter observation is that unhedged foreign currency
bonds display a far lower covariance with bonds denominated in Swiss Francs
than hedged foreign currency bonds. This is true not only for contemporane-
ous observations but also for lagged observations, so that this effect is amplified
when we focus on longer time horizons. It is true that unhedged foreign currency
bonds display a far higher covariance with foreign stocks than hedged foreign
currency bonds. For the balanced portfolio we tested, however, this plays a
smaller role than the covariance with bonds denominated in Swiss Francs. Our
robustness tests (not reported for the sake of brevity) show that—if bonds
denominated in Swiss Francs represent at least 50% of the portfolio—the effect
of the covariance with these bonds will tend to overwhelm the effect of the
covariance with foreign equities. This favors unhedged foreign currency bonds
over hedged foreign currency bonds for longer time horizons.

4 Conclusions

4.1 The case for foreign currency bonds

The results reported in this paper provide evidence in favor of hedged for-
eign currency bonds against the alternative hypothesis of investing only in
bonds denominated in Swiss Francs. If we consider the last 21 years as a whole,
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investing in bonds denominated in Swiss Francs has been clearly less efficient
in terms of risk-adjusted returns than investing in a hedged global bond port-
folio. This conclusion holds independent of the time horizon of the investment.
This should not be surprising considering that global bond portfolios display
a much higher level of diversification than a portfolio investing only in bonds
denominated in Swiss Francs.

As usual for this type of empirical analysis, sub-samples display very differ-
ent results. However, the superiority of global bond portfolios across the whole
data set is supported by high levels of statistical significance. If we add to these
quantitative considerations the fact that the Swiss Franc bond market is signifi-
cantly less liquid than the other major bond markets, especially in the corporate
bond sector, and that it offers far less diversification opportunities among bond
issuers, we claim that it is difficult to find strong arguments against a global
diversification of bond investments for a Swiss investor without significant pre-
dicting ability. This conclusion is consistent with Haefliger et al. (2002) as well
as with Zucchinetti et al. (1995).

4.2 The case for unhedged foreign currency bonds

The empirical evidence we collected is far less clear-cut as for the opportunity
of hedging investments in foreign currency bonds. Partially, this is due to the
fact that tests on the significance of the difference between Sharpe Ratios of
the type we used have a relatively low power on a data sample with the size of
ours.10 This leads even sizeable differences not to be highly statistically signifi-
cant. Nevertheless, we believe that some of our results can provide investors,
who are forced to take decisions on this crucial matter, with quite a robust
guidance.

For short-term investors, our analysis provides robust evidence against the
hypothesis of investing in unhedged foreign currency bonds. The additional
volatility caused by changing foreign exchange rates is clearly not sufficiently
compensated for this type of investor. This is true for all indices and portfolios
we considered, for all time horizons up to one year, and for both sub-samples
we analyzed. Additionally, this conclusion is true for both historical returns
and returns of hedged foreign currency bonds based on the Uncovered Interest
Rate Parity, and it is robust to reasonable increases in hedging costs.

The picture changes dramatically, however, when we consider an investment
horizon of 6 years and the normal case of balanced portfolios including also

10 High standard errors for Sharpe Ratios including the autocovariance terms have also been high-
lighted by Lo (2002), who recommends including these terms only in presence of very significant
autocorrelation. As we show in this paper, these terms have an important and consistent effect
on the Sharpe Ratios we estimated. Accordingly, they should always be included for analyses like
the ones we perform here. The drastic reduction of long-term volatility and the size of the autoco-
variance also for quite high values of j (highlighted by Fig. 1) lead long-term Sharpe Ratios for
unhedged foreign currency bonds to display particularly high standard errors.
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equities and domestic bonds. In this case, the optimal strategy for the period
we analyzed would have been to hedge only the exposure to the US dollar.
Again, this result is true for both indices and for both sub-samples we ana-
lyzed and holds under both historical returns and returns based on the Uncov-
ered Interest Rate Parity as well as under different assumptions for hedging
costs.

We find our evidence that long-term investors should not hedge foreign cur-
rency risk—with the exception of the US dollar—nicely consistent with two
well-known economic principles which have been found to hold in the long-
term. The Uncovered Interest Rate Parity implies that the gross return obtained
from hedged investments should equal the return obtained from unhedged
investments. Therefore, the return obtained from hedged investments net of
hedging costs should be lower. The Purchasing Power Parity implies that the
real exchange rate between two currencies should be mean-reverting, thus
leading to a drastic reduction of long-term volatility for unhedged foreign
currency bonds. Moreover, when we hedge foreign currency bonds within
a portfolio including domestic bonds, this tends to drastically increase the
covariance between the two asset classes, thus reducing the efficiency of the
portfolio.

However, if all these economic factors do really play an important role in the
long-term, why does this not apply to the US dollar as well? We see two possi-
ble explanations. Firstly, the US dollar was by far the most important reference
currency for the global financial and trading flows in the period we analyzed. It
is well-known that this allowed the US to manage their twin deficits in a way that
was substantially different from any other country, thus leading their currency
to display a very peculiar behavior. Secondly, the size of our data set did not
allow us to test time horizons longer than 6 years. It may well be that—over
longer time horizons—the above—mentioned economic factors make even the
hedging of the US dollar no longer an optimal choice.

Acknowledgements The paper was substantially improved thanks to the contribution of two
anonymous referees. The author alone is responsible for all the weaknesses the paper may still
present.

Appendix

If we insert our definition (9) of continuously compounded monthly rates of
return into (8), we obtain:

(
1 + R(k)

t,A

)k = ert,Aert−1,A ert−2,A ert−3,A ert−4,A · · · ert−k+1,A and (14)

k ln
(

1 + R(k)
t,A

)
=

k∑

i=1

rt−i+1,A (15)
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Since the absolute value of monthly compounded average monthly returns
provided over more than 12 months by portfolios composed exclusively or
mainly of bonds hardly exceeds 1.7%, we can apply Taylor approximation,
obtaining the following result:

R(k)
t,A ≈ 1

k

k∑

i=1

rt−i+1,A (16)

If we now introduce the following definition of the monthly compounded
average monthly return provided by the risk-free investment on a time horizon
of k months ending at month t:

(
1 + R(k)

t,f

)k = ert,f ert−1,f ert−2,f ert−3,f ert−4,f · · · ert−k+1,f (17)

and we apply Taylor approximation as above, we obtain the following formula-
tion of the monthly compounded average monthly excess return:

R(k)
t,A − R(k)

t,f ≈ 1
k

k∑

i=1

(
rt−i+1,A − rt−i+1,f

)
(18)

In order to estimate the efficiency of a specific portfolio, we estimate the
average and the standard deviation of the previous expression. For the average,
we obtain from (18):

µ
(k)
R,A ≡ E

[
R(k)

t,A − R(k)

t,f

]
≈ E



 1
k

k∑

i=1

(
rt−i+1,A − rt−i+1,f

)


 ≡ µ
(k)
r,A (19)

and the value of the latter expression is estimated as described in (11). If we
apply equations (18) and (19) to the definition of the standard deviation, we
obtain

σ
(k)
R,A ≡

√
E

[
R(k)

t,A − R(k)

t,f − µ
(k)
R,A

]2 ≈

√√√√√E



 1
k

k∑

i=1

(
rt−i+1,A − rt−i+1,f

) − µr,A




2

≡ σ
(k)
r,A (20)
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If we consider the auto-covariance of excess returns, we have

E



 1
k

k∑

i=1

(
rt−i+1,A − rt−i+1,f

) − µr,A




2

= 1
k

[
γ0,A + 2

k − 1
k

γ1,A + 2
k − 2

k
γ2,A + · · · + 2

1
k

γk−1,A

]
(21)

with

γj,A ≡ E
[(

rt,A − rt,f − µr,A
)(

rt−j,A − rt−j,f − µr,A
)]

(22)

The last two equations are estimated as described in (12) and (13).
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