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Abstract

I empirically analyze the risk reduction performance of eight currency hedging strate-
gies using a mean-variance framework without currency speculation. I find evidence
that currency hedging succeeds in reducing the risk of global equity portfolios, with the
strategy of jointly hedging the exposures to equity markets and currencies performing
best, a result that holds in-sample as well as out-of-sample. In addition, I find that in
a static setting, opting for positive exposure to the Japanese yen and the Swiss franc,
while fully hedging all other currencies, is optimal for minimizing risk, but that in a
dynamic setting, individual currency exposure varies over time. Prior to the global
financial crisis, positive exposure to the British pound, the Japanese yen, the Swiss
franc, and the U.S. dollar improves the performance. During the global financial cri-
sis and the European sovereign debt crisis, positive exposure to the Swiss franc, the
Japanese yen, and the U.S. dollar generates the highest hedging benefits. Thereafter,

only under-hedging of the Japanese yen improves performance.

JEL Classification: G15; G11.
Keywords: Currency risk; hedging.

*HEC Montréal, 3000, chemin de la Céte-Sainte-Catherine, Montréal (Québec) H3T 2A7, Canada. The
author gratefully acknowledge financial support from the Canadian Derivatives Institute (CDI; formerly
IFSID). Correspondence to: Iwan Meier, HEC Montréal, 3000 Chemin de la Cote-Sainte-Catherine, Montréal,
QC H3T 2A7. E-mail: iwan.meier@hec.ca.



1 Introduction

With 26.6 trillion U.S. dollars in equity market capitalization at the end of 2017, the East
Asia and Pacific region alone represented one third of global equity market capitalization.!
Therefore, in the context of the ongoing globalization, it is no surprise that the equity
positions of U.S. investors in overseas markets have grown significantly over the past two
decades. Assets in U.S. world equity funds have more than doubled over the past ten
years to 2.8 trillion U.S. dollars.? The 792 billion in U.S. global ETFs, which constitute
approximately one third of total investments in U.S. equity ETF's, add to the total assets
in managed global equity portfolios.> Global portfolios benefit from increased diversification
opportunities; however, investing internationally comes with an additional challenge: foreign
currency exposure. This means that identifying the best strategy to limit the currency risk
of global equity portfolios and improve their risk-return tradeoff is a fundamental issue for
investors.

The quest to find the optimal currency hedging strategy for international portfolios cap-
tivates academics and practitioners alike. If currencies have positive volatility and do not
provide a positive expected return, then hedging currency risk will help improve the risk-
return tradeoff. If, however, currency risk is priced (Dumas and Solnik, 1995; De Santis
and Gerard, 1998; Lustig and Verdelhan, 2007), then hedging it will affect the expected
return. In his pioneering work on the international capital asset pricing model (ICAPM),
Solnik’s (1974) maintains that the exposure to currency risk is proportional to the average
risk tolerance and that the hedge ratio should be less than one. In related theoretical work,
Anderson and Danthine (1981), Stulz (1984), and Black (1989, 1990) also conclude that the

optimal hedge ratio differs from unity. In particular, Anderson and Danthine (1981) use

"World Bank (https://data.worldbank.org/indicator/CM.MKT.LCAP.CD). The global market capital-
ization of listed domestic companies reached 77.6 trillion U.S. dollars in 2017. U.S. firms account for 40.54%
of this amount.

2From the 2018 Investment Company Fact Book: Data Tables, Section 1 (U.S. Mutual Fund Totals),
Table 4 — “Mutual Funds: Total Net Assets by Composite Investment Objective”. This number does not
include the assets of U.S. hybrid mutual funds (balanced bond and stock portfolios invested in bonds and
stocks) that invest globally in equity markets.

3The numbers are aggregated from the 2018 Investment Company Fact Book: Figure 4.9 “Total Net
Assets of ETFs Were Concentrated in Large-Cap Domestic Stocks”.



the mean-variance approach where positions on assets and hedging instruments (futures) are
determined simultaneously. They assume that the optimal hedge ratio is constant over time
and find that the routine full hedge is not optimal. In Stulz’s (1984) model, the risk-averse
agent is better off with active currency hedging where over-hedging or under-hedging of some
currencies may be optimal.

In the empirical literature, no clear consensus has emerged. Most studies analyze currency
hedging from the perspective of a U.S. investor and limit the set of foreign investment
opportunities to developed countries such as the members of the G7. Solnik (1974) assumes
a perfect hedge and finds that in terms of risk reduction, an internationally diversified and
hedged portfolio dominates the unhedged portfolio as well as the domestically diversified one.
Eun and Resnick (1988) compare the out-of-sample performance of an unhedged portfolio
with a strategy that fully hedges currency risk. Their results show that the risk-adjusted
returns of the hedged portfolio outperform the returns of the unhedged portfolio. The same
finding leads Perold and Schulman (1988) to conclude that full hedging amounts to a free
lunch as long as investors do not collect risk premiums from exposure to long-run currency
risk. However, they acknowledge that full hedging may be suboptimal in terms of risk
reduction. In contrast, Froot (1993), who analyzes the perspective of a U.K. investor buying
U.S. assets, concludes that investors with a long investment horizon naturally hedge against
currency risk because of the mean reversion characteristic of exchange rates.*

In their discussions of the opposing strategies of no hedging and full hedging, Glen and
Jorion (1993) and Jorion (1994) argue that the optimal hedge ratio resulting from the mean-
variance optimization is the best option. This approach leverages the cross-correlations
between assets and currencies to improve performance. More recently, Campbell, Serfaty-de
Medeiros, and Viceira (2010) find that the optimal hedging strategy for a risk-minimizing
investor with a global equity portfolio is to over-hedge currencies such as the Australian

dollar and the Canadian dollar, which are positively correlated with their corresponding

4Using data from the free-floating era of exchange rates, Campbell, Serfaty-de Medeiros, and Viceira
(2010), who investigate investment horizons ranging from one to twelve months, and Schmittmann (2010),
who investigates investment horizons up to five years long, challenge the claim that there are long-term
effects..



equity markets, and to under-hedge currencies such as the Swiss franc and the euro, which
are negatively correlated with their corresponding equity markets.

In the empirical literature, there is agreement on only one point: strategies that exploit
the signal given by the forward premium or discount (or, equivalently, the interest rate
differential) are superior (Glen and Jorion, 1993; Jorion, 1994; and De Roon, Nijman, and
Werker, 2003). In these strategies, investors fully hedge the high-yielding currencies and
leave their exposure to low-yielding currencies unhedged. Moreover, the hedge should be
dynamic because a currency that is high yield today may become low yield in the future,
and vice versa.

Relying on the mean-variance framework and using data from the period between Decem-
ber 1999 and December 2018, this study examines the benefits of currency hedging with a
global equity portfolio and attempts to identify the best hedging strategy to reduce currency
risk. Little is known about optimal hedging strategies for the emerging stock markets that
have become increasingly important in global equity portfolios. For global bond portfolios,
several studies have shown that the unitary hedge is the optimal strategy because the volatil-
ity of currencies is much higher than that of bond returns (e.g., Schmittmann, 2010; Camp-
bell, Serfaty-de Medeiros, and Viceira, 2010; Froot, 1993; and Caporin, Jimenez-Martin, and
Gonzalez-Serrano, 2014). Therefore, we expand the set of investment opportunities available
to the U.S. investor by including twelve developed markets and nine emerging markets. Al-
though developed market returns have become increasingly important, Harvey (1995) finds
that they fail to span emerging market returns, which are mainly driven by local factors.
Similarly, Bai and Green (2010) find that country effects are more important than industry
effects when it comes to explaining the attractive returns that emerging markets have had
in the past. Chue and Cook (2008) show that emerging stock market returns are negatively
correlated with currency changes during the 2002-2006 period. However, Cumperayot, Kei-
jzer, and Kouwenberg (2006) find that stock market crashes in emerging countries are more
likely to be followed by currency crashes, but that the inverse is not true. In addition, Chan,

Powell, and Treepongkaruna (2014), show that currency jumps in emerging countries are



more likely to occur simultaneously and with high amplitude, particularly during times of
high volatility. These empirical findings make the integration of emerging stock markets and
the question of the optimal currency hedging strategies for these markets more relevant than
ever.

We assess hedging efficiency unconditionally in a static setting and conditionally in a
dynamic setting , where active portfolio allocation with monthly rebalancing is combined
with active currency hedging. We show that currency hedging improves the unconditional
risk, return, and risk-adjusted return of the global minimum-variance portfolio, and the
unconditional risk-adjusted performance of the tangency portfolio. Conditioning for different
sets of information, we find that currency hedging substantially reduces the level of risk
for global equity portfolios in-sample and out-of-sample. We also analyze a joint hedging
strategy that exploits the full structure of the covariances between assets and currencies. It
turns out that this strategy is the one that performs the best both in-sample and out-of-
sample. We use bid-ask quotes to account for observed transaction costs. As pointed out
by Kroencke, Schindler, and Schrimpf (2013), these costs are ignored in most studies. Using
robustness tests, we also examine how hedging performance is impacted (i) when observed
transaction costs are ignored and (ii) when it is assumed that currencies have zero expected
returns. The tests indicate that neglecting the realized returns of currencies negatively affects
hedging effectiveness and positively affects risk-adjusted performance.

The study is organized as follows. Section 2 describes the sample and provides summary
statistics. Section 3 details the methodology and presents the different currency hedging
strategies. Section 4 discusses the empirical results on the hedging efficiency of these strate-

gies. I conclude in Section 5.



2 Data and Summary Statistics

2.1 Stock Market Returns

We use the Morgan Stanley Capital International (MSCI) stock market indices for 21 leading
economies. Together they represented 80% of the world gross domestic product and 85%
of the world equity market capitalization at the end of 2017 (World Bank, 2018; World
Federation Exchange, 2018).> The data is monthly, the reference being to the last trading
day of each month. The sample period extends from December 1999 to December 2018,
which means that it spans three major financial crises: the burst of the dotcom bubble in
2000, the global financial crisis in 2008, and the European sovereign debt crisis in 2011.
The MSCI equity indices are total return indices expressed in local currency. We calculate
monthly log stock market returns for each country ¢ at time ¢ using the stock market price

indices in local currency, P :

pftc =log Py —log P;_. (2.1)

Foreign exchange rates are measured in units of foreign currency per one U.S. dollar
(USD), that is, using direct quotes with the USD as the base currency. To convert stock
market price indices into U.S. dollars (USD) we use the middle price of the spot exchange
rate Sy}

pes P = log (P, /Si?) — log (Piy—1/S/4) . (2.2)

Table I reports the summary statistics for the log stock market returns in local currency,
pi, in Panel A and in USD, pg SPmid i) Panel B. The last column includes the correlation
of the returns on foreign stock markets with the returns for the U.S. stock market. We first
discuss the return characteristics in local currency in Panel A. Over the sample period the

average annual return of emerging countries (9.31%) is more than twice the one in developed

°In all the tables and figures the countries are identified by their ISO ALPHA-3 codes.



countries (3.95%), whereas the annualized standard deviation in the emerging countries
(23.14%) is less than one and a half times the one in developed countries (16.14%). At
the country level, Australia has the highest mean return (7.93%) and lthe owest standard
deviation (12.69%) among all the developed countries. The highest mean return overall is
observed for Brazil (12.41%), closely followed by South Africa (12.06%). At the same time,
South Africa’s stock market volatility is below the average of all the developed and emerging
countries (16.64% compared with 19.29%). The stock markets of Italy and Japan realized
the lowest average returns over the sample period (1.37% and 0.12%, respectively). The
most volatile stock market over the sample period is Russia (30.77%). In fact, with the
exception of South Africa and Mexico, all the emerging stock markets are more volatile than
the stock markets in developed countries. The average correlation of the returns for foreign
stock market in local currency with the return for the U.S. stock market is 0.69. Thailand
displays the lowest correlation (0.54), followed by India (0.55) and South Africa (0.60). The
Jarque-Bera statistic testing the null hypothesis of normally distributed returns is rejected
at the 5% level for every countries except South Africa (5.18; the critical value is 5.99). This
is explained by the negative skewness (the average skewness is —0.60) and kurtosis greater

than three (the average is 4.59) for all countries.

[Insert Table I here]

When we compare the log returns in USD in Panel B, the average annual return for
the emerging countries (5.78%) is lower than in local currency, but still larger than for the
developed countries (4.51%). As before, the standard deviation in the emerging countries
(28.80%) is about one and a half times the standard deviation in the developed countries
(19.99%). The highest mean return of all developed countries is observed for Australia
(8.36%), closely followed by the one in New Zealand (8.08%). In local currency (see Panel
A), these two countries also have the highest mean return. However, in USD their standard
deviation, which is low in local currency for both countries (21.34% and 21.35%, respectively),

exceeds the average standard deviation of the developed countries (19.99%). Mexico remains



the only emerging country whose standard deviation (23.92%) does not exceed the standard
deviation of every developed country (the standard deviation for Spain is slightly higher).
Overall, the U.S. (14.83%) and Switzerland (15.90%) exhibit the lowest standard deviation.

The comparison of the returns and standard deviations in local currency in Panel A and
in USD in Panel B underscores the importance of exchange rate fluctuations. The average
return in USD for the developed countries exceeds the average return in local currency by
0.61% p.a. but the standard deviation is higher (the difference is 3.59%). The return for
the equity market in Switzerland almost doubles when expressed in USD (from 3.85% to
6.33%). On the other hand, the return for the equity market in the emerging countries is
reduced by 1.84%. The returns for Russia (—4.58%) and South Africa (—4.31%) suffer most
when converted into USD returns. Similarly, the risk measures are affected by exchange
rate fluctuations. The standard deviation for Brazil (+12.92%), South Africa (4+8.89%),
and Australia (4+8.65%) increase the most, whereas the one for Japan is slightly reduced
(—1.63%). For USD returns, normality cannot be rejected at the 5% level for Japan. In

general, the higher moments are not affected substantially.

2.2 Foreign Exchange Rates

The spot and forward exchange rates are measured in units of foreign currency per one USD
and include 16 currency pairs: The Canadian dollar (CAD), the Japanese yen (JPY), the
British pound (GBP), the Swiss franc (CHF), the Australian dollar (AUD), the euro (EUR),
the New Zealand dollar (NZD), the Indian rupee (INR), the Chinese renminbi (CNY), the
Brazilian real (BRL), the South Korean won (KRW), the Russian ruble (RUB), the Mexican
peso (MXP), the South African rand (ZAR), the Taiwan dollar (TWD), and the Thai baht
(THB). The log returns of the foreign exchange spot rate are calculated using middle quotes,

Sﬂ"d, and the log return for country ¢ is denoted as follows:

sy = log ST — log ST, (2.3)



The excess log return of the one-month forward rate for a given currency is also calculated

using middle quotes for the forward rate.
i’;‘id = log Fi’:ﬁdl — log Sﬂ’id, (2.4)

where F{}’Zid denotes the one-month forward rate at time ¢ for currency i. In some emerging
countries, forward markets are poorly developed or the access to them is restricted. However,
growing offshore markets for non-deliverable forwards (NDF's) make it possible to overcome
capital flow controls (Tsuyuguchi and Wooldridge, 2008). Like forward contracts, NDF con-
tracts allow hedgers, arbitrageurs and speculators to take positions in the emerging market
currencies. The main difference is that at maturity, NDF contracts provide a cash settlement
of the difference between the forward price and the realized spot price, instead of delivering
the underlying currencies. The settlement is usually in USD.

The descriptive statistics of the log returns for the spot and the forward exchange rates
are reported in Table II. The table also indicates the correlation with the U.S. market index,
Corr(—s}, pga ), where s73¢ is the log-return of the currency and pfg%, is the log-return
of the U.S. equity index in USD. The correlation with the local market index is computed as
Corr(—sﬁid, pfj ), where s?}id is again the log return of the currency, and pf  the log return

of the respective local market equity index.
[Insert Table IT here]

The foreign exchange spot rate log-returns statistics show that, on average, the devel-
oped country currencies appreciate by 0.58% against the USD,but that the emerging market
currencies depreciate by 1.85% over the sample period. The CHF is the currency that ap-
preciated the most and the RUB and the ZAR are the ones that depreciated the most. For
the volatility, the developed country currencies have a slightly higher standard deviation
than the emerging market currencies. This may be misleading if one ignores the differences
in exchange rate regimes. Developed countries have a free floating regime, but emerging

markets have often managed-floating or de facto crawling band regimes, where central banks



intervene actively to smooth currency movements. Often, the intervention is to prevent an
appreciation.

The correlation analysis shows that only the JPY is negatively correlated with the U.S.
equity market index. This means that the JPY tends to strengthen (weakens) against the
USD when the U.S. market decreases (increases). With respect to the correlation with the
local market, except for the JPY and the CHF, which are negatively correlated with their
respective equity markets, all the remaining currencies co-move positively with their equity
markets. Consequently, for a U.S. investor, the losses from investing in these foreign equity
markets are amplified by additional losses stemming from foreign currency depreciation. For
the period 1975-2005, Campbell, Serfaty-de Medeiros and Viceira (2010) find that the CHF
and EUR are negatively related to their equity market returns, and that the AUD and CAD
are positively related. The JPY and GBP are in the middle but more similar to the AUD
and CAD than to the CHF and EUR.

The one-month forward excess log returns of the JPY, GBP, CNY, TWD and THB all
have a negative mean return. This implies that shorting these currencies forward generates
positive returns. The bid-ask spreads are mostly low for both emerging market and developed
country currencies, with the forward rate spreads being higher than the spot rate spreads. It
should be noted that the reported bid-ask spreads are those obtained after moving average
smoothing and winsorizing to eliminate outliers. The moving average smoothing uses a three-
business-day window and the resulting bid-ask spreads are then winsorized at the 99.5 and
0.05 percentiles. Consequently, the bid-ask spreads are somewhat lower after treatment than
before. However, the effective bid-ask spreads paid by institutional investors are typically
lower than the quoted ones. These quoted bid-ask spreads are only indicative given that the
trades occur at the best limit bid and ask prices (Della Corte and Tsiakas, 2012). Moreover,
the rise of electronic trading platforms has significantly narrowed foreign exchange bid-ask
spreads.® Finally, and most importantly, the treatment does not affect the results of the

mean-variance optimization.

6This narrowing of bid-ask spreads has pushed EBS, a major interdealer broker specialized in algorithms
and high-frequency trading, to adopt a fractional-pip pricing in 2011 (BIS, 2011).



To analyze the interactions between the stock market returns and the changes in their
corresponding currencies, we plot in Figure 1 the developed country equity indices in local
currency and forward exchange rate indices. The equity market indices and the foreign
exchange spot rates (middle quotations) are normalized to 100 as of December 31, 1999.

Panel A reports the results for the developed countries, and Panel B for emerging countries.

[Insert Figure 1 here]

Overall, equity markets experienced three major downturns. The first downturn was the
bursting of the dotcom bubble in April 2000, which lasted more than three years. Except for
Australia and South Africa, all equity markets suffered from an extended period of negative
returns. The developed country currency changes follow the same trend for almost two
years. After 2002, the USD witnessed a strong depreciation for more than two years and the
developed country currencies, except the JPY, strongly appreciated against the USD until
2008. For emerging market currencies, the depreciation lasted longer. In the aftermath of
the Argentinian Great Depression 1998-2002, the BRL and ZAR suffered from a big crash.
Analysts pointed out that the unwinding of carry trade positions was the primary reasons
for these two currency crisis, besides other reasons such as contagion. The second big drop
in stock market returns is the global financial crisis of 2008. Both developed and emerging
markets plummeted after the Lehman Brothers failure. Less than one year after the collapse,
stock markets rebounded. Currency movements during the crisis went in opposite directions.
With the exception of the CNY, which is not determined by market forces, all emerging
market currencies followed the downward trend of the equity markets. As for the developed
country currencies the JPY, CHF, EUR and USD strengthen, while the GBP, CAD, AUD
and NZD react in the same way as the emerging market currencies. The JPY, CHF, EUR
and USD played the role of safe-haven assets. The third crisis is the European sovereign debt
crisis in 2011. The correction is less important and short-lived, but affects all equity markets.
With the exception of the EUR, the developed country currencies are not affected while the

emerging market currencies are slightly affected. During the year following the European

10



sovereign debt crisis, equity market indices continue to rise and the USD strengthens. The
appreciation of the USD is driven by the probability of a U.S. interest rate hike and the
narrowing of the quantitative easing program. The weakness of the JPY is mainly caused

by the expansionary monetary policy of the Bank of Japan.

3 Methodology

We first present the return and risk characteristics of hedged equity positions and briefly
discuss the mean-variance framework we use to analyze hedging performance. We then
present the set of hedging strategies that we analyze. Finally, we discuss our measure to

evaluate the hedging performance of these strategies.

3.1 Return and Risk of Hedged Position

For a U.S. investor, buying a foreign asset results in a long position in the corresponding

foreign currency. The monthly log return of this unhedged asset is
rolt =i = sia (3.1)

where s;, denotes the log return of the foreign currency spot rate. If the USD appreciates
against the foreign currency, then S;; > S;;—1 and s;; becomes positive, which means that
the currency exposure negatively affects the return of the foreign investment. Eun and
Resnick (1988) show that even for a portfolio that is invested in different currencies the
added risk attributable to currency exposure is not washed away by diversification.
Hedging the currency risk of an investment in a foreign asset requires selling forward
the foreign currency against the USD. We assume that the investor uses one-month forward
contracts at time £ — 1 and then buys the foreign currency on the spot market at time ¢ to
settle his short position in the forward market. These trades are repeated each month until
the end of the investment horizon. Shorting one unit of foreign currency using a one-month

forward generates a cash inflow of 1/ E-‘fffl USD at time ¢ — 1. Buying one unit of foreign

11



currency at time ¢ in the spot market to liquidate the forward position results in a cash
outflow of 1/ Sﬁd USD. Thus, the USD payoff at time ¢ from hedging the foreign currency is
log (1/Ffffl) —log (1/53@‘[): log Sﬁd —log Fﬁfl = —fit- The log return of hedging a foreign

asset with forward contracts worth h USD equals:

Tﬁ = pf:tc —Sit —h X fir. (3.2)
In words, the return of a foreign asset that is hedged against currency risk using one-month
forward contracts has three components: the asset’s log return in foreign currency, the log
return of the spot rate, and the return from hedging the position. If the foreign currency
appreciates against the USD then s;; < 0, which impacts the USD-returns of the foreign
investment positively.

The variance of the log returns for the hedged foreign position is

o*(ri}) = UQ(T%H) +0%(si0) + 0% (fig) =2x 0 (ri sie) —2hxa(riff?, fi)+2hx 0 (siz, fir)-
(3.3)

If the foreign currency tends to appreciate against the USD when the foreign asset per-
forms well, i.e. the covariance o (TlUtH , Si,t) is negative, the variance of the foreign position is
amplified and hedging is advantageous. Inversely, if the covariance between the spot rate and

the return of the foreign asset is positive, the currency exposure provides a natural hedge.

Setting h in equation (3.3) to zero corresponds to the variance of the unhedged position.

3.2 Mean-Variance Optimization

We compare the different hedging strategies by evaluating the performance of the minimum
variance portfolio and the tangency portfolio. The efficient frontier to assess the location
of these two portfolios in the mean-variance space is computed using the standard mean-
variance framework. It is worth mentioning that our constrained portfolio choice setting,
which excludes currency speculation, has not an explicit closed-form solution and is solved

using quadratic programming.

12



For the benchmark strategy of no hedging, the optimal weights of the global minimum
variance portfolio and the tangency portfolio are determined each month using the USD
log returns of the 21 country indices of the sample. We assume that the investor holds the
foreign asset over a longer period and transaction costs for buying and selling the asset are
negligible. Therefore, the expected returns of all indices are set equal to the means of the
realized monthly log returns up to time t¢.

As detailed in equation (3.2), we use bid and ask quotes of spot and forward exchange
rates to account for currency transaction cost. We impose the constraint that short selling
and buying on margin are not allowed. This constraint also applies to the investor’s home
equity index, which means that our specification does not incorporate any home bias in
the equity portfolios (French and Poterba, 1991; Van Nieuwerburgh and Veldkamp, 2009;
and Coeurdacier, 2009). In addition, when the currency forward contracts are included in
the optimization, their weights are constrained to be non-positive and at most equal to the
absolute value of the position of the underlying asset. These constraints rule out currency
speculation.

The no-short sale constraint is relevant for at least three reasons. First, unlike Camp-
bell, Serfaty-de Medeiros and Viceira (2010), we investigate currency hedging and rule out
currency speculation (or currency investing). Second, since we include emerging countries in
our study, taking short positions is difficult, if not impossible, in practice (De Roon, Nijman
and Werker, 2001). Lastly, the mean-variance optimization requires the estimation of the
expected returns and the expected covariance matrix, which are unknown a priori. It is well
documented that the sample-based mean and covariance are imprecise estimators of their
population counterparts. This imprecision, which is proportional to the number of assets,
leads to a poor performance of the mean-variance efficient portfolios in the out-of-sample
analysis. To reduce the estimation risk and to enhance the out-of-sample performance, many
Bayesian and non-Bayesian approaches are used in the empirical literature (see DeMiguel,
Garlappi and Uppal, 2009). However, Jagannathan and Ma (2003) show that imposing

no short sale constraints is equivalent to using a shrinkage approach for the covariance
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matrix, and DeMiguel, Garlappi and Uppal (2009) find the same shrinkage effect for the
mean. Furthermore, DeMiguel, Garlappi and Uppal (2009) document that the constrained
mean-variance approach dominates other estimation-risk-reduction techniques in mitigating
sampling errors and enhancing out-of-sample performance. Thus, we rely solely on the no
short sale constraint to reduce the estimation risk, which is not to say that our estimates
are free from estimation risk. However, we assume that estimation risk affects the hedging

strategies and the benchmark strategy similarly.

3.3 Hedging Strategies

For all hedging strategies, we compute the efficient frontier and report in the tables in the
empirical section the returns of the minimum-variance portfolio (MVP) and the maximum
Sharpe ratio portfolio (MSP). We use bid and ask quotes of spot and forward exchange rates

to account for currency transaction costs.

Full Overlay Hedge of the Initial Positions

We use the weights of the portfolios on the efficient frontier for the no-hedge strategy and
fix the hedge ratio at one. Hence, the weights of the forward contacts are the same as for the
foreign assets at the beginning of the period, but with opposite signs, w{ = —wftc. Using
these weights we compute the efficient frontier of the hedged portfolios and determine the

MVP and MSP. A hedge ratio of one implies that the currency exposure becomes positive

(negative) if the underlying asset increases (decreases) in value.

Full Overlay Hedge of the Ezxpected Positions

In contrast to the previous strategy, the expected value at the end of the period instead
of the initial value is hedged. Thus, we apply a hedge ratio of 1 + F (pf tc) in equations
(3.1) and (3.2), where the expected return of the asset in foreign currency is set equal to

the mean of the realized monthly log returns. The weights of the forward positions become

wl == (1+E [pf]).
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Optimal Overlay Hedge
We keep the asset weights of the efficient portfolios from the no-hedge strategy fixed and

optimize the weights for the hedging positions of the foreign currencies, wa’ ;- To rule out

currency speculation, the weights of the forward positions w{ . are constrained to the interval
from zero to —wf C. For the five European countries (Germany, France, Italy, Netherlands,
and Spain) that share the same currency EUR, we constrain the forward position of the EUR
to be equal or less than the sum of the weights for these five countries: wp%,, + wifia, +

FC FC FC f !
Witay T WNLpy T Wespyr + Wrypt 2 0 and WryR; S 0.

Joint Hedge

Unlike the overlay hedge strategies, the weights of the equity indices and the currency
forward positions are determined simultaneously to account for the correlations between
equity market returns and foreign exchange rates. The expected variance-covariance matrix
is computed using the 21 equity index returns and the 16 currencies forward returns. The
EUR forward returns are included only once. Furthermore, the constraints used for the
optimal overlay strategy are also applied here and over-hedging of currencies is not allowed.

The expected returns of forward exchange rates are set equal to the mean realized returns.

Cross-Hedge

Anderson and Danthine (1981) advocate that cross-hedging is optimal in the absence of
futures contracts on the underlying currencies, or because of basis risk. For currencies, cross-
hedging is of great importance as not all countries have a well-developed futures market with
high trading volumes. This approach allows to expand the foreign investment opportunity
set and to include emerging countries for which currency forwards do not exist or are poorly
developed.

To assess the effectiveness of cross-hedging to reduce currency risk, we use the five of the
most actively traded currencies in the foreign exchange spot market: JPY, CAD, EUR, GBP
and CHF (BIS, 2016). It should be noted that the AUD has a higher average daily turnover
than the CAD or the CHF, but as the AUD and the CAD are both commodity currencies

(Chen and Rogoff, 2003) and the CAD has a lower average bid-ask spread in our sample, we
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chose the CAD over the AUD. The expected variance-covariance matrix for the optimization
is thus computed using the 21 equity index returns and the five currency forwards. Again,

over-hedging is not allowed and the same constraints as for the joint hedge are applied.

3.4 Measuring Hedging Performance

In our empirical analysis, we compare the performance of the MVP and the MSP portfolios.
To assess the performance of the MVP under different hedging strategies, we apply the
Ederington (1979) measure of effectiveness (HE). It corresponds to the percentage change
in variance of the MVP when comparing the given hedging strategy to the benchmark of no
hedging.

HE =
o’ (TgtH)

2 H
1— M] x 100, (3.4)

where o2 (rfh, p,) is the variance of the MVP returns of the hedging strategy and o2 (pif. ;)
is the variance of the MVP returns of the no-hedge strategy.

The hedging performance of the tangency portfolio is evaluated by the percentage change
in the Sharpe ratio (SR) if the SR of the hedge strategy is compared with that of the no-hedge

strategy

SR (TJ\H4VP¢)

DSR = |\ MV
=TSR (0

- 1] x 100, (3.5)

where SR (T]\H/[V P’t) is the variance of the MVP returns of the hedging strategy and SR (7“][\]416 pvt)
is the variance of the MVP returns of the no-hedge strategy. A positive DSR ratio means

that the currency hedge improves the risk-adjusted performance of the tangency portfolio.

4 Hedging Performance

4.1 Unconditional Hedging Performance

In the unconditional setting we use the full sample in the mean-variance optimization to
compute the weights of all equity indexes and one-month currency forward positions in

the MVP and MSP. Table III reports the weights and the annualized return, standard
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deviation, Sharpe ratio, and the hedging effectiveness ratio (HE) for the different hedging
strategies. Panel A summarizes the results for the MVP and Panel B for the MSP. The
columns contain the hedging strategies and the rows show the weights for the equity indexes
and the forward positions. We also show the results for the aggregates of the developed
and emerging countries separately. The last three rows provide some additional information
about the characteristics of the hedging strategy: the number of currencies with a non-zero
weight and the average hedge ratio. The negative weights for the forward positions indicate
short positions. Note that for all strategies we restrict the weights of the equity indices to
be non-negative. Similarly we do not allow for currency speculation and consequently all
the weights for the forward positions are bound to be non-positive and smaller than 100%

in absolute value.

[Insert Table I1T here]

The baseline scenario for the MVP in Panel A is the no hedge strategy. The portfolio
is invested in three developed markets, the U.S. (44.10%), Japan (32.13%) and Switzerland
(23.77%). No weight is attributed to emerging markets. The no hedge strategy generates a
return of 4.05%, a standard deviation of 13.69%, and a Sharpe ratio of 16.83%. With the
exception of the cross-hedge strategy, all other strategies are invested in emerging markets.
Whereas the full hedge and overlay hedge strategies invest 18.81%, and mostly in the Thai
bhat and to some lesser extent in the Chinese renminbi and the Indian rupee, the joint hedge
strategies have solely a 5.48% exposure in the South African rand. In all cases, these emerging
country currencies are fully hedged. For the developed country currencies, the Japanese Yen
is left unhedged in the joint hedge strategies, and the AUD, CAD, GBP, CHF, and NZD
are always fully hedged. Note that the average hedge ratio of the full overlay hedge of the
MVP is low (55.90%) because 44.10%is invested in USD that requires no hedging. Campbell,
Serfaty-de Medeiros and Viceira (2010) find that over-hedging the Japanese yen is desirable,
which is in contrast to our results. Habib and Stracca (2012) and Ranaldo and Séderlind

(2010) with high frequency data for their part and in line with our findings document the
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safe haven status of both the Japanese yen.”

The MSPs of the full hedge and optimal overlay strategies in Panel B of Table III are
invested heavily in Thailand. For the no hedge, joint hedge of the initial positions, and the
cross-hedge strategies, the largest share of the equity portfolio is invested in the developed
countries (72.91%, 87.00, and 86.30%, respectively). The investment in developed countries
of the joint hedge of the expected positions is much lower at 56.23%. With the exception of
the cross-hedge strategies, all other strategies have a unitary hedge ratio (or slightly higher
for the overlay strategy that hedges the expected value). The cross-hedge strategy has a
hedge ratio of 17.60% because, except for the CAD, the portfolio exposures to all other
currencies remain mostly unhedged. It is worth recalling that only the CHF and CAD could
have been hedged directly. The full hedge of the CAD is consistent with the results of
Opie and Dark (2015). Unlike the full hedge and optimal overlay strategies that magnify
the portfolio risk, the joint hedge and cross-hedge strategies succeed well in minimizing the
portfolio riskiness. Furthermore, all hedging strategies beat the no hedge strategy in terms
of a higher Sharpe ratio, albeit the the cross-hedge strategy only barely. The maximum
increase in the Sharpe ratio is realized by the by the joint hedge of the initial positions (an
increase by 62%).

The compositions of the MSPs are very different compared to the MVPs. This is not
surprising given the high sensibility of the tangency portfolio allocation to changes in the
expected returns as documented by Best and Grauer (1991). In particular, the allocation to
emerging markets in the MSP is much smaller for all strategies.

Figure 2 plots the efficient frontiers with 100 portfolios for all strategies. The plots provide
an overview of the currency hedging strategies’ (in red) overall performance relatively to the
no hedge strategy (in blue). With the exception of the efficient frontier of the cross-hedge
strategy, the efficient frontiers of the other hedging strategies lie to the upper left of the no
hedge strategy efficient frontier. This illustrates the potential gains the U.S. investor can

derive from hedging the currency risk of globally diversified portfolios.

"In addition, Habib and Stracca (2012) conclude that the EUR does not have a safe heaven status for
the period 1999-2014, which is also consistent with our results.
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[Insert Figure 2 here]

To shed more light on the MVP and MSP equity compositions, we graph in Figure 3
the mean-variance efficient frontier of the no hedge strategy and the 21 individual market
indices of our data sample. There are four key observations to make regarding the positioning
of the equity indices. First, U.S. investors can achieve a higher risk-return performance
by diversifying their equity portfolio globally. Despite the increasing correlations among
stock markets, international diversification still provides the opportunity to reduce risk and
improve returns. Second, the Thai market index lies on the frontier, which is a results of
the no-short sale constraint. This observation explains why the tangency portfolios of the
three overlay strategies are fully invested in this market. Third, there is a clear difference
between the indices of developed countries, which are mostly on the left side, and the indices
of emerging countries, which are situated on the right side. This separation explains why the
emerging market indices are more present in the MSP portfolios than in the MVP portfolios.
Finally, the positions of the five European equity indices indicate why these markets are
not included in the set of efficient portfolios. They are riskier than most other developed

countries and yield lower returns, i.e., they have the lowest returns per one unit of risk.

[Insert Figure 3 here]

4.2 In-Sample Conditional Hedging Performance

In the conditional setting, we re-estimate the efficient frontier each month using a 36-months
rolling window from December 2002 onwards. This allows us to exploit time varying returns,
risks and correlations of assets and currencies.

Table IV shows the results of the conditional currency hedging for the MVP in Panel A
and MSP in Panel B. In addition to the annualized mean, standard deviation, and Sharpe
ratio (SR), we report the hedging effectiveness ratio (HE) and the differences in mean, stan-
dard deviation and Sharpe ratio between the hedging strategies and the no hedge strategy.

We test whether the differences are statistically significant and report the corresponding
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p-value in brackets. The two-sided test for differences in means is a paired-sample ¢-test.
The bootstrapped p-values for the two-sided test for differences in standard deviation are
computed using the methodology of Ledoit and Wolf (2011). Finally, for testing the differ-
ence in the Sharpe ratio’s test, we follow Ledoit and Wolf (2008) to compute bootstrapped

p-values.

[Insert Table IV here]

In Panel A, taking forward positions is beneficial for all hedging strategies to reduce risk,
even though the risk reductions are statistically insignificant. In terms of the HE ratio, the
overlay strategy of the MVP is the most effective strategy (41%), while the cross-hedge is the
least performing (HE of 16%). Ranking the strategies by their increase in Sharpe ratio, the
full hedge of the MVP is most effective (39.38%) followed by the joint hedge of the expected
positions (35.16%). These strategies succeed in reducing the risk while at the same time the
mean return increases significantly. The differences in the Sharpe ratio for these strategies
are all significant at the 10% level. The Sharpe ratios for the joint hedge and cross-hedge
strategy decrease.

For the MSPs in Panel B, all the hedging strategies are effective in mitigating the currency
risk relative to the no hedge strategy, with a HE ratios ranging between 28% for the optimal
overlay strategy and 1% for joint hedge. The no hedge strategy dominates with the expected
return criterion and all differences in mean are statistically significant. The resulting Sharpe

ratios are very high and topped by the overlay hedge with an astounding 216.65%.

4.3 Out-of-Sample Conditional Hedging Performance

The in-sample performance supposes a perfect foresight of the risk-return characteristics of
the assets and currencies which is not realistic. Accordingly, we assess the robustness of the
currency hedging effects out-of-sample by means of hedging effectiveness and risk-adjusted
performance. The out of sample returns for each strategy are computed using a 36-months

rolling window. We use the asset allocation resulting from the mean-variance optimization
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for each window ¢ — 36 to ¢ to compute the out-of-sample return of the period ¢ + 1. This
results in a time series of 162 monthly returns for the period from January 2003 through
June 2016. Table V shows the performance of all hedging strategies in terms of hedging

effectiveness and Sharpe ratios for the MVPs and MSPs.
[Insert Table V here]

Currency hedging of the MVP leads to a substantial risk reduction which is in all cases
statistically significant at least at the 10% level. This finding confirms the in-sample results.
The joint hedge (30.4%) and the overlay of the MVP (27.7%) are performing best in terms
of reducing portfolio variance. With the exception of the overlay strategy of the MVP all
other strategies exhibit a lower Sharpe ratio than the no hedge strategy, but the differences
are statistically significant at the 10% level only for the overlay of the initial value and
the optimal overlay strategy. This means that currency hedging is not without cost. The
riskiness of the tangency portfolio is greatly reduced even though not all the differences in
variance are statistically significant. With optimal overlay of the MSP (39.2%) tops the
ranking whereas the cross-hedge strategy ranks last (4.9%). The other strategies produce

roughly the same risk reduction (22.7 — 23.7%).

4.4 The Temporal Variation of the Hedging Efficiency

To get an overview of how the performance of the forward positions in mitigating the currency
risk, varies over time, we compute the conditional HE ratio for each strategy. Figure 4 shows
the variation of the hedging efficacy from December 2002 to May 2016 for the MVP. As
expected the poorest performance is achieved in October 2008, just after the collapse of
Lehman Brothers. The HE ratio is highly volatile and the global financial crisis is visible
and pronounced. Unlike the perfect hedge and the full hedge, whose HE ratios increase the
risk of the portfolio during the financial crisis, the other strategies have, at worst, the same

volatility as the no hedge strategy and this occurs during a very limited period of time.

[Insert Figure 4 here]
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Figure 5 displays the variation of the hedging performance for the MSP. The HE ratios
are, by far, more volatile than those of the MVP. During the first sub-period from December
2002 to June 2005, the perfect hedge, full hedge, and overlay hedge realize their worst
performances. In fact, the currency hedge turns out to be highly detrimental to the MSP risk.
During the GFC, the effect of hedging was neutral for these four strategies. The impact of the
remaining four hedging strategies is more beneficial. The cross-hedge strategy effectiveness
is outstanding during only two sub-periods where the developed and the emerging equity
markets are booming, i.e. during the periods June 2005-June 2008 and January 2013-January
2015. The joint hedge strategy achieves the best performance. It performs well even during
the global financial crisis. Its worst performance is a neutral effect during two short-lived
periods. The first happens during 2004-2005 period which is marked by terrorist attacks
in Madrid and London and the devastating Indian Ocean earthquake and tsunami. The
second occurs in 2011 where in addition to the European sovereign debt crisis (ESC), a

major tsunami, followed by a nuclear disaster, hits Japan.

[Insert Figure 5 here]

4.5 The Temporal Variation of the Sharpe Ratio

In order to investigate how the risk-adjusted performance of not hedging and of our set
of hedging strategies evolves over time, we compute the conditional Sharpe ratio for each
strategy. Figure 6 plots the conditional Sharpe ratio (CSR) for the no hedge strategy as the
benchmark (dashed line) and for the hedging strategies (solid line). Overall, the conditional
Sharpe ratios are highly volatile. All strategies achieve high risk-adjusted returns when the
equity markets are trending up and the currencies are appreciating against the USD. This
is mainly the case before the Lehman failure and after 2011. During the period beginning
in September 2008 and lasting for three years, all strategies have a negative CSR. More
precisely, on average, the perfect hedging strategy has the highest CSR (88%), followed by
the full hedge (71%), the overlay hedge (70%), and the joint hedge (65%), while the cross-

hedge (57%) and the no hedge (56%) close the list. Except for the cross-hedge, all hedging
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strategies outperform the no hedge strategy in at least two thirds of the sample period.
The joint hedge strategy, as already shown before, generates a higher expected return. As a

result, it has an average CSR of 105% and dominates the no hedge in 86% of the sub-periods.

[Insert Figure 6 here]

In Figure 7, the evolution of the CSR of the tangency portfolio is displayed for all strate-
gies. The joint hedge tops the ranking with an average CSR of 153% and beats the no hedge
in 99% of the time. The perfect hedge has an average CSR of 152% and outperforms the
no hedge in 64% of the time. The no hedge (129%) is better than the full hedge (122%)
and the overlay hedge (123%), but it outperforms the full hedge only 52% of the time. The
joint hedge of the initial positions has an average Sharpe ratio of 175% and outclasses the no
hedge in 99% of the states. During the global financial crisis all strategies achieve a positive

Sharpe ratio, but only the joint hedge has a greater Sharpe ratio than the no hedge.

[Insert Figure 7 here]

4.6 Provides a Carry-Trade Strategy an Optimal Currency Hedge?

The uncovered interest parity (UIP) posits that the expected change in the exchange rate
between two currencies is equal to the interest rate differential between these countries.
Therefore, hedging currencies of countries with high nominal interest rates and letting the
currencies of countries with low nominal interest rates unhedged would be an optimal strat-
egy. However, as shown empirically in many studies (Hansen and Hodrick, 1980; Fama,
1984; Bansal, 1997; and Backus et al., 2001; among others ®), currencies from high interest
rate countries tend to appreciate relative to low interest rate currencies.” The violations of
the UIP, known as the forward premium puzzle are at the origin of the carry trade strategy,
which was empirically generates high excess returns. This speculative strategy takes oppo-

site positions to those implied by the forward premium signal by borrowing in low interest

8Froot and Thaler (1990), Lewis (1995), and Engel (1996) provide a surveys of the literature.
9However, the average appreciation has only low predictive R-squared (see, e.g., Fama 1984).
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rate currencies, such as the JPY, CHF or the USD after the financial crisis, and investing
the proceeds in high interest rate currencies, such as the AUD, NZD, GBP, ZAR and BRL.
A large strand of literature attempts to explain the high returns of this strategy without
reaching a common explanation (e.g. Burnside, Eichenbaum, Kleshchelski and Rebelo, 2011;
Lustig, Roussanov and Verdelhan, 2011; Dobrynskaya (2014), Menkhoff, Sarno, Schmeling
and Schrimpf, 2012; Lettau, Maggiori and Weber, 2014; and Jurek, 2014).

To investigate whether hedging high interest rate currencies and maintaining positive
exposures to low interest rate currencies is an optimal strategy to reduce currency risk, we
compare the average in-sample hedge ratios of the minimum variance portfolio of different
hedging strategies for the two country groups. Because the hedge ratio is by definition one,
we ignore the full hedge strategy for this analysis. Furthermore, we limit our analysis to
the MV portfolios as the average hedge ratios of the MSR portfolios generally give the same

results. We first compute the forward premium/discount g, for each currency ¢ at time t._

@iy = FJ7/ ST -1, (4.1)

where F/7" and S}/ are expressed as units of foreign currency per USD.

If g;; > 0 then the foreign currency is from a high interest rate country, trades at a
discount, and the uncovered interest rate parity predicts that it depreciates against the
USD. We categorize a currency 7 as high interest rate if the average ¢;; is positive over
the estimation window. Otherwise, the currency is categorized as low interest rate. For
instance, over the first estimation period from January 2000 to December 2002, the CAD,
JPY, CHF and CNY are low-yielding, so their corresponding hedge ratios are averaged to get
the first average hedge ratio of the low-yielding currencies. Similarly, the hedge ratios of the
remaining twelve currencies are averaged to get the first average hedge ratio of high-yielding
currencies. We repeat these steps for every rolling window.

Over the full sample period from January 2000 to December 2016, some distinct patterns
for low and high interest rate countries emerge. The GBP, AUD and NZD are always at a
discount, and the THB, ZAR, BRL, KRW, RUB, MXP and INR are at a discount most of
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the time. After 2011, the CAD, CHF and CNY also begin to trade at discount, while the
JPY becomes at a discount after October 2012. The EUR is at a discount until November
2005, at a premium until July 2010, and changes it status more frequently thereafter.

We find that, on average, the hedge ratio of high-yielding currencies are higher than those
of the low-yielding ones. However, the average hedge ratio for the high and low interest rate
country groups is time varying. Most importantly, the variation is not driven by the high-
yield or low-yield status of the currencies. Thus, the forward premium or discount is not
a reliable signal for building an optimal hedging strategy to reduce currency risk. Figure 8
plots the average hedge ratios for the high and low interest rate currencies for the MVP of

all six hedging strategies that we consider.

[Insert Figure 8 here]

For the perfect hedge, before 2008, the underlying portfolio is invested mainly in the
USA, UK, New Zealand, Japan, Switzerland, Australia, Canada and a tiny share in India,
Mexico and Italy. For the low interest rate currencies the average hedge ratio is 67% for
the JPY, 57% for the CHF and 100% for the EUR and CAD. For the high interest rate
currencies the average hedge ratio is 56% for the GBP and 100% for the NZD, AUD and
INR. Between January 2008 and December 2011, more than 99% of the MV portfolio is
allocated to the USA, Japan, and Switzerland. On average, 13% of the JPY exposure is
hedged, while the CHF exposure is hedged to 73%. During the last sub-period, the portfolio
is divided between the USA, Japan, New Zealand, Thailand and Taiwan. While the JPY
investment is unhedged, the NZD, TWD and THB exposures are most of the time fully
hedged.

The asset allocation of the MVP for the joint hedge is more variable over time. Before
2008, investments in the USA, Canada, Australia, New Zealand, UK, Japan and Switzerland
are dominant. Italy and China have small allocations and only for short time periods. The
GBP is hedged, on average, at 58%, whereas the EUR, NZD, AUD, CAD and CNY are
fully hedged. The low interest rate currencies CHF and JPY have an average hedge ratio of

40%. In the following sub-period from January 2008 to December 2011, investments in South
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Africa and Thailand complete the allocations to developing countries that dominate before
2008, and their currencies ZAR and THB are fully hedged like the GBP, AUD, CAD and
NZD. The JPY exposure is mainly left unhedged while the CHF exposure has a hedge ratio
of 75%. From 2012 onwards, the portfolio is mostly invested in New Zealand, South Africa,
and Mexico, and to a lesser extent, in Canada, Switzerland, Japan and Taiwan. During this
subperiod, the JPY has a zero hedge ratio, while all the other currencies have a unitary HR.

The dynamic for the cross-hedge strategy are different because only the JPY, CHF,
EUR, CAD and GBP can be hedged. Before the global financial crisis, the MVPs are
mainly invested in the developed countries Canada, USA, Japan, UK, Switzerland, and New
Zealand. The JPY and CHF have hedge ratios of 67% and 52%, respectively. The GBP
is hedged at 53% and the remaining currencies are fully hedged. From 2008 to 2011, the
portfolios are mostly allocated to Switzerland, Canada, USA Japan and UK. The JPY is
mainly unhedged and CHF is hedged at 75%. The CAD and GBP exposures are fully hedged.
In the last sub-period, Switzerland, Canada and Japan dominate the portfolio while only
small shares are allocated to the Netherland and Taiwan. Except for the JPY, which is
mostly unhedged, all other currencies are fully hedged.

Summarizing the results, during the sub-period ranging from December 2002 through
December 2007, the optimal currency hedging, for risk-minimizing purpose, implies a positive
exposure to the JPY, CHF, USD and GBP. During the sub-period that includes the 2008
meltdown and the European sovereign debt crisis, a positive exposure to the USD, CHF
and JPY yields high hedging benefits. From 2012 onwards, only a positive exposure to
the JPY was beneficial to reduce currency risk. For the cross-hedge strategy, fully hedging
the Canadian dollar is optimal, which is in line with the findings of Opie and Dark (2015).
Thus, even though the hedge ratios of currencies from emerging countries are higher than
for developed countries, the optimal hedge ratios are subject to substantial variation over
time. This variation appears to be unrelated to the prevailing forward discount or premium

of the foreign currencies we analyze.
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5 Conclusions

We analyze the performance of eight currency hedging strategies relative to the no-hedge
strategy. We use a mean-variance framework that does not allow short-selling of equity
indices or currency speculation. Our empirical results for the period from December 1999
to June 2016 show that in the unconditional setting all the hedging strategies significantly
reduce the unconditional variance of the global minimum variance portfolio. The optimal
overlay strategy and the hedging strategy that simultaneously determines the weights for
the equity indices and the currencies are the strategies that perform the best. Hedging also
improves the mean returns and consequently the risk-adjusted returns. For the tangency
portfolio, only the joint hedge and the cross-hedge strategies reduce the portfolio variance,
but all the hedging strategies perform better than the no-hedge strategy in terms of obtaining
a higher Sharpe ratio. We also find that optimal currency hedging requires positive exposure
to the Swiss franc and the Japanese yen.

In the conditional setting, the conditional variance of the global minimum variance is
sharply reduced by the currency hedging strategies. In terms of reducing portfolio risk, the
joint hedge strategy performs better when a rolling window is used, whereas overlay strategies
perform better when an increasing window is used. The effect of currency hedging on the
conditional variance of the tangency portfolio is less important, although it is not negative.
Accordingly, the risk-adjusted returns are lower with hedging than without hedging. The
analysis of the temporal variation of the conditional hedging effectiveness ratio shows that
the optimal hedge, the cross-hedge, and especially the joint hedge strategies succeed well as
strategies to reduce the volatility of the minimum-variance portfolio. For the volatility of the
maximum Sharpe ratio portfolio and the conditional Sharpe ratio, the joint hedge strategy
performs best, even during the global financial crisis. There is also the question of the
impact of the transaction costs and the realized returns of the currencies. The transaction
costs bring about a slight improvement in the risk-adjusted returns, whereas the realized
returns of the currencies reduce the hedging effectiveness of the joint hedge strategy, but

still sharply improve the Sharpe ratio. The out-of-sample analysis confirms that currency
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hedging is beneficial to global equity portfolio riskiness, and that ignoring the transaction
costs or the realized returns of the currencies has a positive effect on the risk-adjusted
performance of the joint hedge strategy.

Our analysis of the evolution of individual currency exposure shows that in terms of
minimizing risk, positive exposure to the British pound, the Japanese yen, the Swiss franc,
and the U.S. dollar improves performance during the pre-financial crisis period. It shows that
during the global financial crisis and the European sovereign debt crisis, positive exposure to
the Swiss franc, the Japanese yen, and the U.S. dollar is optimal. However, we find that after
2012, only under-hedging of the Japanese yen is beneficial and the euro offers no hedging

benefits for the U.S. investor.
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Table |
Summary statistics of MSCI equity index returns

The table reports annualized mean and standard deviations for the monthly log-returns of MSCI equity indices in local currencies on the left side and in USD on
the right side. We also report the monthly skewness, kurtosis, the correlation with the USA index, and the Jarque-Bera statistic for the null hypothesis that the data
stems from a normal distribution. The sample is divided between developed and emerging and developing countries. The sample period is from December 1999 to
December 2018.

Country(ies) Log return in local currency Log return in USD
Mean (%)  Std. dev. (%) Skewness  Kurtosis Corr(U.S.) Jarque-Bera Mean (%)  Std. dev. (%) Skewness  Kurtosis Corr(U.S.) Jarque-Bera

uU.S. 5.10 14.83 -0.76 4.56 1.00 45.49 5.10 14.83 -0.76 4.56 1.00 45.49
Australia 7.93 12.69 -0.64 3.30 0.70 16.31 8.36 21.34 -0.82 5.63 0.75 92.38
Canada 5.78 14.12 -0.99 5.79 0.78 111.91 6.28 20.23 -0.92 6.70 0.79 163.10
Great Britain 3.84 13.57 -0.70 3.92 0.82 27.06 2.84 16.42 -0.56 4.79 0.83 42.49
Japan 1.37 17.83 -0.58 4.42 0.62 32.25 0.94 16.20 -0.32 3.35 0.63 5.03
Switzerland 3.85 13.75 -0.62 3.57 0.75 18.04 6.33 15.90 -0.63 3.68 0.75 19.64
New Zealand 6.69 14.13 -0.48 3.94 0.47 17.38 8.08 21.35 -0.65 4.33 0.62 33.31
Germany 2.75 20.75 -0.89 6.07 0.80 121.10 3.41 23.67 -0.76 5.14 0.83 66.19
France 3.02 17.09 -0.63 3.96 0.81 23.89 3.69 20.71 -0.68 4.38 0.82 36.12
Italy 0.12 19.71 -0.38 3.49 0.67 7.79 0.78 23.77 -0.52 3.74 0.69 15.66
Netherland 3.83 18.20 -1.04 5.32 0.79 93.47 4.49 21.06 -1.06 5.89 0.83 122.67
Spain 3.12 20.15 -0.37 3.92 0.69 13.56 3.78 24.45 -0.49 4.38 0.69 27.32
Developed 3.95 16.40 -0.67 4.35 0.72 44.02 4.51 19.99 -0.68 471 0.75 55.78
Brazil 12.41 22.65 -0.38 4.20 0.60 19.10 8.55 35.57 -0.52 4.27 0.61 25.70
China 7.26 26.67 -0.70 4.12 0.63 30.90 8.63 27.32 -0.62 3.84 0.63 21.37
India 10.94 23.98 -0.51 4.75 0.53 39.40 8.38 28.31 -0.39 451 0.55 27.54
Korea 7.34 22.68 -0.26 4.44 0.62 22.55 7.38 28.38 -0.26 3.89 0.69 10.19
Mexico 10.41 17.93 -0.56 451 0.65 33.88 6.71 23.92 -0.93 6.05 0.72 122.26
Russia 11.40 30.77 -0.77 6.36 0.58 130.52 6.82 37.04 -0.66 5.10 0.61 58.77
South Africa 12.06 16.64 -0.23 3.58 0.54 5.18 7.75 25.53 -0.54 3.65 0.60 15.37
Taiwan 3.12 22.04 -0.24 477 0.58 32.18 3.21 24.46 -0.17 4.15 0.61 13.79
Thailand 8.87 24.90 -0.80 7.37 0.54 207.31 9.77 28.66 -0.76 6.40 0.54 132.79
Emerging 9.31 23.14 -0.49 4.90 0.59 57.89 7.47 28.80 -0.54 4.65 0.62 47.53
All 6.25 19.29 -0.60 4.59 0.66 49.96 5.78 23.77 -0.62 4.69 0.69 52.25
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Table 11
Summary statistics of foreign currency spot rates and 1-month foreign currency forward rates

The table reports the annualized mean and standard deviation of the monthly foreign currency spot rate log
returns in Panel A, and the monthly one-month foreign currency forward rate log returns in Panel B. All
foreign currency spot and forward rates are quoted as foreign currency units per one USD. The foreign
currency spot rate log returns are calculated using mid quotes s/7'* = log 7+ — log S/24,, where S/ is
the spot rate of currency i at time t. The one-month forward log returns are calculated as f{?m =
log F/?'® — log S/, where F/7'® is the forward rate. The table also reports the correlation of the log return
of the foreign currency, s{,’;"d, with the log returns of the U.S. equity market index in USD pf353,, i.e.

COrr(si_";id,pgggt). For the foreign currency spot rate log returns in Panel A, we also report the correlation

with the log returns of the respective local equity market index pff, i.e. Corr(s/¥?,pff). The last column
shows the average bid-ask spread. The countries in the sample are grouped by developed and emerging

markets. The sample period is from December 1999 to December 2018.

A. Log returns of foreign exchange spot rates

Country(ies) Currency Mean (%) Std. dev. (%) Corr.(U.S.) Corr.(FM) b/a spread

Australia AUD -0.43 12.68 0.55 0.41 0.02
Canada CAD -0.51 9.08 0.55 0.50 0.02
Great Britain GBP 1.00 8.77 0.29 0.04 0.01
Japan JPY 0.44 9.65 -0.10 -0.43 0.01
Switzerland CHF -2.47 10.42 0.15 -0.16 0.03
New Zealand NZL -1.39 13.49 0.49 0.19 0.04
Euro-zone EUR -0.66 9.94 0.31 0.66 0.01
Developed -0.58 10.58 0.28 0.17 0.02
Brazil BRL 3.85 17.60 0.47 0.55 0.03
China CNY -1.37 2.76 0.14 0.19 0.01
India INR 2.56 7.35 0.39 0.49 0.01
Korea KRW -0.04 10.80 0.50 0.36 0.01
Mexico MXP 3.71 10.30 0.52 0.39 0.01
Russia RUB 4.58 13.46 0.35 0.29 0.02
South Africa ZAR 4.31 16.72 0.38 0.17 0.08
Taiwan TWD -0.09 4.77 0.41 0.43 0.01
Thailand THB -0.90 6.01 0.31 0.55 0.02
Emerging 1.85 9.97 0.39 0.38 0.02
All 0.79 10.24 0.36 0.29 0.02
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B. Log returns of one-month currency forward contracts

Country(ies) Currency Mean (%) Std. dev. (%) Corr.(U.S.) b/a spread

Australia AUD 2.09 12.56 0.56 0.02
Canada CAD 0.08 9.09 0.57 0.01
Great Britain GBP -0.51 8.80 0.29 0.01
Japan JPY -2.45 9.58 -0.09 0.01
Switzerland CHF 0.87 10.36 0.17 0.01
New Zealand NZL 4.36 13.48 0.49 0.05
Euro-zone EUR 0.53 9.95 0.31 0.02
Developed 0.71 10.55 0.33 0.02
Brazil BRL 4.89 17.71 0.47 0.03
China CNY -8.02 6.58 0.21 0.00
India INR 2.06 7.36 0.39 0.02
Korea KRW 0.97 10.43 0.50 0.02
Mexico MXP 1.33 10.38 0.51 0.02
Russia RUB 1.08 13.04 0.34 0.02
South Africa ZAR 7.72 19.36 0.33 0.09
Taiwan TWD -1.54 4.76 0.41 0.01
Thailand THB -3.06 8.04 0.28 0.06
Emerging 0.61 10.85 0.38 0.03
All 0.65 10.72 0.36 0.03
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Table 111
Unconditional hedging performance

The table reports the weights of the country equity indices and the one-month currency forward positions for the minimum variance portfolio (MVP). Five hedging
strategies are compared to the case of no hedging: full hedge, optimal overlay hedge, joint hedge, where the initial equity index positions and forwards are
simultaneously determined, joint hedge of the expected weights at the end of the month, and cross-hedge using six of the most actively traded currencies (CAD,
GBP, JPY, CHF, and EUR). For a detailed description of the strategies we refer to the text. The MVP for each strategy is calculated using the full sample period
of monthly returns from December 1999 to December 2018. For each strategy we report the annualized mean return and standard deviation, the Sharpe ratio, and
the hedging effectiveness, which is computed as HE = [1 — a?(rilyp.)/a?(riifp.c)] X 100, where o2(r{},p ) is the variance of the returns of the hedged MVP

and az(r,\%’;,,t) the variance of the MVP of the ho hedge strategy. The row “# currencies” shows the number of currencies with a non-zero weight and “& hedge
(%)” the average hedge ratio in percentage.
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A. Minimum variance portfolio

Country(ies) Currency Hedging strategy
No hedge Full hedge Overlay hedge Joint hedge initial  Joint hedge expected Cross-hedge
(€ @) @) (4) (%) ()
Index Currency Index Currency Index Currency Index Currency  Index  Currency Index Currency
u.s. uUsD 44.10 0.00 5.57 0.00 5.57 0.00
Australia AUD 4.04 -4.04 4.04 -4.76 18.30 -18.30 18.30 -18.30
Canada CAD 14.65 -14.65 14.65 -14.65 28.71 -28.71
Great Britain GBP 6.01 -6.01 6.01 -6.01 19.48 -19.48
Japan JPY 32.13 0.00 6.25 0.00 6.25 0.00 16.71 0.00
Switzerland CHF 23.77 0.00 50.92 -50.92 50.92 -51.42 19.17 -19.17 19.17 -19.17 35.11 -35.11
New Zealand NzD 20.66 -20.66 20.66 -21.04 30.15 -30.15 30.15 -30.15
Germany
France
Italy
Netherland
Spain
Euro-zone EUR
Developed 100.00 0.00 81.19 -75.61 81.19 -77.21 94.52 -88.27 94.52 -88.27 100.00 -83.29
Brazil BRL
China CNY 4.24 -4.24 4.24 -4.52
India INR 1.26 -1.26 1.26 -1.29
Korea KRW
Mexico MXP
Russia RUB
South Africa ZAR 5.48 -5.48 5.48 -5.48
Taiwan TWD
Thailand THB 13.32 -13.32 1332 -13.77
Emerging 0.00 0.00 18.81 -18.81 18.81 -19.57 5.48 -5.48 5.48 -5.48 0.00 0.00
Mean (% p.a.) 4.05 6.26 6.26 6.75 4.13 4.35 4.05
Std. dev. (% p.a.) 13.69 12.31 12.31 10.90 10.90 11.98 13.69
Sharpe ratio (% p.a.) 16.83 36.63 36.63 45.90 21.87 21.73 16.83
HE ratio (%) - 19.17 19.17 36.63 36.63 23.39 -
# currencies 3 7 7 7 7 4
& hedge (%) 0 53 100 100 98 83
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B. Tangency portfolio

Country(ies) Currency Hedging strategy
No hedge Full hedge Optimal overlay  Joint hedge initial Joint hedge expected Cross-hedge
1 ) 3) 4 5) (7
Index Currency Index Currency Index Currency Index Currency Index Currency Index  Currency
u.s. uUsD
Australia AUD 13.47 0.00 20.88 -20.88  20.88 -21.02  51.91 -51.91 32.42 -32.42 0.00 -17.47
Canada CAD 0.01 -0.01 38.05 -38.05
Great Britain GBP
Japan JPY
Switzerland CHF 35.66 0.00 0.03 -0.03 23.80 -23.80 26.72 0.00
New Zealand NzD 23.77 0.00 9.13 -9.13 9.13 -9.19  35.06 -35.06 21.53 -9.13
Germany
France
Italy
Netherland
Spain
Euro-zone EUR
Developed 72.91 0.00 30.01 -30.01  30.01 -30.22  87.00 -87.00 56.23 -56.23 86.30 -64.65
Brazil BRL
China CNY 6.85 0.00 1171 -11.71 1171 -11.79 27.58 -27.58 0.05 0.00
India INR 0.77 0.00
Korea KRW
Mexico MXP
Russia RUB
South Africa ZAR 8.42 -8.42
Taiwan TWD
Thailand THB 19.47 0.00 58.28 -58.28  58.28 -58.76 4.58 -4.58 16.19 -16.19 13.65 0.00
Emerging 27.09 0.00 69.99 -69.99  69.99 -70.55  13.00 -13.00 43.77 -43.77 13.70 0.00
Mean (% p.a.) 7.86 10.70 10.70 8.28 9.77 6.87
Std. dev. (% p.a.) 17.71 18.79 18.79 11.61 15.02 14.18
Sharpe ratio (% p.a.) 34.52 47.65 47.65 56.22 53.39 36.12
DSR (%) -12.53 -12.53 57.05 28.09 35.93
# currencies 6 4 4 4 5 6
& hedge (%) 0 100 100 100 100 18
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Table IV
The in-sample performance of the hedging strategies

The table reports the in-sample performance of the no hedge strategy and five hedging strategies using a
36-months rolling window. For each strategy we report the performance of the minimum variance portfolio
in Panel A and the tangency portfolio in Panel B. The performance is measured in terms of the annualized
mean, standard deviation, Sharpe ratio and the hedging efficiency (HE) ratio. We also report the differences
in the means, in the variances and in the Sharpe ratios between the no hedge strategy and the five hedging
strategies. We test the statistical significance of these differences and report the p-values in brackets. Bid-ask
spreads of the foreign exchange spot and forward rates are smoothed using a 3-business days moving average
filter and winsorized at the 99.5 and 0.05 percentiles. The sample period is from January 2003 to December
2018.

A. Minimum variance portfolio

Mean (%) Std. dev. (%) Sharpe ratio (%) HEratio (%) A mean  Astd. dev. A Sharpe ratio

No hedge 6.20 9.18 52.96 - - - -
Full hedge 9.35 56.79 14.34 39.38 3.15 3141.13 -38.62
(0.37) (0.01) (0.98)
Overlay hedge 7.06 8.00 71.62 24.01 0.87 -20.22 18.66
(0.00) (0.40) (0.03)
Joint hedge initial 7.82 9.65 67.18 -10.51 1.62 8.85 14.21
(0.00) (0.95) (0.37)
Joint hedge expected 5.05 7.39 50.27 35.16 -1.15 -29.60 -2.69
(0.00) (0.32) (0.80)
Cross-hedge 5.14 8.37 45.50 16.85 -1.05 -14.19 -7.46
(0.00) (0.83) (0.67)

B. Tangency portfolio

Mean (%) Std. dev. (%) Sharpe ratio (%) HE ratio (%) A mean A std. dev. A Sharpe ratio

No hedge 19.84 8.72 212.14 - - - -
Full hedge 17.27 7.54 211.43 25.37 -2.57 -19.30 -0.71
(0.00) (0.29) (0.99)
Overlay hedge 16.96 7.21 216.65 31.68 -2.89 -24.11 451
(0.00) (0.20) (0.83)
Joint hedge initial 18.67 8.28 209.35 9.91 -1.17 -7.54 -2.79
(0.00) (0.55) (0.94)
Joint hedge expected 18.24 8.43 200.57 6.62 -1.60 -5.03 -11.57
(0.00) (0.90) (0.95)
Cross-hedge 18.91 8.18 214.86 12.05 -0.93 -9.17 2.72
(0.00) (0.20) (0.79)
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Table V
The out-of-sample performance of the hedging strategies

The table reports the out-of-sample performance of the no hedge strategy and five hedging strategies using a
36-months rolling window. For each strategy we report the performance of the minimum variance portfolio
on the left side and the tangency portfolio on the right side. The performance is measured in terms of the
Sharpe ratio and the hedging efficiency (HE) ratio. We test the statistical significance of the difference
between the Sharpe ratio of the hedging strategy and the Sharpe ratio of no hedge strategy; we also test the
difference between the variances of the hedging strategy and the no hedge strategy. p-values are in brackets
below the differences. Bid-ask spreads of the foreign exchange spot and forward rates are smoothed using a
3-business days moving average filter and winsorized at the 99.5 and 0.05 percentiles. The sample period is
from January 2003 to December 2018.

Minimum variance portfolio Tangengy portfolio
Sharpe ratio (%) HE ratio (%) Sharpe ratio (%) HE ratio (%)
No hedge 16.42 - 14.28 -
Full hedge 211.43 25.37 12.41 23.10
(0.99) (0.29) (0.45) (0.02)
Overlay hedge 11.36 14.05 13.12 23.12
(0.07) (0.02) (0.66) (0.02)
Joint hedge initial 14.49 -39.64 11.13 -6.27
(0.66) (0.00) (0.24) (0.58)
Joint hedge expected 11.92 31.03 11.83 23.14
(0.28) (0.00) (0.42) (0.12)
Cross-hedge 14.05 23.23 12.20 6.27
(0.56) (0.01) (0.05) (0.03)
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Figure 1: Equity index and currency spot rate returns

The figure shows the developed countries total return indices, in local currencies, starting at 100 in December 1999,
in Panel A and the developed countries FX spot rates indices starting at 100 in December 1999 in Panel B. The FX
spot rates (middle quotations) are measured as units of foreign currency per one USD. The bid-ask spreads of the FX
spot and forward rates are smoothed using a 3-business days moving average filter and winsorized at the 99.5 and
0.05 percentiles. The data is monthly from December 1999 to December 2018.
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B. Emerging countries in local currency
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Figure 2: Efficient frontier for the different hedging strategies

The efficient frontiers of the hedging strategies (solid line) are compared to the no hedge strategy (dotted line). We
use 100 portfolios to draw each frontier. The bid-ask spreads of the foreign exchange spot and forward rates are
smoothed using a 3-business days moving average filter and winsorized at 99.5 and 0.05 percentiles The data is
monthly from December 1999 to December 2018.
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Figure 3: No hedge efficient frontier and equity market indices in USD

The figure shows the efficient frontiers of the no hedge strategy and the 21 individual equity indices risk-returns in
USD. Developed countries are in red and emerging countries in black. The data is monthly from December 1999 to
December 2018.
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Figure 4: Hedging effectiveness ratios for the minimum variance portfolio

Plots the conditional hedging effectiveness ratio of the minimum variance portfolio of the six hedging strategies using
a 3-year rolling window. The hedging effectiveness ratio measure the percentage reduction in variance of the hedging
strategy compared to the no hedge strategy. The sample period is from January 2003 to December 2018.
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Figure 5: Hedging effectiveness ratios for the maximum Sharpe ratio portfolio

Plots the conditional hedging effectiveness ratio of the maximum Sharpe ratio portfolio of the six hedging strategies
using a 3-year rolling window. The hedging effectiveness ratio measure the percentage reduction in variance of the
hedging strategy compared to the no hedge strategy. The sample period is from January 2003 to December 2018.

A: Full Hedge B: Overlay Hedge

o
f —

Hedging efficiency ratio
KN

Hedging efficiency ratio
KN

-2 -2
-3 } } -3 } }
2003 2006 2009 2012 2015 2003 2006 2009 2012 2015
---Perfect hedge —Full hedge ---Perfect hedge —Overlay hedge
C: Joint Hedge Initial Positions D: Joint Hedge Expected Positions
1 1
2 2
® ®
= 0 = 0
o o
| = | =
u u
S g =
© ©
oo oo
£ £
o0-2 o0-2
L L
T T
-3 } } -3 } }
2003 2006 2009 2012 2015 2003 2006 2009 2012 2015
---Perfect hedge —lJoint hedge ---Perfect hedge —lJoint hedge
E: Cross-Hedge
1 -
kel i " i‘ﬁ‘v‘ﬁ :‘-‘(\f o -
® " o
= 0 ‘:._ l.:
g H i a.‘1.’
2 i
21 Hi-
© i
g
o0-2
il
T
-3 } }
2003 2006 2009 2012 2015

---Perfect hedge —Cross-hedge

46



Figure 6: Conditional Sharpe ratio (CSR) of the minimum variance portfolio

The CSR of the no hedge strategy serves as the benchmark. The sample period is from January 2003 to December
2018.
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Figure 7: Conditional Sharpe ratio (CSR) of the maximum Sharpe ratio portfolio

The CSR of the no hedge strategy serves as the benchmark. The sample period is from January 2003 to December
2018.
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Figure 8: Average hedge ratio of the global minimum variance portfolio (MVP) for high and low interest rate
currencies

A high (low) interest rate currency trades at a forward discount (premium). The sample period is from January 2003
to December 2018.
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