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Abstract

When the investor adds foreign assets to his portfolio, he also adds exposure to exchange
rate fluctuations. A positive asset return can therefore be canceled out by a negative
exchange rate move. Removing the currency risk is trivial using forwards or futures, and
there might be an advantage from hedging the currency risk in a stock portfolio.

The academic literature does not provide a clear-cut answer to whether the investor should
hedge the currency risk or not. One position is that hedging is a free lunch because it
lowers volatility without changing the expected return while another position is that since
currencies are a zero sum game, and exchange rates tend to be mean-reverting over time,
hedging should add volatility. Hedging the listing currency of a stock is not the same as
removing the influence from exchange rate changes on the value of the company since
most companies face international competition and have cash flows in more currencies
than one.

I find support for the argument that currency hedging is a free lunch for the Danish
investor. Over the period of 1976-2009, adding a passive currency overlay to an interna-
tionally diversified stock portfolio would have lowered volatility of the return in Danish
kroner. Risk-adjusted returns are accordingly higher, and adding a passive overlay should
still be preferred even when adjusting for costs comparable to those seen in big mutual
funds. The results hold both through the 1980s, the 1990s and the 2000s, as well as
through both economic expansions and contractions.

Hedging currencies is essentially a shift in focus from the spot rate movements to the
difference between the forward rate and the realized spot rate at delivery. I show that a
carry trade overlay, which actively takes advantage of patterns in the difference between
the forward rate and the realized spot rate at delivery, increases both risk and average
return, and has higher risk-adjusted returns than the passive full hedge.
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Chapter 1

Introduction

1.1 The topic at hand

The benefits of diversification are central to modern finance. Since Markowitz (1952) first
introduced the mean-variance framework, the investor has been told to add more than
one asset to his portfolio to take advantage of the non-perfect correlation of asset returns.

Diversification across different companies within a country is good because one company
may experience problems that the other company steers clear of. Diversification between
companies in different countries is even better as companies within the same country are
likely to be subject to many of the same economic disturbances. That was the conclusion
reached by Levy and Sarnat (1970), among others. They found that portfolios diversified
across several countries have better risk-adjusted returns than portfolios consisting only
of U.S. stocks.

When the investor adds foreign assets to his portfolio, he also adds returns in currencies
that are different from his domestic currency. A positive return from a foreign stock can
therefore be canceled out by a depreciation of the currency in which the stock is traded.
The immediate return is therefore influenced not just by the performance of the company
but also by the performance of the currency. Even the best stock picker can see his positive
net returns evaporate due to unfortunate exchange rate fluctuations.

The diversification advantage is still present with the exchange rate fluctuations. Nev-
ertheless, if the investor could somehow relieve himself of the uncertainty regarding the
currency’s value, the investor would only have to be concerned with picking the right
stocks and not also the right currencies.

Removing the uncertainty from the exchange rate is trivial and can be done fairly easily
with forward contracts. However, this introduces a new set of problems to the investor.
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In addition to the costs and the additional work required to match the value of the
outstanding forward contracts to the stock portfolio, hedging the currency that a stock
is traded in is not necessarily the same as removing the influence of currency returns on
the stock price. Many companies have cash flows in currencies different from the one their
stock trades in. The investor who hedges the currency of the listing may therefore end up
increasing the portfolio’s total indirect exposure to exchange rate changes.

Despite these many issues, hedging of stock portfolios is possible and is being implemented
in practice. Several studies such as Perold and Schulman (1988); Glen and Jorion (1993);
Campbell et al. (2010) have shown that using forward contracts to hedge the currency
exposure of the stocks themselves and not the companies’ cash flows lowers total portfolio
volatility. Some of the studies even indicate that investors can increase their expected
returns slightly even though currency returns are a zero sum game.

The theory that hedging currency exposure is a net positive, however, contradicts with
the findings of Froot (1993). He argued that currency hedging will be a disadvantage to
the investor over long horizons since exchange rates corrected for differences in inflation
and purchasing power tend to be mean-reverting in the long run. Further, hedging is
both costly and involves counterparty risk, and the advantage from hedging therefore
disappears.

The stock investor concerned with the fundamentals may also point out that there is
something missing in the logic of hedging currency exposure of stocks. The Norwegian
mutual fund Skagen Funds has for instance boldly stated in their status reports that
hedging is a waste of time, pure speculation, and works against the fundamentals of
companies which themselves have their activities diversified across several countries and
currencies (Stensrud, 2010; Haukås, 2007). If a company has costs in one currency and
expenses in another, exchange rate fluctuations will influence not just the immediate
translation of the stock price but also the actual stock price as the profit margin reflect
the change in costs. The value of the multinational company should adjust accordingly
when the exchange rates change, effectively making the currency hedge redundant.

In the empirical studies of the performance of hedged stock portfolios, the strategy for
reducing the exposure to exchange rate movements is the currency overlay. In the overlay,
the investor sells forward the entire currency exposure of the portfolio (Described in detail
in section 2.3.2). This removes the uncertainty about the future exchange rate but adds
another source of uncertainty: The difference between the forward rate and the realized
spot rate. In effect, the investor has swapped the two sources of uncertainty. Is this hedging
or speculation?

I follow up on that discussion in section 2.3.7. This is especially relevant as the investor
could choose to look for patterns in the forward returns and only sell some of the currencies
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in the stock portfolio forward. Glen and Jorion (1993) tested such strategies from the U.S.
investor’s perspective and found that the risk-adjusted returns would increase relative to
the simplest overlay.

Instead of considering whether an overlay consists of the removal or the shifting of currency
exposure, the investor could take the agnostic approach: How do I obtain the highest risk-
adjusted return? Most research is based on U.S. dollar returns, and the question about
whether the positive parameters of the currency overlays also exist for returns in Danish
kroner remains unanswered. In the following, I will therefore address this topic in detail.

1.2 Research question

Can currency overlays lower the volatility and improve the risk-adjusted re-
turns on an exogenously given internationally diversified portfolio of a Danish
investor?

The primary focus in answering the research question is to test a set of currency overlay
strategies and compare the performance of these to the original global stock portfolio
consisting of both Danish and foreign stocks. These overlay strategies are defined based
on existing academic literature and it is the returns of the overlay strategies and not the
specific merits of the theories on which they are founded that will be tested. The intension
is to find empirical support for adding a currency overlay.

The stock portfolio is exogenously given and although changing the weights of the in-
dividual stocks or stock indices can also lower volatility and improve the risk-adjusted
returns, the focus of this thesis is on how a currency overlay influences the total portfolio
performance.

It is central that only the returns to the Danish investor are analyzed. Since currency
returns are effectively a zero-sum game, this limitation may impact the general value of
the conclusions to investors outside of Denmark.

Hedging can quickly come to mean many things. In the following, unless specifically stated
otherwise, when I use the term hedging a currency, it refers to selling an amount forward
in the foreign currency in order to lock the exchange rate.

Thomas Kilde Krath 8 of 87



Currency Overlay Strategies

1.3 Chapter outline

The thesis is laid out as follows:

2. Terminology and concepts in currency trading and hedging introduces the
basic framework for discussing currencies and hedging such as models for exchange rate
prediction, forwards and futures, how hedging of stock portfolios is performed, and how
widespread hedging is among Danish investors today.

3. Literature review summarizes the most important findings from the vast body of
academic literature about hedging and currency overlays on stock portfolios.

4. Framework for the empirical test defines the currency overlay strategies and
describes the model for calculating the performance of these. In addition, the chapter
contains a discussion of how to measure and compare the performance with respect to
the inherent uncertainty in using historical data to describe the future.

5. Review of the passive overlay strategies and 6. Review of the active overlay
strategies presents the results and analysis of the performance of the passive and the
active hedging strategies. The passive strategies refer to the full hedge, the half hedge, and
selectively choosing which currencies to once at the beginning of the investment period.
The active strategies refer to strategies that change which currencies are hedged over
time according to the interest rate differential; first relative to the Danish krone, second
relative to each other.

7. Synthesis and discussion of findings sums up the main findings and relate them
to the academic literature in general. The chapter also contains a test of normality to
extend the interpretation of the estimated average returns and volatilities.

8. Conclusion summarizes the entire thesis and presents a recommendation to the Danish
investor on what to do about the currency overlay.
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Chapter 2

Terminology and concepts in
currency trading and hedging

In this chapter, I introduce the background knowledge, theories and concepts used in
currency markets and how these relate to hedging of currency risk. After introducing these
basics, I describe how hedging of equities can be performed and the special considerations
the investor has to make when hedging stocks of international companies. I conclude the
chapter with a brief description of how widespread the use of hedging is among Danish
investors today.

2.1 Facts about the currency market and exchange rates

The market for currency trading is the biggest market in the world both in terms of
notional amounts traded and in terms of trading activity relative to not just the stock
market but also the market for fixed income and derivatives. The Bank of International
Settlements estimates that the daily volume of trading in currencies – including futures,
options and swaps – was around USD 3.2 trillion in 2007 (Referenced in Sercu, 2009).
There is no single exchange clearing all currency transactions, and currencies are not listed
on exchanges like stocks. Instead, transactions are performed over-the-counter between
an informal network of roughly 500 banks and brokerages that deal with each other, with
large corporations, and with retail banks.

In general, the four major currencies USD, EUR, JPY and GBP make up two thirds of
the market. The USD is on one side in the currency transactions 88% of the time. The
USD is a major part of transactions because the USD is often used as an intermediary
when exchanging between minor currencies. The size of the market results in a very high
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degree of liquidity which again drives down costs resulting in very low bid-ask spreads
compared to other markets.

2.1.1 A brief history of exchange rate regimes

The exchange rate between two currencies is determined purely by supply and demand.
If the currency is pegged to another currency, typically one or more central banks will
offer to exchange its currency for the other currency at the target rate resulting in the
necessary supply and demand conditions to sustain the target rate.

This was the case up until World War 1 where most industrialized countries had a na-
tional currency that was linked to the value of gold and that could be exchanged into
physical gold at the central bank as specified by the official conversion rate. Except for
the occasionally big movements that occurred when governments changed the conversion
rate, exchange rates would stay within a narrow band for most of the period from 1879
to 1913 (Sercu, 2009, chapter 2.5).

The two world wars and the time in between saw the gold standard grow out of fash-
ion apart from in the U.S.A., which kept the dollar pegged to the value of gold. After
World War 2, the western countries, however, convened to reinstate a fixed-rate system
which should stabilize exchange rates and encourage increased international trade. This
happened under the umbrella of the Bretton Woods Agreement, which also led to the
creation of the International Monetary Fund, IMF, that should oversee the system. In
practice, the system became a fixed-rate dollar regime, as most currencies were pegged to
the value of the USD.

Due to differences in economic growth, the fixed exchange rates moved further and further
away from their respective parity values. Central banks were therefore either depleting
or increasing their reserves at a higher and higher rate in order to maintain the desired
exchange rate (Sercu, 2009, chapter 2.5).

The moves away from parity led to the abandonment in 1971-1972 of the fixed-rate regime
and currencies were allowed to float mostly freely. Interventions from central banks would
still occur in the years after 1972 to smooth near-term fluctuations, however, the volatility
of exchange rates increased sharply as exchange rates were the residual left to absorb the
differences in monetary policy among countries (Sercu, 2009, chapter 2.5).

The European Monetary System

In 1979, the 12 members of the European Community established their own fixed-rate
regime for their currencies called the Exchange Rate Mechanism, ERM. In the system,
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the relative exchange rates among the members would be allowed to fluctuate within a
narrow band of ±2.25% without, however, restricting the fluctuations against other major
currencies such as the USD and the JPY (Sercu, 2009, section 2.5.4).

The system is still in place today in the form of the ERM2 and the euro, the common
currency shared by several of the EU member countries originally partaking in the ERM.
The euro was effectively introduced on January 1, 1999, when the original 12 currencies
being replaced by the euro would no longer fluctuate against the euro. The euro was
among other reasons introduced to avoid speculative pressure on the pegged rates, which
the original ERM had suffered from at times (Sercu, 2009, section 2.5.4).

2.1.2 Convention for notation of exchange rates

The notation for exchange rates varies between sources. Traders and exchanges tend
to quote a rate as x USD/DKK where x is the price of 1 USD in DKK. This notation,
however, conflicts with reading the quoted price as a unit of measure. The mathematically
correct way would be to quote the price of 1 USD as x DKK/USD, as it takes x Danish
kroner per dollar. To avoid any confusion in the following, I will quote exchange rates
using the mathematically correct method. Hence, if it costs 5 DKK to buy 1 USD, the
quoted ask price is 5 DKK/USD.

2.2 Finding the future exchange rate

There are many theories about what the underlying factors in exchange rate changes
are. One theory is that over time, the goods that can be bought with one currency is
mostly constant. This is the theory of purchasing power parity (PPP). Another theory
focuses on the balance of payments stating that a country having a trade deficit will be
a net seller of its currency to finance the deficit, which will lead to a depreciation of the
exchange rate. The depreciation makes the country’s goods cheaper to foreigners and thus
more competitive leading to higher exports. Higher exports spur a higher demand for the
country’s currency, which leads to an appreciation of the exchange rate. Thus, along this
argument one can argue that real exchange rates should stay constant in the long term
(Sercu, 2009, Chapter 3.4).

A third theory, focuses on the interest rate differential between two currencies. The theory
argues that interest rate parity must hold because a currency with a lower interest rate
than another will have to appreciate against the high-rate currency to prevent arbitrage.
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2.2.1 Forecasting models

Sercu (2009) performed statistical tests on exchange rates for the currencies of the OECD
member states after the fixed-rate dollar regime and found that spot rates have the
characteristics of random walks, although he acknowledges that some currency pairs show
some autocorrelation and weak traces of mean reversion. This implicates that the investor
cannot predict the exchange rate based on information in the exchange rate series and
consequently opens up for some method of currency risk reduction mechanism.

In a more thorough study of the ability of a set of academically founded exchange rate
forecasting models, Meese and Rogoff (1983) found that for the USD/JPY, USD/DEM
and USD/GBP exchange rates none of the models could predict the exchange rate any
better than a simple random walk model could out of sample.

The models considered were the forward rate model (UIP), a structural model based on
the relative money supplies, a model assuming purchasing power parity, a model that
assumes that deviations from purchasing power parity are only slowly incorporated into
the exchange rate, and two autogression models.

The in-sample track record of the structural models’ ability to predict exchange rates
were all high, however, the model estimation can have suffered from over-fitting as the
out-of-sample performance was on par with that of the random walk. The inability to
predict the future exchange rates was evident on both the 1-, 6- and 12-month horizon.

Rangvid (2004) argued that the horizons may have been too short, and presents an argu-
ment for the models based on money supplies, inflation differentials, purchasing power,
etc. saying that in general, these models perform much better on very long horizons of
more than five years. In the medium term, models based on financial data such as interest
rate differentials – though not the interest parity theory – perform better.

2.2.2 Finding the forward rate with interest parity

Although interest parity does not hold it is central to hedging currency exposure due to
its practical grounds. One can derive an expected future exchange rate by simple lending
and borrowing. Thus, a do-it-yourself hedge would work like the following:

1. At t = 1 you have to pay out 100 USD, and you want to remove any uncertainty
from the amount having to be paid in your home currency DKK.

2. You obtain the one-period interest rate for risk-free USD investment, rUSD = 0.02
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3. If you buy USD at today’s rate and deposit the money at the USD interest rate,
you only need to buy 100 USD/(1 + 0.02) = 98.04 USD to have 100 USD at t = 1
due to the interest payment

4. The spot rate is s = 5 DKK/USD, thus you need 98.04 USD × 5 DKK/USD =
490.20 DKK right now

5. To avoid any out-of-pocket cash flow now, you borrow 490.20 DKK now at the
Danish one-period rate r DKK = 0.03 and pay the money back the next period

6. In effect, you will pay 504.90 DKK to obtain 100 USD in one period. The do-it-
yourself outright one-period forward rate is thus F1 = 5.0490 DKK/USD

Since any difference between the do-it-yourself forward rate and a quoted forward rate
would be an arbitrage opportunity, this is also the rate used for a forward or future (as-
suming no transaction costs). A forward contract involves no cash transaction at t = 0
as the net present value of the transaction is zero. Any costs of the forward are instead
reflected in the bid-ask spread in the forward rate. The exchange-traded future typically
requires that either party of the contract deposits cash or cash-equivalents with the ex-
change on a daily basis in order to remove counterparty risk. In the following, I will treat
forwards and futures the same despite this difference.

The above method is founded on the theory that exchange rates change according to
the difference in interest rates. That is also referred to as Covered Interest Parity (CIP),
which sums up the above transactions in one single formula that states that the forward
rate is a function of the interest rate differential and the current spot rate:

Ft = St
(1 + rhome)
(1 + rforeign)

Along with CIP comes Uncovered Interest Parity, UIP, which swaps the forward rate with
the expected exchange rate in the next period:

E[St+1] = St
(1 + rhome)
(1 + rforeign)

Thus, according to UIP, the forward rate is the best guess about the future spot rate.

2.2.3 Exchange rates have not followed interest parity historically

If UIP were correct, exchange rates would adjust to the difference in the interest rate
between the two currencies. That has, nevertheless, not been the case in practice where it
has been possible to obtain a return different from zero by borrowing money in low-interest
rate currencies and investing them in high-interest currencies.
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Currency surprise describes the difference between the forward rate for exchanging cur-
rency at time t+ 1, Ft, and the actual spot rate, St+1, that is observed at time t+ 1:

Currency surprise = St+1 − Ft

St

This gain or loss originates from the forward contract itself due to the deviation between
expected and actual spot rate. This implicates that an investor who buys a foreign asset
with a currency hedge can obtain a return in addition to the asset’s rate of return despite
the fact that he actively hedged his exchange rate risk. Thus, the investor who hedges
with forward contracts cannot fully replicate the percentage rate of return earned by the
foreign investor buying the exact same asset.

Several empirical studies have shown that the investor who takes advantage of the fact
that UIP does not hold in practice could at times earn big profits. One such study has
been done by Burnside et al. (2006) who show that the carry trade historically has had
high mean returns and a low standard deviation leading to Sharpe ratios ranging between
0.06 and 0.2. The accumulated return from May 1977 follows the S&P500 until around
1995, where the stock market shoots off during the tech bubble. The carry trade increases
at a lower rate and does not fall as the stock market bubble burst in the early 2000s.

Farhi and Gabaix (2009) argued that the carry trade involves risks that offset the prof-
itability as a high interest rate in a given currency tends to indicate a higher risk of a
pending economic disaster and subsequent big exchange rate movements back to interest
rate parity. Iceland for instance had a high interest rate leading up to the decline of its
currency after the financial crisis of 2008.

Brunnermeier et al. (2008) find that the general appetite for risk among investors seems
to be a big influence on the profitability of the carry trade as the positive returns are
amplified as more investors enter the trade and push down further the exchange rate of
the low-rate currencies relative to the high-rate currencies.

2.3 Hedging of stock portfolios

In the following, I discuss how hedging of the currency risk in stocks can be done in
practice. Studies like Rangvid (2004) show that the variance of exchange rate fluctuations
can explain a great share of the total portfolio variance for global stock portfolios. In that
specific case, 28% of the variance of the Danish return on American equities could be
explained by the variance of the exchange rate.
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2.3.1 A stock is more than just a time series

When looking at stocks and stock portfolios, it is easy to view the returns from a currency
overlay as “just another time series.” However, it is worth taking a brief look at how
hedging makes sense for stocks on an intuitive level.

Shares are financial contracts with a fundamental value. If the value of the firm increases
so does the value of stock, and the value of the firm is driven by the firm’s ability to invest
in projects with higher rates of returns than the firm’s cost of capital; that is, if the firm
makes more money that it spends, the value of the firm increases.

Many companies have activities in more than one country. They can effectively be un-
derstood as portfolios of subsidiaries exposed to national factors such as exchange rate
changes. However, even smaller companies may be exposed to currency risk. Imagine for
instance a Danish company that has significant USD exposure; it has costs in DKK and
lists its prices in USD. If the USD depreciates against the DKK, the revenue in DKK
will fall, the profit margin decrease, and the firm will be worth less. The Danish investor
buying shares in a Danish firm therefore has currency exposure despite the stock’s listing
price and manufacturing being in DKK.

Approaching domestic equities as completely free of currency risk is very naive. Since
many large-cap companies tend to have operations outside the country in which the stock
is listed or the corporation is headquartered, it is only natural to assume that the stock
price is also exposed to exchange rate fluctuations to some degree.

Traditionally, stocks have been grouped by location of headquarters or location of the
listing exchange due to practical reasons and due to several studies prior to the mid-90s
which showed that stock prices primarily are dominated by domestic factors and not
broad industry factors (One such study is Drummen and Zimmermann (1992). For a full
summary of these early studies please see Lombard et al. (1999).).

Diermeier and Solnik (2001), however, challenge this view. In a broad study across the
eight biggest capital markets in Europe and North America, they find strong support for
the argument that companies are valued based on all the company’s international activ-
ities and not just the country of the stock listing. Based on a cross-sectional regression,
they identify that the higher the company’s foreign sales relative to total sales, the more
fluctuations in the company’s value were driven by aggregate regional stock indices and
less by the company’s domestic stock index. This is of course an approximation, as the
regional indices would not explain the fluctuations in for instance a German company due
to changes in Canada.

Both Lombard et al. (1999) and Diermeier and Solnik (2001) provide enough empirical
support for the argument that it is too naive to simply assume that hedging the currency
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of the listing price (or the currency used for financial reporting) will remove all currency
risk. If the investor implements his own hedging, he may in fact end up with a true hedge
ratio in excess of the intended when companies themselves have cash flows in multiple
currencies and also may themselves hedge some or all of their currency risk.

On a firm-by-firm level, hedging the currency of the firm’s stock listing may not be a
clear-cut good idea as shown above. Even in broadly diversified portfolios, the hedging of
currency risk is not actual hedging of currency risk because there is no way to observe the
true aggregate exposure to exchange rate fluctuations across all the firms in the portfolio.

The intuitive argument therefore points against hedging. Selling the listing currency of
a stock forward may easily become speculation about the fluctuations of the spot rate
relative to the forward rate instead of truly removing the currency exposure. On the other
hand, a currency overlay may be able to lower some of the total portfolio risk by hedging
even if the actual hedge ratio cannot be computed. The agnostic investor’s argument
would be that a currency overlay is just yet another asset which due to a probable non-
perfect correlation with the stock market could influence expected returns and volatility
favorably.

2.3.2 Implementation: An overlay or just another asset in the mix

One way of implementing a hedge of currency risk in a stock portfolio is to first decide on
which stocks to buy and then – without changing the composition of the stock portfolio
– sell a ratio of every aggregated notional amount in each currency forward. At maturity
of the forward, foreign currency is obtained either from selling the foreign asset or from
buying foreign currency in a spot transaction. When the forward rate and the realized
spot rate at maturity differ, the investor will incur a gain or a loss.

This method of hedging is called a currency overlay, as the hedging decision is separated
from the portfolio allocation decision. The currency overlay is relevant because this is the
method actually used in practice (see also the discussion of its advantages and disadvan-
tages in section 3.5.1).

Alternatively, the investor could look at the series of returns from hedging as just another
asset class with an expected average return, volatility and covariance with the other assets.
This allows the investor to incorporate the hedge decision in general mean-variance opti-
mization. However, the fact that forward contracts do not require an up-front investment
of money somewhat complicates the calculation of the optimal weights.

Glen and Jorion (1993) studied the forward return in the mean-variance framework and
showed that due to the correlation between the forward contract returns and the stocks in
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the stock portfolio, the full hedge is not necessarily the most optimal method of obtaining
the biggest volatility reduction or the highest Sharpe ratio.

2.3.3 Practical issues in implementing a hedge

The typical direct methods for hedging currency risk is to negotiate a forward rate contract
with ones retail bank or have a broker trade futures on an exchange.

Another method that provides more flexibility is using currency options as the option can
protect the investor from losses and still let the investor keep the gains if the currency
increases favorably. However, options come with a premium that has to be paid up front
and thus taken out of the original investment portfolio.

The investor can also find assets that are linked to exchange rate movements and therefore
can be used to offset negative effects from these. Exchange traded funds exist that track
both individual currencies as well as the U.S. Dollar Index, which is a weighted average of
the dollar’s relative value against other currencies such as the euro and the yen. However,
these ETFs require an up-front investment of capital, have management and marketing
fees, and the investor may not be able to find an ETF that results in exactly the demanded
hedge.

2.3.4 Rebalancing and rolling

Unlike hedging the currency risk in a specific business transaction, investors who want to
hedge a stock portfolio face the problem of matching the hedged notional amount and the
value of the stock portfolio which changes continuously and unpredictably due to stock
price changes and any trading within the portfolio. Thus, over time the value of the stock
portfolio is likely to diverge more and more from the amount that has been hedged with
forward contracts, and the investor will diverge further away from his targeted hedge
ratio.

Imagine for instance a situation where the investor has earned a profit that is unavailable
because it does not turn into a cash flow for another 20 days when the contract matures.
In these 20 days, the investor would not be able to earn a return on this profit, despite a
mandate to be fully invested in the stock market. The more currencies that the investor
is spread across, the more potential amounts that could diverge.

To deal with this problem in a systematic way, the investor will have to roll and rebalance
the forward contracts according to a set of guidelines. An example of such guidelines could
be to rebalance periodically – e.g. every third month – unless the difference between the
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part of the stock portfolio denominated in a given currency and the hedged amount
deviates more than a few percent.

2.3.5 The cost of hedging

The investor can buy and sell currency forward with maturities, i.e. delivery of the cur-
rency, at many possible points in the future; typically in the range of 1 day to 1 year.
Longer horizons can also be negotiated. If the investor hedges the exchange risk with
a one-day contract, it becomes easier to match the outstanding amount on the forward
contract with the value of the stock portfolio, which may already be calculated on a
day-to-day basis. Unfortunately, if the investor’s horizon is longer than just one day, the
hedge would have to be rolled. Due to bid-ask spreads and brokerage fees, this can quickly
become a costly affair relative to using two-week, one-month or a 3-month forwards.

This shows that there is an inherent trade-off in hedging between optimally matching the
value of the portfolio with the notional amount of the forwards and deciding on how far
into the future to sell currency forward.

The primary source of costs from hedging stock portfolios is the bid-ask spread on the
forwards that are incurred when the hedge is rolled. In addition to these costs, there
may also be a need for additional cost-incurring trading in the stock portfolio to pay
for potential losses from the forward contracts. A portfolio manager might also require a
higher fee due to the additional time it takes to manage the hedge.

2.3.6 Hedging among Danish investors

As of April 2010, around 90% – DKK 282 billion – of the money invested with Danish
stock mutual funds was placed in global stocks (IFR, 2010c). Although this does not
represent how much of the investors individual brokerage accounts is placed in foreign
stocks, the number gives an idea of the extent of foreign stock holdings.

A private Danish investor will typically hold foreign stocks indirectly through his pension
savings, mutual fund deposits and through direct trading at a retail broker. For the private
investor, hedging of currency risk is likely to become both too time consuming and too
costly to be worthwhile. For the money invested with pension funds, however, a demand for
currency hedging arises. Pension funds are legally required to not let assets denominated
in foreign currency exceed 20% of their total assets (Lov om finansiel virksomhed, § 165,
Retsinformation, 2010c). A foreign stock with a forward contract, however, is considered
a hedge against the currency risk, and does consequently not count toward the 20%. Most
pension funds have mandates that severely limits speculation, which leaves little room for
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creative hedging strategies. However, the 20% limit leaves room for selectively choosing
which currencies to hedge as long as the total currency exposure does not increase beyond
the limit.

A quick survey of Danish mutual funds that invest in foreign stocks reveals that only very
few funds use any means of currency hedging (IFR, 2010b).

The Danish mutual fund with most assets under management (IFR, 2010a), Danske In-
vest, provides a wide range of funds, however, only three funds fully hedge the currency
risk: an index-tracking fund with a world focus, and two actively managed funds invest-
ing in Europe and the U.S.A. respectively. The second and third biggest mutual funds,
Nykredit Invest and Nordea Invest, do not provide any retail mutual funds that are fully
hedged on a consistent basis.

One of the smaller mutual funds, Sparindex, recently changed the investment mandate of
their fund Sparindex World Hedged to not require the hedging of currency risk (Sparindex,
2010). The decision to no longer hedge the currency risk was made due to a combination
of lack of investor interest and because the fund saw the hedging increase the tracking
error relative to the index that the fund was supposed to follow.

The prospectuses for the mutual funds described above contain very little specific infor-
mation about how the hedging is performed in addition to just stating that any hedging
will be performed with forward contracts. The Sparindex fund, however, states that they
have used 3-month forward contracts and therefore roll the hedges every third month or
whenever the hedge ratio is outside the range of 0.98-1.02.

Tax-imposed restrictions

Due to the different tax rates for gains and losses on stocks and bonds, Danish funds are
categorized accordingly. The tax regulation of the area is highly complex but I will try to
summarize the primary implication for the fund industry.

A mutual fund is required to pay a minimum dividend at least annually in order for
the investor to take advantage of the different tax rates. This minimum dividend, min-
imumsudlodningen, is defined in § 16C in Ligningsloven, the Danish tax assessment act
(Retsinformation, 2010b). If the fund does not pay a dividend, it will be classified as an
accumulating fund and the fund will be taxed according to the corporation tax code and
its special section on investment funds. The investor is then not necessarily able to take
advantage of the different tax rates, and the accumulating funds are therefore primarily
suited for pension saving accounts in which all returns are taxed at the same rate.
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A dividend-paying fund is required to pay out its entire gains on forward contracts at least
annually according to § 16 in Kursgevinstloven, the law on capital gains taxes (Retsin-
formation, 2010a). Thus, any reinvestment in the stock portfolio of gains on the forward
contracts will have to be undone and paid out in cash to the fund’s investors. In addition
to the extra trading, there is also an amount of work involved in keeping track of the
separate capital gains from the forwards. All the mutual funds that I was able to find
that used a currency overlay were as a consequence all accumulating and therefore only
marketed for pension savings accounts.

2.3.7 Differentiating between hedging and speculation

The earlier discussion about hedging the actual currency exposure within firms in a port-
folio may have suggested that it is indeed not hedging when the investor buys forwards
to hedge the currencies that the stocks in his portfolio are listed in. Whether this is the
case can quickly turn into a discussion focused on the exact meaning of the word hedging
versus speculating.

A hedge in the pure sense of the word can be considered any security transaction done
with the intension of lowering the total risk on an existing investment position. Thus,
if the investor first decides to invest in a portfolio of domestic and foreign stocks, then
hedging consists of any additional transactions that are expected to lower the risk of the
portfolio.

The central parameter in the discussion therefore becomes if hedging lowers volatility of
the returns. If it does, the activity be can classified as hedging. Other measures of risk
may be relevant as well such as value at risk, expected tail loss, maximum drawdown etc.

Second, any rational investor would be concerned with the cost of hedging: Up-front fees
as well as how returns may change from hedging. To see if the reduction in volatility is
worth the change in return, the investor should therefore also be interested in how much
more or less he is awarded for taking risk. This can be measured with the Sharpe ratio
(described in section 4.6.1).

In light of the practical issues in hedging, the guidelines for rolling and readjusting the
hedge will also influence when the additional transactions can be considered hedging or
speculation.
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2.4 Chapter summary

In this chapter, I have described the basics of currency trading and how hedging can
be performed. The rise in exchange rate volatility after 1972 opens up for an increased
demand for currency hedging.

I described theoretic models for the drivers of exchange rates such as purchasing power
parity, fiscal policy, interest rate differentials, and referenced empirical tests which showed
that no model consistently can predict exchange rate movements better than a random
walk model. However, I also referenced several studies that show that the investor who
invests against interest rate parity can see big positive net returns although at a significant
risk. Instead of fully hedging, there might be a positive element in a currency overlay from
following such a strategy.

The chapter also contained a brief outline of how widespread currency hedging is among
Danish stock investors. I show that Danish mutual funds in general do not hedge their
foreign stock portfolios and argue that the biggest demand for hedging should be from
wealthy individuals and institutional investors looking for lower volatility as well as pen-
sion funds which are required to limit their exposure to currency risk.

That leads to a discussion of how to define hedging. Selling the listing currency of a stock
forward is not equal to removing the exposure of the stock price to exchange rate fluctua-
tions because most companies have cash flows in several currencies. Research even shows
that domestic factors have less impact on returns than other factors such as industry. Con-
sequently, hedging is not the removal of currency risk. Instead, I refer to hedging as any
additional financial transaction performed with the intension of lowering total portfolio
risk.
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Chapter 3

Literature review

In the following, I will take the reader through the most important academic literature
on currency hedging of stock portfolios. I will present theoretic and empirical arguments
for the full hedge as well as arguments against. I will also introduce some recent empirical
findings of how more active hedging strategies have performed.

Most of the central literature on the topic is targeted to the U.S. investor. I therefore
supplement the literature with some smaller studies where any possible advantage is
measured from the viewpoint of the Danish investor.

3.1 Currency hedging as a free lunch

One of the most-quoted research on the topic of hedging is Perold and Schulman (1988)
who show that hedging all currency risk in stock portfolios lead to volatility reductions
without a matching reduction in expected returns.

They reach their conclusion based on an empirical study of a diversified stock portfolio
for Japan, Germany and the U.K. individually, as well as an equal weight portfolio of
all countries over the period December 1977 to December 1987. Returns are measured in
USD and deflated by the U.S. CPI to reflect the real return.

The study is in line with Eun and Resnick (1988) who showed that currency risk is non-
diversifiable due to high correlations between the currencies and consequently contribute
greatly to the total portfolio volatility. They found that all the tested hedging strategies
by far outperformed the unhedged strategies in terms of risk-adjusted returns.
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3.1.1 Currency should have an expected return of zero

Perold and Schulman (1988) take up a more general discussion of why currency risk
on average should be a zero-return investment. The center of their argument is that no
rational investor should want to consistently pay a premium for holding foreign currency
over long periods of time.

As P&S also point out themselves this contradicts with the investors demanding a pre-
mium for acquiring non-diversifiable risk, i.e. the theory of the Capital Asset Pricing Model
with its expected returns and covariance structure between all assets. When adding ex-
change rate fluctuations specifically, the literature refers to it as the International Asset
Pricing Model (See among others Adler and Dumas, 1983).

P&S reference studies that show that forward premiums do exist and that they are dif-
ferent from zero. However, despite the changing premiums over time, none of the studies
referenced show any sign of mean reversion in the premiums. In the short-term the return
from hedging should therefore be positive or negative, while the return should not be
expected to be different from zero in the long run. They also point out that there is no
clear theoretic argument for who should earn any possible premiums.

P&S do not discuss the carry trade specifically and the ability of investors to obtain an
expected return different from zero by taking advantage of the interest rate differential
between currencies. This is a significant drawback for their argument for currencies being
a zero-return investment but does not change their empirical finding of reduced volatility.

3.1.2 Cheap hedging makes it worthwhile

In their article, P&S briefly argue that the introduction of transaction costs to the model
should not change the recommendation even if returns from hedging on average should be
zero. Currency forwards for delivery within six months are highly liquid assets that trade
at spreads between 0.08 and 0.16% in the major currencies leading to an average cost of
0.12%. In their view, this is almost negligible when compared to the already incurred costs
of trading on foreign exchanges, setting up custody accounts, and portfolio management
fees, which are in the range of 1-4% for actively managed funds. When adjusting for the
reduced risk, the hedged portfolio should therefore still be preferable to the unhedged
portfolio.
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3.2 Deriving an optimal hedge ratio

Following the free lunch argument from Perold and Schulman (1988), Black (1989, 1990)
analyzed the question of how much of the currency risk the investor should hedge based
on the assumptions of the CAPM. Just like the CAPM states that there is one portfolio
that is optimal for all investors, Black finds that there is only one optimal hedge ratio for
all investors irrespective of their domestic currency.

The hedge ratio should be higher than zero due to the aforementioned ability of a hedge
to reduce the risk. The hedge ratio should be less than one because investors can increase
their expected returns in local currency by being exposed to some currency risk. The
reasoning behind this is Siegel’s Paradox.

Siegel’s Paradox (Siegel, 1972) states that it is logically possible for an investor in country
A to expect a positive return on the currency of country B while the investor in country B
at same time can expect a positive return on the currency of country A. Thus, currencies
can have a positive expected return for both sides, which in the model of Black leads to
an optimal hedge ratio less than one.

Black uses the following example to explain Siegel’s Paradox: An apple consumer and an
orange consumer can exchange fruit with each other at a 1:1 exchange rate (they only
consume their preferred fruit of choice). The next month, the apple consumer can exchange
one orange into either 2 apples or into half an apple with equal probability. Thus, to the
apple consumer, the expected value of one orange is 1.25 apples. The orange consumer,
similarly and at the same time, expects the value of the apple in oranges to appreciate to
the same level: the expected value of one apple is 1.25 oranges. Both consumers therefore
expect the foreign fruit to appreciate by 25% and would therefore gain by swapping.

The hedge ratio should be the same for all investors due to the way the equilibrium
is reached. Since one investor’s short position in a currency must be equal to another
investor’s long position in the same currency, prices will adjust until everyone holds their
desired equilibrium.

3.2.1 Calculating the optimal hedge ratio

The universal hedge ratio is a function of three averages:

1. The average across countries/currencies of the expected excess return on the world
market portfolio

2. The average across countries/currencies of the volatility of the world market port-
folio
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3. The average of exchange rate volatilities

These input variables can be calculated from historical averages but Black’s formula varies
greatly with the choice of period from 30% to 77%. To solve this problem, Black simply
suggests to use longer time horizons for estimation. In the end, Black concludes that the
practical implication of the findings are that the optimal hedge ratio lies between 0 and
1 but never at the two extremes.

One way of applying Black’s result in light of the parameter uncertainty is to take the
route of Gastineau (1995) and postulate a simple 50/50 hedge rule, in which only half
of the currency exposure is hedged. This is easily implemented, it draws attention to the
inherent choice of the currency position in international portfolios, and is a simple and
naive compromise to handle the regret of being either completely hedged or not hedged
at all.

3.2.2 Limitations of the universal hedge ratio

As stated before, Black’s universal hedge ratio is derived within the CAPM framework.
A whole list of assumptions must therefore be accepted: Investors share common views of
expected asset returns, markets are fully liquid, all investors have identical utility func-
tions, national wealth is equal to the value of each stock market (all assets are liquid and
can be traded), and there are no barriers to investments. These are significant limitations
that are hard to satisfy in practice.

Siegel’s Paradox, which is central to the argument against a full hedge, builds on an
assumption that purchasing power parity does not hold. If PPP did hold, the relative
ratio of apples to oranges would remain constant and the possible outcomes assumed of
the value of apples in oranges and vice versa do not hold. Second, the optimality of holding
the foreign consumption basket, i.e. for the apple consumer to hold oranges, builds on
an assumption of risk-neutrality. The apple consumer might be so risk averse that the
slightest probability of a negative outcome makes him oppose swapping a certain amount
of apples with an uncertain amount.

3.3 The opposing argument: No risk-reduction in the long
term

Based on both a theoretical deduction and a following empirical test, Froot (1993) argues
that currency hedging is only risk-reducing for investors with short horizons due to the
long-term mean-reverting properties of real exchange rates, which he finds in his data
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covering the USD/GBP exchange rate from 1802 to 1991. Thus, the crux of Froot’s
argument is that in the long term, purchasing power parity prevails.

In the short term, Froot argues that hedge returns – the returns from the forward contracts
– are dominated by changes in real exchange rates, i.e. changes in the purchasing power
between two currencies. Meanwhile, due to mean reversion, real exchange rates will move
back to parity in the very long run. The investor with an investment horizon of five years
or more will therefore see a risk increase from hedging.

The finding of PPP means that currencies are naturally hedged against nominal fluctua-
tions. Active hedging can therefore lead to excess real returns, which consequently increase
volatility of the total portfolio relative to the unhedged portfolio in the long term. Froot
backs up this argument with empirical data of the performance to a U.K. investor in the
U.S. stock market from 1801-1991, which shows that hedging, indeed, does increase risk
at horizons longer than five years.

The hedge ratio of the minimum variance portfolio moves from 100% at the very short
investment horizons to 35% at horizons of five to ten years. At the longer horizons,
volatility is not reduced any further than the minimum variance portfolio by hedging and
Froot argues that even small transaction costs will rapidly drag the optimal hedge ratio
towards zero as the horizon increases.

3.3.1 Limitations and assumptions of Froot

Without PPP and mean-reversion in the real exchange rates, Froot’s argument no longer
holds. If exchange rates instead are expected to behave like random walks there will be an
advantage from hedging. Thus, the finding that exchange rates in general tend to behave
similar to random walks made by both Sercu (2009) and Meese and Rogoff (1983) (see
section 2.2.1) means that Froot’s theory does not hold and that hedging is indeed relevant.

Froot’s focus on the USD/GBP exchange rate seems to have been too limited to say
something about exchange rates in general. In addition, the choice of an almost 200-year-
long sample period means that Froot includes large periods of relative low volatility due
to among other things the gold standard as mentioned in section 2.1.1. There may also
be inaccuracies in the historical data, which bias the results.

Interestingly, in the dataset covering 1975-2005 Campbell et al. (2010) specifically did
not find that the risk-minimizing investor should want to increase his exposure to certain
currencies with changes in the investor’s horizon.
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3.4 Varying the exposure to individual currencies over time

Instead of just passively selling the entire currency exposure forward every period, the
investor might be able to obtain a better risk-adjusted return by only hedging some of the
currencies some of the time. By doing so, the investor might be able to take advantage of
the fact that not all currencies and the return from the forward contracts have the same
correlation with the stock market.

3.4.1 Exchange rates and stock market correlations

In a recently published article, Campbell et al. (2010) look at how exposure to individual
currencies influence a diversified stock portfolio over the period 1975-2005. They show
that the full hedge is advantageous as it lowers volatility but that the optimal hedging
strategy includes varying hedge ratios for each currency to fully take advantage of the
covariance structure.

Campbell et al. divide currencies into two groups based on their correlation with the
global stock market: Normal currencies that tend to appreciate when global stock markets
increase, and reserve currencies that tend to appreciate when global stock markets fall.

Based on this, investors should optimally expose themselves to the currencies that increase
in the good times, and the currencies that depreciate in the bad times. The risk-minimizing
investor in equities should therefore be able to gain from adding exposure to the reserve
currencies to his portfolio, while the more active investor should continuously adjust his
exposure based on his expectations of how the stock market will perform.

Campbell et al. (2010) look at the seven major currencies USD, EUR, JPY, CHF, GBP,
CAD, and AUD with one-quarter investment horizons, and show that the hedging prop-
erties of the currencies lie on a spectrum. The normal currencies, AUD and CAD, are
positively correlated with local-currency returns on equity markets while the reserve cur-
rencies EUR and CHF are negatively correlated with world stock returns and their own
domestic stock returns. In the middle of the spectrum lies JPY, GBP, and USD with JPY
and GBP having properties more like CAD and AUD, and USD being more like EUR
and CHF. Specifically, being long the USD/CAD exchange rate significantly lowers the
volatility of a global stock portfolio. These general relationships are found for all investors
and does not depend on which is the investor’s domestic currency.

Due to these correlations, risk-minimizing equity investors should be exposed to reserve
currencies. Specifically for investors in the euro area, a full hedge of all currencies except
the USD is accordingly optimal as the CHF and EUR have a high level of correlation.
Campbell et al. (2010) show that the full passive hedge therefore is preferred to the
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unhedged and the half-hedged portfolios. The most optimal strategy reported, however,
is to optimize currency exposure to obtain fixed passive weights based on the individual
expected returns and covariances. This further reduces the standard deviation relative to
the full hedge.

Sharpe ratios of the returns follow along accordingly: They are higher for the uncondi-
tionally optimally hedged portfolios relative to the passive full hedged, which again has a
higher Sharpe ratio than the unhedged portfolios.

Outside the euro area, the risk-minimizing British investor for instance should expose
himself to both the USD, the EUR and the CHF. Interestingly, the investors with AUD
or CAD as their domestic currency should not hedge all currency exposure back into their
home currency because these two have a high correlation with the stock market.

Although with a few differences, Campbell et al. (2010) found that the overall conclusions
hold across the two sub-periods 1975-1989 and 1990-2005. The risk-minimizing properties
are consistent over time, however, with the modification that the risk-minimizing proper-
ties of both the CHF and EUR have increased in the latter period as these currencies have
gained acceptance as reserve currencies among central banks and institutional investors.

3.4.2 Active hedging in light of forward premiums

As mentioned in section 2.2.3, the interest rate differential can be used to predict short-
term currency fluctuations relative to the forward rates.

Glen and Jorion (1993) test a conditional hedging strategy where the rule is to sell a
currency forward when it is at a premium and buy it forward when it is at a discount.
This strategy is based on an expected ability of the forward premium to predict the
direction of the exchange rate; if a currency is traded at a premium, the strategy is
based on the assumption that the currency will not increase as much as the forward rate
indicates. At the forward contract’s maturity, the investor should therefore be able to
earn a profit from buying currency in the spot market for delivery. They find that the
strategy outperforms the passive hedge. Campbell et al. (2010) also perform an analysis
of the carry trade on their sample period and conclude that the carry trade is “extremely
profitable” but underline that it also has a big volatility.
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3.5 Prior studies of currency hedging from a Danish
perspective

Possibly due to the small target audience, only a few have taken an academic interest in
finding the optimal currency hedging strategy from a Danish investor’s perspective. In
the following, I will take a look at prior empirical studies of hedging of stock portfolios.

Rangvid (2004) studied the performance of hedging of U.S. bonds and stocks from the
Danish investor’s perspective over the period 1986 to 2003 and found that hedging in-
creases risk-adjusted returns. He also found that the lower the volatility of the portfolio’s
return in foreign currency, the bigger the advantage from hedging, and that passive cur-
rency overlays are not optimal for hedging. Thus, the investor should hedge his currency
exposure and preferably not with a simple currency overlay with a hedge ratio of 1.

The increase in returns comes with a decrease in volatility, thus leading to a vastly higher
Sharpe ratio for the full passive hedge of the stock portfolio as well as for the bond
portfolio. The gain in the Sharpe ratio is biggest for a bond portfolio, where the ratio is
almost tripled.

The passive currency overlay is compared to an active hedging strategy where the decision
to hedge is made contingent on the interest rate differential (like in Glen and Jorion (1993)
and in this thesis). Over the full period, such a strategy has a higher average return but
also higher volatility. The Sharpe ratio of the actively hedged US stock portfolio therefore
only increases slightly while the Sharpe ratio of the bond portfolio actually drops.

3.5.1 Including the hedge in the asset allocation decision

The finding of positive correlation between the unhedged portfolio and the forward con-
tract returns leads Rangvid (2004) to a discussion in which he argues that the return from
the forwards should be considered as just another asset in the asset allocation decision
between stocks and bonds. Creating a currency overlay is an implicit belief in that the
correlation between the forward contract returns and the portfolio is zero because the
weight of both is decided upon without including the forward returns into the construc-
tion of the market portfolio in the same way that the risk-free asset is not included due
to its implied correlation of zero.

A test of the two return series shows that the correlation is not equal to zero at the 5%
level and Rangvid (2004) therefore concludes that currency hedging is not optimal, and
that the investor should incorporate expectations about the forward contract return into
the asset allocation decision.
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The optimal allocation for an investor buying Danish and U.S. stocks is found to be 2.9%
in Danish stocks, 36.4% in U.S. stocks, and finally 60.7% in the forward rate contracts.
This optimization, however, disregards the fact that the forward contracts are not an
asset that requires investment up-front. When the investor decides to buy or sell currency
forward, the investor does not have to perform a cash transaction until the settlement
date of the forward contract where he can buy or sell the necessary currency at the spot
rate. As such, these weights are more illustrative than stating a specific optimal hedge
ratio.

3.5.2 Hedging for Nordic investors

Liljeblom et al. (1997) looked at the benefits of international diversification from the
perspective of investors in the Nordic countries with their main focus on Finland. The
study’s primary focus is not hedging but as part of their mean-variance optimizations the
authors report both hedged and unhedged results.

As expected from prior studies, Liljeblom et al. (1997) find a substantial benefit from
diversifying internationally, however, the conclusion in regards to hedging is less clear as
they find somewhat mixed results.

Specifically for Danish investors, hedging would have been beneficial during 1987-93 but
not during 1979-86. In general, Liljeblom et al. (1997) conclude that the best-performing
portfolio strategy is the minimum variance portfolio but they do not find any statistically
significant results concerning the choice of hedging strategy.

3.5.3 Statistical significance

Nielsen (1996) looked at the performance of hedging a portfolio of stocks from USA,
Japan, Germany, UK, France and Italy over the period of 1975-1995. His conclusion was,
like Rangvid (2004), that hedging lowers volatility and increases average returns. This
study did, however, not include dividends, which are sizable for US stocks and less so for
continental Europe and Japan.

Like Liljeblom et al. (1997), Nielsen (1996) found no statistical significance in the differ-
ence between the hedged and the unhedged strategy due to the relatively higher volatility
of the hedged return. Rangvid (2004) did not report any statistical tests of the results
in the article. It therefore seems that any advantage in hedging is minor and it cannot
be ruled out that it is the result of excessive data mining, i.e. due to assumptions and
specifications. The lack of statistical significance may also be due to deviations between
the actual return distributions and the assumed distributions.
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3.6 Chapter summary

The body of academic literature about whether or not to hedge stock portfolios is vast.
Although differences in point of view exist, the general consensus in academic research
confirms that hedging lowers volatility. The difference between hedging and not hedging
a stock portfolio is nevertheless small. Some studies find no statistically significant dif-
ferences between hedging and not hedging, while others put more weight behind their
conclusion.

Both Black and Rangvid argue against blindly choosing a hedge ratio of 1. Black argues
for a hedge ratio between zero and one but his assumptions limit the practical imple-
mentation. Rangvid on the other hand reaches his conclusion based on a mean-variance
optimization which clearly shows that the hedge ratio should be determined based on the
covariance between the forward returns and the stock portfolio.

Strategies that only selectively hedge currencies appear to have positive properties for
hedging stock portfolios. Based on the correlation with the global stock market, Campbell
et al. argued that the investor could gain from being exposed to currencies like the USD
as it tends to increase in value when the stock market falls. Other strategies which hedge
conditionally on the interest rate differential and the absence of interest rate parity also
exhibit favorable risk-adjusted returns despite the high risks involved with what is in
effect a carry trade.
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Chapter 4

Framework for the empirical test

In this chapter, I introduce the model for calculating and comparing the returns of the
overlay strategies. Specific assumptions and limitations of the model are central to the
chapter and will be discussed as they come up in the selection of data, and specification
of the portfolio and hedging strategies.

In the final parts of the chapter, I present and discuss the methods and parameters used
for comparing the return of the many strategies.

4.1 Defining the global stock portfolio strategies

Not all countries and currencies in the world are included in the global stock portfolio.
Instead, I have selected a broad representative set of the world’s developed countries.

Developing countries have been excluded because investing in these countries requires
a different investment focus and risk profile. The political and economical risks can be
large. There is nevertheless no doubt that countries like Brazil, Russia, India, and China
do make up a significant part of the world economy – their GDP’s place them in the top
15 – and therefore also attract further interest from investors looking abroad.

An important factor in choosing to exclude developing countries has been data availability
concerns. However, even with perfect data availability, it would still have been hard to
justify using the historical data to say something meaningful about the future. It would
be biased to assume that economic instability will occur in the developing countries with
the same probability as historically, given how being a developing country also includes
increasing economic and political stability – or that has at least been the case for countries
such as Brazil and most of the East Asian economies.
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The following countries have been chosen for the global stock portfolio: Australia and the
Australian dollar (AUD), Canada and the Canadian dollar (CAD), Switzerland and the
Swiss franc (CHF), the euro area and the euro as represented by Germany and prior to
1999 the German mark (EUR and DEM), the United Kingdom and the pound (GBP),
Japan and the yen (JPY), U.S.A. and the U.S. dollar (USD), Norway and the Norwegian
krone (NOK), Sweden and the Swedish krone (SEK), and Denmark and the Danish krone
(DKK).

These countries represent some of the biggest developed economies in the world and to-
gether they made up 98.5% of the constituent weights in the global market capitalization
weighted MSCI World stock index on December 31, 2008. The MSCI World index, how-
ever, only includes developed countries.

4.1.1 Specification of country allocation

I introduce two portfolios to represent the international stock portfolio: An equal-weight
and a market-weight portfolio. These represent neutral stock-market strategies free from
specific decisions regarding the weights of the individual stocks. As the focus is on find-
ing the optimal hedging strategy and not the optimal country allocation strategy, these
strategies will not receive attention beyond this section. Instead, the stock portfolios will
be assumed exogenously defined.

The equal-weight portfolio allocates 1/n to each of the n = 10 country indices. This is a
very simple portfolio to construct and implement in a model. Despite of its simplicity, the
so-called naive asset allocation portfolio has surprisingly good characteristics as discussed
in DeMiguel et al. (2009). They show that the equal-weight portfolio has a significantly
higher Sharpe ratio on out-of-sample data than both the traditional and the constrained
mean-variance portfolio optimization models as well as the capitalization weighted market
portfolio.

Given the choice of countries, the equal-weight portfolio relative to the market-weight
portfolio overweights all countries except the USA, which accounts for roughly half of
the world market when measured by capitalization weight in the MSCI World index.
Japan and the UK are roughly on par with the weights in the market-weight portfolio
whereas Denmark, Sweden and Norway are the most overweight. This is a property of the
equal-weight portfolio by specification which makes room for a significant home bias for
the Danish investor. French and Poterba (1999) showed that investors on average hold
a much larger fraction of their stock portfolios in domestic shares than what would be
expected from looking at the country’s stock market value relative to the global stock
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market. Therefore, including and using the equal-weight portfolio may closer resemble
the actual portfolio choice of a Danish investor than a pure market-weight portfolio.

Specification of market-weight portfolio

In the model implementation, the market-weight portfolio is based on the country weights
in the MSCI World index on December 31, 2008, which includes 23 countries in total of
which 20 are covered in this analysis (10 euro area countries are represented by Germany).
The three excess countries are removed and the remaining country weights are altered to
sum to 1.

The country weights defined in 2008 are used throughout the full period of analysis. This
assumes that the market caps of the individual countries remained the same every month
from 1976 to 2009. This fully disregards any difference in stock market returns between
the countries and the portfolio is therefore not a true market-weight portfolio. During the
period covered in this sample, the Swedish stock market index for instance had a greater
return than the average for the period, while Germany and Switzerland have had lower
returns. Thus, if the weights were to be strictly in line with market caps over time, the
relative weights for Germany and Switzerland should have been somewhat higher and
Sweden relatively lower at the beginning of the period.

Comparison of equal-weight and market-weight portfolios

Even though these two portfolio strategies have different weights – the market weight
is roughly 50% invested in the USA – they have almost identical return characteristics.
Stock markets tend to rise and fall together, and that is very much the case for the market
weight and equal weight portfolios here: The correlation of the two unhedged portfolios
is .941 and .942 for the two hedged portfolios. Not worrying too much about the country
weights is also supported by the recent research of Christoffersen et al. (2010) who show
that national stock market correlations have increased to a point where the advantage
from international diversification is much smaller than it has been historically.

The near-perfect correlation leaves little reason to explore the difference in country allo-
cation in depth. Therefore, when the analysis moves beyond the full or zero hedge, results
will only be reported for the equal-weight portfolio and not for the market weight.

4.2 Description of input data

The analysis is based on the following time series covering all 10 countries:
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1. End of month closing spot exchange rates (Source: IMF, via DSI Data Service). The
exchange rates are denominated in USD and have been translated into DKK. This results
in an implicit disregard of the bid-ask spreads. However, as these spreads are small, the
impact of doing so should not have any major impact on the overall conclusions to draw
from these calculations.

2. Short-term interest rates for lending between financial institutions (Source: IMF, via
DSI Data Service). For the purposes here, the rates are assumed risk-free despite in
some cases being unsecured and involving counterparty risk. Rates are averages of daily
overnight interbank lending rates within each month. Any spread between lending and
borrowing is disregarded. The interest rate time series for Sweden and Norway were not
available in the IMF database for the entire period up to the end of 2009 at the time of
this writing. Therefore, the series of Swedish interest rates has been combined with the
average monthly overnight interest rate STIBOR as published by Sveriges Riksbank for the
period of 2004:4-2009:12 (Sveriges Riksbank, 2010), and the Norwegian interest rate with
the NIBOR as published by Norges Bank for the period 2009:9-2009:12 (Norges Bank,
2010).

3. National stock market indices in local currencies adjusted for dividends and other
corporate actions (Source: MSCI, via Datastream). The indices are capitalization weighted
and free float-adjusted1. All index values are end of month.

The time series for returns from the forward contracts are calculated from the spot ex-
change rates and short-term interest rates assuming that the forwards are priced according
to interest rate parity theory. There may be divergence from this in practice but if this di-
vergence becomes significant, an arbitrage opportunity would arise, and any such pricing
discrepancies should therefore disappear.

The forwards are created to be of 1-month horizons with the overnight interest rate as
the risk-free rate. Thus, the horizons of the two do not match, and the lender would
receive (and the borrower would pay) too little in interest under the assumption of a
normal term structure of interest where longer the interest rate increases with the length
of the horizon. This simplification may cause minimal noise but should be acceptable as a
1-month horizon should not be long enough to see big deviations from the overnight rate.

OECD’s Composite Leading Indicator used in the business cycle breakdown is described
in detail in section 4.7.2.

1The indices are MSCI Global Standard Indices for which the weights are adjusted to reflect only the
value of the shares that are traded freely and not total outstanding shares as described in MSCI Barra
(2010)
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4.2.1 Time-period of analysis

As mentioned in section 2.1.1, exchange rate volatility was very small prior to the early
1970s due to the Fixed-Rate Dollar Regime. This therefore marks the starting point for
the analysis. Due to data availability and reliability of both exchange rates and interest
rates for all ten currencies, I let the period of analysis begin on January 1, 1976. The end
of the sample period has been made as recent as possible, and is December 31, 2009.

The full sample period covers many events – political crises, economic crises, stock market
bubbles etc. – that represent future events. The period should be sufficiently long to
include several bubbles and bursts but as will be visible in the sub-period breakdown in
the analysis, returns and volatility change over time.

4.2.2 Euro-specific delimitations

In 1999, the euro was introduced and replaced several currencies in existence at the
beginning of the sample period. In the following, I make the simplifying assumption of
letting the German currency and the German stock market function as proxies for the
entire euro area prior to 1999.

Although, the investor standing in 1976 could not know about the introduction of the
euro, the economic integration of the countries now in the euro area was increasing due
to the existence of the European Economic Community, EEC.

The economic development in the European countries is both similar and co-dependent
due to the high degree of market integration present even at the beginning of the sample
period in 1976. In 1979, the European exchange rates became further intertwined with the
creation of the EMS (See also section 2.1.1), in which Germany was the largest economy
and thus had the biggest weight in the currency basket. It is therefore somewhat safe to
assume – despite momentary instability of the system – that exchange rate risk within the
EEC and later EU was of much smaller concern than exchange rate risk with countries
outside the region.

Letting Germany’s stock market represent other euro area countries has a somewhat
higher implication. There are no central banks that ensure that the stock market in
Germany does not behave differently than in France, Italy or any of the other countries
for that matter, and hence the correlation of the individual indices is not perfect, however,
not as low as the correlation with the indices for countries outside of Europe.

Taking a specific look at the correlation of the monthly local currency returns of the MSCI
index for Germany and France for the period from 1971 to 2009, results in a correlation
of 0.68, which is rather high and shows that the German and French indices rise and fall
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together more often than not. France and Germany are the biggest constituents of the
aggregate capitalization weighted euro area stock market. Individually, on December 31,
2008, the two countries made up roughly 5% and 4% of the MSCIWorld index respectively,
while the euro area as a whole constituted around 16%. The third-largest MSCI World
member from the euro area is Italy at 1.5%, which has a lower correlation at 0.51. Other
countries such as Spain and Greece are likely to have an even lower correlation as the
economic development in these countries is less in line with France and Germany but their
respective market capitalizations are also much smaller.

Although higher correlations would have resulted in less of an impact from this simplifying
assumption, the correlations are still high enough that the simplification is justifiable
taking the economic integration and the market-weighted share of the euro area into
account.

Campbell et al. (2010) also discuss the methodological issues stemming from the introduc-
tion of the euro, and they conduct their analysis by constructing a time series consisting
of Germany, France, Italy and the Netherlands weighed by each country’s respective rela-
tive GDP. However, in addition to the GDP-weighted pseudo-euro, they also let Germany
represent the entire euro area, and find that doing so does not change the conclusions in
any significant way.

4.3 Specification of currency overlay strategies

After having introduced and discussed several strategies for dealing with currency expo-
sure in a stock portfolio in the literature review, I will now define the specific hedging
strategies tested in this model.

Central for all hedging strategies are that they will be implemented as a currency overlay.
This is the method often seen in practice and has the advantage that it can be done
separately from the country allocation decision. Although a currency overlay with no
thought given to the individual hedge ratio of each currency is sub-optimal as shown by
Rangvid and others, this will be the primary strategy. However, to account for this, I
will in specific cases show how deviations from the simpler full hedge influence the total
performance.

4.3.1 Passive overlay strategies

To begin the analysis, I start off with three unconditional passive hedging strategies: The
fully hedged, the half-hedged, and the unhedged stock portfolio. The full hedge and the
no hedge are part of the analysis for obvious reasons.
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I include the half-hedge strategy as a passive attempt at optimizing the hedge ratio to
reflect one option in the range of the optimal unitary hedge defined to be in the range
of 30-77% by Black (1989). The half-hedge strategy also allows for seeking more optimal
hedge ratios below or above one, which will also be covered by this strategy.

Finally, the half-hedge strategy also functions as the choice of “minimal regret” as the
investor gets a little of both strategies.

In optimizing the individual hedge ratios of the passive, non-speculative overlays I refrain
from buying currency forward. Doing so would differ too much from the intention of
removing the uncertainty about the exchange rate obtained when selling a foreign stock.
It would instead add exposure in the opposite direction when buying stocks.

4.3.2 Active overlay strategies

The central element of the active strategies will be the interest rate differential between
countries.

The first group of active strategies will be based on the forward premium strategy de-
scribed in Glen and Jorion (1993). In my implementation, the strategy is to sell currency
forward that trades at a premium relative to the DKK, and buy currency forward that
trades at a discount. Effectively, the investors expectation is therefore that the exchange
rate will not increase or decrease as much as expected under UIP.

I will present three variations of the strategy. One in which the investor both buys and
sells currency forward as defined above. Second, a strategy where the investor will only
buy currency forward, and third, a strategy where the investor will only sell currency
forward. In practice, these latter two strategies will thus let parts of the portfolio remain
unhedged.

Active overlay based on the carry trade

In the forward premium strategies mentioned above, the investor is only concerned with
the difference between the foreign and the domestic interest rate, i.e. the Danish. The
strategy can therefore be moved further and turned into a traditional carry trade which
can then be used as a currency overlay. In the carry trade, the investor will irrespective
of his domestic currency only focus on the currency crosses of the currencies with the
highest and the lowest interest rates.

One implementation of the carry trade on top of the 10 countries in the global stock
portfolio is to borrow money in the 3 countries with the lowest interest rates and deposit
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these funds in the 3 countries with the highest interest rates. The implicit expectation
is therefore that exchange rates will not move against this trade, i.e. that UIP does not
hold.

The carry trade overlay strategy will be constructed as follows:

1. The stock portfolios are hedged leaving no currency risk

2. The z currencies with the highest interest rate and the z with the lowest are found

3. Equal amounts are borrowed in the z low-interest rate currencies and invested in a
risk-free account in the high-interest currencies with the expectation that the low-
interest currencies will not increase in value relative to the high-interest currencies2

4. Settle interest payment

5. Re-run strategy and change the positions monthly.

As there is no specific rule about how many currencies to spread the carry trade across in
ones portfolio, I will implement both a 1+1 trade in which the investor is only exposed to
the currencies with the highest and the lowest interest, a 3+3 strategy and a 5+5 strategy
where the investor is exposed to all currencies in his portfolio.

The earlier mentioned PowerShares DB G10 Currency Harvest Fund focuses on the G10
currencies which they define as the currencies: USD, EUR, JPY, CAD, CHF, GBP, AUD,
NZD, NOK and SEK. These are the currencies that is considered the most liquid, and
the list differs from the currencies in this analysis by including the New Zealand dollar
and not the Danish krone.

At any point in time, the Currency Harvest Fund will be long the three highest-rate
currencies and short the three lowest-rate currencies, which is equal to the 3+3 strategy
described above.

Like for the passive hedges, any gains or losses will be added to the stock portfolio at
the end of month. The returns do not account for margin payments or the posting of
collateral by the investor.

4.3.3 Taking advantage of correlations

In section 3.4.1, I introduced the findings of Campbell et al. (2010) who concluded that
European investors should stay exposed to currencies that tend to move against the global
stock markets, i.e. reserve currencies such as their domestic currency the EUR, the CHF
and the USD.

2Campbell et al. (2010): “[...] currencies whose short-term interest rates are higher than normal tend
to appreciate relative to currencies whose short-term interest rates are lower than normal.”
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To the Danish investor, the currency risk in holding the EUR should be minimal as long
as the currency peg is in effect. And given the high correlation of the CHF and the EUR,
the only currency exposure that the Danish investor should pursue for risk-minimizing
purposes should be the USD. The simple strategy that follows one of the recommendations
of Campbell et al. (2010) is therefore a passive full hedge of every currency except the
USD.

Campbell et al. (2010) also suggested that correlations are so that in the good economic
times, being exposed to the so-called normal currencies should increase the return due to
the high positive correlation with the global stock market. I will therefore also implement
a simple strategy that is exposed to the AUD and the CAD in the expansion and the
recovery phases as defined by the Composite Leading Indicator (described in section 4.7.2).

These strategies take the fundamental recommendations and do not optimize exposure
within the mean-variance framework, as would be required from applying the specific
formula for mean-variance optimization derived in Campbell et al. (2010). However, by
using the simple strategies described here it will be possible to test the recommendations
without developing sophisticated methods for dealing with parameter uncertainty.

4.4 Incorporating fees and transaction costs

The returns are not adjusted for any fees, bid-ask spreads or other transaction costs. This
is an obvious simplification as there are costs involved with trading, custody services,
investment advisory, administration, and so forth.

To account for this, I will see how high the costs can become before either the return or
the Sharpe ratio falls below the base case of not hedging. This makes sense as different
investors may be able to obtain different fee structures, and it frees me from making any
assumptions about fees which may in the end add more noise than clarity to the returns.

In the following, I will operate under the assumption that the more active the hedging
strategy, the more costly it is. The unhedged portfolio is given, and so are its costs. On
the face of it, the amount of forward contracts required should define the total costs due
to the bid-ask spread on each contract and any possible per-contract fee. Thus, the active
strategies which only hedge some currencies some of the time should be cheaper than the
strategies in which all currencies are hedged all the time. On the other hand, there might
be higher costs in administrating an active hedge, which dims the relative cost of the
strategies.

From looking at mutual fund prospectuses in general it is hard to discern information
about the cost of hedging separately from the total management and brokerage fees for a
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stock or bond portfolio. Outside of Denmark, a couple of retail-targeted mutual funds exist
whose only investment focus is currencies. One such fund is Deutsche Bank’s PowerShares
DB G10 Currency Harvest Fund (NYSE ticker: DBV) which implements the carry trade
among the G10 countries by being long the three highest rate currencies and short the
three lowest rate currencies using futures. The group of currencies is identical to the ones
included in the analysis here except for the Danish krone and the New Zealand dollar.

The fund estimates an annual cost of trading and brokerage to be no higher than 0.06%
of the annual portfolio value on top of management fees (PowerShares, 2010). Specifically,
the brokerage costs for the fund landed at a little more than USD 20,000 in January and
a little less in February of 2010. The monthly cost in percent of the total portfolio value
at the beginning of each month therefore lands at around 0.005%, which is in line with
the annual estimate of 0.06%. The net asset value of the fund was 430 million USD on
April 30, 2010, and this large amount is likely to increase the possibility of attaining low
fees. There may also be other factors such as geographic or corporate (The fund is owned
by Deutsche Bank) at play meaning that a Danish investor or fund will not be able to
obtain the same fee structure.

A similar fund is the iPath Optimized Currency Carry ETN from Barclays Bank (NYSE
ticker: ICI). The fund also invests in the aforementioned G10 currencies with the same
objective of taking advantage of the interest rate differential with the slight modification
that the fund has active exposure to the movement of all 10 currencies with the weight
in each currency found using an undisclosed mean-variance optimization. The fund rolls
its forwards on a monthly basis and estimates a 0.007% spread per currency bought or
sold forward (Barclays, 2010, section “Market Spread Proration”). This sums to 0.07%
in monthly trading costs. This is vastly higher than the quoted fees in the the fund from
Deutsche Bank. The net asset value of the iPath fund is 32 million USD which may be
part of the reason. Also, the specific relationship between the management fee and the
trading costs for both funds is unclear. On the top of it, the 0.07% monthly cost of trading
appears to be most likely to be obtained, and I will therefore use this as the benchmark
for trading costs in the analysis.

4.5 Mathematical description

The following notation summarizes how the monthly returns for the strategies are calcu-
lated:

rt =
10∑

n=1
wn

(1 + rn,t) (1 + sn,t) − 1︸ ︷︷ ︸
Unhedged 1-month return

+hn,t · fn,t


Thomas Kilde Krath 42 of 87



Currency Overlay Strategies

Where wn is the fixed time-independent portfolio weight of the n’th country, rn,t is the
return in local currency earned from investing in the n’th country stock index in period
t, and sn,t is the return from holding the n’th country’s currency in period t.

fn,t denotes the rate of return from the one-month forward contract when used to hedge
the entire value of the stock index at the beginning of the period and thereby resulting
in a rolling hedge as calculated with:

fn,t = Fn,t−1 − Sn,t

Sn,t−1

The fact that it is the value at time t that is sold forward disregards any expected return
to the stock portfolio different from zero. This highlights the inherent problem in hedging
currency risk of a stock portfolio due to the uncertainty about the end of period portfolio
value.

hn,t represents the hedge ratio for the currency at time t. For the hedged portfolio, currency
is sold forward and therefore obtains a positive return as defined above, therefore for all
values of n and t, h = 1. The unhedged portfolio has h = 0, and the half-hedged portfolio
h = 0.5.

The active strategies are consequently equal to a matrix of h values conditional on the
variables defined in the earlier description of the strategies.

The formula for calculating the forward return and the total portfolio return with a given
hedge ratio is the same as in Glen and Jorion (1993). However, in this model, the returns
are all discrete returns and not log returns. Using log returns would have introduced a
small error in the weighting of the individual countries leading to divergence between the
weighted log returns and the weighted percentage returns, and the small advantage of
logs in notation and computation does not outweigh this issue.

4.5.1 Carry trade strategy

The carry trade overlay rests on top of the unhedged stock portfolio, thus:

rcarry_strategy, t = runhedged portfolio, t + rcarry overlay, t

As the carry trade strategy does not involve forward contracts priced in DKK, the return
from this strategy is calculated based on the interest rate differentials:

rcarry_trade,t =
10∑

n=1
vn,t ((1 + in,t) (1 + sn,t) − 1)
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where s is still the spot exchange rate, i still the interest rate, and v denotes whether to
lend or borrow in the n’th currency at time t:

vn,t =


1
z if in,t is among the z highest values at time t (lend)
0 if in,t is neither among the highest nor the lowest values at time t
−1

z if in,t is among the z lowest values at time t (borrow)

and z is the amount of currencies to lend money in at any time using the proceeds from
shorting z currencies (Thus 1 ≤ z ≤ 5, when n = 10), in,t is the domestic interest rate
in country n at time t. Thus, an amount equal to the full value of the stock portfolio is
borrowed in the z lowest-rate countries with equal amounts in each country and deposited
in the z highest-rate countries. In the case that two countries have the exact same interest
rate at time t, both countries are included resulting in a deviation from the chosen amount
of countries. Thus, if the third and fourth lowest interest rate are equal, an equal share
of 1/(z + 1) is borrowed from each of the four low-rate countries and vice versa.

4.6 Methodology for measuring and comparing strategies

As discussed in 2.3.7, hedging in the purest sense of the word is an additional financial
transaction that is expected to lower the total risk of an investment. The first element of
comparison is therefore how risky the different strategies are.

One obvious and often-used measure of risk is volatility, i.e. the standard deviation of
returns over several periods. The standard deviation is calculated as:

σ =

√√√√ 1
T

T∑
t=1

(ri − r)2

The true volatility of future returns cannot be measured but with the assumption that
the distribution of returns is equal to that of past returns, the volatility can be estimated
it from a sample of historical data.

Volatility is easy to calculate. One disadvantage in using volatility for comparing the
risk of investment strategies is that big positive returns increase volatility as much as
big negative returns, despite the fact that the investor would not mind the big positive
returns as much as the big negative.

Another disadvantage of using average return and volatility is that it introduces a set of
assumptions about the distribution of the returns: returns are expected to have a normal
distribution with a mean and a standard deviation, and no thought is given to the higher
moments. This is a strong approximation as financial time series tend to exhibit both
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skewness and kurtosis in excess of the normal distribution. Skewness means that returns
are not distributed symmetrically around the mean, and high kurtosis means infrequent
but extreme deviations from the average, i.e. more extreme returns than under the normal
distribution.

These shortcomings are well-documented and well-known. However, as academic tradi-
tion is to use the normal distribution, and since the analysis is not based on calculations
or optimizations in which the time series are specifically assumed to have a normal dis-
tribution, this should be acceptable. As part of the analysis and discussion, however, I
will look at how big the deviations are from normality and how this may impact the
recommendations (see section 7.2.2).

4.6.1 Risk-adjusting returns with the Sharpe ratio

Under the assumption that investors should demand a higher return for additional risk, I
also calculate risk-adjusted returns for all strategies. The Sharpe ratio or the reward-to-
variability rate (Sharpe, 1994) measures investment performance by dividing the return
in excess of the risk-free rate with the standard deviation of the excess returns. The
Sharpe ratio therefore follows the traditional mean-variance paradigm that higher returns
should follow from higher volatility. It also follows, that any higher moments of the return
distribution are if not ignored at least assumed to be invariable and that the investor’s
utility function is constant.

In the following analysis, the Sharpe ratio is calculated ex post and used to make decisions
ex ante.

The specific calculation of the ex post Sharpe ratio is performed as follows:

Dt ≡ Rt −RF,t

D̄ = 1
T

T∑
t=1

Dt

σD =

√∑T
t=1(Dt − D̄)2

T − 1
where Rt is the return at time t of the portfolio and RF,t is the risk-free return over the
same period. The Sharpe ratio thus becomes:

SharpeRatio = D̄

σD
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The ex ante Sharpe ratio does not differ much; the observed excess return is replaced
with the expected return, i.e. D̃t ≡ E [Rt −RF,t]. If one assumes the distribution of future
returns to be equal to that of historical returns, the ex ante and ex post calculations are
identical.

An immediate risk in basing the comparison on the Sharpe ratio is the empirical property
of the Sharpe ratio to vary depending on the investment horizon. The variation has
been found and analyzed by Hodges et al. (1997) who show that the Sharpe ratio for
a given portfolio first increases and then decreases as the investment horizon lengthens.
More importantly, Hodges et al. (1997) show that the relative portfolio rankings are not
necessarily the same for all horizons. Therefore, the individual ranking of the strategies
based on the Sharpe ratio cannot be expected to hold for all horizons.

4.7 Sensitivity analysis

To further understand the returns and the risk of the hedging strategies, I will also look
at how sensitive the returns are to various disturbances.

Disturbances may include costs as discussed earlier. As costs can be expected to be roughly
the same each month, volatilities should not change. Average returns would still be influ-
enced, and in the discussion of the returns this will be accounted for.

Other disturbances may be sample period specific. To account for this, I break down the
results into sub-periods of 10 years, and look at how the numbers have changed (which
should be expected) and more importantly, if any patterns spotted in the full period
change in the sub-periods.

In addition to breaking the full period into sub-periods, I also look at the performance of
the strategies through the business cycle and see if a downturn or an expansion leads to
different behavior of the hedging strategies.

In all of these sub-periods, correlations may also change. I will therefore also specifically
report any patterns that I observe here.

4.7.1 Breakdown into sub-periods

Instead of performing out-of-sample tests of the hedging strategies, I instead partition the
performance of the strategies into sub-periods of 10 years each to see if the ranking of the
strategies is persistent. In the end, the result is therefore the same as an out-of-sample
test since no optimization is performed on historic data.
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The sub-periods naturally cover fewer months than the full period and the sample size
is therefore accordingly smaller. This reduces the ability of the samples to say something
about the full period but since the purpose of this is to see how consistent historical
patterns are over time, it should not be a material concern.

4.7.2 Performance through the business cycle

To test the performance of the hedging strategies in different phases of the business cycle,
I partition the returns of the hedging strategies according to the OECD’s Composite
Leading Indicator. The CLI is designed to predict aggregate economic output of all OECD
member countries. In recessionary times, the average returns, volatilities, and correlations
of stock market returns and forward contract returns will likely change, and the investor
may be able to take advantage of this in his decision of how to hedge.

The amplitude adjusted CLI is the primary economic indicator published by OECD. It has
been designed for easy interpretation by letting it fluctuate around 100, which represents
economic output growing according to an assumed long-term trend. If the CLI value is
above 100 and increasing, the economy is expected is an expansion. If it is above 100
and decreasing, the expectation is a downturn; if it is below 100 and decreasing the CLI
predicts a slowdown; and below 100 and increasing the CLI predicts a recovery (OECD,
2010). The peak of the business cycle occurs between the expansion and the downturn,
and the trough between the slowdown and the recovery.

The OECD CLI is not designed to predict the direction of the stock market but since the
stock market tends to rise and fall with the level of economic activity, the CLI contains
useful information. Given that the CLI is a leading indicator, it is concerned with predict-
ing economic activity and not classifying past economic activity. This makes it useful in
an ex ante investment setting, unlike for instance the recession dating performed by the
National Bureau of Economic Research in the U.S.A. which is conducted after the fact.
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Chapter 5

Review of the passive overlay
strategies

In the following, I will present the results of the passive hedging strategies including the
selective hedging of currencies based on their correlation with the stock market.

The first and simplest decision for the investor is whether to hedge or not. An implemen-
tation of a passive full hedge of all currency exposure results in not just a lower volatility
of the monthly excess returns but also a slightly higher mean return and consequently a
risk-adjusted return which is 1.4 times higher than for the unhedged portfolio.

Mean Vol Sharpe

World, equal weight
Unhedged 0.42% 4.63% 9.12%
Hedged 0.52% 4.08% 12.80%
50/50 0.47% 4.31% 10.97%

World, market weight
Unhedged 0.32% 4.60% 7.04%
Hedged 0.45% 3.99% 11.31%
50/50 0.39% 4.17% 9.29%

Table 5.1 Monthly mean excess returns in percent, standard de-
viation (volatility) and Sharpe ratio for the unhedged, hedged and
half-hedged equal-weight and market-weight global stock portfolios.

As table 5.1 shows, the equal weight and the market weight portfolios both see a higher
mean excess return and a lower volatility when they have a fully hedged currency overlay.
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The risk-minimizing properties are more visible than the higher mean return. The hedged
strategy lowers volatility by around 0.6 percentage points for both the equal and the
market weight portfolios, a reduction by a little more than one-tenth of the volatility of
the unhedged stock portfolio.

From a look at the Sharpe ratios, the advantage from hedging looks the greatest: the
market weight portfolio has a Sharpe ratio around 4 percentage points higher, while the
equal weight portfolio is 3 percentage points higher. However, due to the way the Sharpe
ratio is calculated, even small changes in either the mean return in the numerator or
volatility in the denominator, can lead to rather big differences in the Sharpe ratio due
to the small numbers.

For the equal weight portfolio, the mean return of the hedged portfolio is 0.10 percentage
points higher than for the unhedged portfolio. This leaves room for costs in the range
around the benchmark monthly cost of 0.07%. When including volatility, the Sharpe
ratio will fall behind the unhedged portfolio if the hedged return is only 0.37%, i.e. 0.15
percentage point less than the mean return found here.

This gives an indication of how much uncertainty that can be accepted in the mean return,
and perhaps just as importantly, how much room there is for transaction costs. In this
case, costs and uncertainty can amount to up to 0.37 percentage points before the Sharpe
ratio of the unhedged portfolio is highest.

5.1 Adjusting the hedge ratio

There is no immediate reason why the hedge ratio can only be 1 or 0. In table 5.1, the
half-hedged portfolio which has a hedge ratio of 0.5 is also included. And as the table
shows, this hedge ratio of only 0.5, gives only half of the fully hedged currency overlay
return.

The currency overlay, i.e. the return from selling the currencies forward and buying the
equivalent amount at the spot rate at maturity, has a positive mean return of 0.1% and
a half-hedged portfolio obtains half as much of this return as the full hedge. Since it is
only the exposure to the full overlay consisting of forward contracts that is altered by
changing the hedge ratio, the total mean monthly return is linearly increasing with the
hedge ratio.

The relationship is not linear for increases in the hedge ratio and increases in volatility.
This follows from basic modern portfolio theory which states that total portfolio volatility
is the result of the individual asset volatilities as well as the covariance of these assets. For
hedge ratios between 0 and 1, the relationship is negative, as an increase in the hedge ratio
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leads to a decrease in portfolio volatility. This does not hold for hedge ratios outside this
range, though, due to the correlation being -0.51 between the unhedged stock portfolio
and the hedge overlay for the full period.

With a correlation coefficient of -0.51, the hedge ratio that results in the minimum variance
portfolio – i.e. the optimal hedge ratio to the risk-minimizing investor – is a hedge ratio
of 1.6. This hedge ratio results in a portfolio with a mean excess return of 0.58% and
a volatility of 3.97% (Sharpe ratio 14.6%). The portfolio with a hedge ratio of ‘.0 had a
mean excess return of 0.52% and volatility of 4.08% (Sharpe ratio 12.8%).

The optimal Sharpe ratio, i.e. the market portfolio or the optimal portfolio, is obtained
with a hedge ratio of 3.6 resulting in a Sharpe ratio at 16.26% vs. the full hedge Sharpe
ratio at 12.80%. This optimal risk-return portfolio comes with a mean excess return of
5.31% and 0.78% volatility.

These optimizations are based on the expectation that the mean return, the standard
deviation and the correlation have been measured correctly and that they are constant.
Even small changes in all three parameters can drastically change the optimal hedge ratio.
The sub-period analysis shows that all parameters change over time and this optimal hedge
ratio is therefore surrounded with a great deal of uncertainty. With for instance a change
in the correlation to -0.30 (all else equal), the minimum variance portfolio now should
have a hedge ratio of 1.0. Likewise, if volatility of the unhedged stock portfolio increases
by one percentage point, the optimal hedge ratio becomes 2.0.

Unlike the portfolio with the optimal risk-adjusted return, sometimes referred to as the
market portfolio, the minimum variance portfolio is not sensitive to incorrect measurement
of the mean return as only the volatilities are included in its calculation, and there is
therefore only one parameter with uncertainty. The optimal Sharpe ratio is therefore also
involved with greater uncertainty and the optimal hedge ratio of 3.6 should therefore be
taken cautiously.

As the volatility is lower and the Sharpe ratio higher for the full hedge relative to the half
hedge for both the full period, the sub-periods and through the phases of the business
cycle, the hedge ratios between 0 and 1 will not receive further attention. Deriving a
method for optimizing the hedge ratio in light of parameter uncertainty falls outside the
scope of this analysis.

5.2 Sub-period performance of the passive strategies

The sub-period breakdown of the equal weight portfolio in table 5.2 shows that the imme-
diate ranking of the passive hedging strategies does not change: A full hedge is still able
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to deliver both lower volatility, minimally higher returns and in the end a higher Sharpe
ratio in all three decades.

Mean Vol. Sharpe

2000s
Unhedged 0.00% 5.06% 0.01%
Hedged 0.09% 4.70% 1.95%
50/50 0.05% 4.84% 0.95%

1990s
Unhedged 0.62% 4.83% 12.84%
Hedged 0.64% 4.05% 15.78%
50/50 0.63% 4.40% 14.29%

1980s
Unhedged 0.84% 4.49% 18.77%
Hedged 0.90% 3.98% 22.66%
50/50 0.87% 4.16% 20.93%

Table 5.2 Results from passive hedging of the equal weight world
portfolio in the 1980s, the 1990s and the 2000s. All returns are
monthly excess returns. For the full hedge in the 2000s, all curren-
cies have been hedged including the euro. If the euro had not been
hedged, the mean excess return remains at 0.09 and the volatility
falls 0.01 percentage points to 4.69%.

There are, however, big differences in returns and standard deviations from decade to
decade. The poor performance of equities in the 2000s – further dragged down by the
recent recession – is visible in both mean returns and to some extent volatility, and ergo
the Sharpe ratio. The volatility is higher in the 2000s for the hedged strategy than in
the full period, whereas it is lower in the 1980s and 1990s, and the 2000s saw a general
increase in volatility in the stock market, as the unhedged portfolio still has even higher
volatility than the full hedge.

In all three decades, mean returns of the hedged and unhedged portfolios are very close
to each other. It is therefore still hard to state that hedging consistently gives a better
return than not hedging due to the big standard deviations.

The volatility reduction in the 2000s is a mere 7% percent relative reduction of 0.36
percentage points. It is therefore primarily the much lower mean return that makes the
difference in the Sharpe ratios so large. This small difference makes it hard to state
something conclusively due to the risk of statistical error.

Reductions of volatility are bigger in the 1990s and the 1980s of roughly one sixth and
one tenth respectively. Again these are minor reductions, though.
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The relatively shorter length of the sub-periods make it harder to generalize the specific
figures and apply rigorous statistical analysis. However, as mentioned, the ranking of the
strategies do appear to be consistent over all three decades.

More importantly from the perspective of hedging, correlations remain negative across all
sub-periods. Correlations move from -0.48 in the 1980s, over -0.66 in the 1990s to -0.40
in the 2000s. This supports the finding that adding a passive currency overlay does not
add to the total volatility of the portfolio.

5.3 Hedging through the business cycle

Table 5.2 shows performance of the hedged and unhedged equal weight global portfolio
at the four stages of the business cycle. Throughout the cycle, the pattern is the same as
for the full period and the decade-by-decade breakdown: Mean returns are roughly the
same, hedging lowers volatility, and hence the Sharpe ratio is higher for the fully hedged
portfolio.

Unhedged Hedged

Mean Vol. Sharpe Mean Vol. Sharpe
Expansion 1.12% 3.66% 30.54% 1.19% 3.00% 39.63%
Downturn -0.06% 4.80% -1.33% 0.10% 4.14% 2.33%
Slowdown -1.19% 5.44% -21.89% -0.89% 5.26% -16.96%
Recovery 1.68% 4.03% 41.61% 1.57% 3.22% 48.62%

Table 5.3 Performance of the passive hedging strategies through
the phases of the business cycle.

As expected due to the assumption of a relationship between the Composite Leading Indi-
cator and the global stock market, the table shows that volatility increases in downturns
and slowdowns and decreases in expansions and recoveries. The same expected pattern
is observable in the mean returns of both the hedged and unhedged portfolio. The mean
return is highest in the recovery, followed by the expansion; it falls to around zero in the
downturn, and is negative in the slowdown when economic output is falling and below
trend.

The biggest decrease in volatility occurs in the recovery where the unhedged portfolio
has a 0.81 percentage point higher volatility. Together with the volatility reduction in the
expansion and the downturn both at 0.66 percentage points, these three are all reductions
above the full period reduction in volatility. In the slowdown when economic output is
falling and below trend, however, the volatility reduction is a modest 0.17 percentage
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points which is well below the 0.55 percentage point reduction to volatility seen in the
full period.

The Sharpe ratios follow the pattern as well and show how hedging better rewards risk-
taking. Interestingly, the mean return of the unhedged portfolio is 0.11 percentage points
higher than that of the hedged portfolio in the recovery. The Sharpe ratio remains higher
for the hedged portfolio in the recovery due to the lower volatility but it appears that the
investor will have to give up some of his return before costs in this phase of the business
cycle to hedge.

The forward hedge return across the cycle

In the recovery, the forward hedge returns turn (the overlay without the underlying stock
portfolio) negative to -0.11% on average and with a standard deviation of 1.65%. This
volatility is the highest in the business cycle as can be seen from table 5.4. From this table
it appears that the forward hedge returns are highest in the downturns and slowdowns, i.e.
when the stock market returns are also the lowest. This is intuitive and matches with the
earlier finding that the hedge returns are negatively correlated with the stock portfolio.

Expansion Downturn Slowdown Recovery

Mean 0.07% 0.16% 0.30% -0.11%
Vol. 1.23% 1.29% 1.54% 1.65%

Correlation -0.6541 -0.6125 -0.2531 -0.6444

Table 5.4 Nominal returns and volatility of the currency overlay
as well as correlation with the unhedged stock portfolio through the
phases of the business cycle.

Table 5.4 also shows the correlations which are constant throughout the cycle except
for the slowdown where the negative correlation drops to -0.2531. This is coherent with
table 5.3 which showed that it was at this point in the cycle that the passive hedge
delivered the smallest risk reduction.

5.3.1 Costs and room for error in the mean returns

In the expansion, costs can amount to 0.27% percentage points, roughly equal to the
0.26% in the slowdown, which keeps the Sharpe ratio of the hedged portfolio above that
of the unhedged portfolio. In the recovery, the cost has to fall to maximally 0.23%, while
it can only be 0.15% in the downturn. These are all above the trading costs of 0.07%
discussed in section 4.4, and still leave room for some error in the mean return.
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5.4 Selective hedging of currencies

In section A, I showed the results of not hedging the euro and found that there was no
significant change in the portfolio return or volatility from hedging the euro. As recom-
mended by Campbell et al. (2010), the investor should take advantage of the different
correlations of currencies with the stock market and therefore refrain from hedging all
currencies that the investor is exposed to in his global stock portfolio. For European
investors the specific recommendation was to not hedge the USD (see also section 3.4.1).

Mean Vol Sharpe

All Unhedged 0.42% 4.63% 9.12%
All Hedged 0.52% 4.08% 12.80%

All Hedged, USD unhedged 0.50% 4.13% 12.02%

Table 5.5 Comparing the unhedged and the fully hedged portfo-
lios to a portfolio with all currency exposures hedged except for the
exposure to the USD.

Choosing not to hedge the USD adds volatility and lowers the mean return, although only
minimally with a 0.02 percentage point reduction in mean return and a 0.05 percentage
point increase in total volatility as shown in table 5.5. Thus, the advantage from not
hedging the USD appears to be non-existent.

Table 5.6, which shows the individual hedge returns for each currency as well as the
correlation of these hedge returns with the unhedged portfolio, can help explain why the
difference is so little. Hedging of the USD has a positive mean return, and although the
volatility is rather high, the negative correlation with the stock portfolio justifies why
portfolio volatility increases when not hedging the USD and thus not taking part in the
USD hedge return.

The pattern of positive mean return and negative correlation is not restricted to the
USD. As table 5.6 shows, hedging reduces total portfolio risk and alters portfolio returns
minimally for all currencies except the CHF and to some extent the EUR. The hedge
return for the euro has a low return and the lowest volatility, and correlation with the
unhedged stock portfolio is only -0.0180, and hence adding the euro will hardly at all
reduce portfolio volatility. This therefore again supports that hedging the euro is not
worth the effort as discussed in section A.

The CHF is the only currency which exhibits a hedge return that is positively correlated
with the stock portfolio at the low 0.1088. With the wrong hedge ratio of CHF, the
investor can therefore end up increasing total portfolio volatility. Accordingly, the global
stock portfolio with the CHF and EUR unhedged and all other currencies hedged has a
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volatility of its excess returns at 4.06% versus the 4.08% of the fully hedged portfolio.
The risk-minimizing investor can therefore obtain a small risk-reduction by not hedging
the CHF. However, not hedging the CHF lowers the Sharpe ratio from 12.5% to 12.0%
due to the reduction in mean excess return from 0.51 to 0.49.

5.4.1 Selective hedging through the business cycle

Table 5.7 compares the fully hedged portfolio with the portfolio that does not hedge the
USD. The only point in the cycle where volatility is reduced is in the slowdown but it
comes at the price of a lower return and a lower Sharpe ratio. In all other periods of the
cycle, the investor is best served with a traditional full hedge.

The mean return is slightly higher for the portfolio with exposure to the USD in the
recovery. It is, however, not high enough to make up for the increased volatility and the
Sharpe ratio is consequently still highest for the full hedge.

Full hedge w. USD exposure Full hedge, all currencies

Mean Vol. Sharpe Mean Vol. Sharpe
Expansion 1.18% 3.10% 38.18% 1.19% 3.00% 39.63%
Downturn 0.08% 4.22% 1.79% 0.10% 4.14% 2.33%
Slowdown -0.92% 5.20% -17.63% -0.89% 5.26% -16.96%
Recovery 1.61% 3.33% 48.34% 1.57% 3.22% 48.62%

Table 5.7 Taking a closer look at the performance of the fully
hedged portfolio compared to a full hedge of all currencies except
the USD.

To follow up on the positive correlation of the CHF with the stock portfolio, table 5.8
shows performance through the business cycle for not hedging the CHF. The investor
is able to lower his total portfolio volatility in the downturn and in the slowdown, thus
supporting the findings that the CHF functions as a reserve currency and moves against
the stock market when stocks fall in value. In the expansion phase, the volatility reduction
from being exposed to the CHF is minimal and beyond the third decimal, while CHF
exposure in the recovery actually increases total volatility. However, a higher return in
the recovery increases the Sharpe ratio as well, making it higher than for the full hedge.
The Sharpe ratio has remained in favor of the full hedge in the other three stages of the
cycle.

Seeing as the difference between the returns of the two hedging strategies is very small,
the risk-minimizing investor is likely to end up not giving up very much of his return by
not hedging the CHF. Choosing not to hedge the CHF will also remove one set of forward
contracts from the overlay and should therefore reduce the costs marginally.
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Full hedge w. CHF exposure Full hedge, all currencies

Mean Vol. Sharpe Mean Vol. Sharpe
Expansion 1.18% 3.00% 39.34% 1.19% 3.00% 39.63%
Downturn 0.08% 4.11% 1.92% 0.10% 4.14% 2.33%
Slowdown -0.94% 5.19% -18.10% -0.89% 5.26% -16.96%
Recovery 1.59% 3.24% 48.97% 1.57% 3.22% 48.62%

Table 5.8 Taking a closer look at the performance of the fully
hedged portfolio compared to a full hedge of all currencies except
the CHF.

Finally, Campbell et al. (2010) find that currencies like the AUD and CAD have a high
correlation with the global stock market. This should therefore have a positive effect on
the unhedged portfolios when the stock market is increasing in value. Table 5.9 compares
not hedging these two currencies with the fully hedged portfolio.

Not hedging the CAD and the AUD does increase the mean returns in the expansion and
the recovery. This is expected behavior and confirms the recommendation of Campbell
et al. (2010). However, the volatility increases relative to the full hedge, and the Sharpe
ratio consequently stays highest for the full hedge indicating that the increase in returns
does not pay for the increase in risk.

Full hedge w. CAD Full hedge,
and AUD exposure all currencies

Mean Vol. Sharpe Mean Vol. Sharpe
Expansion 1.23% 3.23% 38.16% 1.19% 3.00% 39.63%
Downturn 0.05% 4.47% 1.21% 0.10% 4.14% 2.33%
Slowdown -0.99% 5.42% -18.31% -0.89% 5.26% -16.96%
Recovery 1.71% 3.58% 47.93% 1.57% 3.22% 48.62%

Table 5.9 Taking a closer look at the performance of the fully
hedged portfolio relative to a full hedge of all currencies except the
AUD and the CAD.

I am not able to confirm that a Danish investor can consistently lower his portfolio
volatility further than the full hedge if he follows the recommendations of Campbell et al.
(2010) to European investors. There is a small reduction in volatility from not hedging the
USD in the slowdown, which follows the argument of the effect of the reserve currencies.
It appears that their findings for the USD are not strong enough to be caught by this
model.
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Chapter 6

Review of the active overlay
strategies

This chapter looks at the performance of the active hedging strategies as defined by
varying exposure to each currency over time based on the interest rate differential.

6.1 Strategies based on the forward premium

The first active strategy that I will look at is where the decision of whether to hedge a given
currency exposure or not is conditional on whether the currency is trading at a forward
premium or discount. The assumption is that a currency expected to appreciate under
interest parity will not appreciate all the way up to the forward rate, and an expected
depreciation under UIP will vice versa not result in a full decrease in the spot rate to the
forward rate (as described in section 4.3.2).

Table 6.1 shows that none of strategies based on this assumption obtain a lower volatility
of the total portfolio return than the passive full hedge. All reported results for the
strategies include buying and selling the euro forward. If the euro is excluded, the full
period volatility is unchanged and the mean excess return is unchanged for the buy-
only strategy, falls by 0.02 percentage points for the sell-only strategy, and falls by 0.01
percentage points for the full buy-and-sell strategy. As expected, the influence of including
the euro is minimal.

On the mean returns and the Sharpe ratios, the strategies perform better than the un-
hedged portfolio. Except for the strategy in which currencies are only bought forward,
Sharpe ratios are also higher for the strategies thanks to their higher returns relative to
the full hedge. Although the buy-and-sell strategy delivers the highest return, volatility
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increases too much, resulting in the highest Sharpe ratio being obtained by the strategy
that only sells currency forward if it is at a forward premium.

Mean Vol. Sharpe

Unhedged 0.42% 4.63% 9.12%
Full hedge 0.52% 4.08% 12.80%

Puzzle, buy and sell 0.61% 4.74% 12.89%
Puzzle, only buy 0.47% 5.02% 9.29%
Puzzle, only sell 0.57% 4.37% 12.98%

Table 6.1 Performance of the strategies based on whether each
currency is trading at a forward premium or discount relative to the
DKK.

The Sharpe ratios are very sensitive to changes in the return. If the buy-and-sell strategy
mean return is decreased with just 0.01 percentage points, the Sharpe ratio drops to
12.66% which is below the Sharpe ratio of the passive full hedge. For the sell-only strategy,
the same 0.01 percentage point decrease in the mean return lowers the Sharpe ratio to
12.75% which is also behind the passive full hedge.

Immediately, the advantage from switching to one of these strategies instead of the full
hedge appears minimal. The risk-minimizing investor should still stick to the passive full
hedge as it lowers volatility the most. The investor who chooses his hedging strategy
on where he gets rewarded the best for his risk-taking, may find the sell-only strategy
interesting but should take clear note of the sensitivity of the Sharpe ratios to errors in
the measurement of the mean return. The difference in the Sharpe ratios compared to the
passive strategy is very little.

On a pure trading cost basis, the forward premium based strategies should not incur
higher trading costs than the passive full hedge. Under the assumption that the cost
of buying and selling currency forward is identical, the cost of the buy-and-sell forward
overlay should be equal to that of the full passive hedge as the total amount of contracts
traded on a month-to-month basis is equal. Following the same logic, the buy- and sell-
only strategies should have slightly lower trading activity, as forward contracts will not
be bought or sold in all currencies in all months.

Compared to the unhedged portfolio, the sell-only strategy is the only one that can strictly
be called hedging as none of the other strategies result in lower total portfolio variance.
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6.1.1 Sub-period performance of active strategies

The ranking of the strategies according to volatility does not change when the results are
broken down into sub-periods as done in table 6.2. It is still the sell-only strategy that
has the lowest volatility of the active strategies; it is consistently lower than the unhedged
portfolio but does not get lower than the passive full hedge.

The best-performing strategy changes over time. In the 1980s, the highest return was
obtained by the buy-and-sell strategy. In the same period the hedged portfolio obtained
a higher mean return than the sell-only strategy, and coupled with the volatilities for this
decade, the highest Sharpe ratio was in fact obtained by the passive full hedge. In the
two most recent decades, it is the buy-and-sell strategy that has the highest Sharpe ratio
with the sell-only strategy being second-highest.

It is the sell-only strategy that obtains the best Sharpe ratio and a volatility below the
unhedged portfolio in all periods, and this strategy therefore seems to be better suited
for hedging purposes than the buy-and-sell strategy.

Mean Vol. Sharpe

2000s
Unhedged 0.00% 5.06% 0.01%

Hedged 0.09% 4.70% 1.95%
Puzzle, buy and sell 0.11% 5.29% 2.11%

Puzzle, buy only 0.01% 5.42% 0.19%
Puzzle, sell only 0.10% 4.96% 2.05%

1990s
Unhedged 0.62% 4.83% 12.84%

Hedged 0.64% 4.05% 15.78%
Puzzle, buy and sell 0.85% 4.92% 17.30%

Puzzle, buy only 0.73% 5.30% 13.70%
Puzzle, sell only 0.75% 4.44% 16.79%

1980s
Unhedged 0.84% 4.49% 18.77%

Hedged 0.90% 3.98% 22.66%
Puzzle, buy and sell 1.00% 4.63% 21.61%

Puzzle, buy only 0.89% 4.91% 18.15%
Puzzle, sell only 0.95% 4.24% 22.40%

Table 6.2 Sub-period performance of the overlays which are based
on the interest rate differential relative to the DKK.
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The Sharpe ratio of the active strategies leave little room for uncertainty and costs. In
the 2000s, a decrease in the mean return of just 0.01 percentage points would result in
both the sell-only strategy and the buy and sell strategy having lower returns than the
passive full hedge. In the 1990s, the Sharpe ratios leave slightly more room for estimation
error in the mean return although it is still sensitive. Consequently, the sub-period results
do not change that the premium based strategies do not lower volatility or consistently
increase the risk-adjusted return.

The correlation of the buy-and-sell overlay with the unhedged stock portfolio has a very
low negative correlation at -0.0235 for the full period. This changes rather much over
time: In the 2000s, the correlation was positive 0.1314, after having been -0.0259 in the
1990s, and -0.0024 in the 1980s. This explains the increase in volatility and indicates that
the strategy’s properties as an overlay are not constant over time and that this strategy is
not suitable for hedging purposes without at least a further understanding of the reasons
for these changes.

6.1.2 Performance through the business cycle

Of the forward premium strategies, the sell-only strategy performed the best in the full
period. That is also the case through the phases of the business cycle (I do not report
specific results for all.). In table 6.3, the results of the sell-only strategy is compared to
the passive full hedge, and the recommendation to the risk-minimizing investor does not
change. The volatility of the sell-only strategy is higher in all stages of the business cycle.

Passive full hedge Puzzle, sell only

Mean Vol. Sharpe Mean Vol. Sharpe
Expansion 1.19% 3.00% 39.63% 1.33% 3.19% 41.68%
Downturn 0.10% 4.14% 2.33% 0.08% 4.53% 1.68%
Slowdown -0.89% 5.26% -16.96% -0.96% 5.47% -17.58%
Recovery 1.57% 3.22% 48.62% 1.79% 3.56% 50.26%

Table 6.3 Performance through the business cycle of the fully
hedged portfolio and the unhedged portfolio with an overlay based
on the interest rate differential which only sells currency forward.

Interestingly, the mean return of the sell-only strategy follows the business cycle, leading
to better returns and higher Sharpe ratios for the active strategy in the recovery and
in the expansion, while the passive full hedge performs the best in the downturn and
the slowdown. In the expansion, the sell-only mean return can be decreased with 0.06
percentage points before losing its advantage in the Sharpe ratio, while the Sharpe ratio
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in the recovery can take a 0.05 percentage point decrease. These are all very small and
again point out the fragility of this strategy’s performance.

There seems to be a relationship between the general economic outlook and the perfor-
mance of the active strategy, and the investor can improve his Sharpe ratio by combining
the passive hedge with the active strategy in the good economic times. The resulting
portfolio has a mean excess return of 0.59%, volatility of 4.20% and a Sharpe ratio of
14.01%. The resulting portfolio has a lower volatility than the unhedged portfolio but
not the hedged portfolio. The mean return and the Sharpe ratio is higher than both the
unhedged and the passively hedged portfolios. However, I must note that this portfolio
idea comes at the risk of being the coincidental result of excessive mining of the data.

The trading costs of the combined strategy should be lower than the passive full hedge
as fewer forward contracts would be needed for the periods with active hedging. On the
other hand, the active management would take up more time potentially increasing the
demand for a higher management fee.

6.2 The carry trade overlay

Extending on the underlying ideas of the overlay strategy conditional on whether a cur-
rency trades at a premium or a discount relative to the DKK follows the carry trade,
which disregards the investors home currency in its decision of which currencies to be
long and short.

Since the strategy is independent of home currency, the inclusion of the euro in the carry
trade overlay does not work against the underlying assumption of how currencies and
interest rates should fluctuate. When the investor is exposed to the EUR/DKK cross due
to a favorable interest rate differential (Most of 1976-1980 and 1982-1984 had a favorable
interest rate differential between the DEM and the DKK), the investor is effectively
protected against large exchange rate changes that move against the investment to correct
for the deviation from interest rate parity. Hence, the overall volatility should fall as a
consequence, and this is also the case for the 3+3 carry trade over the full period where
excluding the euro from the available currencies results in an increases in volatility of 0.2
percentage points and a decrease in mean return of 0.1 percentage point.

Broadening the range of exchange rate crosses has a very positive impact on mean returns
and on the Sharpe ratios which for the carry trade portfolios are more than twice that of
the unhedged portfolio as table 6.4 shows. As one might have expected, the carry trade
also delivers a vast increase in total portfolio volatility compared to the passive strategies.
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Mean Vol. Sharpe

Unhedged 0.42% 4.63% 9.12%
Full hedge 0.52% 4.08% 12.80%
Carry 1+1 1.49% 7.00% 21.28%
Carry 3+3 1.49% 6.47% 23.06%
Carry 5+5 1.46% 6.58% 22.17%

Table 6.4 Performance of the carry trade overlays on unhedged
stock portfolios. The 1+1 overlay is long only one currency and short
another currency with the same amount, and so forth.

The 3+3 strategy has the lowest volatility of the three strategies at 6.48% which is slightly
more than one-and-a-half times that of the passive full hedge. It is the mean return which
is almost three times higher than the hedged portfolio, and three-and-a-half times higher
than the unhedged portfolio that produces the high Sharpe ratios.

There should be no reason why the carry trade strategies should incur more trading
activity than the passive hedging strategies. On the contrary, the 5+5 strategy should
consist of five forward contracts each month – one for each currency pair. There may be
currency crosses where it is advantageous to trade via for instance the dollar or the euro
which introduces an extra contract. However, since the currencies included are among the
most liquid, this should not amount to a big deal. As such the carry trade overlays are
less sensitive to bid-ask spreads per forward contract as the number of contracts used is
smaller than the passive hedge.

Playing around with the mean returns reveals that the 1+1 strategy has a Sharpe ratio
equal to the passive full hedge when the mean return drops to 0.896% – a 42% reduction.
The 3+3 strategy can stand a reduction in the mean return to 0.828%; the 5+5 to 0.842%.
These minimum mean returns are all roughly 40% below the observed means and there
is consequently room for both more uncertainty and costs here.

6.2.1 Sub-period performance

The numbers change when looking at the returns decade by decade as done in table 6.5,
however, the overall ranking of the strategies does not. The fully hedged and the unhedged
portfolios still have lower volatility than any of the three carry trade strategies in all three
decades, and the 3+3 strategy remains the lowest-risk strategy of the three.

The best-performing strategy varies over time: The 5+5 strategy has the best Sharpe
ratio in both the 2000s and the 1990s, while it is the 3+3 strategy that has the highest
Sharpe ratio in the 1980s. The mean returns for the three strategies are very close in
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Mean Vol. Sharpe

2000s
Unhedged 0.00% 5.06% 0.01%

Hedged 0.09% 4.70% 1.95%
Carry 1+1 0.26% 7.13% 3.64%
Carry 3+3 0.21% 6.50% 3.23%
Carry 5+5 0.31% 6.55% 4.72%

1990s
Unhedged 0.62% 4.83% 12.84%

Hedged 0.64% 4.05% 15.78%
Carry 1+1 1.72% 7.77% 22.19%
Carry 3+3 1.70% 7.04% 24.21%
Carry 5+5 1.67% 6.85% 24.36%

1980s
Unhedged 0.84% 4.49% 18.77%

Hedged 0.90% 3.98% 22.66%
Carry 1+1 2.50% 6.66% 37.57%
Carry 3+3 2.63% 6.23% 42.16%
Carry 5+5 2.58% 6.65% 38.72%

Table 6.5 Performance of the carry trade overlay on an unhedged
stock portfolio compared to the basic passive overlay strategies on
the same unhedged portfolio.
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each decade though, making the individual ranking of the strategies very uncertain. In
the 2000s for instance only 0.10 percentage points separate the best and the worst mean
return of the carry trades. Even as the 2000s saw lower returns in general, it still appears
that the investor should simply go for the lowest risk portfolio. However, the volatilities
are also very close in all three decades. It therefore seems that the choice of currencies to
spread across has less of a predictable effect on the return and risk.

6.2.2 Business cycle performance of the carry trade

Given the speculative attention to the carry trade, the performance of the strategy might
be highly sensitive to fluctuations in the general economic outlook.

Carry 1+1 Carry 5+5

Mean Vol. Sharpe Mean Vol. Sharpe
Expansion 2.18% 6.12% 35.58% 2.15% 5.45% 39.49%
Downturn 0.58% 7.40% 7.81% 0.83% 6.73% 12.34%
Slowdown -0.43% 7.39% -5.76% -0.41% 7.08% -5.79%
Recovery 3.67% 6.50% 56.51% 3.28% 6.63% 49.41%

Carry 3+3 Passive full hedge

Mean Vol. Sharpe Mean Vol. Sharpe
Expansion 2.22% 5.46% 40.70% 1.19% 3.00% 39.63%
Downturn 0.70% 6.64% 10.60% 0.10% 4.14% 2.33%
Slowdown -0.25% 6.87% -3.58% -0.89% 5.26% -16.96%
Recovery 3.30% 6.50% 50.83% 1.57% 3.22% 48.62%

Table 6.6 Performance of the carry trade strategies to the passive
full hedge through the phases of the business cycle.

Table 6.6 shows the business cycle breakdown of performance. Perhaps unsurprisingly, the
volatility remains lowest for the passive full hedge throughout the cycle and at no point
does the carry trade come close to the low volatility of the full hedge.

When looking at the Sharpe ratios an interesting pattern jumps out: the relative im-
provement in the Sharpe ratios is much lower in the expansion and the recovery phases
for the 3+3 strategy and both the 1+1 and the 5+5 strategies have Sharpe ratios lower
than the passive full hedge in the expansion. For the 3+3 strategy, the Sharpe ratio in
the expansion at 40.70% is only 3 percent higher, less than one percentage point, than
the 39.63% of the full hedge. Both the risk-minimizing investor and the return-seeking
investor should therefore think twice about before using the carry trade overlay in the
expansion phase because these two Sharpe ratios are so close.
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In the downturn and the slowdown, the picture remains in line with the full period results,
showing both much higher returns and higher Sharpe ratios for the carry trade portfolios.
The best carry trade strategy, however, seems to vary quite a bit. In the expansion and
the slowdown, the 3+3 comes out on top; in the downturn, the 5+5 strategy; and in the
recovery, the 1+1 strategy.

From looking at the tables it is evident that the carry trade overlay has a positive cor-
relation with the unhedged stock portfolio given the volatility increase obtained when
combining the two. The positive correlation is high and remains around the 0.5-0.6 for
the 3+3 and the 5+5 strategies in all phases except the slowdown, where it drops to
around 0.3 for both. The 1+1 strategy is less correlated with the stock portfolio and
remains around 0.4 except for the slowdown where it is only 0.2. Thus, across all carry
trade overlays, the total risk increase from adding them is smallest in the slowdown.

6.2.3 Correlation of the carry trade with the stock portfolio

Like for the other overlays, the correlation with the stock portfolio contains information
about the optimal exposure to the overlay. Where the passive full hedge overlay was
strongly negatively correlated with the unhedged stock portfolio, all three carry trade
overlays have rather high positive correlation coefficients. The 1+1 overlay has a full-
period correlation at 0.36, the 3+3 at 0.45, and the 5+5 a correlation coefficient at 0,50.
As expected from the observed risk increase, these correlation coefficients are all strongly
positive. Consequently, for exposures between 0 and 1 to the carry trade all increase the
volatility relative to the unhedged portfolio on its own.

The optimal exposure to the carry overlay is -0.8 leading to a volatility of 4.16% but
unfortunately also with an expected return -0.43%. That is not recommendable. The
optimal Sharpe ratio is obtained for very high exposure to the carry trade when the stock
portfolio remains unchanged (weights do not have to sum to one as the carry trade in the
implementation here does not require up front cash investment.).

Through the phases of the business cycle, the correlation remains high with the stock
portfolio for all three carry trade overlays. For the 3+3 strategy, the correlation is above
the full-period correlation in both the expansion, downturn and the recovery. In the slow-
down, the correlation drops to 0.31, which explains the lower risk increase relative to the
unhedged portfolio in this phase.
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Chapter 7

Synthesis and discussion of findings

In this chapter I will briefly summarize the findings from the latter two chapters and
then proceed with a discussion of the reliability of the numbers due to the assumption
of normality. The chapter concludes with a discussion of how my findings fit in with the
existing body of literature about hedging currency risk in global stock portfolios.

7.1 The opportunity set at a glance

From the latter two chapters, it appears that a passive full hedge is the optimal strategy
to choose as it lowers volatility and does not impact the mean return of the stock portfolio
negatively even when adjusting for costs in the range around 0.07% which appears to be
a realistic monthly cost of a currency overlay.

The active strategies tend to increase the risk relative to the unhedged portfolio but
with little increase in mean returns and consequently with Sharpe ratios that are slightly
behind the simpler passive full hedge. Only the carry trade overlays on the unhedged
stock portfolio obtain returns that are high enough to compensate for the drastically
higher risk. The risk-minimizing investor can be certain that adding a carry trade overlay
will not lower the risk of his portfolio and can therefore hardly classify his overlay as a
hedge even if the Sharpe ratio shows that the additional risk-taking is rewarded.

Figure 7.1 shows a diagram of the opportunity set which summarizes the many overlay
strategies discussed. From the diagram it is clear that the passive hedging strategies and
the active strategies based on the forward premium relative to the DKK are hard to
distinguish from each other. The statistical uncertainty about the future means that they
could easily move around and thereby change the relative preference of the strategies but
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Figure 7.1 Risk-return diagram showing the hedging strategies.
The squares represent the passive overlay strategies, the triangles
the forward premium strategies and the diamonds the carry trades.
Returns on the y axis are in excess of the risk-free rate.

as the sub-period breakdown show, the overall placement in the diagram remains mostly
constant.

The optimal hedge ratio for the risk-minimizing investor was found to be 1.6 but this
ratio was highly sensitive to parameter uncertainty and with a reduction in the correlation
coefficient the minimum risk hedge ratio would quickly fall to 1.0. From looking at the
diagram, only the carry trade overlays appear significantly different from the others both
in terms of average returns and in terms of risk.

Except for a possible combination of the carry trade overlay with the passive full hedge,
there is little advantage from combining the strategies as one would do to construct
the optimal portfolio. Because the correlation between the strategies is so high and the
numbers lie so close to each other, the advantage is minimal, and any portfolio constructed
using the mean-variance optimization techniques on this opportunity set is likely to suffer
from over-fitting and excessive data mining.
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7.2 Testing for normality

The comparison in the latter two chapters focused on the mean return and the standard
deviation. These two parameters are of interest to an investor with a traditional utility
function only if the distributions of the various hedging strategy returns are normal.
Consequently, half of the returns should be above the mean, half below, i.e. the distribution
must be symmetrical around the mean.

7.2.1 Statistical parameters

A common method for measuring the symmetry of the distribution is calculating the
skewness of the distribution. Where n is the number of observations, xi each observation,
x̄ the average of the observed values and s the standard deviation of x; the skewness can
be calculated as1:

Skewness = n

(n− 1)(n− 2)

[
n∑

i=1

(
xi − x̄

s
)
)]

With a symmetric distribution, the probability of obtaining a return higher than the mean
is equal to obtaining a return lower than the mean. If the skewness is positive, there is
a long tail of high values and the distribution therefore has relatively few extreme high
values. The opposite holds for negatively skewed distributions.

In addition to describing the symmetry of the distribution, I also look at the peakedness
of the distribution. In the normal distribution, most observations lie around the mean
value, meaning that the probability of observing a value close to the mean is higher than
a value far from the mean. The peakedness can be described by the kurtosis, which is
found using this formula (with variables as defined earlier):

Kurtosis = (n+ 1)n
(n− 1) (n− 2) (n− 3)

n∑
i=1

(
xi − x̄

s

)4
− 3 (n− 1)2

(n− 2)(n− 3)

One could of course go on and calculate higher moments of the distribution beyond
the third and fourth. However, with skewness and kurtosis deviations from the normal
distribution can quickly be spotted.

One statistical test for whether a distribution is normal is the Jarque-Bera test. The test
follows the asymptotic chi-square distribution with two degrees of freedom. With S being

1This is the formula used by most statistics software including SAS and Microsoft Excel. It is an
unbiased estimator and therefore differs from Pearson’s original coefficient of skewness.
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the skewness and K the excess kurtosis, the test statistic becomes:

JB = n

6

(
S2 + 1

4K
2
)

Finally, it is relevant to measure autocorrelation in the series of overlay strategy returns.
If autocorrelation is present, the return at time t is influential on the return at t + 1
meaning that the series contains information that can predict the next value. I have not
been able to find autocorrelation at lags greater than 1, and do therefore not report the
results here.

7.2.2 Review of the distribution of the strategies

As is very visible from table 7.1 none of the hedging strategies have normal distributions.
The Jarque-Bera test for normality rejects the null hypothesis of normality with high
statistical significance.

All strategies have excess kurtosis. The lowest at 0.70 for the 1+1 carry strategy and up
to 3.99 for the full hedge. Also the unhedged global stock portfolio on its own exhibits
a large excess kurtosis of 2.90. This implies that across all the strategies, the investor
should expect to see more extreme returns than the normal distribution would give.

The skewness is also negative across all strategies. Again, it is lowest for the 1+1 carry
trade at -0.15 and highest for the full hedge at -1.22, and the unhedged portfolio again
falls in between at -0.93. The variance therefore understates the risk. In this case, there
are more returns above the mean than below, but the values below the mean are more
extreme, which causes the negative skewness of the distributions. The investor should
therefore expect to see bigger returns below the mean more often than under the normal
distribution.

The autocorrelation is low across the strategies as most fall around 0.16 except for the
carry trade strategies which fall at 0.11. This indicates that there is no trending in the
returns of any of the strategies, and the series themselves hold no direct information about
when to switch hedging strategy.

Looking at the distribution of the hedged and unhedged returns in figure 7.2, it is also
clear to see that the hedging strategies are not normally distributed. Both distributions
have a peak above the mean value and long tail of values below the mean.

All in all, this implies that the focus on means and standard deviations in the prior
chapters understates the actual risk across all hedging strategies. As the distributions are
different, the ranking of the risk-adjusted returns is therefore not as clear as just taking
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Figure 7.2 Actual distribution of hedged and unhedged returns
from holding the equal weight portfolio. The dotted line shows the
normal distribution with the same mean and standard deviation as
the hedged returns and it is clear from both the skewness and the
excess kurtosis that neither of the strategies have a normal distribu-
tion.

the Sharpe ratio at its face value, and this is a central caveat for the applicability of the
findings and the decision regarding hedging.

Figure 7.3 compares the distribution of the passive overlay with the carry trade overlay
on the same stock portfolio. It is immediately clear, that the volatility is much higher
for the carry trade. Like in table 7.1 the figure shows how the carry trade overlay has
a more symmetrical distribution than the passive overlay. Both distributions have long
tails of observations below the mean, and from the diagram it is hard to distinguish the
left hand side of the two distributions. On the other hand, the right-hand side of the
distribution shows that the carry trade has vastly more big positive observations than the
passive overlay. The mean and standard deviation therefore gives a better representation
of the risk in the carry trade relative to the risk in the passive overlay, and the carry trade
portfolio therefore has a more favorable distribution than the hedged portfolio.

The non-normality also has implications for the ranking of the strategies based on their
risk-adjusted returns. Empirically, the ranking of Sharpe ratios is unstable and may change
as investor horizons change. This may well be due to the assumed distributions not holding
up. Therefore, the recommendations must be taken lightly.
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Figure 7.3 Actual distribution of returns from the unhedged stock
portfolio with a passive full hedge overlay and with the carry 3+3
overlay. Both distributions have a long tail of returns below the mean
but as the graph shows, the symmetry of the returns is higher for
the portfolio with the carry trade overlay.

7.3 Comparing the results to the existing literature

The results of the analysis are very much in line with the findings of Perold and Schulman
(1988) who showed that currency hedging is practically a free lunch as it lowers volatility
without changing the expected returns of the stock portfolio much. This points to the
existence of forward premiums that in this case have been favorable to the Danish investor.

I was not able to find evidence for the existence of an optimal hedge ratio like the one
defined by Black (1989). The investor would always obtain the highest Sharpe ratio and
the least risk by choosing the full hedge and not one of the ratios in the interval suggested
by Black. In fact, I had to go outside the interval and land on a hedge ratio of 1.6 for
the minimum variance portfolio and a hedge ratio of 3.6 for the highest Sharpe ratio.
My results, however, were highly sensitive to parameter uncertainty but for the optimal
hedge ratio to fall below 1.0 in my model, the return from the overlays on their own would
have to change from being negatively correlated to positively correlated with the global
stock market portfolio. This suggests that Black’s model suffers under the many imposed
prior assumptions making it hard to apply to practical settings as was also discussed in
section 3.2.

Froot (1993) recommended that the investor does not hedge as the costs would drive away
the minimal – if any – advantage from hedging over long horizons. I was not able to confirm
this over my 34-year sample period. Froot only looked at the USD/GBP exchange rate
and a large part of his sample covered exchange rate regimes different from the floating
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rates in existence throughout the sample period. This does not rule out that theoretically
it does not pay off to hedge in the very long term beyond 30 years but it does suggest that
hedging is favorable for shorter horizons. The slightly higher return of the overlays seem
to be able to pay for the forwards required. Should there be no difference in expected
returns between hedging and not hedging, the reduction in volatility still results in higher
risk-adjusted returns. Even with modest transaction costs, the risk-adjusted returns will
stay slightly above those of the unhedged stock portfolio.

The forward premium strategies introduced and analyzed by Glen and Jorion (1993) did
not perform well in my sample for the Danish investor. This may be due to the choice
of the USD as the home currency in their study whereas I am basing the results on the
DKK as the domestic currency. When I disregard the home currency of the investor in
the carry trade overlays, I am able to find big increases in the expected monthly returns
as well as increases in the risk-adjusted returns. This fits well with the overall conclusion
of Glen and Jorion.

The advantage from being selective in which currencies to hedge based on the recommen-
dations by Campbell et al. (2010) was somewhat visible in my results. The investor was
able to obtain marginally higher returns and only in the case of not hedging the CHF
could the investor lower the total portfolio volatility. However, when including the change
in volatility, none of the strategies had risk-adjusted returns higher than that of the pas-
sive full hedge. It was only when the investor was exposed to the highly stock market
correlated currencies AUD and CAD in the positive phases of the economic cycle, that
the Sharpe ratio increased above that of the fully hedged portfolio. I was therefore able
to confirm their findings about correlations between the currencies, the forward hedge
returns and the global stock market but when adjusting the returns for the additional
risk, the advantage of any of these strategies were minimal.

The results also fit in well with the study by Rangvid (2004) who found that hedging
reduces volatility and increases the Sharpe ratio relative to not hedging. I was able to
confirm that a hedge ratio of one is not necessary the optimal choice for lowering volatility
or obtaining the highest Sharpe ratio but like Rangvid I refrain from giving conclusive rec-
ommendations towards what the optimal hedge ratio should be due to the aforementioned
parameter uncertainty.

The carry trade overlay without adjusting to the investor’s domestic currency fits in very
well with the existing body of literature. The increase in returns, volatility, and risk-
adjusted returns is expected. The results from this study shows that the strategy is not
useful for risk-minimizing due to its high positive correlation with the stock market. For
optimizing the risk-adjusted returns, the carry trade shows advantageous properties, al-
though only to the investor who can stand to see very big deviations in his total portfolio
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value. This is unsurprising and very much in line with the existing literature. An interest-
ing finding I make is that the long left tail of returns are similar for the hedged and the
carry trade portfolio, and that the carry trade portfolio has a more symmetric distribution
of returns than the passive hedge.
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Chapter 8

Conclusion

8.1 Primary findings

In this thesis, I have sought to shed a greater light on how the Danish investor can
optimally handle the currency exposure in his internationally diversified stock portfolio.

8.1.1 Passive overlays reduce total portfolio volatility

I show that the Danish investor could have lowered portfolio risk and increased the risk-
adjusted returns by adding a passive currency overlay on top of a global stock portfolio
over the period of the beginning of 1976 through the end of 2009. This risk reduction is due
to the negative correlation of the global stock market with the returns from consistently
selling all currency exposure one month forward.

Although currency overlays are often referred to as currency hedging, it is important to
underline that an overlay does not remove the influence from exchange rate movements
on the stock returns. The individual companies in the stock portfolio will often have
cash flows in many different currencies, and removing the uncertainty about the currency
of a stock’s listing price does not remove the influence from changes in the underlying
cash flows. Second, passively selling currency forward removes the immediate uncertainty
about the direction of the spot exchange rate but it introduces an uncertainty about the
difference between the forward rate and the realized spot rate instead.

The effect on total portfolio volatility remains. The average monthly return is just slightly
higher for the fully hedged portfolios leaving room to cover the costs of the additional
overlay, and resulting in higher risk-adjusted returns. Even if the hedged return was equal
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to the unhedged, the volatility reduction would still result in risk-adjusted returns that
after costs would rank the passive hedge higher.

I have also found that hedging only a fraction of the exposure to each currency does not
lower the portfolio risk beyond the full hedge. A simple mean-variance optimization of the
hedge ratio leads to a hedge ratio of 1.6 for the minimum variance portfolio and a hedge
ratio of 3.6 for the portfolio that gives the highest risk-adjusted return. However, these
ratios are highly sensitive to even small changes in the mean returns, standard deviations
and the correlation. Parameter uncertainty together with minimal increases in the risk-
adjusted returns relative to the simple full hedge therefore indicate that the extra effort
is not worth it.

Currencies like the U.S. dollar and the Swiss franc tend to be negatively correlated with
the global stock market. The investor can therefore see a small reduction in volatility
from not hedging these currencies. However, the risk-adjusted returns of these selective
strategies fall behind the passive full hedge and the advantage from these strategies is
practically non-existent.

The individual ranking of the currency overlay strategies is consistent over time. The full
hedge has the lowest volatility and higher risk-adjusted returns in the full sample period
as well as through the 1980s, the 1990s and the 2000s respectively. The ranking is also
consistent throughout the phases of the business cycle and there does not seem to be a
certain advantage from implementing a different overlay strategy in contractions than in
expansions.

8.1.2 Active overlays increase risk-adjusted returns

Trying to take advantage of patterns in the difference between the forward rate and the
realized spot rate yields higher returns. In testing the active overlay strategies based on
this objective, I have found that taking advantage of the relative interest rate differen-
tial between the Danish krone and the foreign currencies in the portfolio only increases
volatility without improving the risk-adjusted returns relative to the full hedge, which
has almost identical average returns. The investor should therefore stay away from these
strategies.

The carry trade overlays have all had volatility and returns in a much different class than
the other overlay strategies. Volatility is much higher relative to both the unhedged and
the passively hedged stock portfolios but average returns are accordingly higher resulting
in the highest risk-adjusted returns being obtained by the overlay which is short three low-
interest currencies and long three high-interest currencies. The less risk-averse investor
should therefore consider the carry trade overlays.
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8.1.3 Uncertainties and limitations of the conclusion

The performance of all strategies is based on an extensive comparison of mean returns in
excess of the risk-free rate and standard deviations, and the ratio of these two parameters
referred to as the Sharpe ratio. For these parameters to provide a sensible foundation for
the decision of whether to hedge or not, the returns of the strategies should have a normal
distribution.

None of the returns are normally distributed as they all exhibit excess kurtosis and neg-
ative skewness. The distributions have fat tails. This is a major caveat as the investor
in following any of these strategies should expect to see more extreme returns than the
normal distribution would give, and that the standard deviation understates the risk as
the investor should expect to see bigger returns below the mean more often than under
the normal distribution. Especially the excess kurtosis increases of the return distribution
increases when adding a currency overlay. This means that a stock portfolio with a cur-
rency overlay despite the lower volatility will see more observations at the extremes than
the same stock portfolio without an overlay. As skewness is negative, these extremes lie
below the mean, and clearly shows that the volatility does not reveal the full picture.

8.2 Specific recommendations to the Danish equity investor

The conclusion suggests that the Danish investor should add a currency overlay to his
stock portfolio. Adding a passive currency overlay in which all currency exposure is sold
forward will lower volatility and consequently improve the risk-adjusted returns. If the
investor is a risk-seeker, he might even add a carry trade overlay, which on average will
result in much higher risk-adjusted returns. Should the investor deviate slightly from the
global stock portfolio tested here, the overall conclusion should still hold as domestic stock
markets tend to be highly positively correlated and the nine of the currencies had hedge
returns that were on positive on average and negatively correlated with the stock market.

The costs involved with trading the forwards and managing the overlay should, however,
deter the low-wealth private investor from implementing hedges on his own as he may
not be able to obtain the low fees necessary for the risk-adjusted return to stay ahead
of the risk-adjusted return of the overlay-free stock portfolio. Institutional investors and
mutual funds should on the other hand be able to reap the benefits of the currency
overlays due to the size of their wealth. Especially for Danish mutual funds which are
often compared on their short term risk-adjusted returns, an added currency overlay
could prove advantageous with all else equal.
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The current regulatory environment as well as practical implementation issues blur the
picture for the mutual funds. The requirement that all earnings on currency forwards must
be paid out with the annual dividend for dividend-paying mutual funds could neutralize
the advantage from the overlay in the first place. The minimum dividend requirement
means that the gains can only be invested in the market for periods up to 12 months,
which will increase the amount of necessary trading in the stock portfolio. It therefore
seems that the advantage from currency overlays is bigger for accumulating mutual funds.
However, both types of funds must accept new deposits and redeem existing deposits on
a continuous basis, which further adds to the required trading in order to match the value
of the outstanding forward contracts with the value of the of the stock portfolio.

The specific recommendation is therefore not clear-cut and the individual investor must
specifically measure the expected costs of the overlay. I let the mutual fund, iPath Op-
timized Currency Carry ETN, function as a cost benchmark with its expected 0.07%
monthly expense on forward trading, and find that a cost in this range can easily be
contained by the risk-adjusted returns. The fully hedged portfolio has a mean return 0.10
percentage points higher than the unhedged portfolio, and the risk-adjusted return of the
passive full hedge can see a deduction in the mean return of 0.15 percentage points before
switching in favor of the overlay-free portfolio. With twice the monthly cost of the mutual
fund mentioned earlier, there is still room for better performance although the reduced
difference in the mean returns now leave even less room for having measured the return
distribution incorrectly.

For Danish pension funds the findings indicate that the legal requirement to hedge the
currency risk of assets denominated in foreign currency has not been a disadvantage and
have improved relative returns.

8.3 Implications for future research

I find that Perold and Schulman’s free lunch theory holds for Danish investors. Central
to the free lunch argument is whether exchange rates are assumed to be mean-reverting
or not. Froot is the only study claiming mean reversion, whereas other empirical studies
have not been able to confirm that exchange rates are different from random walks. If
exchange rates are mean-reverting, the positive return of the overlay strategies should not
be able to persist over time. When there is a gain to an exchange rate movement, there
must be an opposite loss to offset it as currencies are a zero sum game. Consequently,
there should be an investor somewhere who is willing to lose money on average to provide
the positive average returns to the Danish investor.
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The 10 countries in my sample do not include a significant counterpart in international
trade: China. The Chinese currency, the renminbi, has been pegged to the U.S. dollar in
some way or another for most of its existence since the early 1970s. The renminbi has been
allowed to appreciate but only minimally and the Chinese government has strict restric-
tions on capital movement hindering market pressure towards an equilibrium exchange
rate. To uphold the pegged rate, China has become the biggest holder of U.S. treasury
bonds. A deviation from equilibrium like this should be an interesting starting point for
an analysis of where the positive average return of the overlays originates.

Including emerging markets is an obvious extension to the analysis. The unconditional
usage of historical data to represent future returns for these markets would likely be too
naive, and the analysis would depend on finding a proper method for accounting for this.
The relevance of such a study would, however, be big as investor interest in diversifying
into assets outside the more and more integrated developed economies is increasing.

Developing a model to deal with the parameter uncertainty and non-normality would be
another logical extension of the analysis. My simple overlays that selectively sold currency
forward based on the recommendations of Campbell et al. (2010) did not reveal any
strong improvement in performance and the investor would be best suited with hedging
all currencies. With the right optimization model the investor could take full advantage
of the covariance structure, and implement it fully into the asset allocation decision. Such
a model would, however, also have to take into account that currencies are a zero sum
game, and not just view the hedge returns as yet another random time series.
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Appendix A

What happens when the Danish
investor hedges the euro?

In the full hedge described above, all currencies are hedged including the euro. For a
Danish investor it does not make immediate intuitive sense to hedge the euro, as the
DKK/EUR exchange rate cannot deviate from the pegged rate of 7.46 DKK/EUR with
more than ±2.25% and in practice tends not to deviate with more than one percent.
However, even the small deviations from the pegged rate leave room for currency surprises.

Table A.1 shows that hedging the EUR gives a slightly higher return at the same volatility
over the full period. These results, however, include the return from hedging the DEM
from 1976-1999. The DEM/DKK exchange rate had a larger band in which it could
fluctuate and the ERM has suffered temporary pressure against the pegged rates that
led to larger deviations. Under the assumption that the current situation with only small
exchange rate deviations between the EUR and the DKK will remain, the period prior to
the introduction of the euro is not indicative of the future.

It is therefore relevant to instead look at the period after the introduction of the euro
in 1999 in which the difference between hedging and not hedging the euro practically
disappears. As the slightly higher Sharpe ratio shows, the return of the fully hedged
portfolio is higher but the difference lies in the 5th figure after the decimal point and is
therefore not visible in the table due to rounding. Now, this gain is before costs, and given
its minimal size, it is unlikely to be of positive relevance after deducting costs, especially
because the hedging choice does not impact the total portfolio volatility by anything of
relevance.

The specific return from hedging the euro, i.e. from selling only the euro forward and
buying it spot at maturity, is also shown in table A.1. At this point there is a positive
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Mean Vol. Sharpe

Full period
World, equal weight
Full hedge, EUR hedged 0.52% 4.08% 12.80%
Full hedge, EUR unhedged 0.51% 4.08% 12.51%

World, market weight
Full hedge, EUR hedged 0.45% 3.99% 11.31%
Full hedge, EUR unhedged 0.43% 3.99% 10.84%

After 1999
World, equal weight
Full hedge, EUR hedged 0.29% 4.64% 6.28%
Full hedge, EUR unhedged 0.29% 4.64% 6.20%

Return from selling EUR forward
After 1999 0.04% 0.31%
Ratio of 1m-returns that are...
... smaller than 0.00% 36.36%
... larger than 0.50% 6.06%

Table A.1 Comparing the fully hedged stock portfolios with not
hedging the EUR for the full period.
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average return of 0.04% with a volatility of 0.31%, which is significantly lower than prior
to 1999 where the mean return was 0.16% and volatility was 0.85%.

It is unlikely that the net return from hedging the euro after 1999 remains positive after
adjusting for costs. The distribution of the returns is not normal and has some significant
outliers in both ends (excess kurtosis is 9.31). These large deviations from the mean occur
around financial crises: deviations larger than ±1% occurred in the last months of 2003
and in the autumn of 2008. Unfortunately, it is not possible to state a general relationship
of how the EUR/DKK forward hedge performs during these periods of uncertainty from
merely two events. However, these actions do seem to occur as the central bank of Denmark
realigns its interest rate with the European Central Bank to avert speculative pressure
on the EUR/DKK exchange rate.

Around 36% of the monthly returns from selling the euro one month forward are negative
and only 6% are above 0.5%. Again, this indicates that it is unlikely that hedging the euro
will give a positive net return after costs. With a very active strategy it may be possible to
obtain a small positive percentage return at the beginning of a financial crash; however,
it is hard to show whether this holds over time, and such a strategy will be conditional
on the investor being able to predict these periods of financial distress near-perfectly.

In the thesis, I will therefore let a full hedge include hedging of the euro for simplicity
of calculation. Doing so does not result in a sizable influence on the return. After costs,
hedging of the euro is likely to not be worth it but since costs are not included in the
general model, this is not a factor, and the euro can easily be assumed unhedged. The
total influence on mean returns and on variance is next to non-existent as the calculations
above show, and this simplification should therefore not alter the conclusions.
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