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Measuring Returns on FX Investments

The return in domestic currency of an investment in an asset denominated in
foreign currency has two components:

1 the return on the investment expressed in foreign currency; and

2 the return on the foreign currency expressed in domestic currency.

Let R∗t,k denote the return on the foreign currency asset measured in foreign
currency between t and t + k , and r∗t,k = ln(1 + R∗t,k) the corresponding
continuously compounded return.

Let St denote the spot exchange rate expressed as the number of units of
domestic currency per unit of foreign currency, e.g. 1.1 CHF per EUR, and st
its logarithm.

Thus, an increase in St and st means that the domestic currency (CHF) is
depreciating – one unit of the foreign currency buys more units of the
domestic currency.
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Measuring Returns on FX Investments

Suppose you take one unit of the domestic currency, change it in foreign
currency, and invest the resulting amount 1/St in the foreign currency asset.

After k periods, the value of your investment (i.e. the gross return)
measured in domestic currency is

Vt+k = 1 + Rt,k =
St+k(1 + R∗t,k)

St
= (1 + RFX

t,k )(1 + R∗t,k) . (1)

The corresponding log return is

rt,k = st+k − st + r∗t,k = rFXt,k + r∗t,k . (2)

One often considers the excess log return compared to that of an
alternative asset, say that on the domestic riskless asset it,k :

rxt,k = st+k − st + r∗t,k − it,k . (3)
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Covered Interest Rate Parity (CIP)

Assume you are a domestic investor considering investing in a foreign money
or bond market.

Let It,k denote the k-period cumulative discrete interest (with
compounding) earned on the domestic currency at time t and
it,k = ln(1 + It,k) the equivalent continuously compounded interest.

Let I ∗t,k denote the k-period cumulative discrete interest (with
compounding) earned on the foreign currency at time t and i∗t,k = ln(1 + I ∗t,k)
the equivalent continuously compounded interest.

Let Ft,k denote the forward foreign exchange rate, i.e. the FX rate you
can agree to today for a foreign currency transaction with delivery in k
periods. If you sell the foreign currency forward, you will receive Ft,k units of
the domestic currency per unit of foreign currency at time t + k.
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Covered Interest Rate Parity (CIP)

By no arbitrage, the forward rate must be such that the return on a riskless
investment in the domestic currency (1 + It,k) is identical to that of a
hedged investment in the foreign currency, (1 + I ∗t,k)Ft,k/St :

1 + It,k =
Ft,k

St
(1 + I ∗t,k) → Ft,k = St

1 + It,k
1 + I ∗t,k

. (4)

This result is known as covered interest parity (CIP). It says that
borrowing at home and lending abroad or doing the reverse earns zero return
if the FX risk is hedged.

Covered interest rate parity can also be expressed in logs:

ft,k = st + (it,k − i∗t,k) , (5)

where ft,k = ln(Ft,k) denotes the log of the forward exchange rate.
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Covered Interest Rate Parity (CIP)

Equation (5) is often written in terms of the forward premium/discount:

ft,k − st = it,k − i∗t,k . (6)

CIP is a no-arbitrage relation and does not depend on investor preferences.
It used to hold well in data apart from short-lived deviations (Akram et al.
[2008]). Persistent deviations have been found since the 2008 financial crisis.

Note: Sometimes, I and I ∗ are used to denote the per-period return from
investing in the respective currencies and i and i∗ the continuously
compounded returns per period. In this case, the covered interest parity
relations for k periods become:

Ft,k = St
(1 + It,k)k

(1 + I ∗t,k)k
, (7)

ft,k = st + k(it,k − i∗t,k) . (8)
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Uncovered Interest Rate Parity (UIP)

Uncovered interest rate parity considers the return from an unhedged
investment in foreign currency.

Such an investment can be implemented in two ways:
1 Borrow one unit of the domestic currency, change it in the foreign currency,

invest abroad for k periods, and change the proceeds back to the domestic
currency at time t + k. Your excess return is:

Rt,k =
St+k

St
(1 + I ∗t,k) − (1 + It,k) . (9)

2 Buy one unit of the foreign currency forward for delivery at time t + k and
change it back to the domestic currency at time t + k. Your payoff is:

ΠF
t,k = St+k − Ft,k . (10)

If CIP holds, both payoffs are proportional to each other:

ΠF
t,k = St+k − St

1 + It,k
1 + I ∗t,k

=
St

1 + I ∗t,k

(
St+k

St
(1 + I ∗t,k)− (1 + It,k)

)
=

St
1 + I ∗t,k

Rt,k . (11)
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Uncovered Interest Rate Parity (UIP)

UIP states that the expected return from an investment in foreign currency
should be the same as that of an investment in domestic currency – on
average, the FX move should offset the interest rate differential.

Equivalently, the expected excess return from an investment in foreign
currency should be zero.

The UIP equation is:

1 + It,k =
Et [St+k ]

St
(1 + I ∗t,k) . (12)

For example, if I ∗t,k > It,k , UIP says that the foreign currency should, on
average, depreciate at a rate matching the interest rate differential in order to
make the domestic and foreign investments equally profitable.

Thus, UIP claims that Ft,k = Et [St+k ] – the forward rate is an unbiased
predictor of the future spot rate.

Letting sEt,t+k = ln(Et [St+k ]), UIP can be written in logs as

sEt,t+k − st = it,k − i∗t,k . (13)
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Uncovered Interest Rate Parity (UIP)

By contrast with CIP, UIP is not an arbitrage relation. It is a condition based
on equilibrium reasoning that may or may not hold.

CIP is the currency equivalent of the relation between spot and forward
interest rates for the term structure.

UIP is the currency equivalent of the expectations hypothesis for the term
structure.

One case where UIP should hold is that where investors are risk-neutral.

There are actually two statements in UIP:
1 There is no risk premium from holding the foreign currency – the appreciation

/ depreciation of the foreign currency offsets the interest rate differential.

2 Currency excess returns are unpredictable.

We now consider both aspects.
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Currency Risk Premia

Recall that the excess log return from an unhedged money market investment
in the foreign currency consists of two components:

1 the forex return; and
2 the interest rate differential between the two countries.

Formally:

rxt,k = (st+k − st)︸ ︷︷ ︸
Forex return

+ (i∗t,k − it,k)︸ ︷︷ ︸
Interest rate differential

If UIP holds, the first component offsets the other – the average excess
return from investing in different currencies should not be statistically
different from zero.

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management: Advanced Investments Fall 2020 15 / 90



Currency Risk Premia

This is not the case empirically. Over the period 1983-2009, G10 currencies with
the highest average yields earned the highest average excess returns against the
USD.

Currency Risk Premia. Source: Ilmanen [2011]
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Currency Risk Premia

Note that although the differences are small, there was no depreciation of
high-yielding currencies during the period. Rather, for most currencies, there
was a small appreciation.

Thus, in addition to the gain on the interest rate differential, investments in
high-yielding currencies earned an extra return from the appreciation.

The currency risk premium is positive – there is some compensation for
the exchange rate risk incurred when making unhedged investments in high
interest rate countries.

The returns on investments in high-yielding currencies are negatively
skewed. They deliver steady gains for long periods of time but sudden steep
drawdowns wipe out years of gains. Drawdowns tend to occur in bad times.

This suggests that the extra return from investments in high-yielding
currencies is a risk premium rather than mispricing.
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Currency Risk Premia: Drawdowns
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Currency Risk Premia

Investing in the currencies based on their relative yields at a given point in time
improves average returns (this is the so-called carry trade; we will consider it in
detail when we look at the cross-section).

Carry Trade Returns. Source: Ilmanen [2011]
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Predictability

One way to test UIP (13) is to assess whether the initial interest rate
differential is offset by an equal change in exchange rates, i.e. by
estimating the following predictive regression:

st+k − st = α + β(it,k − i∗t,k) + εt+k . (14)

UIP implies
1 α = 0 (no currency risk premium); and
2 β = 1 (exchange rate changes on average exactly offset the yield differential).

Equivalently, one can invoke CIP, ft,k − st = it,k − i∗t,k , and use the forward
discount/premium as explanatory variable:

st+k − st = α + β(ft,k − st) + εt+k . (15)

In this flavor of the test, one checks if the forward rate is an unbiased
predictor of the future spot exchange rate.
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Predictability

An alternative test of UIP is to investigate whether excess log returns
rxt,k = st+k − st − (it,k − i∗t,k) are predictable using the regression:

rxt,k = α + β(it,k − i∗t,k) + εt+k . (16)

When using this approach, UIP implies:
1 α = 0 (no risk premium); and
2 β = 0 (no predictability).

If one finds that β 6= 0, this means that expected currency excess returns are
time-varying and predictable.

Note that using CIP one has rxt,k = st+k − ft,k so regression (16) can also be
written in two additional equivalent forms:

st+k − ft,k = α + β(it,k − i∗t,k) + εt+k , (17)

st+k − ft,k= α + β(ft,k − st) + εt+k . (18)
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Predictability

Summarizing, there are two ways to test UIP:
1 Forward rates forecast future spot rates, i.e. α = 0 and β = 1 in the

regression
st+k − st = α + β(ft,k − st) + εt+k .

2 Excess returns are unpredictable, i.e. α = 0 and β = 0 in the regression

st+k − ft,k = α + β(ft,k − st) + εt+k .

As was the case for tests of the expectations hypothesis of the term structure
of interest rates, the two tests constitute complementary regressions:

ft,k − st+k= α1 + β1(ft,k − st) + ε1,t+k ,

st+k − st= α2 + β2(ft,k − st) + ε2,t+k ,

where by construction α1 + α2 = 0 and β1 + β2 = 1.

The complementarity α1 + α2 = 0 and β1 + β2 = 1 also holds when using the
interest rate differential as explanatory variable, i.e. if one estimates:

ft,k − st+k= α1 + β1(it,k − i∗t,k) + ε1,t+k ,

st+k − st = α2 + β2(it,k − i∗t,k) + ε2,t+k .
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Empirical Evidence

When estimating the complementary regressions

ft,k − st+k = α1 + β1(ft,k − st) + ε1,t+k ,

st+k − st = α2 + β2(ft,k − st) + ε2,t+k ,

Fama [1984] finds that β1 = 0 and β2 = 1 are mostly rejected:
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Empirical Evidence

Estimating the regression st+k − st = α + β(it,k − i∗t,k) + εt+k for 1979-2011,
Chinn and Quayyum [2012] find that the UIP is rejected in most countries (the
maturity of the interest rates used matches the forecasting horizon).

Note: The table reports β estimates and their Newey-West standard errors in
parentheses. *, **, *** denote coefficient estimates that are statistically different
from 1 at the 10%, 5% and 1% levels, respectively.
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Empirical Evidence

There are fewer rejections of UIP when estimating the regression
st+k − st = α + β(it,k − i∗t,k) + εt+k for a five-year forecasting horizon. Moreover,
most β estimates are positive:
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Predictability: Summary and Implications

UIP does not hold in the data: there is a currency risk premium and foreign
exchange returns are predictable.

On average, countries with high interest rates also experience an appreciation
of their currency.

This means that there are profitable opportunities, i.e. one can capture a
positive currency risk premium by borrowing in low interest rate countries and
investing in high interest rate countries. However, such a strategy is subject
to steep drawdowns.
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Carry: Basic Idea

The carry trade is a popular trading strategy that exploits deviations from
UIP.

Carry traders borrow in low interest rate currencies and lend in high
interest rate currencies.

Recall that the excess return from borrowing in the domestic currency and
investing in the foreign currency is:

Rt,k =
St+k

St
(1 + I ∗t,k)− (1 + It,k) . (19)

The carry trade involves going long the foreign currency when I ∗t,k − It,k > 0
and short otherwise. Accordingly, carry (excess) returns are

RC
t,k = sign[I ∗t,k − It,k ]

(
St+k

St
(1 + I ∗t,k)− (1 + It,k)

)
. (20)

As discussed in the context of UIP, an alternative to explicit borrowing and
lending is to implement the carry trade using forward or futures contracts.
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Carry: Portfolio Construction

Burnside et al. [2011] investigate the profitability of the carry trade as well as
of momentum for the period 1976-2010.

The carry portfolio is an equally weighted portfolio of up to 20 individual
currency carry trades against the USD. For each currency, the carry return
(20) is computed each month. The portfolio return is the average of the
returns across all currencies.

The momentum strategy involves selling (buying) a currency forward if its
return (19) during the previous month was negative (positive). Formally, for
each currency and each month, the momentum (excess) return is given by

RM
t,1 = sign[Rt−1,1]Rt,1 . (21)

Again, the authors consider an equally weighted portfolio of all currencies
against the USD.
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Carry: Profitability

Burnside et al. [2011] find that the carry trade strategy earns large risk-adjusted
returns that are uncorrelated with those of currency momentum. Skewness is
negative but insignificant.
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Carry: Profitability

The cumulative returns of the carry and momentum portfolios are almost as high
as the cumulative return to investing in stocks. Carry trade returns are less
skewed than the returns of the U.S. stock market.

Source: Burnside et al. [2011]
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Carry: Factor Exposures

Carry trade returns cannot be explained by exposure to conventional risk factors
(e.g. stock market risk and Fama-French factors):
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Carry as a Factor

Lustig et al. [2011] investigate the returns of currency carry portfolios
during the period 1983–2009.

The number of currencies varies over time; there were 9 currencies at the
beginning of the sample, 26 at the end, and the maximum is 34 (before the
launch of the Euro). They also consider a subset of 15 developed markets
(Australia, Belgium, Canada, Denmark, euro area, France, Germany, Italy,
Japan, Netherlands, New Zealand, Norway, Sweden, Switzerland, UK).

At the end of each month, currencies are allocated to six portfolios on
the basis of their forward premium/discount ft − st :

Portfolio 1 contains the currencies with the lowest interest rate.

Portfolio 6 those with the highest interest rate.

The authors also consider long-short portfolios called HMLj that are long
portfolio j and short portfolio 1.
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Carry Portfolio Returns

The average change in the log spot exchange rate, ∆s (which is the average rate
of depreciation of the currencies in each portfolio), does not match the forward
premium/discount f − s, resulting in nonzero excess returns.
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Principal Components in Carry Returns

A principal component analysis reveals that two principal components explain
over 80% of the variation in returns on the six portfolios:

The first principal component is a level factor; all portfolios load
approximately equally on it.
The second principal component is a slope factor; portfolio loadings
decrease monotonically across portfolios.
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Currency Factors

Based on these results, the authors construct two candidate currency risk
factors:

1 Dollar factor: The average currency excess return, denoted RX . This
corresponds (roughly) to the average portfolio return of a US investor who
buys all available foreign currencies in the forward market.

2 Carry factor: The difference between the return on the last portfolio and that
on the first portfolio, denoted HMLFX . This corresponds (again roughly) to
the return on a zero-cost strategy that goes long in the highest interest rate
currencies and short in the lowest interest rate currencies.

The correlation of the first principal component with RX is 0.99 and that of
the second with HMLFX is 0.94.
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Currency Factors: Risk Prices

The risk prices of the two factors can be estimated using a cross-sectional
regression of average returns on the factor exposures or the Fama-MacBeth
approach. (The constant is assumed to be zero.)

The risk price of the dollar factor is estimated to be about 1.34% per year,
while that of the carry factor is about 5.50% per year.

(Values in square brackets denote standard errors.)
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Currency Factors: Cross-Sectional Pricing Performance

Regressing the excess returns of the portfolios on the factors reveals that the
alphas of portfolios 2 and 4 are significant at the 5% level, while those of the
other portfolios are not.

The joint test that all alphas are zero is insignificant.

As expected, the portfolios’ exposure to the dollar factor is similar; thus, the
dollar factor’s risk price does not explain the cross-sectional variation in
portfolio returns and is hard to estimate. However, the factor accounts for
the average level of portfolio returns.

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management: Advanced Investments Fall 2020 41 / 90



Overview

1 Measuring Returns on FX Investments

2 Interest Rate Parity

3 Currency Risk Premia

4 Predictability

5 The Cross-Section of Expected Returns
Carry

Basic Idea and Portfolio Construction
Profitability
Carry as a Factor
Carry and Volatility Risk
Carry Crashes

Dollar Carry
Yield Curve
Momentum

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management: Advanced Investments Fall 2020 42 / 90



Carry and Equity Volatility Risk

The carry factor has poor returns in bad times, in particular in periods of
high equity market volatility (computed as the average across countries of the
volatility of daily returns during the month).

The exposure of the currency portfolios to innovations in volatility is
monotonically decreasing – high interest rate currencies have low returns
when equity market volatility increases. Thus, loading up on the carry
factor amounts to increasing exposure to global risk.
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Carry and FX Volatility Risk

Menkhoff et al. [2012a] investigate the impact of unexpected global FX
volatility risk on the returns of carry trade strategies.

They define global FX volatility as:

σFX
t =

1

Tt

∑
τ∈Tt

[∑
k∈Kτ

(
|rkτ |
Kτ

)]
(22)

where Kτ denotes the number of available currencies on day τ of month t, rkτ
the spot foreign exchange return of currency k on that day (i.e. rkτ > 0
corresponds to an appreciation of currency k against the USD), and Tt the
number of trading days in month t.
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Carry and FX Volatility Risk

They measure unexpected volatility shocks using innovations from an AR(1)
process of global FX volatility (the AR(1) is estimated over the entire sample).
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Carry and FX Volatility Risk

The returns on high interest rate currencies are negatively related to FX
volatility shocks, explaining why they earn a positive premium.
Low interest rate currencies react positively to volatility shocks, i.e. they are
hedge assets and therefore earn a low or negative unconditional premium.
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Carry Crashes

Jurek [2014] investigates to what extent the carry risk premium is affected by
a peso problem using G10 currencies for the period 1990-2012.

The starting point are the returns on carry trade strategies that are either
spread-weighted or equally weighted. The author also considers a variant that
is constrained to be dollar-neutral at all times ($N in the table below). The
returns on all these strategies are negatively skewed:
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Carry Crashes

The dollar-neutral strategy’s performance is slightly worse than that of the
unconstrained strategy.

The return differential arises because the unconstrained portfolios exhibited a
negative average net exposure to the US dollar and the USD depreciated
versus the G10 basket during the sample period.
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Crash-Hedged Carry Returns

To assess the importance of crash risk, the author compares the returns of
these strategies with those of strategies that are hedged using
out-of-the-money options with a Delta of 10%.

Hedging is performed in three different ways:
1 Hierarchical hedging uses the full set of 45 G10 cross-rate options, and aims

to hedge the portfolio using the fewest number of options possible.

2 Combinatorial hedging also uses the full set of the cross-rate options, but
creates all possible pairings of long and short currencies.

3 The third scheme is a variant of the combinatorial hedging scheme in which
each long and short currency position is hedged using the corresponding
X/USD options.

The results (reported on the next page) show that hedging removes most
of the negative skewness in returns but reduces average returns only
slightly, by about 20 to 50 bps per year.
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Crash-Hedged Carry Returns
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Crash-Hedged Carry Returns

Hedging also reduces returns only slightly for the dollar-neutral strategies:
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Crash-Hedged Carry Returns

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management: Advanced Investments Fall 2020 53 / 90



Crash-Hedged Carry Returns

Accounting for transaction costs increases estimates of the jump risk
premium to 1.3–1.6% per year. These costs increase the cost of the option
hedge and therefore the difference in returns between the unhedged and
hedged portfolios.

Thus, tail risk accounts for less than one third of carry trade returns.
The crash premium is relatively modest in FX returns.
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Dollar Carry: Description

Lustig et al. [2014] investigate an investment strategy which they call the
“dollar-carry-trade”.

The strategy exploits the time-series variation in the difference between US
interest rates and the average interest rate in other countries:

1 Go long in a basket of foreign currencies and short in the dollar when the
average foreign short-term interest rate is above the US interest rate (which
typically happens during US recessions).

2 Short all foreign currencies and take a long position in the dollar otherwise.

Rebalancing occurs monthly.

For the period 1983-2010, the strategy has a Sharpe ratio of 0.66 when using
developed country currencies and 0.56 when using all currencies. Its
correlation with the standard carry trade and equities is low.

The dollar carry trade performs (slightly) better than the traditional carry
trade that goes long the top currency bucket and short the bottom currency
bucket sorted on interest rate differentials.
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Dollar Carry: Interpretation

The profitability of the strategy arises from the fact that aggregate returns on
currency markets are predictable.

Expected currency returns against the USD are countercyclical: they
go up in US recessions and down in US expansions. Put differently, when the
US economy is sluggish, the dollar tends to depreciate.

Thus, while the traditional carry trade bears global risk, the dollar carry trade
also bears a country-specific (US) risk. This risk gets averaged out in the
traditional carry trade because of the presence of both long and short
positions.

Predictive regressions show that the average forward discount versus the USD
and the change in the US industrial production index explain up to 25% of
the subsequent variation in average annual excess returns realized by shorting
the USD and going long in baskets of currencies.
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Theory: Pricing Kernel

The carry trade uses short-term interest rates to predict excess foreign
exchange returns. Ang and Chen [2013] investigate the ability of additional
term structure variables to predict these returns.

They show theoretically how other yield curve variables may affect expected
FX returns using a no-arbitrage framework. Let M denote the pricing kernel
in the domestic country. The price of any asset, P, satisfies

Pt = Et [Mt+1Pt+1] . (23)

This is in particular the case for the price of a n-period zero coupon bond:

P
(n)
t = Et [Mt+1P

(n−1)
t+1 ] . (24)

They assume that the pricing kernel takes the following form:

Mt+1 = exp

(
−rt −

1

2
λ2
t − λtεt+1

)
, (25)

where rt is the one-period riskless rate and λt a time-varying market price of
risk which prices shocks to the short rate, εt+1 (assumed to be a scalar and
uncorrelated with other shocks).
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Theory: Pricing Kernel

The price of risk λt is potentially driven by multiple factors. Time-varying
prices of risk give rise to time-varying risk premia on long-term bonds.

We have seen that priced risk factors include yield curve variables like the
level and the slope of the yield curve. Macroeconomic variables like inflation
and output can also play a role. Ang and Chen [2013] focus on yield curve
factors.

The pricing kernel in foreign country i is assumed to take a similar form:

M i
t+1 = exp

(
−r it −

1

2
(λit)

2 − λitεit+1

)
, (26)

and the price of a n-period zero coupon bond denominated in currency i
must satisfy:

P
i,(n)
t = Et [M

i
t+1P

i,(n−1)
t+1 ] . (27)
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Theory: Pricing Kernel and Exchange Rate

Letting Rt+1 denote the gross return on a domestic asset, one must have

Et [Mt+1Rt+1] = 1 . (28)

For an investor in country i starting with one unit of foreign currency,
converting to the domestic currency at rate S i

t , earning the domestic currency
return Rt+1 and converting back to foreign currency in period t + 1 at rate
S i
t+1 must satisfy

Et

[
M i

t+1

S i
tRt+1

S i
t+1

]
= 1 . (29)

Hence, under complete markets one must have

Mt+1 = M i
t+1

S i
t

S i
t+1

(30)

and (one plus) the exchange rate change is the ratio of the pricing
kernels in the foreign and domestic country:

S i
t+1

S i
t

=
M i

t+1

Mt+1
. (31)
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Theory: FX Risk Premium

Taking logs, this expression can be rewritten as

∆s it+1 = s it+1 − s it = mi
t+1 −mt+1

= rt − r it +
1

2
(λ2

t − (λit)
2) + λtεt+1 − λitεit+1 . (32)

Hence, the foreign exchange risk premium (expected excess return) of the ith
currency is half the difference in the conditional variances of the domestic
and foreign pricing kernels:

Et [rx
i
t,1] = Et [∆s it+1 + r it − rt ] =

1

2
(λ2

t − (λit)
2) . (33)

UIP assumes that the right hand side of this expression is zero. However, the
equation shows that any factor affecting the domestic or foreign prices
of risk can potentially predict currency excess returns.

Expected foreign exchange returns are high when the domestic pricing kernel
is more volatile than the foreign one. Since the domestic pricing kernel is
volatile in bad times, the carry trade has high expected returns in bad
times.
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Theory: Term Structure Variables

The authors then use term structure models to show how a number of term
structure variables might affect the variance of the pricing kernel.

The variables that might affect that variance are:

Short rates

Changes in rates

Long-term bond yields

Term spread

Interest rate volatility

They then show empirically that portfolios constructed by ranking currencies
based on these variables generate excess returns.
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Sample and Portfolio Construction

The empirical analysis is based on 23 countries (G10 plus 13 others) for the
period 1975-2009.

For each term structure variable, currency portfolios are formed in two ways:
1 Equally weighted. Go long currencies in the top tercile and short currencies in

the bottom tercile.

2 Signal-weighted. To ensure zero net positions and constant long and short
portfolio weights, each month the signals are standardized to have zero mean
and a constant standard deviation of two. This ensures that all positive signal
values sum to one and all negative signal values sum to −1.

The portfolios are rebalanced monthly.
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Variable Description

Overview of the term structure variables considered in the empirical analysis:
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Equally Weighted Portfolio Returns

Equally weighted long-short portfolios constructed based on the different variables
exhibit sizable Sharpe ratios. The portfolios based on term spreads have a
negative Sharpe ratio so they should be implemented in reverse – buy currencies
with low (or negative) term spreads and sell currencies with a steep yield curve.
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Signal-Weighted Portfolio Returns

Signal-weighted portfolios generate the following returns:
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Portfolio Correlations

Several correlations between the returns on (equally weighted) portfolios formed
using different term structure variables are relatively low; thus, combining them
provides diversification benefits.
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Cumulative Returns

Based on these findings, the authors focus on three portfolios – Level, Change, and
Term. The equity lines of these portfolios are shown below. The Level and Term
portfolios had huge drawdowns in 2008 which wiped out about 5 years of gains.
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Level, Change, and Term Predict Currency Returns

This means that changes in interest rate levels and term spreads contain
additional predictive power independent of carry.

Results of pooled regressions of cumulative excess returns
in percent per month. The regressions include month
fixed effects.
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Factor Exposures

The factor exposures of the strategies differ. The excess returns of the Change and
Term strategies remain significant after controlling for carry returns. By contrast
with carry, the Change portfolio returns are not affected by volatility. Level,
Change and Term portfolio returns are unrelated to consumption growth rates.
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Yield Curve: Summary

Summarizing, the main findings of the Ang and Chen [2013] study are:

Predictability of foreign exchange returns by information in the term
structure is consistent with a no-arbitrage framework. Any variable which
affects the prices of domestic bonds can potentially predict exchange rates.

Yield curves contain significant information beyond carry that is useful for
predicting currency returns.

Specifically, changes in interest rate levels and term spreads contain
additional predictive power for currency returns independent of carry.
Currencies with large changes in interest rate levels tend to appreciate and
currencies with a steep yield curve tend to depreciate.

Portfolios constructed on the basis of changes in interest rate levels and term
spreads exhibit large Sharpe ratios. The term spread yields the largest Sharpe
ratio but has negative skewness.

Common risk factors including carry cannot explain the returns of the Change
and Term portfolios.
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Momentum Strategies

We have seen that there is momentum in equity returns. It turns out that
momentum is also present in currency returns. Past 1 to 12 month
returns positively predict future 1 to 12 month returns.

Momentum strategies involve buying winners and selling losers. This can be
done in the time series and in the cross-section:

1 Time series: Buy all currencies that appreciated during the past k months
and sell all currencies that depreciated during the past k months (see
Moskowitz et al. [2012] for an example of a time series implementation).

2 Cross-section: Sort currencies into quantiles based on past returns. Buy those
in the upper bucket and sell those in the bottom bucket.

Cross-sectional strategies tend to be more robust.

Currency momentum strategies are usually implemented using long-short
portfolios that are dollar-neutral – one is one dollar long in the past winners
and one dollar short in the past losers. Within the long and short legs one
can use equal weights or weights based on the strength of the signal (e.g.
return size or rank).

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management: Advanced Investments Fall 2020 79 / 90



Momentum Returns before Transaction Costs

Menkhoff et al. [2012b] investigate currency momentum strategies for up to
48 currencies during the period 1976-2010. Momentum portfolios earn
sizable returns which tend to be largest for a holding period of one month.
The profitability of currency momentum strategies is also visible in spot rate
changes themselves (right panel) and is thus not mostly driven by the interest
rate differential (by contrast with carry).
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Momentum Returns before Transaction Costs

The Sharpe ratios are large:
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Momentum Returns after Transaction Costs

However, returns after transaction costs are much lower:
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Momentum and Carry Returns

Long-short momentum portfolio returns have low correlation with carry trade
returns:
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Momentum: Long-Term Reversal

Cumulative returns peak for a holding period of about 8–12 months and decline
thereafter. This is similar to what has been documented for equities.
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Momentum Returns and the Business Cycle

There is no obvious correlation of momentum returns with the state of the
business cycle:
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Momentum Returns and Macroeconomic Risk

Momentum returns have little relation to macroeconomic risks:
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Momentum: Summary and Interpretation

Currency momentum is a profitable investment strategy that has low
correlation with carry trade returns.

Momentum returns exhibit a strong reversal in performance at long horizons
if the portfolios are not rebalanced.

The return patterns – initial continuation and subsequent reversal at longer
horizons – are consistent with behavioral explanations such as slow processing
of information/investor underreaction to news.

Momentum returns cannot be explained by exposure to macroeconomic risks.
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Momentum and Value

Asness et al. [2013] investigate momentum and value strategies in different
asset classes. Value is hard to define for currencies; the authors use the
opposite of momentum over a 5-year lookback period. The losers of the last
5 years become the long portfolio and the winners of the last 5 years the
short portfolio.

As was the case in other asset classes, value and momentum are negatively
correlated for currencies so that it is advantageous to combine them.
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