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ABSTRACT

We examine the empirical properties of the payoffs to two popular currency speculation strategies: the carry trade
and momentum. We review three possible explanations for the apparent profitability of these strategies. The first is
that speculators are being compensated for bearing risk. The second is that these strategies are vulnerable to rare

disasters or peso problems. The third is that there is price pressure in currency markets.

Keywords

1. INTRODUCTION

In this review we examine the empirical properties of the payoffs to two currency speculation strategies: the carry t
rade and momentum. We then assess the plausibility of the theories proposed in the literature to explain the profit

ability of these strategies.
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The carry trade consists of borrowing low-interest rate currencies and lending high-interest rate currencies. The m
omentum strategy consists of going long (short) on currencies for which long positions have yielded positive (negat

ive) returns in the recent past.

The carry trade, one of the oldest and most popular currency speculation strategies, is motivated by the failure of u
ncovered interest parity (UIP) documented by Bilson (1981) and Fama (1984). (See Hodrick 1987 and Engel 1996
for surveys of the literature on UIP.) This strategy has received a great deal of attention in the academic literature as

researchers struggle to explain its apparent profitability. Papers that study this strategy include Lustig & Verdelha

In related work, several authors have studied the properties of currency momentum strategies. These authors inclu

de Okunev & White (2003), Asness et al. (2009), Lustig et al. (2009), Moskowitz et al. (2010), Rafferty (2010), a

nd Menkhoff et al. (2011a,b).

We begin by addressing the question: Is the profitability of the carry trade and momentum strategies just compens
ation for risk, at least as conventionally measured? After reviewing the empirical evidence, we conclude that the an
swer is no. This conclusion rests on the fact that the covariance between the payoffs to these two strategies and co

nventional risk factors is not statistically significant. 1

The difficulty in explaining the profitability of the carry trade with conventional risk factors has led researchers suc

h as Lustig et al. (2009) and Menkhoff et al. (2011a) to construct empirical risk factors specifically designed to pri

ce the average payoffs to portfolios of carry trade strategies. One natural question is whether these risk factors expl

ain the profitability of the momentum strategy. We find that they do not.

An alternative explanation for the profitability of our two strategies is that it reflects the presence of rare disasters o
r peso problem explanations. We argue, on empirical grounds, that the 2008 financial crisis cannot be used as an ex
ample of the kind of rare disaster that rationalizes the profitability of currency trading. The reason is simple: Mome

ntum made money during the financial crisis.

We then consider the literature that uses currency options data to characterize the nature of the peso event that rat
ionalizes the profitability of carry and momentum. On the basis of this analysis, we argue that the peso event featu

res moderate losses but a high value of the stochastic discount factor (SDF).

Finally, we explore an alternative explanation for the profitability of the carry trade and momentum strategies. This
alternative relies on the existence of price pressure in foreign exchange markets. By price pressure we mean that th
e price at which investors can buy or sell currencies depends on the quantity they wish to transact. Price pressure i

ntroduces a wedge between marginal and average payoffs to a trading strategy. As a result, observed average payo
ffs can be positive even though the marginal trade is not profitable. So, traders do not increase their exposure to th

e strategy to the point where observed average risk-adjusted payoffs are zero.



The review is organized as follows. In Section 2 we describe the empirical properties of the payoffs to the two curre
ncy strategies that we consider. In Section 3 we discuss risk-based explanations for the profitability of these strategi
es. Section 4 discusses the impact on inference that results from rare disasters or peso problems. Section 5 provide

s a brief discussion of the implications of price pressure. A final section concludes.

2. CURRENCY STRATEGIES

In this section we describe the carry trade and currency momentum strategies.

The carry trade strategy

This strategy consists of borrowing low-interest rate currencies and lending high-interest rate currencies. Assume t
hat the domestic currency is the U.S. dollar (USD) and denote the USD risk-free rate by /;. Let the interest rate on ris
k-free foreign denominated securities be i; . Abstracting from transactions costs, the payoff to taking a long position

on foreign currency is

2y =1 +::.:%— (1+i). i

Here S;denotes the spot exchange rate expressed as USD per foreign currency unit (FCU).

The payoff to the carry trade strategy is
2y = signld; — iz @

An alternative way to implement the carry trade is to use forward contracts. We denote by F;the time-tforward exc
hange rate for contracts that mature at time t+1, expressed as USD per FCU. A currency is said to be at a forward pre
mium relative to the USD if Frexceeds S;. The carry trade can be implemented by selling forward currencies that ar
e at a forward premium and buying forward currencies that are at a forward discount. The time t payoff to this strat

egy can be written as
Z::_l - S]gTHFg _S;Jll{F; _SH.I}. @

It is easy to show that, when covered interest parity (CIP) holds, these two ways of implementing the carry trade ar
e equivalent in the sense that z%, and 27, , are proportional. 2 So, whenever one strategy makes positive profits so do

es the other.

The portfolio carry trade strategy that we consider combines all the individual carry trades in an equally weighted
portfolio. The total value of the bet is normalized to one USD. We refer to this strategy as the carry trade portfolio. It

is the same as the equally weighted strategy studied by Burnside et al. (2011).

The momentum strategy
This strategy involves selling (buying) an FCU forward if it was profitable to sell (buy) an FCU forward at time t- 7. F

ollowing Lustig et al. (2009), Moskowitz et al. (2010), Rafferty (2010), and Menkhoff et al. (2011a), we define m

omentum in terms of the previous month's return; that is, we choose 7= 1. The excess return to the momentum str



ategy is
zﬂl = SjE"{Z:'}Z:L_|= @
We consider momentum trades conducted one currency at a time against the USD. We also consider a portfolio mo

mentum strategy that combines all the individual momentum trades in an equally weighted portfolio with the total

value of the bet being normalized to one USD. We refer to this strategy as the momentum portfolio. 2

@The Payoffs to Carry and Momentum
Table 1 provides summary statistics for the payoffs to our two currency strategies implemented for 20 major curre

ncies, over the sample period 1976-2010. (See Burnside et al. 2011 for a description of our data sources.) In every

case, the size of the bet is normalized to one USD.
Table1
Annualized excess returns of investment strategies (Feb. 1976-Dec. 2010)
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3The mean excess returns of the currency portfolios are not equal to the average mean excess returns of the respective individual currency trades because the sam
ple period varies by currency.

bHeteroskedasticity—consistent GMM standard errors are in parentheses.



CThe carry trade (momentum) portfolio is formed as the average of up to 20 individual currency carry (momentum) trades against the U.S. dollar (USD).
dThe 50-50 strategy is an equally weighted average of the carry and momentum portfolios.

€The U.S. stock market return is the value-weighted excess return on all U.S. stocks.

The carry trade strategy
Consider, first, the equally weighted carry trade strategy. This strategy has an average payoff of 4.6%, with a standa
rd deviation of 5.1%, and a Sharpe ratio of 0.89. In comparison, the average excess return to the U.S. stock market o

ver the same period is 6.5%, with a standard deviation of 15.7% and a Sharpe ratio of 0.41.

Consider, next, the average payoff to the individual carry trades. Averaged across the 20 currencies, this payoff is 4.
6%, with an average standard deviation of 11.3%. 4 The corresponding Sharpe ratio is 0.42. The Sharpe ratio of the

equally weighted carry trade is more than twice as large. Consistent with Burnside et al. (2007, 2008), this differen

ce is entirely attributable to the gains of diversifying across currencies, which cuts volatility by more than 50%.

The momentum strategy

The equally weighted momentum strategy is also highly profitable, yielding an average payoff of 4.5%. These payo
ffs have a standard deviation of 7.3% and a Sharpe ratio of 0.62. Again, there are substantial returns to diversifying
across individual momentum strategies. The average payoff of individual momentum strategies across the 20 curre
ncies is equal to 4.9%. The corresponding average standard deviation is 11.3% and the Sharpe ratio is 0.43. An equ
ally weighted combination of the two currency strategies, which we call the 50-50 strategy, has an average payoff of
4.5%, a standard deviation of 4.6%, and a Sharpe ratio of 0.98. The high Sharpe ratio of the combined strategy refle

cts the low correlation between the payoffs to the two strategies.

Figure 1 displays the cumulative returns to investing in the carry and momentum portfolios, in the U.S. stock mark

et, and in Treasury bills. Because the currency strategies involve zero net investment, we compute the cumulative p
ayoffs as follows. We initially deposit one USD in a bank account that yields the same rate of return as the Treasury

bill rate. In the beginning of every period we bet the balance of the bank account on the strategy. At the end of the

period, payoffs to the strategy are deposited into the bank account. Figure 1 shows that the cumulative returns to t
he carry and momentum portfolios are almost as high as the cumulative return to investing in stocks. By the end of
the sample the carry trade, momentum, and stock portfolios are worth $30.09, $27.98, and $40.22, respectively. Ho
wever, the cumulative returns to the stock market are much more volatile than those of the currency portfolios. Als
0, note that most of the returns to holding stocks occur prior to the year 2000. An investor holding the market portf
olio from the end of August 2000 until December 2010 earned a cumulative return of only 14.9%. Investors in risk-fr
ee assets, carry, and momentum earned cumulative returns of 26.7%, 93.9%, and 76.1%, respectively, over the sam

e period.

Cumulative monthly returns of investment strategies (Feb. 1976-Dec. 2010). The figure plots the cumulative returns of a trader who begins with $1

in January 1976 and invests his accumulated earnings exclusively in one of four strategies. For T-bills and U.S. stocks we use the risk-free rate and v



alue-weighted market return reported in Kenneth French's database. The carry trade and momentum portfolios are formed by taking equally weig
hted forward positions in up to 20 currencies versus the USD. For the carry trade portfolio, the foreign currency is sold (bought) forward if it is curre
ntly at a forward premium (discount). For the momentum portfolio, the foreign currency is sold (bought) forward, if, selling (buying) it forward in t

he previous period was profitable.
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The payoffs to currency strategies are often characterized as being highly skewed (see, e.g., Brunnermeier et al. 20
09). Our point estimates indicate that carry trade payoffs are skewed, but this skewness is not statistically significa
nt. Interestingly, carry trade payoffs are less skewed than the payoffs to the U.S. stock market. The payoffs to the m

omentum portfolio are actually positively skewed, though not significantly so.

As far as fat tails are concerned, currency returns display excess kurtosis, with noticeable central peakedness, espe
cially in the case of the carry trade portfolio. It is not obvious, however, that investors would be deterred by this kur
tosis, given the relatively small variance of carry trade payoffs, when compared to that of the aggregate stock mark

et. Indeed, Burnside et al. (2006) use a simple portfolio allocation model to show that a hypothetical investor with

constant relative risk aversion preferences, and a risk aversion coefficient of five, would allocate three times as mu

ch of his portfolio to diversified carry trades as he would to U.S. stocks.

2.2. Mechanical Explanations for Why These Strategies Work
In this section, we relate the observed profitability of the carry trade and momentum strategies to the empirical fail

ure of UIP. The payoffs to the strategies can each be written as

L
L+l = My [53

The two strategies differ only in the definition of u;.
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Consider, first, the case in which agents are risk neutral about nominal payoffs. In this case the conditional expecte

d return to taking a long position in foreign currency should be zero; that is,

Bk =B (1=i) - 1+ i) =0 d

This is the UIP condition. When this condition holds, neither strategy generates positive average payoffs because

Eize1) = wE (2 ) =0, and, therefore, E{zf, ) = 0.

CIP and UIP, together, imply that the forward exchange rate is an unbiased forecaster of the future spot exchange ra
te; thatis, F = E (S 1). It has been known since Bilson (1981) and Fama (1984) that forward-rate unbiasedness f

ails empirically. So, we should not be surprised that both currency strategies yield nonzero average profits. Howeve
r, the two strategies differ subtly in how they exploit the fact that the forward rate is not an unbiased predictor of th

e future spot rate.

To see why the carry trade has positive expected payoffs recall the classic result of Meese & Rogoff (1983) that the

spot exchange rate is well approximated by a martingale:
EiSi 25,
Equations 7 and 3 imply that the expected value of the payoff to the carry trade is
Efzf )= |F =58>0

So, the carry trade makes positive average profits as long as there is a difference between the forward and spot rat

es, or, equivalently, an interest rate differential between the domestic currency and the foreign currency.
To gain further insight into the average profitability of the carry trade, note that in our sample
Pr[sign(z;,) = sign(S; — F)] = 0.571.
So, the probability that the carry trade is profitable is 0.571. This profitability reflects the ability of the sign of the fo

rward discount to predict the sign of the payoff to a long position in foreign currency. The momentum strategy expl

oits the fact that, at least in sample, there is information in the sign of z* about the sign of 2%, :
Prsign(z;,, ) = sign{z])] = 0.569.

In the next section we turn to the question of whether risk-adjusting the UIP condition can explain the payoffs of th

e two currency strategies.

3. RISKAND CURRENCY STRATEGIES

In this section we argue that the average payoff to our two currency strategies cannot be justified as compensation
for exposure to conventional risk factors. We begin by outlining the theory that underlies our estimation strategy.
We then describe how we measure the risk exposures of the two currency strategies. Finally, we discuss our empiri

cal findings.



8.1. JTheory

When agents are risk averse the payoffs to the currency strategies must satisfy

EilziaMe) =0

Here, M; 41 denotes the SDF that prices payoffs denominated in dollars, and E;is the mathematical expectations op
erator given information available at time .2
The unconditional version of Equation 8 is
E(Mz) = 0. )
This equation can be written as
E(z)E(M) + cov(z, M) =0.

In practice, the average unconditional payoffs to the strategies that we consider are positive. The most straightforw

ard explanation of this finding is that cov(z, M) <0.

One can always rationalize the observed payoffs to these strategies by using a statistical model to compute the risk

premium as a residual. Consider, for example, the carry trade, in which case we can write Equation 8 as
Fy = 8 = Ey( S0 = 5¢) + . @
Here, ptis the risk premium which is given by

_ cove( Moy, Si01 — 8
H:Mr-l '

]

Given a statistical model for £ 4(S 47— S ¢), we can use Equation 11 to back out a time series for p;and call that resi
dual a risk premium:

Py = Fe = 8 = E¢(S5¢01 = 5¢).
By construction, this risk premium can rationalize the payoffs to the carry trade. If the spot exchange rate is a marti
ngale, this procedure amounts to labeling the forward premium the risk premium. Although such an exercise can p

rovide insights, we view the key challenge as finding observable risk factors that are correlated with the payoffs of t

he two strategies.

Our analysis uses Equation 9 as our point of departure. We consider linear SDFs that take the form
M, = E[1—{fi — u)'b). @

Here &is a scalar, f¢is a kx 1 vector of risk factors, u= E(f;), and bis a kx 1 vector of parameters. We set £= 1, becau

se &is not identified by Equation 9. Given this assumption and the model for M given in Equation 12, Equation 9 ¢

an be rewritten as

Eiz) = coviz, f1b = cov(z, nz;' Egb = fo4, @



where X fis the covariance matrix of f;. The betas in Equation 13 are population coefficients in a regression of z;on
frand measure the exposure of the payoff to aggregate risk. The kx 1 vector A measures the risk premia associated

with the risk factors.

3.2. JEmpirical Strategy

We assess risk-based explanations of the returns to our currency strategies in two ways. First, we ask whether there
are risk factors for which the payoffs to the strategies have statistically significant betas. These betas are estimated

by running time-series regressions of each portfolio's excess return on a vector of candidate risk factors:
ze=ai+ B +e, t=1,..., T,foreachi=1,... 5

Here Tis the sample size, and nis the number of portfolios being studied. This step in our analysis is similarin its a

pproach, and in its conclusions, to Villanueva (2007).

Second, we determine whether generalized method of moments (GMM) estimates of a candidate SDF can explain t
he returns to the carry trade by testing whether Equation 9, or, equivalently, Equation 13, holds for the estimated
model. We estimate the parameters of the SDF, band y, using GMM (Hansen 1982), the moment restrictions (Equa

tion 9), and £(f) = u. Equation 9 can be rewritten as

Efe[1~( —pB]} =0, 5)
where zis an nx 1 vector of excess returns. The GMM estimators of yand bare i = f and

b= (dyWrdr) "y Wrz,

where dris the sample covariance matrix of zwith £, and Wris a weighting matrix. (Burnside 2007 provides details

of the GMM procedure.) Estimates of A are obtained from j, as i = ;b , where £ is the sample covariance matrix of f.
The model's predicted mean returns, z — d-b , are estimates of the right-hand side of Equation 13. The model R? m
easures the fit between zand z , the sample average of the mean excess returns. The pricing errors are the residual
s, &=z —%. We test that the pricing errors are zero using the statistic j = Ta'V;'z , where Vris a consistent estimate of

the asymptotic covariance matrix of /T« . The asymptotic distribution of Jis x2 with n- k degrees of freedom.

In the first GMM step the weighting matrix is W= /,, and the estimate of Aand the pricing errors are the same as th

e ones obtained by running a cross-sectional regression of average portfolio excess returns on the estimated betas:
z;:ﬁ:).+|x,, i=1,...,m

Herez = +3°7 .z, B.is the ordinary least squares estimate of 3;, and g;jis the pricing error. In subsequent GMM steps
the weighting matrix is chosen optimally. Our results are similar at all stages of GMM, so, due to space limitations,

we only present results for iterated GMM.

3.3. JEmpirical Results With Conventional Risk Factors



In this section we use the empirical methods outlined in the previous section to determine whether there is a candi
date SDF that can price the returns to the carry trade and momentum. We consider several models using monthly d

ata: the Capital Asset Pricing Model (CAPM) (Sharpe 1964, Lintner 1965); the Fama & French (1993) three factor m

odel; the quadratic CAPM (Harvey & Siddique 2000); and a model that uses the CAPM factor, realized stock market

volatility, and their interaction as factors. The latter two models are ones in which the market betas of the assets be
ing studied can be thought of as being time varying. We also consider two models using quarterly data. The first m
odel (the C-CAPM) uses the growth rate of real consumption of nondurables and services as a single factor. This mo
delis a linear approximation to a representative agent model in which households have standard preferences over
a single consumption good. The second model (the extended C-CAPM) uses three factors: the growth rate of real co
nsumption of nondurables and services, the growth rate of the service flow from the real stock of durables, and the
market return. This model is a linear approximation to a representative agent model in which households have rec

ursive preferences over the two types of consumption good (see Yogo 2006).

Table 2 summarizes the estimates we obtain by running the time-series regressions described by Equation 14 for
monthly and quarterly models. In every case, but one, we find that the estimated betas are insignificantly different
from zero. The one exception is that the beta for the carry trade associated with the market return in the Fama-Fren
ch three factor model is statistically significant. However, this coefficient is economically small (0.045). Given our es
timates of the Fama-French model, the implied annual expected return of the carry trade portfolio should only be

0.3%. The actual return is 4.6%.

Table 2

Factor betas of the currency portfolios (1976-2010)
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3The table reports estimates of the slope coefficients and the R? in a regression of the portfolio payoffs on a constant, and the indicated risk factors. Heteroskedastic
ity-consistent standard errors are in parentheses. Slope coefficients that are statistically significant at the 5% level are indicated by an asterisk (*). Payoffs are mont
hly nominal excess returns, and the sample period is Mar. 1976-Dec. 2010, unless otherwise indicated.

bThe CAPM model uses a single factor, the excess return on the value-weighted U.S. stock market (Mkt-Rf).

¢The Fama-French model uses Mkt-Rf as well as Fama and French's SMB and HML factors.

dThe quadratic CAPM uses Mkt-Rf and 1/2(Mkt-Rf)? as factors.

€The CAPM-volatility model uses Mkt-Rf and stock volatility (the standard deviation of daily excess returns, measured monthly), and their interaction as factors.

fThe C-CAPM model uses the log growth rate of real consumption of nondurables and services, and is estimated with quarterly real excess returns (1976Q2-2010Q
1).

9The extended C-CAPM model uses the C-CAPM factor, the log growth rate of the service flow of durables (assumed to be proportional to the real stock of consumer
durables), and the market return (Mkt) as factors.

Table 3 presents estimates of the monthly models based on iterated GMM estimation. Table 4 presents analogous r
esults for the quarterly models. The models are estimated using the equally weighted carry trade and momentum
portfolios, as well as Fama and French's 25 portfolios sorted on the basis of book-to-market value and size. First, no
te that in every case the pricing errors of the currency strategies are large and statistically significant. So, even thou
gh the models have some explanatory power for stocks, none of the models explains the payoffs to the carry trade
and currency momentum strategies. Second, all of the models are rejected, at the 5% level, by the pricing-error tes

t.

Table 3
GMM estimates of linear factor models= (Mar. 1976-Dec. 2010)
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*Test assets are the Fama-French 25 portfolios, and the equally weighted carry-trade and currency momentum portfolios. Heteroskedasticity-consistent standard erro
rs are in parentheses, except as noted. An asterisk (*) indicates statistical significance at the 5% level.

@b is the parameter vector in the stochastic discount factor (SDF), m = 1 - (f - u)'b.
bj is the vector of risk premia associated with the factors.

€R2 is a measure of fit between the sample average and model-predicted mean returns.



dj is the test statistic for the overidentifying restrictions. P-values are reported in parentheses.
€Annualized percent.

fThe CAPM model uses a single factor, the excess return on the value-weighted U.S. stock market (Mkt-Rf).
9The Fama-French model uses Mkt-Rf as well as Fama and French's SMB and HML factors.

hstock volatility is the standard deviation of daily excess stock returns (Mkt-Rf), measured monthly.

Table 4

GMM estimates of linear factor models= (1976Q2-2010Q1)
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*Test assets are the Fama-French 25 portfolios, and the equally weighted carry-trade and currency momentum portfolios. Heteroskedasticity-consistent standard erro
rs are in parentheses, except as noted. An asterisk (*) indicates statistical significance at the 5% level.

@b is the parameter vector in the stochastic discount factor (SDF), m = 1 - (f - u)'b.

bA is the vector of risk premia associated with the factors.

€R2 is a measure of fit between the sample average and model-predicted mean returns.

dj is the test statistic for the overidentifying restrictions. P-values are reported in parentheses.

€Annualized percent.

fThe C-CAPM model uses the log growth rate of real consumption of nondurables and services as a risk factor.

9The extended C-CAPM model uses the C-CAPM factor, the log growth rate of the service flow of durables (assumed to be proportional to the real stock of consumer
durables), and the market return (Mkt) as factors.

The only model with a reasonably good fit (positive R?) is the Fama-French model. But, as with the other models, it

does a very poor job of explaining the returns to the currency portfolios. Figure 2 plots z , the predictions of the Fa

ma-French model for Eiz;) , against z,, the sample average of z;. The circles pertain to the Fama-French portfolios, th
e star pertains to the carry trade portfolio, and the square pertains to the momentum portfolio. Not surprisingly, th
e model does a reasonably good job of pricing the excess returns to the Fama-French 25 portfolios. However, the m
odel greatly understates the average payoffs to the currency strategies. The annualized average payoffs to the carry
trade and momentum strategies are 4.6 and 4.5%, respectively. The Fama-French model predicts that these averag
e returns should equal 0.2 and -0.2%. The solid lines through the star and square are two-standard error bands for
the difference between the data and model average payoff, that is, the pricing error. Clearly, we can reject the hypo

thesis that the model accounts for the average payoffs to the currency strategies.

Cross-sectional fit of the Fama-French model. For each portfolio, the graph plots the average annualized payoffs of each portfolio, z (on the y-axis),
against the model-predicted mean return, z (on the x-axis). The dots correspond to Fama and French's 25 portfolios sorted on the basis of book-to-

market value and firm size. The star represents the carry trade portfolio. The square represents the momentum portfolio. The vertical lines extendi



ng above and below the star and square are two-standard error bands for each portfolio's pricing error. When these lines do not cross the 45 degre

e line, the pricing error is statistically significant at the 5% level.
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ho show that a wider set of conventional risk factors cannot explain the returns to the carry trade. Our results show

that conventional risk factors also cannot explain the returns to the currency momentum portfolio.

3.4. JFactors Derived from Currency Returns
We now turn to less traditional risk-factor models in which the factors are derived from the returns to currency strat

egies. This approach, introduced to the currency literature by Lustig et al. (2009), is similar to the one popularized

by Fama & French (1993), who construct risk factors based on the returns to particular stock strategies.

Portfolios of currencies sorted by their forward discount.

Following Lustig & Verdelhan (2007), Lustig et al. (2009), and Menkhoff et al. (2011a) we construct five portfolio

s, labeled S1, S2, S3, S4, and S5, by sorting currencies according to their forward discount against the USD. The sort

ing is done period by period. Each portfolio is equally weighted and represents the excess return to lending at the ri
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sk-free rate the currencies included in the portfolio while borrowing an equivalent amount of USD at the risk-free ra

te.

Table 5 shows that the average return to portfolios S1-S5 is monotonically increasing. This property is not surprisi
ng given Meese & Rogoff's (1983) result that exchange rates are close to a martingale. If the spot exchange rate for e
ach currency were exactly a martingale, then the conditional mean of each portfolio's return would equal the avera
ge forward discount of the constituent currencies. So, for a large enough sample, the sorting procedure would gen

erate portfolios with monotonically increasing average returns.

Table 5

Factor betas of the sorted, carry, and momentum portfolios

Toggle display: Table5 EB~

Open Table 5 fullscreen ™ (/content/table/10.1146/annurev-financial-102710-144913.tbl52fmt=ahah&ful

'lscreen=true&lang=en),

I ~ —_— s ek = A

n

n NY I

n

tm N

“ = M A


https://www.annualreviews.org/content/table/10.1146/annurev-financial-102710-144913.tbl5?fmt=ahah&fullscreen=true&lang=en

A = ek ™ A wm

= ~ + = MM = A =

aThe table reports estimates of the slope coefficients and the R? in a regression of the portfolio payoffs on a constant, and the indicated risk factors. Heteroskedastic
ity-consistent standard errors are in parentheses. Slope coefficients that are statistically significant at the 5% level are indicated by an asterisk (*). Payoffs are mont
hly nominal excess returns, and the sample period is Mar. 1976-Dec. 2010.

bThe portfolios are five portfolios of long positions in foreign currency, sorted in increasing order by the forward discount (S1-S5), the carry trade portfolio, and the
momentum portfolio.

CThe DOL factor is the average excess return to portfolios S1-S5.

dThe HMLEgy factor is the excess return to being long portfolio S5 and short portfolio S1.

€The VOL factor is a measure of realized global currency volatility.

Consistent with the literature, we attempt to explain the cross section of returns to these portfolios of currencies, b
ut we add the equally weighted momentum portfolio to the set of test assets. & By focusing on currency portfolios a
nd excluding stock returns from our analysis, we allow for the possibility that markets are segmented, so that curre
ncy traders and stock market investors have different SDFs. That said, factors that explain portfolios S1-S5 should

also explain the currency momentum portfolio.

Currency-based risk factors.
As with Lustig et al. (2009), we construct two risk factors directly from the sorted portfolios. The first risk factor, w
hich they call the dollar risk factor and denote by DOL, is simply the average excess return of the five sorted portfoli

0s. The second risk factor, which they denote by HMLEy, is the return differential between the S5 portfolio (the large
st forward discount) and the S1 portfolio (the smallest forward discount). So, HMLy is the payoff to a carry trade st

rategy in which we go long in the highest forward-discount currencies and go short in the smallest forward-discoun

t currencies.

Following Menkhoff et al. (2011a), we construct a measure of global currency volatility, which we denote by VOL. |

tis measured monthly, and is the average sample standard deviation of the daily log changes in the values of the ¢

urrencies in our sample against the USD.

Betas of currency-based factors.



Table 5 summarizes the results of estimating time-series regressions of the monthly excess returns to S1,S2,S3, S
4, S5; the carry trade portfolio; and the momentum portfolio on two pairs of risk factors: DOL and HMLgy, and DOL

and VOL.

The DOL and HMLgy factors are highly correlated with the S1-S5 portfolio returns. The betas on the DOL factor are

all close to one in value, and statistically significant. The betas of the HMLgy factor rise monotonically from -0.48 fo
r S1to 0.52 for S5. The betas for S2, $3, and S4 are close to zero. Although the R? for the five regressions are large, t
his result is not particularly surprising. Sorting portfolios on the basis of the forward discount produces a monotoni
c ordering of the expected returns. So, the DOL and HMLgy factors create, by construction, a pattern in the betas si

milar to that in Table 5 . (See Burnside 2011 for a detailed discussion.) DOL and HMLy also have positive and signi
ficant betas for the equally weighted carry trade portfolio, but the R? is much lower in this case. Finally, neither fac

tor has a significant beta for the momentum portfolio.

Replacing HMLgy with VOL as a factor has very little impact on the betas with respect to DOL. The betas with respec
t to VOL decrease monotonically as we go from S1 to S5 and are statistically significant for the extreme portfolios (p
ositive for S1 and negative for S5). These findings indicate that when global currency volatility increases, the return
s to holding low-interest rate currencies increase and the returns to holding high-interest rate currencies decrease.
That is, low-interest rate currencies provide a hedge against increases in volatility. The beta with respect to VOL is

also negative and statistically significant for the carry trade portfolio. The beta with respect to VOL is positive but in

significant for the currency momentum portfolio.

Cross-sectional analysis of currency-based risk factors.
Table 6 presents iterated GMM estimates of the SDF for the two currency-based factor models, using portfolios S1-

S5 and the momentum portfolio as test assets. Figure 3 shows the mean returns in the sample plotted against the

model-predicted expected returns.

Cross-sectional fit of the currency-based factor models. (a) Model uses DOL and HMLgy as risk factors. (b) Model uses DOL and VOL as risk factors. F
or each portfolio, the graph plots the average annualized payoffs of each portfolio, z (on the y-axis), against the model-predicted mean return, z (o

n the x-axis). The dots correspond to the S1-S5 currency portfolios sorted on the basis of the forward discount. The square represents the moment
um portfolio. The vertical lines extending above and below each point are two-standard error bands for each portfolio's pricing error. When these li

nes do not cross the 45 degree line, the pricing error is statistically significant at the 5% level.
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Table 6

GMM estimates of currency factor-based models (Mar. 1976-Dec. 2010)
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*Test assets are five portfolios of long positions in foreign currency sorted in increasing order by the forward discount (S1-S5), and the momentum portfolio. Heteros
kedasticity-consistent standard errors are in parentheses, except as noted. An asterisk (*) indicates statistical significance at the 5% level.

@b is the parameter vector in the stochastic discount factor (SDF), m = 1 - (f - u)b.

bj is the vector of risk premia associated with the factors.

€RZ is a measure of fit between the sample average and model-predicted mean returns.

d/ is the test statistic for the overidentifying restrictions. P-values are reported in parentheses.
€Annualized percent

fMomentum

9The DOL factor is the average excess return to portfolios S1-S5.

hThe HMLgy factor is the excess return to being long portfolio S5 and short portfolio S1.

"The VOL factor is a measure of realized global currency volatility.
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In both cases, the b parameter associated with the DOL factor is statistically insignificant. The risk premium, A pg, i
s positive and significant in one case. But in neither case does exposure to DOL explain much of the variation in exp

ected return across portfolios.

The band A parameters associated with the HMLgy factor are positive and statistically significant at the 5% level. T

he band A parameters associated with the VOL factor are negative and statistically significant at the 5% level.

Neither the DOL-HMLEx model nor the DOL-VOL model does a good job of fitting the overall cross section of average
payoffs to the currency strategies. The R? is lower than 0.04 for both models. The DOL-HMLgx model is rejected on t
he basis of the pricing-error test. The DOL-VOL model is not rejected. But this apparent success is mostly due to the

model's parameters being estimated with less precision than those of the HMLgy-based model.

The primary failing of both models is the large pricing error associated with momentum (approximately 5%). To un
derstand this failing recall that the average payoff to the momentum strategy is 4.5%. The DOL-HMLgx cannot expla
in this large payoff because the momentum's beta is close to zero with respect to DOL and is negative with respect t

0 HMLgy. The DOL-VOL model does no better because it has a paradoxically positive (but poorly estimated) beta wit

h respect to VOL; that is, momentum is a good hedge against volatility. Menkhoff et al. (2011a) find a similar parad

ox using a set of sorted momentum portfolios.

8.5. Jconcluding Discussion

The results in this section suggest that observable risk factors explain very little of the average returns to the carry t
rade and momentum portfolios, resulting in economically large pricing errors. In every case the models can also be
rejected based on statistical tests of the pricing errors. Models built from currency-specific factors do have some su

ccess in explaining the returns to the carry trade. But, they do not explain the returns to the momentum portfolio.

4. RARE DISASTERS AND PESO PROBLEMS

that the payoffs to the carry trade can, at least in part, be explained by the presence of rare disasters or peso proble
ms. L By rare disasters we mean very low probability events that sharply decrease the payoff and/or sharply increas
e the value of the SDF. These events may occur in sample. But, due to their low probability, they may be underrepr
esented relative to their true frequency in population. By a peso problem we mean an extreme form of this proble

m, where rare disasters do not occur in sample.

Rare disasters

We study the effects of rare disasters on inference using a simple model. Let w € Q denote the state of the world, le
t z(w) denote the payoff to a currency strategy in state w, and let M(w) denote the value of the SDF in state w. We pa
rtition Q, the set of possible states, into two sets. The first set, Q V', consists of those values of w corresponding to n

on-rare-disaster (normal) events. The second set, Q 2, consists of those values of w corresponding to a rare-disaste



r event. For simplicity, we assume that Q ? contains a single event, w® . We use the notation M = M{»”}and Z = Z(w”
), and assume that Z' < 0. To simplify, we assume that the conditional and unconditional probability of the rare disa

steris p.
Payoffs to a currency strategy must satisfy
(1 - pIEN(Mz) + pM'Z =0,

where £V (-) denotes the expectation over normal states. Because the scale of Mis not identified for zero net-invest

ment strategies, we choose the normalization £V (M) = 1.

How can rare disasters explain the profitability of a currency strategy? Assume, for simplicity, that an econometrici
an can observe Mand zand that the sample average of Mzacross normal events in the sample equals £" (Mz). Sup
pose that in-sample rare disasters occur with frequency p < p. Because Z <0, the overall sample average of Mzis po

sitive, even though the true unconditional value is zero:
{1—p)EN(Mz) + pM'Z = (p — p)[EN(Mz) — M| = 0.

How likely are we to observe an unusually small number of rare disasters in sample? Consider the value of p sugges
ted by Nakamura et al. (2010). These authors define a rare disaster as a large drop in consumption. Using data spa
nning 24 countries and more than 100 years, they estimate the annual probability of a disaster to be 0.017. The corr

esponding monthly value of pis 0.0014.

Because most work on currency strategies focuses on the post Bretton-Woods era, we think of a typical sample size
as roughly (2011-1973) x 12 =456 months. For p=0.0014, the expected number of events in a sample of this size is |

ess than one. Indeed, the probability of observing zero rare disasters in a sample of 456 months is roughly 53%.

Can we interpret particular in-sample events as realizations of the rare-disaster event that accounts for the observe
d profitability of the carry trade and momentum strategies? For example, was the 2008 financial crisis an example o
f such a rare disaster? The answer is no. To see why, note that Equation 18 implies that the ratio of risk-adjusted m

ean payoffs in the normal states must be equal to the ratio of the payoffs in the disaster state:

EN(Ma) 4

EN{Mz) z’

Here, z, and z; denote the payoffs to the carry trade and momentum strategy in the disaster state. We define the dis
aster period to be August-November 2008 because, during this period, the carry trade suffered a cumulative net lo
ss of approximately 10%, its worst loss over a four-month period in our sample. In contrast, the momentum strateg
y had a cumulative gain of approximately 24% in this period, its largest over a four-month period in our sample. So
the ratio on the right-hand side of Equation 19 is negative. Because the average risk-adjusted profits of both strate

gies are positive outside of the crisis period, the left-hand side of Equation 19 is positive. So, the financial crisis is n



ot a plausible example of a rare-disaster event that accounts for the profitability of the carry trade and momentum
strategies. Neither are other periods in our sample (early 1991, and late 1992) when carry trades took heavy losses.

In these periods the momentum strategy was also highly profitable.

There are two ways to avoid the conclusion that the recent financial crisis is not the type of rare disaster that accou
nts for the profitability of the carry trade and momentum strategies. The first is to assume that, because of market

segmentation, M is different for the two currency-trading strategies. This hypothesis seems very implausible. The s
econd is to assume that Q ? contains more than one event, and not all strategies earn negative returns in all of thes
e events. So the financial crisis could be viewed as a rare disaster in which the carry trade has a negative payoff but
momentum does not. We cannot rule out this explanation on logical grounds. But it leaves unexplained the in-sam

ple profitability of the momentum strategy.

Peso problems

Recall that a peso problem corresponds to the case where there are no rare disasters in sample, sop = 0. Absent ad
ditional assumptions, the peso-problem explanation of the profitability of our two strategies has no testable implic
ations, given that Z is not observed. To generate testable implications we assume, as above, that there is a single p

eso event. We can then use data on currency options to develop a test of the peso-problem hypothesis.

Investors can use options to construct hedged versions of currency strategies that are exposed to disaster risk. The
se hedged strategies put an upper bound on an investor's possible losses. Suppose a currency strategy involves goi
ng long (short) on foreign currency. Then this strategy is exposed to large losses if there is a large depreciation (app
reciation) of the foreign currency. By buying a put (call) option on foreign currency the investor can bound these lo

sses. The payoff to a hedged strategy, <, , is given by

g b if the option is in the money,
L4l = Yz —ed1+4;)  if the option is out of the money.

The variables c;and i denote the cost of the put or call option and /s denotes the nominal interest rate. The variabl
e h; 41 is the lower bound on the investor's net payoff.
Because the hedged strategy is also a zero net-investment strategy, its payoff, 7/, must satisfy

(1 —p)EN (M) + pM'EN () = 0.

Using Equation 20 to solve for pM' and replacing this term in Equation 18, we obtain

i —F.M[n‘.lz:l @
N
¢ =E%(h) EN(MzH)’

Motivated by our previous results we assume that cov™(M,z) = cov¥(M,z") = 0. Then Equation 21 simplifies to

N
¢ = EV(hy £ & @2)



Using Equations 18 and 20 we can derive two expressions for p = pM'/(1 - p) that are numerically identical given o

ur method of estimating z":

FNf} F:N H:I
20500 4
i)

Here, we estimate p because the parameters pand M' are not separately identified by the pricing equations.

We estimate Z and p for the carry trade using currency option data from J.P. Morgan for 10 major currencies over th

e period 1995-2009. As in Burnside et al. (2011), we assume that in the disaster state all of the individual currency

carry trades lose money. Consequently, we assume that the investor hedges the equally weighted carry trade strat
egy by buying at-the-money options. This assumption means that the payoff of the carry trade portfolio in the peso

state is the average of the minimum payoffs of the individual carry trades in that state.

The momentum strategy for an individual currency sometimes takes the opposite position of the carry trade strate
gy. In these instances, if we assume carry is exposed to disaster risk, momentum is naturally hedged against it. This
property presents a difficulty for our empirical strategy because it means that the unhedged momentum payoff for

an individual currency in the disaster state is occasionally —Z, rather than Z'.

To bring momentum into our analysis, we consider a 50-50 portfolio that equally combines the carry trade and mo
mentum portfolios. Suppose each of these portfolios is formed with n currencies. When the two underlying strategi
es agree on the sign of an individual currency trade, the net position in the portfolio for that currency is £1/n. In thi
s case, the position is naturally exposed to disaster risk, and this risk can be hedged using options. When the two u

nderlying strategies disagree on the sign of an individual currency trade, the net position for that currency is zero.

Using data on the payoffs to the hedged and unhedged carry trade and 50-50 carry-momentum strategies, and dat
a on the minimum payoffs to the hedged strategies, we estimate the moments that appear on the right-hand sides
of Equations 22 and 23. Doing so provides us with estimates of z, (the payoff to the equally weighted carry trade in
the disaster state) and #, (the payoff to the 50-50 strategy in the disaster state), and two estimates of p. Using a Wald
test, we can test whether the two estimates of p are equal, which they should be, in absence of market segmentatio
n. (Burnside et al. 2011 discuss a related comparison of the values of M' implied by the carry trade and a hedged st
ock market strategy.) Alternatively, we can use the pricing equations of the hedged and unhedged versions of the t
wo strategies to estimate the three parameters, #,, ,, and p, using GMM. This system is overidentified, and, therefo

re, provides us with a simple test of the peso-problem hypothesis.

When we use the first procedure, our estimates are #,=-0.037 (0.014) and z, = —0.091(0.006). Standard errors are rep
orted in parenthesis. Our two estimates of pare 0.095 (0.059) and 0.159 (0.091). The two estimates of p are insignifi
cantly different from each other according to the Wald test (p-value = 0.23). Given the small standard errors associa
ted with #,and #,, we can be quite confident that the disaster event is not characterized by large losses to either the

carry trade or the 50-50 carry-momentum portfolio.



When we use the second procedure, our estimates of 7, and =, are —0.040 (0.020) and -0.027 (0.015), and our estimat
e of pis 0.089 (0.064). The test of the overidentifying restrictions does not reject the model (p-value = 0.27). A value

of p of 0.089 means that if we assume that the true probability of a rare event is p=0.0014, then M' = 63.

Our analysis assumes that the SDF takes on a single value in the rare disaster or peso state. Under alternative assu
mptions, we can still generate testable implications of the peso-problem hypothesis. For example, Burnside et al.

(2011) show how to estimate a lower bound for 2 (z;) allowing for negative covariance between payoffs to the car

ry trade and the SDF in the peso state.

Overall, we find little evidence against the peso event hypothesis. According to our point estimates, the peso event
is not characterized by large losses to the currency strategies. Instead, it is characterized by moderate losses and la

rge values of the SDF.

5. PRICE PRESSURE

In this section we discuss an alternative explanation for the profitability of our currency strategies raised in Burnsi

de et al. (2006). This explanation relies on the existence of price pressure in the foreign exchange market. By price
pressure we mean that the price at which investors can buy or sell an asset depends on the quantity they wish to tr
ansact. There is a strand of research in finance that stresses the possibility that demand curves for assets are down

ward sloping. Shleifer (1986) and Mitchell & Pulvino (2004) present evidence in support of this view for stocks.

Anecdotal evidence gathered from currency traders suggests that a similar phenomenon occurs in foreign exchang
e markets: Prices move against individual traders when they place large orders. Here we present a simple model th

at illustrates the implications of price pressure for the profitability of currency-trading strategies.

The case of a single trader

Consider an asset that has a value v+ €, where € is a random variable with mean zero. Suppose that there is a singl
e risk-neutral trader who decides to buy x units of the asset. To capture the basic effects of price pressure we suppo
se that the price of the asset that the trader purchases depends on order size in the following way. The price in the

beginning of the day is

o= a.
As long as a<, itis optimal for the trader to buy a positive quantity of the asset. Trading takes place during the co
urse of a day. At instant t during the day the change in the price depends on the quantity of orders, m;, submitted a

t that pointin time:

II)I = bimn,. @

We assume that bis positive, so that the price is an increasing function of the quantity purchased; that is, there is p

rice pressure.



Suppose the trader wants to buy x units of currency during the day. Consider the following two strategies. Strategy
Ais to submit an order for x, say, at the end of the day. The price associated with the order is a+ bx, so that the total

cost of the order is x(a + bx).

Strategy B is to break up the order and submit orders of size m= x/ Tthroughout the day. Here, Tis the number of tr
ading minutes in the day. The price of the asset at time tis given by

' X
pr=a+b Um,dsza—b?e:,

The total cost of the order is
T x o1,
L p,Td.r = ax +1151 .

It is clear that, from the perspective of the trader, strategy B dominates strategy A. So, we assume that the trader us

es strategy B and breaks up the orders. It is useful to rewrite the total cost of the order as [;{a + bz)dz .

The trader's profit, m, is given by

T = (v + ) —fxfa+bz}dz.
i}

The trader chooses xto maximize the expected value of .
E{rn) = vx —jx{’a + bz)dz.
i

The first-order condition for this problem implies that the optimal value of x, x*, is given by

v—=a

B

3 =

The price paid for the last unit of the asset purchased is

*

p'=v.

We wish to stress two key features of this example. First, the expected profit from the last unit of the asset purchase

d by the trader is equal to zero. Second, the total expected profits earned by the trader are positive:

_l{’u—ajz

Em=3"%

Consider an econometrician who observes the average trade during the day. He would correctly infer that the strat
egy is profitable. Suppose that he ignores the existence of price pressure and assumes that marginal and average p
rofits coincide. Then he would incorrectly conclude that the trader is leaving money on the table by not expanding

the size of the trade.

The case of ntraders



Suppose that there is a fixed number, n, of traders. Within the day price pressure is governed by Equations 24 and
25 where mydenotes total orders arriving at time t. Consider a Nash equilibrium in which each trader chooses to b
uy x units of the asset, taking as given that the remaining n— 1 traders buy x units each. The order in which trades o
ccur israndomly determined after traders choose x. Trader jtrades from time 7{j— 1)/nto time Tj/n, where the inde
x jtakes values from one to n. Each trader breaks up his orders uniformly within his trading period. Because a repre

sentative trader has a probability 1/n of being the jth trader, his expected profit is

u—1

i
E(z) —""‘:_Z,_[ (@ + bz)dz.
Jix

=0
The optimal value of xsatisfies the first-order condition:

1
:J=a+bx+sz{ﬂ— 1).

In a symmetric equilibrium x =%, so

2y —a)
= b1 +n)"

The average expected profit across traders is positive and equal to

v — a}?'

E{n} = 7
b(1 +n)"

=0,

The expected profit of a trader who has a position jin the trading queue is

_ v —a)’ o
() = 2(1 = j)).
H:“JJ b1+ n-]g [+ 2{1 —)]

So, when nis large, roughly half of the traders make profits and the other half make losses. The profits of the winne

rs are larger than the losses of the losers, which is why average profits across traders are positive.

As in the single trader case, an econometrician who observes the average trade during the day would conclude tha
t the strategy is profitable. He might wonder why traders do not increase their positions until this profitability vanis
hes. But, although the average trade generates profits, the marginal trade makes losses. So, there is no reason for t

raders to expand their positions. No money is being left on the table.

6. CONCLUSION

We discuss two conventional explanations for the apparent profitability of the carry trade and momentum strategi
es. The first is that investors are compensated for the risk they bear. Although this hypothesis is very appealing, we
find little evidence to support it. The second conventional explanation is that the profitability of the two currency s
trategies results from a rare disaster or peso problem. We argue that the recent financial crisis is not a rare disaster
from the standpoint of a currency speculator who uses both the carry trade and momentum strategies. We also arg
ue that the peso event is not characterized by large losses to currency speculators. Instead, it features moderate los

ses and high values of the SDF.



Finally, we discuss the potential role of price pressure in explaining the profitability of the two currency strategies.
Although this approach shows some promise, two important questions remain to be answered. First, is the form of
price pressure postulated in our example empirically plausible for currency markets? Second, what is the source of

this price pressure?
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