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1 Introduction

Currencies that are at a forward premium tend to depreciate. This ‘forward-premium puzzle’
represents an egregious deviation from uncovered interest parity (UIP). This paper studies
the properties of the payoffs to a currency speculation strategy that exploits this anomaly.
The strategy, known as the carry trade, involves selling currencies forward that are at a
forward premium and buying currencies forward that are at a forward discount. Transaction
costs aside, this strategy is equivalent to borrowing low-interest-rate currencies in order to
lend high-interest-rate currencies, without hedging the associated currency risk. Consistent
with results in the literature, we find that the carry-trade strategy applied to portfolios of
currencies yields high average payoffs, as well as Sharpe ratios that are substantially higher
than those associated with the U.S. stock market.

The most natural interpretation for the high average payoffs to the carry trade is that
they compensate agents for bearing risk. However, we show that linear stochastic discount
factors built from conventional measures of risk, such as consumption growth, the returns
to the stock market, and the Fama-French (1993) factors, fail to explain the returns to the
carry trade. This failure reflects the absence of a statistically significant correlation between
the payoffs to the carry trade and traditional risk factors.! Our results are consistent with
previous work documenting that one can reject consumption-based asset-pricing models using
data on forward exchange rates.? More generally, it has been difficult to use asset-pricing
models such as the CAPM to rationalize the risk-premium movements required to account
for the time-series properties of the forward premium.?

The most natural alternative explanation for the high average payoffs to the carry trade
is that they reflect the presence of a peso problem. A number of authors have recently
argued that this problem lies at the root of the failure of UIP.* To understand this argument
suppose that a foreign currency is at a forward premium, so a carry-trade investor sells this
currency forward. Assume that a large appreciation of the foreign currency occurs with a
small probability. The investor must be compensated for the negative payoff to the carry

trade in this state of the world. From this perspective, the observed returns to the carry

ISee Villanueva (2007) for additional evidence on this point.

2See, for example, Bekaert and Hodrick (1992) and Backus, Foresi, and Telmer (2001).

3See, for example, Bekaert (1996) and De Santis and Gérard (1999).

4See Farhi and Gabaix (2008). Other authors, such as Rietz (1988), Barro (2006), and Gabaix (2007),
argue that peso problems can explain other asset-pricing anomalies such as the equity premium.



trade are positive because the rare event (the large appreciation of the foreign currency) does
not occur in sample.

To evaluate this explanation we develop a version of the carry-trade strategy that does
not yield high negative returns should a peso event occur. This strategy works as follows.
When an investor sells the foreign currency forward he simultaneously buys a call option
on that currency. If the foreign currency appreciates beyond the strike price, the investor
can buy the foreign currency at the strike price and deliver the currency in fulfilment of
the forward contract. Similarly, when an investor buys the foreign currency forward, he can
hedge the downside risk by buying a put option on the foreign currency. By construction,
this “hedged carry trade” is immune to peso events.

Suppose that the high average payoffs to the carry trade arise because of a peso problem.
We argue that, under these circumstances, the average payoff to the hedged carry trade
should be significantly lower than the average payoff to the unhedged carry trade. The basic
intuition for this result is that, when peso events are associated with very large negative
carry-trade payoffs, the price of options used to hedge against these events is very high. In
a sample where peso events do not occur, the agent pays a high insurance premium without
receiving any payoffs from the insurance policy that are related to the realization of a peso
event. So, the average payoff to the hedged carry trade should be low.

To assess the empirical relevance of peso-based explanations for the returns to the carry
trade, we compile a new data set on currency-option prices with one-month maturity for
six major currencies against the dollar. The key empirical finding of this paper is that
the hedged carry trade has average payoffs that are statistically indistinguishable from the
average payoffs to the unhedged carry trade. On the basis of these results we conclude that
peso-problem considerations cannot account for a large part of the returns to the carry trade.

Our paper is organized as follows. In section 2 we briefly review the basic exchange-rate
parity conditions and discuss the carry-trade strategy. We describe our data in Section 3. In
Section 4 we characterize the properties of payoffs to the carry trade. In Sections 5 we study
whether the payoffs to the carry trade can be explained by risk considerations. In Section 6

we study the properties of the hedged carry trade. Section 7 concludes.



2 Parity Conditions and the Carry Trade

In this section we accomplish three tasks. First, we define notation and state basic asset-
pricing conditions that pertain to investments in different currencies. Second, we describe a
standard version of the carry trade.

Let S; denote the spot exchange rate and F; denote the forward exchange rate for con-
tracts maturing at time ¢ + 1. Both S; and F; are expressed as dollars per foreign currency
unit (FCU). Consider the following investment strategy. Borrow one dollar at the domestic
interest rate, r;, convert the dollar at the spot exchange rate into 1/5; FCUs, and invest
these FCUs at the foreign interest rate, r;. At time ¢ + 1 convert the FCU proceeds into
dollars at the spot exchange rate S;,;. The payoff to this strategy is:

St+1

St

Since this strategy involves zero net investment, the payoff must satisfy:

Zep = (L+7) —— = (1471 (1)

Ey(Miy12041) = 0. (2)

Here M, ., denotes the stochastic discount factor that prices payoffs denominated in dol-
lars and E; denotes the time-t conditional expectation operator. Equation (2) implies the

following risk-adjusted version of UIP:

St COVy (St+1/st7 Mt+1)
1 =1+r)|E , 3
() = () B (Tt ) o el )
where covy(.) denotes the time-t conditional covariance.
Covered interest parity implies that:
1
(1+r)=—=1+r)F,. (4)

St
Together, (3) and (4) imply that the expected change in the exchange rate is equal to the

forward premium and a risk-premium correction,

E (St+1 - St) F, — 5 COVy [Mt—&—l» (St+1 - St) /St]
t
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The literature often focuses on the case in which cov, [M;y1, (Sie1 — S¢) /Si] = 0, so the risk

premium is zero.” Under this assumption, the forward rate is an unbiased predictor of the

p () - B, 0

SEarly contributions to the literature include Bilson (1981) and Fama (1984). See Engel (1996) for a
review of the literature.

future spot rate:




Tests of relation (6) generally focus on the regression:

(Str1 = 58) /St =+ B(Fy — St) /St + i1 (7)

Under the null hypothesis that equation (6) holds, « = 0, 8 = 1, and &, is orthogonal to
time t information. This null hypothesis has been consistently rejected. Estimated values
of B are often negative, a result commonly referred to as the ‘forward-premium puzzle.’
Under the null hypothesis (6), the foreign currency should, on average, appreciate when
it is at a forward premium (F;, > S;). The negative point estimates of 5 imply that the
foreign currency actually tends to depreciate when it is at a forward premium. Equivalently,

low-interest-rate currencies tend to depreciate.

The Carry Trade The forward premium puzzle motivates a variety of speculation strate-
gies.” Here we focus on the carry trade, the strategy most widely used by practitioners (see
Galati and Melvin (2004)). Abstracting from bid-ask spreads, the carry trade consists in
borrowing a low-interest-rate currency and lending a high-interest-rate currency. The payoff

to this strategy, denominated in dollars, is:

o O
w4t~ ). ®)
t
where y;, the amount of dollars borrowed, is given by:
it <y
Yo = { —1 ifrf <7, )

The carry trade is a zero-net-investment strategy. In equation (9) we normalize the amount
of dollars we bet on this strategy (the absolute value of y;) to one.

Suppose the agent believes that S;, is a martingale:
EtSt+1 == St' (10)

Then the expected payoff to the carry trade is positive and equal to the difference between

the higher and the lower interest rates:

y (ry — 1) > 0.

6We report corroborating evidence for these findings using our data set in Table A1l of the Appendix.

TA different strategy, proposed by Bilson (1981), Fama (1984), and, Backus, Gregory, and Telmer
(1993), uses the following regression to forecast the payoff to selling FCUs forward: (F; — Sty1) /Sty1 =
a+b(F, —S;) /St +&,,,. This strategy involves selling (buying) the FCU forward when the payoff predicted
by the regression is positive (negative). Burnside, Eichenbaum, Kleshchelski, and Rebelo (2006) discuss the
properties of the payoffs to this strategy.



Since (10) is a reasonable empirical characterization of exchange rates, and interest rate
differentials are quite persistent it is not surprising that the carry trade has positive expected
profits. Suppose, also, that covy [Myi1,(Si11 — S;) /S:] = 0. In this case there is no risk
associated with the carry trade. Since the expected payoff is positive, it is optimal to engage
in the carry trade.

The carry-trade strategy can also be implemented by selling the foreign currency forward
when it is at a forward premium (F; > S;) and buying the foreign currency forward when it
is at a forward discount (F; < S;). We consider two versions of this strategy distinguished
by how bid-ask spreads are treated. In both versions we normalize the size of the bet to
one dollar. In the first version we calculate payoffs assuming that agents can buy and sell
currency at the average of the bid and ask rates. From this point on, we denote the average

of the bid (S?) and the ask (S¢) spot exchange rates by S;,
Sy = (8¢ +57) /2,

and the average of the bid (F?) and the ask (F}*) forward exchange rates by Fj,
F, = (F/+ F)) /2.

The ask (bid) exchange rate is the rate at which a participant in the interdealer market can
buy (sell) dollars from (to) a currency dealer.

The value of z;, the number of FCUs sold forward, is given by:

_ [ +F it F > S,
%_{Aﬁ}ﬂﬂ<& (11)
This value of z; is equivalent to buying/selling one dollar forward. The dollar-denominated

payoff to this strategy at ¢t + 1, denoted 2,1, is
Zt41 = Tt (Ft - St+1) . (12)

We refer to this strategy as the ‘carry trade without transaction costs.’

When equation (4) holds, the strategy defined by (11) yields positive payoffs if and only
if the strategy defined by (9) has positive payoffs. This result holds because the two payoffs
are proportional to each other. In this sense the strategies are equivalent. We focus our
analysis on strategy (11) because of data considerations.

In the second version of the carry trade we take bid-ask spreads into account when

deciding whether to buy or sell foreign currency forward and in calculating payoffs. We refer



to this strategy as the ‘carry trade with transaction costs.” Suppose that agents adopt the

decision rule,
+1/F) if FP/Se > 1,
=14 —1/F¢ if F2/SP <1, (13)
0 otherwise.

The payoff to this strategy is:

Tt (Ftb - S?Jrl) if Ty > O,
Zt+1 = Tt (Fta — Sf_,'_l) if T < 0, (14)
If agents compute forecasts using F;S¢,, = S and E,SP,; = S, then the expected payoff

associated with strategy (13) is positive.

3 Data

In this section we describe our data sources for spot and forward exchange rates and interest
rates. We also describe the options data that we use to analyze the importance of the peso

problem.

Spot and Forward Exchange Rates Our data set on spot and forward exchange rates,
obtained from Datastream, covers the Euro and the currencies of 20 countries: Australia,
Austria, Belgium, Canada, Denmark, France, Germany, Ireland, Italy, Japan, the Nether-
lands, New Zealand, Norway, Portugal, South Africa, Spain, Sweden, Switzerland, the UK,
and the U.S.

The data consist of daily observations for bid and ask spot exchange rates and one-month
forward exchange rates. We convert daily data into non-overlapping monthly observations
(see Appendix A for details).

Our data spans the period from January 1976 to January 2008. However, the sample
period varies by currency (see Appendix A for details). Exchange rate quotes (bid, ask, and
mid, defined as the average of bid and ask) against the British pound (GBP) are available
beginning as early as 1976. Bid and ask exchange rate quotes against the U.S. dollar (USD)
are only available from January 1997 to January 2008. We obtain mid quotes over the longer

sample against the dollar by multiplying GBP/FCU quotes by USD/GBP quotes.

Interbank Interest Rates and Covered Interest Parity We also collected data on

interest rates in the London interbank market from Datastream. These data are available



for 17 countries/currencies: Australia, Belgium, Canada, Denmark, France, Germany, Italy,
Japan, the Netherlands, New Zealand, Norway, South Africa, Sweden, Switzerland, the UK,
the U.S. and the Euro.

The data consist of daily observations for bid and ask eurocurrency interest rates. We
convert daily data into non-overlapping monthly observations. Our data spans the period
from January 1976 to January 2008, with the exact sample period varying by currency (see
Appendix A for details).

We use the interest rate data, along with the exchange rate data, to assess the quality
of our data set and to determine whether we can test UIP using (6). Since (6) follows from
the combination of UIP and CIP, we investigate whether CIP holds taking bid-ask spreads
into account. We find that deviations from CIP are small and rare. Details of our analysis

are provided in Appendix B.

Options Prices Our data on currency option prices are from the Chicago Mercantile
Exchange. These data consist of daily observations for the period from January 1987 to
January 2008 on the prices of put and call options against the U.S. dollar for the Australian
dollar, the Canadian dollar, the Euro, the Japanese yen, the Swiss franc, and the British
pound. Appendix C specifies the exact period of availability for each currency.

Since we consider the payoffs to implementing the carry trade at a monthly frequency,
we use data on options that are one month from maturity (see Appendix C for details).
We work exclusively with options expiring mid-month (on the Friday preceding the third
Wednesday). We measure option prices using settlement prices for transactions that take
place exactly 30 days prior to the option’s expiration date. We measure the time-¢ forward,
spot, and option strike and settlement prices on the same day, and measure the time ¢ + 1
spot price on the option expiration date. Option prices are measured at time ¢. The option
payoff occurs at time ¢+ 1. To compute net payoffs we multiply option prices by the 30-day
eurodollar interest rate obtained from the Federal Reserve Board. This 30-day interest rate

is matched to the maturity of our options data.

Bid-Ask Spreads in Exchange Rates Table 1 displays median bid-ask spreads for spot
and forward exchange rates measured in log percentage points (100 x In(Ask/Bid)). The left-
hand panel reports spreads over the longest available sample for quotes against the British

pound. The center panel reports spreads after the introduction of the Euro for quotes against



the pound. The right-hand panel reports spreads over the longest available sample for quotes
against the U.S. dollar.

Four observations emerge from Table 1. First, bid-ask spreads are wider in forward
markets than in spot markets. Second, there is substantial heterogeneity across currencies
in the magnitude of bid-ask spreads. Third, with the exception of South Africa, bid-ask
spreads have declined for all currencies in the post-1999 period. This drop partly reflects
the advent of screen-based electronic foreign-exchange dealing and brokerage systems, such
as Reuters’ Dealing 2000-2, launched in 1992, and the Electronic Broking System launched
in 1993.% Fourth, over comparable sample periods, the bid-ask spreads for spot and forward
exchange rates against the U.S. dollar are always lower than the analogous spreads against

the British pound.

4 Payoffs to the Carry Trade

In this section we study the properties of the payoffs to the carry trade. We consider this
strategy for individual currencies as well as for portfolios of currencies. We also discuss the
impact of transaction costs on the profitability of the strategy by analyzing the payoffs to
the carry trade with and without bid-ask spreads.

For now we focus attention on the returns to an equally-weighted portfolio of carry-trade
strategies.” This portfolio is constructed by betting 1/n; of one unit of the home currency in
each individual currency carry trade. Here n; denotes the number of currencies in our sample
at time ¢. In the remainder of the paper, unless otherwise noted, we use the term “carry-trade
strategy” to refer to the equally-weighted carry trade. Table 2 reports the mean, standard
deviation, and Sharpe ratio of the monthly non-annualized payoffs to the carry trade, with
and without transaction costs. We consider two alternative home currencies, the British
pound and the U.S. dollar. Using the British pound as the home currency allows us to assess
the importance of bid-ask spreads using a much longer time series that would be the case if
we look only at the U.S. dollar as the home currency.

Consider the results when the British pound is the home currency. Ignoring transaction
costs, the Sharpe ratio of the equally-weighted carry-trade portfolio is roughly 0.234. Taking
bid-ask spreads into account reduces the Sharpe ratio to 0.167. But the Sharpe ratio is

81t took several years for these electronic trading systems to capture large transactions volumes. We break
the sample in 1999, as opposed to in 1992 or 1993, to fully capture the impact of these trading platforms.
9In Tables A2 and A3 of the Appendix we report results for individual currencies.



statistically different from zero with and without transaction costs. Next consider the results
when the dollar is the home currency. Ignoring transaction costs, the Sharpe ratio of the
equally-weighted carry-trade portfolio is roughly 0.306. Taking bid-ask spreads into account
reduces the Sharpe ratio to 0.250. But, once again, the Sharpe ratio is statistically different
from zero, both with and without transaction costs. The impact of transaction costs is
smaller when the dollar is the base currency, because bid-ask spreads are lower for the dollar
than for the pound (see Table 1).

The results in Table 2 may overstate the impact of transaction costs on the carry-trade
payoff because there are alternative ways to execute the carry trade that can reduce the
impact of these costs. We compute the payoffs to the carry trade executed through forward
markets. However, when interest-rate differentials are persistent, it can be more cost efficient
to execute the carry trade through money markets. To be concrete suppose that the Yen
interest rate is lower than the dollar interest rate. We can implement the carry trade by
borrowing Yen, converting the proceeds into dollars in the spot market and investing the
dollars in the U.S. money market. This dollar investment and Yen loan are rolled over as
long as interest rate differentials persist. When the strategy is initially implemented, the
investor pays one bid-ask spread to convert the proceeds of the Yen loan into dollars. In the
final phase of the strategy the investor pays a second bid-ask spread in the spot exchange
market to convert dollar into Yen to pay back the initial Yen loan. In contrast, the strategy
that underlies the payoffs in Table 2 incurs transaction costs associated with closing out the
investor’s position every month.

Taken together, our results indicate that, while transaction costs are quantitatively im-
portant, they do not explain the profitability of the carry trade. For the remainder of this
paper we abstract from transaction costs and work with spot and forward rates that are the
average of bid and ask rates.! Given this decision we can work with the longer data set
(from January 1976 to January 2008) using the U.S. dollar as the home currency.

Table 3 reports statistics for the payoffs to the equally-weighted carry trade and summary
statistics for the individual-currency carry trades. The latter are computed by taking the
average of the statistics for the carry trade applied to each of the 20 currencies in our sample.
To put our results into perspective, we also report statistics for excess returns to the value-

weighted U.S. stock market. Two results emerge from this table. First, there are large gains

0Tn Burnside, Eichenbaum, Kleshchelski, and Rebelo (2006) we present a more comprehensive set of
results for the carry trade payoffs taking bid-ask spreads into account.



to diversification. The average Sharpe ratio across currencies is 0.138, while the Sharpe ratio
for an equally-weighted portfolio of currencies is 0.280. This large rise in the Sharpe ratio
is due to the fact that the standard deviation of the payoffs is much lower for the equally-
weighted portfolio.!! Second, the Sharpe ratio of the carry trade is substantially larger than
that of the U.S. stock market (0.280 versus 0.133). While the average excess return to the
U.S. stock market is larger than the payoff to the carry trade (7.0 versus 5.1 percent on an
annual basis), the returns to the U.S. stock market are much more volatile than the excess
returns to the carry trade (14.8 versus 5.1 percent annualized standard deviation).

Figure 1 displays 12-month moving averages of the realized payoffs and Sharpe ratios
associated with the carry trade. Negative payoffs are relatively rare and positive payofts are
not concentrated in a small number of periods.

To provide a different perspective on the profitability of the carry trade we use the realized
payoffs to compute the cumulative realized return to committing one dollar in 1976 to the
carry trade and reinvesting the proceeds at each point in time. The agent starts with one
U.S. dollar in his bank account and bets that dollar in the carry trade. From that point
on the agent bets the balance of his bank account on the carry trade. Carry-trade strategy
payofts are deposited or withdrawn from the agent’s account. Since the currency strategy is
a zero-cost investment, the agent’s net balances stay in the bank and accumulate interest at
the Treasury bill rate. It turns out that the bank account balance never becomes negative
in our sample.

Figure 2 displays the cumulative return to the carry-trade strategy. For comparison we
also display the cumulative realized return to the U.S. stock market and to the one-month
Treasury bill. These figures show that the carry-trade strategy and the U.S. stock market
have higher cumulative returns than the Treasury bill. Consistent with the results reported
in Table 3, the total cumulative return to the carry trade is somewhat smaller than that of

the U.S. stock market but much less volatile.

Fat Tails So far we have emphasized the mean and variance of the payoffs to the carry

trade. These statistics are sufficient to characterize the distribution of the payoffs only if this

1Gince there are gains to combining currencies into portfolios, it is natural to construct portfolios that
maximize the Sharpe ratio. See Burnside, Eichenbaum, Kleshchelski, and Rebelo (2006) for details on how
to implement this strategy. For the sample considered in this paper the Sharpe ratios associated with the
equally-weighted and optimally-weighted portfolios are very similar. For this reason we do not report results
for the latter portfolio.

10



distribution is normal. We now analyze other properties of the payoft distribution. Figure 3
shows the sample distributions of the dollar payoffs to the carry trade and to the U.S. stock
market.'? In addition we display a normal distribution with the same mean and variance as
the empirical distribution of the payoffs. It is evident that the distributions of both payoffs
are leptokurtic, exhibiting fat tails. This impression is confirmed by Table 3 which reports
skewness and excess kurtosis statistics, as well as the results of the Jarque-Bera normality
test statistics.!> While both distributions have fat tails, the bad outcomes associated with
the carry trade are small compared to those associated with the U.S. stock market (see
Figure 3). We conclude that fat tails are an unlikely explanation of the high average payoffs

associated with our currency-speculation strategies.

5 Does Risk Explain the Average Payoff of the Carry
Trade?

A natural explanation for the high average payoff to the carry trade is that the carry-trade
strategy is risky. Recall that according to equation (5):

F, — S g Str1 — St | Gove [Miy1, (Se41 — St) /St]
S, ' S, Ey M

It is always possible to define the time-varying risk premium, p;, as:

_ Ft_St_E. Str1— St
2 s, t —St .

By construction, such risk premia can rationalize the payoffs to the carry trade. For example,
if the exchange rate is a martingale, then this procedure labels the forward premium as the
risk premium. A more challenging task is to define an economically meaningful stochastic

discount factor, M;,, such that:

b= COV¢ [Mt+1, (St-i-l - St) /St]
K EM; '

In our empirical work we use the real quarterly dollar-denominated excess returns, Ry,

to our carry-trade strategies.'* Accordingly, we focus on finding a stochastic discount factor,

2Figure Al in the Appendix shows the sample distributions of the dollar payoffs to the carry trade
implemented for each of our 20 currencies.

13In Table A4 of the Appendix we report skewness, excess kurtosis, and the Jarque-Bera normality test
for the dollar payoffs to the carry trade implemented for each of our 20 currencies.

4In Appendix D we show how we convert monthly payoffs to real quarterly excess returns.

11



myy1, that prices real dollar-denominated excess returns. By definition,
Ey (Rf,ymyy1) = 0. (15)
We consider linear stochastic discount factors of the form:
mtzf[l—(ft—u)'b} : (16)

Here ¢ is a scalar, f; is a vector of risk factors, u = E(f;), and b is a conformable vector.

Equations (15) and (16) imply that:

E(R;) = BA
where
= cov(Ry, f)Vi T, (17)
A= Vib.

Here V7 is the covariance matrix of the factors, 3 is a measure of the systematic risk associated
with the payoffs, and A is a vector of risk premia. Note that [ is the population value of the

regression coefficient of Ry on f;.

Time-Series Risk-Factor Analysis In our analysis we consider the following risk factors:
the excess returns to the value-weighted U.S. stock market, the Fama-French (1993) factors
(the excess return to the value weighted U.S. stock market, the size premium (SMB), and
the value premium (HML)), real U.S. per capita consumption growth (nondurables and
services), the factors proposed by Yogo (2006) (the growth rate of per capita consumption
of nondurables and services, the growth rate of the per capita service flow from the stock
of consumer durables, and the return to the value-weighted U.S. stock market), luxury sales
growth (obtained from Ait-Sahalia, Parker and Yogo (2004)), GDP growth, the Fed Funds
Rate, the term premium (the yield spread between the 10 year Treasury bond and the three
month Treasury bill), the liquidity premium (the spread between the three month Eurodollar
rate and the three month Treasury bill), and two measures of volatility, the VIX and the VXO
(the implied volatility of the S&P 500 and S&P 100 index options, respectively, calculated
by the Chicago Board Options Exchange).

Table 4 reports the estimated regression coefficients associated with the different risk-

factor candidates, along with the corresponding test statistics. Our key finding is that none

12



of the risk factors covaries significantly with the payoffs to the carry trade. As Table 3 shows,
the average payoff to the carry trade is statistically different from zero. Factors that have
zero (s clearly cannot account for these returns. So the results in Table 4 are consistent
with the view that risk-related explanations for the high average payoffs to the carry trade

are empirically implausible.

Panel Risk-Factor Analysis We now provide a complementary way of assessing the
shortcomings of risk-related explanations for the payoffs to the carry trade. We estimate the
parameters of stochastic discount factor models built using the risk factors detailed in Table
4. In addition, we also use the Campbell-Cochrane (1990) stochastic discount factor (see
Appendix D for details on how we construct this SDF).!> We use the estimated stochastic
discount factor models to generate the expected excess returns to the carry-trade strategy
and the 25 Fama-French portfolios of U.S. stocks sorted on the basis of firm size and the
ratio of book-to-market value. We then study how well the model explains the average excess
return associated with the carry trade, as well as the cross-sectional variation of the different
excess returns used in the estimation procedure.

It follows from equation (15) and the law of iterated expectations that:
E (R;{m;) = 0. (18)

Here Ry denotes a 26 x 1 vector of time-¢ excess returns to the carry-trade strategy and the
25 Fama-French portfolios.

We estimate b and p by the generalized method of moments (GMM) using equation (18)
and the moment condition u = F(f;). The first stage of the GMM procedure, which uses
the identity matrix to weight the GMM errors, is equivalent to the Fama-MacBeth (1973)
procedure. The second stage uses an optimal weighting matrix.!®

It is evident from equations (16) and (18) that £ = E(m) is not identified. Fortunately,
the point estimate of b and inference about the model’s over-identifying restrictions are

invariant to the value of &, so we set £ to one for convenience. It follows from equations (16)

and (18) that:
_ cov(Ry,my)

B = "F )

=E R} (fi—1)'0] . (19)

5Verdelhan (2007) argues that open-economy models in which agents have Campbell-Cochrane (1999)
preferences can generate non-trivial deviations from UIP.
16Details of our GMM procedure are provided in Appendix E.
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Given an estimate of b, the predicted mean excess return is the sample analogue of the right-
hand side of equation (19), which we denote by R¢. The actual mean excess return is the
sample analogue of the left-hand side of equation (19), which we denote by R¢. We denote
by R¢ the average across the elements of R°. We evaluate the model using the R? between
the predicted and actual mean excess returns. The R? measure is:

(B — Rey(B — )

RP=1- " 7
(Re _ Re)l(Re _ Re)

This R? measure is invariant to the value of &.

For each risk factor, or vector of factors, Table 5 reports the first and second-stage
estimates of b, the R?, and the value of Hansen’s (1982) J statistic used to test the over-
identifying restrictions implied by equation (18). The results fall into two categories, depend-
ing on whether the b parameters associated with a particular risk-factor model are estimated
with any degree of precision. For the CAPM and the Fama-French model, the b parameters
are precisely estimated and are statistically different from zero.!” But the over-identifying
restrictions associated with these models are overwhelmingly rejected. Interestingly, the
CAPM explains none of the cross-sectional variation in the excess returns. In contrast the
Fama-French model explains a substantial component of the cross-sectional variation in the
excess returns.

The second category of results pertains to the remaining risk-factor models. For all these
models, the b parameters associated with the corresponding risk factors are estimated with
great imprecision. In no case can we reject the null hypothesis that the b parameters are
equal to zero or that the model-implied excess return to the carry trade is equal to zero.
Moreover the R?s paint a dismal picture of the ability of these risk factors to explain the
cross-sectional variation in expected returns. Indeed, most of the R?s are actually negative.
However, because the b parameters are estimated with enormous imprecision, it is difficult
to statistically rule out regions of the parameter space for which the model’s predictions for
excess returns are consistent with the data. Since there is little information in the sample
about the b parameters it is hard to statistically reject these factor models.®

We now provide an alternative perspective on the performance of four stochastic discount

factor models that have received substantial attention in the literature. These models are:

17 An exception is the coefficient associated with the SMB factor in the Fama-French model.

18We also estimated the parameters of these factor models using data beginning in 1948 for the Fama
French portfolio returns. This extension has very little impact on the precision with which we estimate the
b parameters.
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the CAPM model, the C-CAPM model, the Extended C-CAPM model, and the Fama-French
model. Figure 4 plots the predictions of these models for E(R{) against the sample average
of R;. The circles pertain to the Fama-French portfolios, while the star pertains to the carry
trade. It is clear that the first thr