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Abstract

Aggregate consumption growth risk explains why low interest rate currencies
do not appreciate as much as the interest rate differential and why high interest
rate currencies do not depreciate as much as the interest rate differential. Domestic
investors earn negative excess returns on low interest rate currency portfolios and
positive excess returns on high interest rate currency portfolios. Because high
interest rate currencies depreciate on average when domestic consumption growth
is low and low interest rate currencies appreciate under the same conditions, low
interest rate currencies provide domestic investors with a hedge against domestic
aggregate consumption growth risk.
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When the foreign interest rate is higher than the US interest rate, risk-neutral and
rational US investors should expect the foreign currency to depreciate against the dollar
by the difference between the two interest rates. This way, borrowing at home and
lending abroad or vice-versa produces a zero return in excess of the US short-term
interest rate. This is known as the uncovered interest rate parity (UIP) condition, and
it is violated in the data, except in the case of very high inflation currencies. In the
data, higher foreign interest rates almost always predict higher excess returns for a US

investor in foreign currency markets.

We show that these excess returns compensate the US investor for taking on more
US consumption growth risk. High foreign interest rate currencies on average depreci-
ate against the dollar when US consumption growth is low, while low foreign interest
rate currencies do not. The textbook logic we use for any other asset can be applied
to exchange rates, and it works. If an asset offers low returns when the investor’s con-
sumption growth is low, it is risky, and the investor wants to be compensated through

a positive excess return.

To uncover the link between exchange rates and consumption growth, we build eight
portfolios of foreign currencies excess returns on the basis of the foreign interest rates,
because investors know these predict excess returns. Portfolios are re-balanced every
period, so the first portfolio always contains the lowest interest rate currencies and
the last portfolio always contains the highest interest rate currencies. This is the key

innovation in our paper.

Over the last three decades, in empirical asset pricing, the focus has shifted from
explaining individual stock returns to explaining the returns on portfolios of stocks,
sorted on variables that we know predict returns (e.g. size and book-to-market).! This
procedure eliminates the diversifiable, stock-specific component of returns that is not
of interest, thus producing much sharper estimates of the risk-return trade-off in equity
markets. Similarly, for currencies, by sorting these into portfolios, we abstract from the
currency-specific component of exchange rate changes that is not related to changes in

the interest rate. This isolates the source of variation in excess returns that interests

1See Fama (1976), one of the initial advocates of building portfolios, for a clear exposition.



us, and it creates a large average spread of up to five hundred basis points between low
and high interest rate portfolios. This spread is an order of magnitude larger than the
average spread for any two given countries. As one would expect from the empirical
literature on UIP, US investors earn on average negative excess returns on low interest
rate currencies of minus 2.3 percent and large, positive excess returns on high interest
rate currencies of up to 3 percent. The relation is almost monotonic, as shown in figure 1.
These returns are large even when measured per unit of risk. The Sharpe ratio (defined
as the ratio of the average excess return to its standard deviation) on the high interest
rate portfolio is close to 40 percent, only slightly lower than the Sharpe ratio on US
equity, while the same ratio is minus 40 percent for the lowest interest rate portfolio. In
addition, these portfolios keep the number of covariances that must be estimated low,
while allowing us to continuously expand the number of countries studied as financial
markets open up to international investors. This enables us to include data from the

largest possible set of countries.

To show that the excess returns on these portfolios are due to currency risk, we start
from the US investor’s Euler equation and use consumption-based pricing factors. We

test the model on annual data for the periods 1953-2002 and 1971-2002.

Consumption-based models explains up to eighty percent of the variation in currency
excess returns across these eight currency portfolios. Are the parameter estimates rea-
sonable? Our results are not consistent with what most economists view as plausible
values of risk aversion, but they are consistent with the evidence from other assets.
The estimated coefficient of risk aversion is around 100, and the estimated price of US
consumption growth risk is about 2 percent per annum for nondurables and 4.5 per-
cent for durables. Consumption-based models can explain the risk premia in currency
markets only if we are willing to entertain high levels of risk aversion, as is the case in
other asset markets. In fact, currency risk seems to be priced much like equity risk. If
we estimate the model on US domestic bond portfolios (sorted by maturity) and stock
portfolios (sorted by book-to-market and size) in addition to the currency portfolios,
the risk aversion estimate does not change. Our currency portfolios really allow for

an ‘out-of-sample’ test of consumption-based models, because the low interest rate cur-
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Figure 1: 8 Currency Portfolios.

This figure presents means, standard deviations (in percentages) and Sharpe ratios of real excess returns on 8 annually
re-balanced currency portfolios for a US investor. The data are annual and the sample is 1953-2002. These portfolios
were constructed by sorting currencies into eight groups at time ¢ based on the nominal interest rate differential with the
home country at the end of period t — 1. Portfolio 1 contains currencies with the lowest interest rates. Portfolio 8 contains
currencies with the highest interest rates.

rency portfolios have negative average excess returns, unlike most of the test assets in
the empirical asset pricing literature, and the returns on the currency portfolios are not

strongly correlated with bond and stock returns.

Consumption-based models can explain the cross-section of currency excess returns if
and only if high interest rate currencies typically depreciate when real US consumption
growth is low, while low interest rate currencies appreciate. This is exactly the pattern
we find in the data. We can restate this result in standard finance language using the
consumption growth beta of a currency. The consumption growth beta of a currency
measures the sensitivity of the exchange rate to changes in US consumption growth.
These betas are small for low interest rate currencies and large for high interest rate
currencies. In addition, for the low interest rate portfolios, the betas turn negative when

the interest rate gap with the US is large. All our results build on this finding.



Section I outlines our empirical framework and defines the foreign currency excess
returns and the potential pricing factors. Section II tests consumption-based models on
the unconditional moments of our foreign currency portfolio returns. Section III links
our results to properties of exchange rate betas. Section IV checks the robustness of our
estimates in various ways. Finally, section V concludes with a review of the relevant
literature. Data on currency returns and the composition of the currency portfolios are

available on the authors’ web sites.?

I Foreign Currency Excess Returns

This section first defines the excess returns on foreign T-bill investments and details
the construction and characteristics of the currency portfolios. We then turn to the US
investor’s Euler equation and we explain how consumption risk can explain the average

excess returns on these currency portfolios.

A Why Build Portfolios of Currencies?

We focus on a US investor who invests in foreign T-bills or equivalent instruments. These
bills are claims to a unit of foreign currency one period from today in all states of the
world. R}, denotes the risky dollar return from buying a foreign T-bill in country 4,

E§+1
E;

selling it after one period and converting the proceeds back into dollars: R}, = R,’;"’e
where E! is the exchange rate in dollar per unit of foreign currency, Ri"’g is the risk-free

one-period return in units of foreign currency i.> We use P, to denote the dollar price of

the US consumption basket. Finally, ;fl = (Rff 41— Rf) Pi - is the real excess return

from investing in foreign T-bills, and R} is the nominal risk-free rate in US currency.

Below, we use lowercase symbols to denote the log of a variable.

2See http:/ /www.econ.ucla.edu/people/faculty/Lustig.html or http://people.bu.edu/av/.
3Note that returns are dated by the time they are known. Thus, Ri"‘g is the nominal risk free rate
between period t and ¢ + 1, which is known at date t.



UIP regressions and Currency Risk premia According to the UIP condition, the
slope in a regression of the change in the exchange rate for currency ¢ on the interest

rate differential is equal to one:
CAe L — i (Rt _ RS i
€1 = Qo Ty Iy ¢ ) t €1

and the constant is equal to zero. The data consistently produce slope coefficients less
than one, mostly even negative.? Of course, this immediately implies that the (nominal)
expected excess returns, which are roughly equal to <R,’;’£ — Rf) + EAél 41, are not zero
and that they are predicted by interest rates: higher interest rates predict higher excess

returns.

Currency Portfolios To better analyze the risk-return trade-off for a US investor
investing in foreign currency markets, we construct currency portfolios that zoom in on

the predictability of excess returns by foreign interest rates.

At the end of each period ¢, we allocate countries to eight portfolios on the basis of
the nominal interest rate differential, Ri"’g — R$, observed at the end of period ¢. The
portfolios are rebalanced every year. They are ranked from low to high interests rates,
portfolio 1 being the portfolio with the lowest interest rate currencies and portfolio 8
being the one with the highest interest rate currencies. By building portfolios, we filter
out currency changes that are orthogonal to changes in interest rates. Let N; denote
the number of currencies in portfolio j, and let us simply assume that currencies within
a portfolio have the same UIP constant and slope coefficients. Then, for portfolio j, the
change in the ‘average’ exchange rate will reflect mainly the risk premium component,

046 + a{NLj > (Ri”g — Rf), the part we are interested in.

We always use a total number of eight portfolios. Given the limited number of
countries, especially at the start of the sample, we did not want too many portfolios.
If we choose less than eight portfolios, then the currencies of countries with very high

inflation end up being mixed with others. It is important to keep these currencies

4See Hansen and Hodrick (1980) and Fama (1984). Hodrick (1987) and Lewis (1995) provide exten-
sive surveys and updated regression results.



separate because the returns on these very high interest rate currencies are very different,

as will become more apparent below.

Next, we compute excess returns of foreign T-bill investments R{fl for each portfolio
J by averaging across the different countries in each portfolio. We use Er to denote the
sample mean for a sample of size 7. The variation in average excess returns Erp [Rifl}
for 7 = 1,...,8 across portfolios is much larger than the spread in average excess re-
turns across individual currencies, because foreign interest rates fluctuate over time: the
foreign excess return is positive (negative) when foreign interest rates are high (low),
and periods of high excess returns are canceled out by periods of low excess returns.
Our portfolios shift the focus from individual currencies to high vs. low interest rate
currencies, in the same way that the Fama and French (1992) portfolios of stocks sorted
on size and book-to-market ratios shift the focus from individual stocks to small/value

vs. large/growth stocks.

B Data

With these eight portfolios, we consider two different time-horizons. First, we study
the period 1953 to 2002, which spans a number of different exchange rate arrangements.
The Euler equation restrictions are valid regardless of the exchange rate regime. Second,

we consider a shorter time period, 1971 to 2002, beginning with the demise of Bretton-

Woods.

Interest Rates and Exchange Rates For each currency, the exchange rate is the
end-of-month average daily exchange rate, from Global Financial Data. The foreign
interest rate is the interest rate on a 3-month government security (e.g. a US T-bill)
or an equivalent instrument, also from Global Financial Data. We used the 3-month
interest rate instead of the one-year rate, simply because fewer governments issue bills
or equivalent instruments at the one year maturity. As data became available, new
countries were added to these portfolios. As a result, the composition of the portfolio

as well as the number of countries in a portfolio changes from one period to the next.



Section A.1 in the Appendix contains a detailed list of the currencies in our sample.

Two additional issues need to be dealt with: the existence of expected and actual

default events, and the effects of financial liberalization.

Default Defaults can impact our currency returns in two ways. First, expected de-
faults should lead rational investors to ask for a default premium, thus increasing the
foreign interest rate and the foreign currency return. To check that our results are due to
currency risk, we run all experiments for a sub-sample of developed countries. None of
these countries has ever defaulted, nor were they ever considered likely candidates. Yet,
we obtain very similar results. Second, actual defaults modify the realized returns. To
compute actual returns on an investment after default, we used the data set of defaults
compiled by Reinhart, Rogoff and Savastano (2003). The (ex ante) recovery rate we
applied is seventy percent. This number reflects two sources, Singh (2003) and Moody’s
Investors Service (2003), presented in section A.2 of the Appendix. If a country is still

in default in the following year, we simply exclude it from the sample for that year.’

Capital Account Liberalization The restrictions imposed by the Euler equation
on the joint distribution of exchange rates and interest rates only make sense if foreign
investors can in fact purchase local T-bills. Quinn (1997) has built indices of openness
based on the coding of the IMF Annual Report on Exchange Arrangements and Exchange
Restrictions. This report covers fifty-six nations from 1950 onwards and 8 more starting
in 1954-1960. Quinn (1997)’s capital account liberalization index ranges from zero to
one hundred. We chose a cut-off value of 20, and we eliminate countries below the
cutoff. In these countries, approval of both capital payments and receipts are rare, or

the payments and receipts are at best only infrequently granted.

°In the entire sample from 1953 to 2002, there are thirteen instances of default by a country whose
currency is in one of our portfolios: Zimbabwe (1965), Jamaica (1978), Jamaica (1981), Mexico (1982),
Brazil (1983), Philippines (1983), Zambia (1983), Ghana (1987), Jamaica (1987), Trinidad and Tobago
(1988), South Africa (1989, 1993) and Pakistan (1998). Of course, many more countries actually
defaulted over this sample, but those are not in our portfolios because they imposed capital controls,
as explained in the next paragraph.



C Summary Statistics for the Currency Portfolio Returns
This section present some preliminary evidence on the currency portfolio returns.

Table 1: US Investor’s Excess Returns

Portfolio 1 2 3 4 5 6 7 8
1953-2002

mean —2.34 —0.87 —0.75 0.33 —0.15 —0.21 2.99 2.03

SR —0.36 —0.13 —0.11 0.04 —0.02 —0.03 0.37 0.16
1971-2002

mean —2.99 —0.01 —0.83 1.14 —0.69 —0.00 3.94 1.48

SR —0.38 —0.00 —0.10 0.11 —0.07 —0.00 0.39 0.10

Notes: This table reports the mean of the real excess returns (in percentage points) and the Sharpe Ratio (SR) for a US
investor. The portfolios are constructed by sorting currencies into eight groups at time ¢ based on the nominal interest
rate differential at the end of period ¢t — 1. Portfolio 1 contains currencies with the lowest interest rates. Portfolio 8
contains currencies with the highest interest rates. The table reports annual returns for annually re-balanced portfolios.

The first panel of table 1 lists the average excess return in units of US consumption
Er [R}f,] and the Sharpe ratio for each of the annually re-balanced portfolios. The
largest spread (between the first and the seventh portfolio) exceeds five percentage points
for the entire sample, and close to seven percentage points in the shorter sub-sample.
The average annual returns are almost monotonically increasing in the interest rate
differential. The only exception is the last portfolio, which consists of very high inflation
currencies: the average interest rate gap with the US for the eighth portfolio is about 16
percentage points over the entire sample and 23 percentage points post-Bretton Woods.

As Bansal and Dahlquist (2000) have documented, UIP tends to work best at high

inflation levels.

Countries change portfolios frequently (23 percent of the time), and the time-varying
composition of the portfolios is critical. If we allocate currencies into portfolios based
on the average interest rate differential over the entire sample instead, then there is

essentially no pattern in average excess returns.

Exchange Rates and Interest Rates Table 2 decomposes the average excess returns

on each portfolio into its two components. For each portfolio, we report the average



Table 2: Exchange Rates and Interest Rates

Portfolio 1 2 3 4 5 6 7 8
1953-2002

Er(AR?) —2.46 —-1.20 —0.77 0.14 1.12 2.52 4.69 16.36

ET(fAej) 0.34 0.26 0.41 0.29 1.69 3.08 2.18 15.72

Ep(Apd) 4.12 4.66 4.19 514 563  6.19 7.67 15.20
1971-2002

Er(ARY) —2.94 —1.43 —0.44 0.74 2.31 4.00 6.84 22.96

Er(—Aé?) 0.74 —0.83 0.47 0.33 2.96 4.17 3.65 23.74

ET(Apj) 4.72 5.53 4.93 6.05 6.95 7.72 10.23 20.92

Notes: This table reports the time-series average of the average interest rate differential AR{ (in percentage points), the

average rate of depreciation (in percentage points) Ae{_H and the average inflation rate ApJ (in percentage points) for
each of the portfolios. Portfolio 1 contains currencies with the lowest interest rates. Portfolio 8 contains currencies with
the highest interest rates. This table reports annual interest rates, exchange rate changes and inflation rates for annually
re-balanced portfolios.

interest rate gap (Er(AR?)) in the first row of each panel in Table 2 and the average
rate of depreciation (E7(—Ae?)) in the second row.® If there is no average risk premium,
these should be identical. Table 2 shows they are not. Investors earn large negative
excess returns on the first portfolio because the low interest rate currencies in the first
portfolio depreciate on average by 34 basis points, while the average foreign interest rate
is 2.46 percentage points lower then the US interest rate. On the other hand, the higher
interest rate currencies in the seventh portfolio depreciate on average by almost 2.18
percentage points, but the average interest rate difference is on average 4.7 percentage
points. The third row in each panel reports the inflation rates. As advertised, for the
very high interest rate currencies in the last portfolio, much of the interest rate gap

reflects inflation differences. This is not the case for low interest rate portfolios.

Our currency portfolios create a stable set of excess returns. In order to explain the

variation in these currency excess returns, we use consumption-based pricing kernels.

SAR] is the average interest rate differential N% > (Ri"’g — Rf) for portfolio j at time t. The

average risk premium is approximately equal to the difference between the first and the second row.
This approximation does not exactly lead to the excess return reported in Table 1, because Table 1
reports the real excess return (based on the real return on currency and the real US risk-free rate), and
because of the log approximation.

10



D US Investor’s Euler Equation

We turn now to a description of the US investor preferences. We use M;,; to denote
the US investor’s real stochastic discount factor (SDF) or intertemporal marginal rate
of substitution, in the sense of Hansen and Jagannathan (1991). This discount factor
prices payoffs in units of US consumption. In the absence of short-sale constraints or
other frictions, the US investor’s Euler equation for foreign currency investments holds

for each currency ¢ and thus for each portfolio j:

(1) E, [My1 RIS, = 0.

Preferences Our consumption-based asset pricing model is derived in a standard rep-
resentative agent setting, following Lucas (1978) and Breeden (1979), and its extension
to non-expected utility by Epstein and Zin (1989) and to durable goods by Dunn and
Singleton (1986) and Eichenbaum and Hansen (1990). We adopt Yogo (2006)’s setup
which conveniently nests all these models. The stand-in household has preferences over
non-durable consumption C; and durable consumption services D;. Following Yogo
(2006), the stand-in household ranks stochastic streams of non-durable and durable
consumption {Cy, D, } according to the following utility index:
1y 1/(-3)
U= {(1=8u(C, D)% + 05 [U]7

where Kk = (1 —7v)/(1 —1/0). 0 is the subjective time discount factor, v > 0 governs the
household’s risk aversion and o > 0 is the elasticity of intertemporal substitution (EIS).

The one-period utility kernel is given by a CES-function over C' and D:

_1q1/0-h)

w(C, D)= |(1—a)C"" % +aD" 7 :

a € (0,1) is the weight on durable consumption and p > 0 is the intratemporal elasticity
of substitution between non-durables and durables. Yogo (2006)’s model, which we refer

to as the EZ — DCAPM, nests four familiar models. Table 3 lists all of these. On the

11



one hand, if we impose v = 1/0 , the Durable Consumption-CAPM (DCAPM) obtains,
while imposing p = ¢ produces the Epstein-Zin Consumption-CAPM (EZ-CCAPM).
When v = 1/0 and p = o, the standard Breeden-Lucas CCAPM obtains.

Table 3: Nested Models

Parameters CCAPM DCAPM EZ-CCAPM CAPM
5 1/o 1/o
o P p o=p— o0

Linear Factor Model Loadings

be ¥ v+ a(l/p—7) k/o 0
b 0 ka(l/o —1/p) 0 0
bm 0 0 11—k o

Notes:  is the coefficient of risk aversion, p is the intratemporal elasticity of substitution between non-durables C' and
durables D consumption, o is the elasticity of intertemporal substitution, k = (1 —~)/(1 —1/0).

As shown by Yogo (2006), the intertemporal marginal rate of substitution (IMRS)

of the stand-in agent is given by:

(2) My =

) Cia = U(Dt+1/0t+1)1/p71/0( w )l—l/n
Ct U(Dt/ct) bl 7

where R" is the return on the market portfolio and v is defined as:

DA 1-1/6] V0D

E Calibration

We start off by feeding actual consumption and return data into a calibrated version
of our model, and we assess how much of the variation in currency excess returns this
calibrated model can account for. To do so, we take Yogo (2006)’s estimates of the
substitution elasticities and the durable consumption weight in the utility function.”

Next, we feed the data for C}, D, and R}, the market return into the SDF in 2, and we

"We fix o at .023, a at .802 and p at .700. These parameters were estimated from a US investor’s
Euler equation on a large number of equity portfolios (Yogo (2006), p. 552, Table II, All Portfolios).

12



simply evaluate the pricing errors Ep [MtHR{fJ for each portfolio 5. v was chosen to
minimize the mean squared pricing error on the 8 currency portfolios.® Table 4 reports
the implied maximum Sharpe ratio (first row), the market price of risk (row 2), the
standard error (row 3), the mean absolute pricing error (MAE, in row 4), as well as
the R?. The benchmark model in the last column explains 65 % of the cross-sectional
variation with v equal to 30. To understand this result, it helps to decompose the
model’s predicted excess return on currency portfolio j in the price of risk and the risk

beta:

—covp[ My, Ry | vary[M]
UC”“T[MtH] R ET[MtJrl]

e

ET(Rgfl) =

; price of risk
There is a large difference in risk exposure between the first and the seventh portfolios:
By is -2.54, while 37, is 8.21. When multiplied by the price of risk of 28 basis points,
this translates into a 3 percentage point spread in the predicted excess return between
the first and the seventh portfolio, about 65 % of the actual spread. The low interest
rate portfolio provides the US investor with protection against high marginal utility

growth, or high M, states of the world, while the high interest rate portfolios do not.

This variation in betas is the focus of the next section.

Table 4: Calibrated Non-Linear Model tested on 8 Currency Portfolios sorted on Interest
Rates

CCAPM DCAPM EZ-CCAPM EZ-DCAPM
stdp[M]/Ep[M] 0.698 0.902 0.433 0.705
varp[M)/Er|[M] 0.346 0.452 0.141 0.286
MAE 0.929 0.868 0.947 0.840
R2 0.556 0.639 0.498 0.673

Notes: This table reports the risk prices and the measures of fit for a calibrated model on 8 annually re-balanced currency
portfolios. The sample is 1953-2002 (annual data). The first two rows report the maximum Sharpe ratio (row 1) and
the price of risk (row 2). The last two rows report the mean absolute pricing error (in percentage points) and the R2.
Following Yogo (2006), we fixed o at .023 (EZ-CCAPM and EZ-DCAPM), o at .802 (DCAPM and EZ-DCAPM) and
p at .700 (DCAPM, EZ-DCAPM). v is fixed at 30.34 to minimize the mean squared pricing error in the EZ-DCAPM. §
is set to .98.

8 As a result of these high levels of risk aversion in a growing economy, our model cannot match the
risk-free rate.

13



II Does Consumption Risk Explain Foreign Currency

Excess Returns?

So far, we have engineered a large cross-sectional spread in currency excess returns by
sorting currencies into portfolios, and we have shown that a calibrated version of the
model explains a large fraction of this spread. In this section, starting from the Euler
equation and following Yogo (2006), we derive a linear factor model whose factors are
non-durable US consumption growth Ac;, durable US consumption growth Ad; and the
log of the US market return r". Using standard linear regression methods, we show
that US consumption risk explains most of the variation in average excess returns across
the eight currency portfolios, because on average low interest rate currencies expose
US investors to less non-durable and durable consumption risk than high interest rate
currencies. We start by deriving the factor model, then we describe the estimation

method and we present our results in terms of fit, factor prices and preference parameters.

A Linear Factor Model

The US investor’s unconditional Euler equation (approximately) implies a linear three-

factor model for the expected excess return on portfolio j:
(3) E[R”] = bycov (Acy, Rg’e) + bycov (Ad, Ri’e) + bscov (1}, R{fl) .
The vector of factor loadings b depend on the preference parameters o, a and p:

K[lfo+a(l/p—1/0)]
(4) b= ka(l/o—1/p)

1—k

9This linear factor model is derived by using a linear approximation of the SDF M;,; around its
unconditional mean:

~ 1+ myp1 — Elmyga],

where lower letters denote logs. Since we use excess returns, we normalize the constant in the SDF to
1, because we cannot identify it from the estimation.

14



The expected excess return on portfolio j is governed by the covariance of its returns
with non-durable consumption growth, durable consumption growth and the market
return. When b; > 0 (the case that obtains when v > 1 and ¢ < 1), then an asset with
high non-durable consumption growth beta must have a high expected excess return.
This turns out to be the empirically relevant case. b, > 0 obtains when the intratemporal
elasticity of substitution is larger than the EIS. In this case, an asset with a high durable
consumption growth beta also has a high expected excess return. In this range of the
parameter space, nondurables and durables are good substitutes, and as a result, high
durable consumption can offset the effect of low nondurable consumption on marginal

utility.

Our benchmark asset pricing model, denoted EZ-DCAPM, is described by equation
(3). This specification however nests the CCAPM with Ac; as the only factor, the

DCAPM with Ac, and Ad, as factors, the EZ-CCAPM, with Ac; and r}’, and, finally
the CAPM as special cases, as shown in the bottom panel of Table 3.

Beta Representation This linear factor model can be restated as a beta pricing
model, where the expected excess return is equal to the factor price A times the amount

of risk of each portfolio 3:
(5) B[R] = N,

where A = X;¢b and Xyp = E(fy — puy)(fi — py) is the variance-covariance matrix of the

factors.

A Simple Example A simple example will help to understand what is needed for
consumption growth risk to explain the cross-section of currency returns. Let us start
with the plain-vanilla CCAPM. The only asset pricing factor is aggregate, non-durable
consumption growth, Ac;y 1, and the factor loading b, equals the coefficient of risk aver-

sion 7. We can restate the expected excess return on portfolio j as the product of the

15



cov(Act,R*

portfolio beta 3/ = var (Act) ) and the factor price A\, = bjvar(Ac):

cov(Acy, R)°)

(6) E[R?e] B var(Acy)

bivar(Acy) = ., j=1...8.

The factor price measures the expected excess return on an asset that has a con-
sumption growth beta of one. Of course, the CCAPM can explain the variation in
returns only if the consumption betas are small/negative for low interest rate portfolios
and large/positive for high interest rate portfolios. Essentially, in testing the CCAPM,
we gauge how much of the variation in average returns across currency portfolios can be
explained by variation in the consumption betas. If the predicted excess returns - the
right hand side variable in equation (5) - line up with the realized sample means, then
we can claim success in explaining exchange rate changes, conditional on whether the
currency is a low or high interest rate currency. A key question then is whether there
is enough variation in the consumption betas of these currency portfolios to explain the
variation in excess returns with a plausible price of consumption risk. The next section

provides a positive answer to this question.

B An Asset Pricing Experiment

To estimate the factor prices A and the portfolio betas, we use a 2-stage procedure
following Fama and MacBeth (1973).1° In the first stage, for each portfolio j, we run
a time-series regression of the currency returns R{fl on a constant and the factors f;,
in order to estimate 3’. In the second stage, we run a cross-sectional regression of the
average excess returns Ep[Rf] on the betas that were estimated in the first stage, to
estimate the factor prices A. Finally, we can back out the factor loadings b and hence

the structural parameters from the factor prices.

We start by testing the consumption-based US investor’s Euler equation on the eight

annually re-balanced currency portfolios. Table 5 reports the estimated factor prices of

10Chapter 12 of Cochrane (2001) describes this estimation procedure and compares it to the General-
ized Method of Moments (GMM) applied to linear factor models, following Hansen (1982). We present
results obtained with GMM as a robustness check in section IV.
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consumption growth risk for nondurables (row 1), for durables (row 2) and the price of
market risk (row 3). Each column looks at a diferent model. We also report the implied
estimates for the preference parameters v, o and « (rows 4-6). The standard errors
are in parentheses.!’ Finally, the last three rows report the mean absolute pricing error
(MAE), the R? and the p-value for a x? test. The null for the x? test is that the true
pricing errors are zero and the p-value reports the probability that these pricing errors

would have been observed if the consumption-based model was the true model.

C Results

We present results in terms of the factor prices, the fit, the preference parameters and

the consumption betas.

Factor Prices In our benchmark model (EZ-DCAPM), reported in the last column
of Table 5, the estimated price of nondurable consumption growth risk A, is positive
and statistically significant. An asset with a consumption growth beta of one yields an
average risk premium of around 2 percent per annum. This is a large number, but it is
quite close to the market price of consumption growth risk estimated on US equity and
bond portfolios (see section IV-C.) The estimated price of durable consumption growth
risk Ay is positive and statistically significant as well. It is around 4.6 percent. These
factor price estimates do not vary much across the different models. Finally, market risk

is priced at about 3.3 percent per annum, but it is not significantly different from zero.

Model Fit We find that consumption growth risk explains a large share of the cross-
sectional variation in currency returns. The EZ-DCAPM explains 87 percent of the
cross-sectional variation in annual returns on the eight currency portfolios, against 74
percent for the DCAPM and 18 percent for the simple CCAPM. For the EZ-DCAPM,

the mean absolute pricing error on these eight currency portfolios is about 32 basis

HThese standard errors do not correct for the fact that the betas are estimated. Jagannathan and
Wang (1996) show that the Fama-MacBeth procedure does not necessarily overstate the precision of
the standard errors if conditional heteroskedasticity is present. We show in section IV - E that these
standard errors are actually close to the heteroskedasticy-consistent ones derived from GMM estimates.
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points over the entire sample, compared to 65 basis points for the DCAPM, and 200
basis points for the simple CCAPM. This last number is rather high, mainly because
of the last portfolio, with very high interest rate currencies. When we drop the last
portfolio, the mean absolute pricing error on the remaining seven portfolios drops to 109

basis points for the simple CCAPM, and the R? increases to 50 percent.

The simple CCAPM and the EZ-CCAPM are rejected at the 5 percent significance
levels, but the DCAPM and the EZ-DCAPM are not. Durable consumption risk plays a
key role here as the models with durable consumption growth produce very small pricing
errors (less than 15 basis points) on the first and the seventh portfolio. This is clear
from figure 2, which plots the actual excess return against the predicted excess return

(on the horizontal axis) for each of these models.
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Figure 2: Consumption-CAPM

This figure plots the actual vs. the predicted excess returns for 8 currency portfolios. The predicted excess returns are
on the horizontal axis. The Fama-MacBeth estimates are obtained using 8 currency portfolios sorted on interest rates as
as test assets. The filled dots (1-8) represent the currency portfolios. The data are annual and the sample is 1953-2002.

Preference Parameters and Equity Premium Puzzle ;From the factor prices,
we can back out the preference parameters. The intratemporal elasticity of substitution
between non-durables and durables p cannot be separately identified from the weight
on durable consumption . We use Yogo (2006)’s estimate of p = .790 to calibrate the

elasticity of intratemporal substitution when we back out the other preference parameter
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Table 5: Estimation of Linear Factor Models with 8 Currency Portfolios sorted on
Interest Rates

CCAPM DCAPM EZ-CCAPM EZ-DCAPM
Factor Prices
Nondurables 1.938 1.973 2.021 2.194
[0.917] (0.915] [0.845] [0.830]
Durables 4.598 4.696
[0.987] [0.968]
Market 8.838 3.331
[7.916] [7.586]
Parameters
¥ 92.032 104.876 94.650 113.375
(6.158] (6.236] [5.440] [5.558]
o —0.008 0.210
[0.003] [0.056]
@ 1.104 1.146
[0.048] [0.001]
Stats
MAE 2.041 0.650 1.989 0.325
R? 0.178 0.738 0.199 0.869
p — value [0.025] [0.735] [0.024] [0.628]

Notes: This table reports the Fama-MacBeth estimates of the risk prices (in percentage points) using 8 annually re-
balanced currency portfolios as test assets. The sample is 1953-2002 (annual data). The factors are demeaned. The
standard errors are reported between brackets. The last three rows report the mean absolute pricing error (in percentage
points), the R? and the p-value for a x? test.

estimates. The EIS o is estimated to be .2, substantially larger than 1/7, and the
weight on durable consumption « is estimated to be around 1.1, close to the .9 estimate
reported by Yogo (2006), obtained on quarterly equity portfolios. Since the EIS estimate
is significantly smaller than the calibrated p, marginal utility growth decreases in durable
consumption growth, and assets whose returns co-vary more with durable consumption

growth trade at a discount (by > 0).

In the benchmark model, the implied coefficient of risk aversion is around 114 and
this estimate is quite precise. In addition, these estimates do not very much across the

four different specifications of the consumption-based pricing kernel. This coefficient of
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Table 6: Estimation of Factor Betas for 8 Currency Portfolios sorted on Interest Rates

Portfolios 1 2 3 4 5 6 7 8
Panel A: 1953-2002

Non-durables 0.105 0.762 0.263 0.182 0.634 0.260 1.100 0.085

Durables 0.240 0.489 0.636 0.892 0.550 0.695 1.298* 0.675

Market —0.066* —0.027 —0.012 —0.119* —0.000 —0.012 —0.056 0.028

Panel B: 1971-2002

Non-durables 0.005 0.896 0.359 0.665 0.698 0.319 1.546 —0.461
Durables 0.537 0.786 1.288* 2.032* 1.225* 1.359 2.183* 0.845
Market —0.106* —0.099* —0.026 —-0.171* —0.017 —0.007 —0.083 0.052

Notes: Each column of this table reports OLS estimates of 37 in the following time-series regression of excess returns
e

on the factor for each portfolio j: R}, = 8 + 8] ft + €] ;. The estimates are based on annual data. Panel A reports
results for 1953-2002 and Panel B reports results for 1971-2002. We use 8 annually re-balanced currency portfolios sorted
on interest rates as test assets. * indicates significance at 5% level. We use Newey-West heteroskedasticity-consistent
standard errors with an optimal number of lags to estimate the spectral density matrix following Andrews (1991).

risk aversion is of course very high, but it is in line with stock-based estimates of the
coeflicient of risk aversion found in the literature, and with our own estimates based on
bond and stock returns. For example, if we re-estimate the model only on the 25 Fama-
French equity portfolios, sorted on size and book-to market, the risk aversion estimate
is 115 (with a standard error of 4.5). In addition, the linear approximation we adopted
causes an underestimate of the market price of consumption risk for a given risk aversion

parameter .

These high estimates are not surprising. The standard deviation of US consumption
growth (per annum) is only 1.50 percent in our sample. This is Mehra and Prescott
(1985)’s equity premium puzzle in disguise; there is not enough aggregate consumption
growth risk in the data to explain the level of risk compensation in currency markets at
low levels of risk aversion, as is the case in equity markets, but there is enough variation
across portfolios in consumption betas to explain the spread, if the risk aversion is large

enough to match the levels. We now focus on this cross-section of consumption betas.

Consumption Betas Consumption-based models can account for the cross-section of

currency excess returns because they imply a large cross-section of betas. On average,
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higher interest rate portfolios expose US investors to much more US consumption growth
risk. Table 6 reports the OLS betas for each of the factors. Panel A reports the results
for the entire sample. We find that high interest rate currency returns are strongly pro-
cyclical, while low interest rate currency returns are a-cyclical. For nondurables, the first
portfolio’s consumption beta is 10 basis points, the seventh portfolio’s consumption beta
is 110 basis points. For durables, the spread is also about 100 basis points, from 24 basis
points to 129 basis points. In the second post-Bretton-Woods sub-sample, reported in
Panel B, the spread in consumption betas increases to 150 basis points between the first
and the seventh portfolio (with betas ranging from zero basis points to 154 basis points
for non-durables, and from 50 to 210 basis points for durables). Finally, the market

betas of currency returns are much smaller overall.

Next, we estimate the conditional factor betas, conditioning on the interest rate gap
with the US, and we find that low interest rate currencies provide a consumption hedge
for US investors exactly when US interest rates are high and foreign interest rates are

low.

D Conditional Factor Betas

We can go one step further in our understanding of exchange rates by taking into account
the time-variation in the conditional consumption growth betas.!? It turns out that low
interest rate currencies offer a consumption hedge to US investors exactly when the US
interest rates are high and foreign interest rates are low. To see this, we consider a
simple two-step procedure. We first obtain the U.L.P residuals (—:{ 41 for each portfolio

j. We then regress each residual on each factor f*, controlling for the interest rates

12There is a conditional analogue of the three-factor model in equation (3):
E{[R"®] = bycovy (Act_H, Rifl) + bacovy (Adt_H, Rifl) + bycovy (rf’H,Rifl) .

Since the interest rate is known at ¢, these covariances terms involve only the changes in the exchange
rate Aej ;.
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variations in each portfolio:
J o _ pik 7.k £k gk A DI gk J.k
€ = 0" + 07 [ + 0 AR [l + i,

where for expositional purpose we introduce the normalized interest rate difference Aéi,
which is zero when the interest rate difference AR! is at a minimum and hence positive in
the entire sample. We use the interest rate differential as the sole conditioning variable,
because we know from the work by Meese and Rogoff (1983) that our ability to predict

exchange rates is rather limited.

The results are reported in Table 7. Each bar in figure 3 reports the conditional
factor betas for a different portfolio. The first panel reports the nondurable consump-
tion betas, the second panel the durable consumption betas, the third panel reports the
market betas. When the interest rate difference with the US hits the lowest point, the
currencies in the first portfolio appreciate on average by 287 basis points when US non-
durable consumption growth drops 100 basis points below its mean, while the currencies
in the seventh portfolio depreciate on average by 96 basis points. Similarly, when US
durable consumption growth drops 100 basis points below its mean, the currencies in
the first portfolio appreciate by 174 basis points, while the currencies in the seventh
portfolio depreciate by 105 basis points. Low interest rate currencies provide consump-
tion insurance to US investors, while high interest rate currencies expose US investors
to more consumption risk. As the interest rate gap closes on the currencies in the first
portfolio, the low interest rate currencies provide less consumption insurance. For every
4 percentage points reduction in the interest rate gap, the non-durable consumption

betas decrease by about 100 basis points.!?

Interest rates as Instruments To test whether the representative agent’s IMRS can
indeed explain the time variation in expected returns on these portfolios, in addition to
the cross-sectional variation, we use the average interest rate difference with the US as

an instrument. As is clear from the unconditional Euler equation, this is equivalent to

13This table also shows our asset pricing results are entirely driven by how exchange rates respond
to consumption growth shocks in the US, not by sovereign risk.
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Figure 3: Conditional Factor Betas of Currency
Each panel shows OLS estimates of 9{”“ (panels on the left) and 9%”9 (panels on the right) in the following time-series
regression of innovations to changes in exchange rate for each portfolio 7 on the factor and the interest rate difference

interacted with the factor: 5{4—1 = 06’k + Qi’kff+1 + Hg’kAR{ ftk+1 + ngfl. AR is the normalized interest rate difference
on portfolio j. The data are annual and the sample is 1953-2002.

testing the unconditional moments of managed portfolio returns:

(7) E | M (ARR)| =0,

where AR, is the average interest rate difference on portfolios 1-7 and (AR, 1)) are
the managed portfolio returns. We normalized AR, to be positive.'* Instead of the
variation in average portfolio returns, we check whether the model explains the cross-
sectional variation in average excess returns on managed portfolios that lever up when
the interest rate gap with the US is large. In addition, we also use the interest rate

difference for each portfolio as an instrument for that asset’s Euler equation.

Table 8 reports the Fama-MacBeth estimates of the factor prices and preference

parameters for our benchmark model. In the first column, we use the average interest

4We add |min (AR;) | to the interest rate differential.
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Table 7: Estimation of Conditional Consumption Betas for Changes in Exchange Rates
on Currency Portfolios Sorted on Interest Rates

1 2 3 4 5 6 7 8
Panel A: Non-durables

9{’6 —2.87 —0.90 —0.94 1.17 0.83 0.58 0.96 —0.08
[0.73] [1.20] [1.28] [1.99] [0.91] [1.00] [0.75] [0.90]
Gg’c 0.27 0.18 0.10 —0.22 —0.16 —0.13 —0.04 —0.02
[0.10] [0.19] [0.17] [0.30] [0.17] [0.14] [0.07] [0.03]

Panel B: Durables
9{’d —1.74 —1.05 —0.68 0.99 0.36 0.55 1.05 —0.00
[1.01] [1.47) [1.39] [1.44] [0.92] [0.67] [0.51] [0.53]
Gé’d 0.18 0.18 0.15 —0.03 —0.03 —0.02 —0.00 —0.00
[0.10] [0.17] [0.17] [0.19] [0.14] [0.08] [0.06] [0.01]

Panel C: Market
0{"7” —0.04 0.18 0.37 0.15 0.12 0.05 0.04 —0.06
[0.13] [0.19] [0.14] [0.24] [0.10] [0.09] [0.06] [0.08]
9%’"‘ —0.01 —0.03 —0.05 —0.04 —0.03 —0.02 —0.02 0.00
0.02] 0.02] [0.02] [0.03] (0.02] 0.01] 0.01] [0.00]

Notes: Each column of this table reports OLS estimates of 69-% in the following time-series regression of innovations to
returns for each portfolio j (ei_H) on the factor f* and the interest rate difference interacted with the factor: Ei-kl =

967’@ + ai’kf,ﬁl + %’,kAR{fthrl + ngfl. We normalized the interest rate differgnce Aﬁ{ to be zero when the interest
rate difference ARZ is at a minimum and hence positive in the entire sample. 6g+1 are the residuals from the time series

regression of changes in the exchange rate on the interest rate difference (UIP regression): E§+I/Eg = (b% + ¢>]1AR§ —i—eg_H.
The estimates are based on annual data and the sample is 1953-2002. We use 8 annually re-balanced currency portfolios
sorted on interest rates as test assets. The pricing factors are consumption growth rates in non-durables (¢) and durables
(d) and the market return (w). The Newey-West heteroskedasticity-consistent standard errors computed with an optimal
number of lags to estimate the spectral density matrix following Andrews (1991) are reported in brackets.

rate difference with the US as an instrument. In the second column, we use the interest
rate difference for portfolio 7 as an instrument for the i-th moment. The consumption
risk price estimates are very close to those we obtained off the unconditional moments
of currency returns, and, more importantly, the benchmark model cannot be rejected in

either case.

Consumption-based models do a remarkable job in explaining the cross-sectional
variation as well as the time variation in returns, albeit at the cost of a very high implied
price of aggregate consumption risk. In section IV, we contrast this model’s performance
with that of the workhorse of modern finance, the Capital Asset Pricing Model. As we

show, there is not enough variation in market betas to explain currency returns, but
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Table 8: Estimation of Linear Factor Models with 8 Managed Currency Portfolios sorted
on Interest Rates

Factor Price Average AR Portfolio AR?
Nondurables 1.719 1.504
[0.757] [0.830]
Durables 4.025 4.317
[0.974] [1.150]
Market 6.868 4.134
[9.012] [9.008]
Parameters
ol 89.407 81.148
[5.069] [5.616]
o 0.131 0.073
[0.018] [0.009]
o 1.403 1.783
[0.022] [0.030]
Stats
R? 0.873 0.995
p — value 0.202 0.346

Notes: This table reports the Fama-MacBeth estimates of the factor prices (in percentage points) for the EZ-DCAPM
using 8 annually re-balanced managed currency portfolios as test assets. The sample is 1953-2002 (annual data). In
column 1, we use the average interest rate difference with the US on portfolios 1-7 as an instrument. In column 2, we
use the interest rate difference on portfolio ¢ as the instrument for the i-th moment. The standard errors are reported
between brackets. The factors are demeaned. The last two rows report the R? and the p-value for a x? test.

there is enough variation in consumption betas. We conclude that consumption growth
risk seems to play a key role in explaining currency risk premia. The next section links

our findings about risk premia back to changes in the exchange rates.

IIT Mechanism

We have shown that predicted currency excess returns line up with realized ones when
pricing factors take into account consumption growth risk. This is not mere luck on our
part. The next section provides many robustness checks. This section sheds some light

on the underlying mechanism: where do these currency betas come from?. We first show
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that the log of the conditional expected return on foreign currency can be restated in
terms of the conditional consumption growth betas of exchange rate changes. We then
interpret these betas as restrictions on the joint distribution of consumption growth in

high and low interest rate currencies.

A Consumption Growth Betas of Exchange Rates

If we assume that M, and R}, are jointly, conditionally log-normal, then the Euler
equation can be restated in terms of the real currency risk premium (see proof in Ap-
pendix B):

f
t

i i
log B4Ry, —1; = —Cou; (mt+1,rt+1 — Apt+1) ,

where lower cases denote logs. We refer to this log currency premium as crpj ;. It
is determined by the covariance between the log of the SDF m and the real return
on investment in the foreign T-bill. Substituting the definition of this return into this

equation produces the following expression for the log currency risk premium:
(8) crppyy = —Covy (Mg, Aejy — Apryr) -

Note that the interest rates play no role for conditional risk premia; only changes in
the deflated exchange rate matter. Using this expression, we examine what restrictions
are implied on the joint distribution of consumption growth and exchange rates by the
increasing pattern of currency risk premia in interest rates, and we test these restrictions

in the data.

Consumption Growth and Exchange Rates ;From our linear factor model, it
immediately follows that the log currency risk premium can be restated in terms of the

conditional factor betas:

crpf;/Jrl ~ by Cov, (ACt+17 AeiJrl — AptH) + by Covy (Adt+17 Aeiﬂ — AptH)

+ by Covy, (rﬁrl, Aef;Jrl — Apt+1) )
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This equation uncovers the key mechanism that explains the forward premium puzzle.
We recall that, in the data, the risk premium (crpi +1) is positively correlated with
foreign interest rates Rf;"f: low interest rate currencies earn negative risk premia and
high interest rate currencies earn positive risk premia. To match these facts, in the
simplest case of the CCAPM, the following necessary condition needs to be satisfied by

the conditional consumption covariances:

Covy (Acysr, Ae, ) small/negative when RA* s low,

Covy (ActH, Aeiﬂ) large/positive when Ri”g is high.

The same condition applies to durable consumption growth Ad,,; and the market return
ri, in our benchmark, three-factor model. This is exactly what we see in the consump-
tion betas of currency, reported in figure (3). Both in the time-series (comparing the
bar in the left panels and the right panels) and in the cross-section (going from portfolio
1 to 7), low foreign interest rates mean small /negative consumption betas. On the one
hand, currencies that appreciate on average when US consumption growth is high and
depreciate when US consumption growth is low, earn positive conditional risk premia.
On the other hand, currencies that appreciate when US consumption growth is low and
depreciate when it is high, earn negative risk premia. These currencies provide a hedge
for US investors. Given the pattern of excess return variation across different currency
portfolios, the covariance of changes in the exchange rate with US consumption growth
term needs to switch signs over time for a given currency, depending on the portfolio it

has been allocated to (or, its interest rate).

There is a substantial amount of time variation in the consumption betas of curren-
cies. This reflects the time variation in interest rates and expected returns within each
portfolio over time. Yet, most of our results can be understood in terms of the average
consumption betas: on average, high interest rate currencies expose US investors to
more consumption growth risk, while low interest rate currencies provide a hedge. The

next subsection explains where these betas come from and why they are correlated with
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interest rates.

B Where Do Consumption Betas of Currencies Come from?

The answer is time-variation in the conditional distribution of the foreign stochastic
discount factor m’. Investing in foreign currency is like betting on the difference between
your own and your neighbor’s intertemporal marginal rate of substitution (IMRS). These
bets are very risky if your IMRS is not correlated with your neighbor’s, but they provide
a hedge when her IMRS is highly correlated and more volatile. We identify two potential
mechanisms to explain the consumption betas of currencies. Low foreign interest rates
either signal (1) an increase in the volatility of the foreign stochastic discount factors
or (2) an increase in the correlation of the foreign stochastic discount factor with the

domestic one.

To obtain these results, we assume that markets are complete and that the SDF are
log-normal. Essentially, we re-interpret an existing derivation by Backus, Foresi and

Telmer (2001), and we explore its empirical implications.

Currency Risk premia and the SDF In the case of complete markets, investing
in foreign currency amounts to shorting a claim that pays off your SDF and going long
in a claim that pays off the foreign SDF. The net payoff of this bet depends on the
correlation and volatility of these SDFs. Assuming that the inflation betas are small
enough and that markets are complete, the size of the log currency risk premium crp},

is given by'?:
9) stdymyyq [stdtth — Corry (mt+1, miﬂ) stdtmiﬂ} )

Its sign is determined by the standard deviation of the home SDF relative to the one
of the foreign SDF scaled by the correlation between the two SDFs. What does this
equation imply? Obviously, either a higher conditional volatility of the foreign SDF or

15See Appendix B for a proof.
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a higher correlation of the SDF's in the case of lower interest rate currencies -and the

reverse for high interest rates- would generate the right pattern in risk premia.

Example In the case of the simple CCAPM, these two mechanisms can be stated in
terms of the joint distribution of consumption growth at home and abroad. Assume
that the stand-in agents in both countries share the same coefficient of relative risk
aversion. Then, abstracting again from the inflation betas, the sign of the conditional

risk premium is determined by:

[std(Ac?) — Corry (AP, Ad), ) stdy(Aci, )] -

A low correlation of foreign consumption growth with US consumption growth for
high interest rate currencies, and a high correlation for low interest rate currencies,
creates the right variation in currency risk premia. More volatile consumption growth
for low interest rate currencies also delivers this pattern. What is the economic intuition

behind this mechanism?

In our benchmark representative agent model with complete markets, the foreign
currency appreciates when foreign consumption growth is lower than US aggregate con-
sumption growth and depreciates when it is higher. When markets are complete, the
value of a dollar delivered tomorrow in each state of the world, in terms of dollars
today, equals the value of a unit of foreign currency tomorrow delivered in the same
state, in units of currency today: Q},,/Q} = M/ /M1, where the exchange rate Q'
is in units of the US good per unit of the foreign good. Thus, in the case of a CRRA
representative agent in the US, the percentage change in the real exchange rate equals
the percentage change in consumption growth times the coefficient of risk aversion:
qu+1 = y(Act1 — ACéﬂ)-

If the foreign stand-in agent’s consumption growth is strongly correlated with and
more volatile than that of his US counterpart, his national currency provides a hedge for
the US representative agent. For example, consider the case in which foreign consump-

tion growth is twice as volatile as US consumption growth and perfectly correlated with
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US consumption growth. In this case, when consumption growth is -2 percent below
the mean in the US, it is -4 percent below the mean abroad, and the real exchange rate
appreciates by ~ times 2 percent. When consumption growth is 42 percent in the US, it
is twice as high abroad (+4 percent), and the real exchange rate depreciates by ~ times
2 percent. This currency is a perfect hedge against US aggregate consumption growth
risk. Consequently, investing in this currency should provide a low excess return. Thus,
for this heteroscedasticity mechanism to explain the pattern in currency excess returns,
low interest rate currencies must have aggregate consumption growth processes that are
conditionally more volatile than US aggregate consumption growth. This is in line with
the theory. All else equals, in the case of power utility, an increase in the conditional
volatility of aggregate consumption growth lowers the real interest rate.!® If real and
nominal interest rates move in sync, a low nominal interest rate should predict a higher
conditional volatility of aggregate consumption growth. Of course, if inflation is very
high and volatile, the nominal and the real interest rates effectively are detached, and

this mechanism would disappear, as it seems to in the data.

Time-variation in the correlation between the domestic and the foreign SDF is the
second mechanism. In the previous example, if the consumption growth of a high inter-
est rate country is perfectly negatively correlated with US consumption growth, then a
negative consumption shock of 2 percent in the US leads to a depreciation of the foreign
currency by v times 2 percent. This currency depreciates when US consumption growth
is low. Consequently, investing in this currency should provide a high excess return.
Thus, for this correlation mechanism to explain the pattern in currency excess returns,
the correlation between domestic and foreign consumption growth should decrease with
the interest rate differential. Empirically, we find strong evidence to support that mech-
anism: foreign consumption growth is less correlated with US consumption growth when

the foreign interest rate is high.

Evidence The heteroscedasticity mechanism is also at the heart of the habit-based

model of the exchange rate risk premium in Verdelhan (2005). In his model, the do-

16This can be shown by starting from the Euler definition of the real risk-free rate and by assuming
that aggregate consumption growth is log-normal.
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mestic investor receives a positive exchange rate risk premium in times when he is more
risk-averse than his foreign counterpart. Times of high risk-aversion correspond to low
interest rates. Thus, the domestic investor receives a positive risk premium when interest

rates are lower at home than abroad.

Test of the Correlation Mechanism In addition, we document some direct evidence
in the data for the correlation mechanism. For data reasons, we focus on non-durable
consumption growth only. Using a sample of ten developed countries, we regressed a
country’s non-durable consumption growth on US non-durable consumption growth and

US consumption growth interacted with the lagged interest rate differential:

' Us [, £ $ Us
Acy = ag+ oA + ay (RZ - Rt> Acy P + €.

The results obtained over the post-Bretton Woods period on annual data are reported
in table 9. The coefficients on the interaction terms as are negative for all countries,
except for Japan. The table also reports ninety percent confidence intervals for these
interaction coefficients. They show that the as coefficients are significantly negative for
7 countries. The last row of each panel reports the pooled time series regression results.

The ninety percent confidence interval includes only negative coefficients.

As is clear from the as estimates in column 3, the conditional correlation between
foreign and US annual consumption growth decreases with the interest rate gap for
all countries except Japan. We also found the same pattern for Japanese and UK

consumption growth processes (not reported).

IV Robustness

This section goes through a number of robustness checks: (1) we look at other factor
models, (2) we split up the sample, (3) we introduce other test assets, (4) we re-estimate
the model on developed currency portfolios, and (5) we re-estimate the model using the

Generalized Method of Moments.
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Table 9: Consumption Growth Regressions

Country o oo az as R?

AUS 0.071 —0.06 —0.086 —0.033 0.13
CAN 0.58 —0.095 —0.15 —0.039 0.26
FR 0.27 —0.0058 —0.092 0.081 0.056
GER —0.24 —0.064 —0.16 0.029 0.013
ITA 0.26 —0.06 —0.098 —0.022 0.072
JAP 0.71 0.072 0.003 0.14 0.26
NE 0.21 —0.11 —0.17 —0.057 0.15
SWE 0.59 —0.24 —0.39 —0.089 0.18
SWI —0.39 —0.07 —0.1 —0.037 0.19
UK 0.74 —0.1 —0.15 —0.052 0.21
pooled 0.27 —0.047 —0.088 —0.007 0.038

Notes: This table reports the results for the following regression: AC£+1 =ap + a1 Acﬂ_sl + a2 (R;“‘e — Rf)Acﬂ_Sl + €441
The last row reports the results from a pooled time series regression. The sample is 1971-2002 and the data is annual
(for the Netherlands the sample is 1978-2002 and for Switzerland 1981-2002). We used the optimal lag length to estimate
the spectral density matrix (Andrews, 1991). a2 and @z are respectively one standard error below and above the point
estimate ao.

A Factor Models

The Capital Asset Pricing Model (CAPM), due to Sharpe (1964) and Treynor (1961) is
a useful benchmark. In this model, the excess return on the US total market portfolio is
the only asset pricing factor. We use the CRSP value-weighted excess return, denoted

R™, as a proxy for the market return:

M4
10 —— ~1—-b,R} .
( ) E[Mt+]_] t+1
Of course, the same decomposition of the risk premium in market price of risk (here A,)
and betas (3,) applies here. The model implies that the market price of risk A, equals

the expected excess return on the market, because the market has a beta of one.

In addition, we consider the bond and equity factor models developed by Fama and

French (1992). Fama and French (1992) add the return on a portfolio that goes long in

small and short in big firms (Rf% B) and the return on a portfolio that goes long in high

book-to-market and short in low book-to-market stocks (RfZ4") as additional equity
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pricing factors.!” For bond pricing, they use the slope of the yield curve (Rii”lg ) and
the default spread on corporate bonds (R;{{). These factors proxy for the underlying

undiversifiable macroeconomic risk (Fama and French (1993)).

Table 10 lists the results for the CAPM and the Fama-French factor models. We
start with the CAPM in the first column. The price of market risk \,, is estimated to be
around 7 percent. This number is in line with the theory, which prescribes a market price
of risk of seven percent, the average excess return on the market. However, the CAPM
explains only 4 percent of the variation in returns over the entire sample. Introducing
the Fama-French bond and equity factors does not improve the pricing much. The Fama-
French equity factors explain 8 percent, while the bond factors explain 20 percent. The
mean absolute pricing error does not drop below 200 basis points for any of these models,
compared to 32 basis points for the EFZ-DCAPM. The pricing errors for the first and the
seventh portfolio are large, in excess of 100 basis points, in all three cases. The factor

models, which work in equity and bond markets, break down in currency markets.

Clearly, the currency excess returns are not spanned by Fama-French equity or bond
factors. This makes currency portfolios particularly useful as test assets. Daniel and
Titman (2005) argue that even factors which are loosely correlated with HM L and SM B
will appear successful in explaining the cross-section of asset returns, but our currency
returns are not correlated with these. In fact, our currency portfolios are out-of-sample

test assets, as advocated by Lewellen, Nagel and Shanken (2006).

B Post-Bretton-Woods

While the same investor Euler equation applies to fixed and floating regimes, the joint
distribution of consumption growth and foreign currency returns is affected by a change
in the exchange rate regime, and this may affect the estimation. To address this, we

split the sample.

7S M B means small-minus-big and HM L means high-minus-low.
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Table 10: Estimation of Linear Factor Models with 8 Currency Portfolios Sorted on
Interest Rates

Factor Price CAPM FF-equity FF-bonds
Market 7.921 5.718
[9.873] [10.569]
SMB 3.504
[5.782]
HML —7.264
[6.892]
slope 9.125
(6.446]
default —2.645
[3.170]
Stats
MAE 2.374 2.266 2.001
R? 0.044 0.088 0.194
p — value [0.000] [0.000] [0.000]

Notes: This table reports the Fama-MacBeth estimates of the factor prices (in percentage points) using 8 annually re-
balanced currency portfolios as test assets. The sample is 1953-2002 (annual data). The standard errors are reported
between brackets. The last three rows report the mean absolute pricing error (in percentage points), the R? and the
p-value for a x? test.

Consumption-CAPM The results for the 1971-2002 sub-sample are reported in Ta-
ble 11. Panel A reports the Consumption-CAPM estimates, and Panel B reports the
factor model estimates. The estimated price of consumption growth risk is 2.4 percent in
the benchmark model, and it is still significant, while the price of durable consumption
growth risk is around 3 percent. The implied coefficient of risk aversion is 98, close to our
earlier estimate of 114. Our benchmark model, the EZ-DCAPM explains 65 percent of
the variation over this sub-sample, and the mean absolute pricing error increases to 128
basis points, substantially higher than the number for the entire sample. Even though
all four models pass the y?-test, only the models with durable consumption growth as

factor explain a large fraction of the cross-sectional variation in returns.

Factor Models The results for the factor models are shown in the second panel of

Table 11. In this sub-sample, the CAPM explains none of the variation and the Fama-
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Table 11: Estimation of Linear Factor Models with 8 Currency Portfolios Sorted on

Interest Rates

Panel A: Consumption Models

Nondurables

Durables

Market

MAE
R2

p — value

CCAPM DCAPM EZ-CCAPM EZ-DCAPM
1.705 1.617 2.496 2.422
[1.087] [1.095] [0.914] [0.914]
2.556 2.916
[0.959] [0.905]
15.260 8.481
[7.804] [7.259]
2.647 1.661 2.283 1.283
0.259 0.535 0.361 0.641
0.312] [0.535] [0.222] [0.479]

Panel B: Factor Models

Market

SMB

HML

slope

default

MAE
R2

p — value

CAPM FF-equity FF-bonds
1.943 5.174
[8.443] [8.684]
9.530
[5.188]
—6.525
[5.965]
3.967
[9.628]
0.661
[2.393]
3.549 2.905 3.457
0.006 0.186 0.032
[0.001] [0.001] [0.001]

Notes: This table reports the Fama-MacBeth estimates of the factor prices (in percentage points) using 8 annually re-
balanced currency portfolios as test assets. The sample is 1971-2002 (annual data). The standard errors are reported
between brackets. The factors are demeaned. The last three rows report the mean absolute pricing error (in percentage
points), the R? and the p-value for a x? test.

French factor models explain less than 18 percent of the variation in returns. The mean

absolute pricing error does not decrease below 290 basis points. The price of market risk

is not significantly different from zero in any of the models. None of these factor models

pass the y2-test.
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C Other Test Assets

As an additional test of the statistical significance of our results, we examine whether
the compensation for aggregate risk in currency markets differs from that in domestic
equity markets from the perspective of a US investor. To do so, we add 5 bond portfolios

and the 6 Fama-French benchmark stock portfolios, as test assets.

We start by adding only equity as test assets. These Fama-French portfolios sort
stocks according to size and book-to-market, because both size and book-to-market
predict returns. This leaves us with 14 sample moment conditions. We want to find out
if these returns can be priced by the same SDF that prices currency risk. By adding
these to the currency portfolios, we do an out-of-sample test, as is clear from figure 4.
The filled dots represent the currency portfolios, and the actual excess returns are on
the vertical axis. The currency portfolios have radically different returns that are not

correlated with stock returns.

The first column in Table 12 reports the results obtained using only currency portfo-
lios as test assets. The second column (E/C) reports the results for equity and currency
portfolios. Nondurable consumption risk is priced higher in equity markets (about 200
basis points), while durable consumption risk is priced about the same. The estimated
price of nondurable consumption growth risk is 3.8 percent obtained from all 14 test
assets, compared to the 2.2 estimate for currency only and 4.2 for equity only. The price
of durable consumption growth risk is 4.3 percent for equity and currency, compared
to 4.7 percent for currency and 3.8 percent for equity only. The implied risk aversion

coefficient estimates are substantially higher.

Then we add bond and equity returns to the test assets to obtain a total of 19
moment conditions. The bond portfolios (CRSP Fama bond portfolios) contain bonds
with maturities between 1 and 2 years, 2 and 3 years, 3 and 4 years, 4 and 5 years,
5 and 6 years. In the last column (E/B/C), we report that the price of consumption
risk is now around 2.4 percent, closer to the currency market estimate, and the durable
consumption factor price is much smaller, closer to 2 percent. But, in spite of these large

differences in factor prices, the implied risk aversion estimates when bonds are included,
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Figure 4: EZ-DCAPM.

This figure plots the actual vs. the predicted excess returns for 8 currency portfolios. The predicted excess returns are on
the horizontal axis. The Fama-MacBeth estimates are obtained using 8 currency portfolios and the 6 Fama-French equity
benchmark portfolios (sorted on size and book-to-market) as test assets (see Table 12). The filled dots (1-8) represent
the currency portfolios. The empty dots (9-14) represent the equity portfolios. The data are annual and the sample is
1953-2002.

are very close to the currency-only ones, around 115.

D Developed Currencies

To guard against the possibility that our results are due to sovereign risk instead of
currency risk, we exclude developing countries from the sample. The portfolio returns
are much noisier and the Sharpe ratios are smaller, simply because we only have 20
developed countries in the sample. In addition, the cross-sectional variation in interest
rates is now dominated by the time series variation in the average interest rate difference
with the US. That is why we use the interest rate difference with the US as an instrument
when testing the US investor’s Euler equation, as we did in section I1.D. The first column
in Table 13 shows the estimates obtained using the average interest rate difference with

the US as an instrument; the second column shows the results obtained using the interest
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Table 12: Estimation of Linear Factor Models with 8 Currency Portfolios sorted on
Interest Rates, 6 Equity Portfolios sorted on Size and Book to Market and 5 Bond
Portfolios

C E E/C E/B E/B/C
Factor Price
Nondurables 2.194 4.276 3.757 2.467 2.445
[0.830] [0.945] [0.567] [0.786) [0.507]
Durables 4.696 3.788 4.294 1.889 2.047
[0.968] [1.227] [0.785] [1.300] [0.875]
Market 3.331 23.292 13.992 9.730 10.787
[7.586] [8.658] [2.846] [2.667) [2.804]
Parameters
ol 113.375 200.652 180.428 115.317 114.682
[5.558] [6.389] [3.904] [5.536] [3.568]
o 0.210 —0.028 —0.028 —0.004 —0.011
[0.056] [0.002] [0.001] [0.002] [0.002]
a 1.146 0.118 0.311 —0.062 0.030
[0.001] [0.020] [0.010] [0.038] [0.029]
Stats
MAE 0.325 1.263 1.657 1.283 1.992
R? 0.869 0.842 0.937 0.939 0.905
p — value 0.628 0.353 0.002 0.000 0.000

Notes: This table reports the Fama-MacBeth estimates of the factor prices (in percentage points) using 8 annually re-
balanced currency portfolios, 6 Fama-French benchmark portfolios sorted on size and book-to-market and 5 Fama bond
portfolios (CRSP) as test assets. The sample is 1953-2002 (annual data). The standard errors are reported between
brackets. The factors are demeaned. The last three rows report the mean absolute pricing error (in percentage points),
the R? and the p-value for a x2 test.

rate difference with the i-th portfolios as an instrument. The consumption factor prices
are positive and significant, but somewhat lower than those obtained on the entire
sample of currencies. As a result, the implied risk aversion estimates are lower as well.
Consumption risk explains between 63 and 88 % of the variation in managed currency

portfolio returns for the subset of developed currencies.
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Table 13: Estimation of Linear Factor Models with 8 Managed Developed Currency
Portfolios sorted on Interest Rates

Average AR AR’
Factor Price
Nondurables 1.311 1.551
[0.688] [0.707]
Durables 2.456 2.201
[0.955] [1.032]
Market —22.155 —12.221
[12.539] [10.937]
Parameters
¥ 61.781 66.712
[4.999] [5.227]
o 0.305 0.122
[0.011] [0.009]
«a 0.629 0.408
[0.186] [0.159]
Stats
R? 0.630 0.885
p — value 0.073 0.015

Notes: This table reports the Fama-MacBeth estimates of the factor prices (in percentage points) using 8 annually re-
balanced managed developed currency portfolios as test assets. The sample is 1971-2002 (annual data). In column 1, we
use the mean interest rate difference on portfolios 1-7 as an instrument. In column 2, we use the interest rate difference
on portfolio ¢ as the instrument for the i-th moment. The standard errors are reported between brackets. The factors are
demeaned. The last two rows report the R2 and the p-value for a x2 test.

E GMM

We also estimated the linear factor model using the general method of moments (GMM,
Hansen (1982)). The moment conditions are the sample analog of the population pricing
errors. In the first stage of the estimation procedure, we use the identity matrix as the
weighting matrix, W = I, while in the second stage we use W = S~ where S is the
covariance matrix of the pricing errors in the first stage. Since we focus on linear factor
models, GMM is equivalent to a 2-stage linear regression of the average excess returns

Er(RS) on the factor-return moments Er(Rf}).

The estimation results are reported in Panel A of Table 14. The first column looks at
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the estimates obtained using only currency portfolios as test assets. Columns 2-5 report
the results for other test assets. The model cannot be rejected for any combination of

test assets.

In the currency only case (column 1), the GMM factor price estimates for nondurable
and durable consumption are significant at the 5 percent level. The price of nondurable
consumption risk is 2.4 percent, compared to 2.2 percent using Fama-MacBeth - and
the price of durable consumption risk is 3.5 percent, compared to 4.7 percent. The
EZ-DCAPM passes the J-test at 5 percent significance level; the p-value reports the
probability of observing these pricing errors if the model is true. The measures of fit
we obtain are worse than before, because, in the case of linear factor models, GMM is
equivalent to running a regression of average returns on the cross-moment of returns and

factor without a constant in the regression.

The Fama-MacBeth procedure uses factor betas that were estimated in the first step
of the procedure, and the standard errors reported in Table 5 do not correct for this.
However, in the currency only case, the GMM standard errors are quite close to the

‘uncorrected’ standard errors.

In Panel B of table 14, we report the Shanken (1992)-corrected standard errors for the
Fama-MacBeth coefficients in parentheses. These include a correction for the sampling
error due to the estimation of the betas. We also report the standard errors generated
by bootstrapping 10.000 times from the empirical distribution of returns and factors in
{}. Clearly, the Shanken standard errors tend to be much larger than the GMM stan-
dard errors as well as the bootstrapped standard errors, especially when the number
of test assets is small. The large differences with the bootstrapped errors suggest this
may be due to the small sample properties of the Shanken correction. In addition, the
derivation of these Shanken-corrected standard errors assumes the errors are i.i.d; Ja-
gannathan and Wang (1998) show that the uncorrected Fama-MacBeth standard errors
do not necessarily overstate the precision of the factor price estimates in the presence of

conditional heteroskedasticity.
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V Related Literature

Our paper draws on at least two strands of the exchange rate literature. First, there is a
large literature on the efficiency of foreign exchange markets. Interest rate differentials
are not unbiased predictors of subsequent exchange rate changes. In fact, high interest
rate differentials seem to lead to further appreciations on average. This is known as the
forward premium puzzle. Fama (1984) argues that time-varying-risk premia can explain
these findings only if (1) risk premia are more volatile than expected future exchange
rate changes, and (2) risk premia are negatively correlated with the size of the expected
depreciation. Many authors have concluded that this sets the bar too high, and they

have ruled out risk-based explanations.

Other authors have pursued the risk premium explanation. Our paper is closest
to Hollifield and Yaron (2001), Harvey, Solnik and Zhou (2002) and Sarkissian (2003).
Hollifield and Yaron (2001) find some evidence that real factors, not nominal ones, drive
most of the predictable variation in currency risk premia. Using a latent factor technique
on a sample of international bonds, Harvey et al. (2002) find empirical evidence of a
factor premium that is related to foreign exchange risk. Sarkissian (2003) finds that the
cross-sectional variance of consumption growth across countries helps explain currency
risk premia, but he focuses on unconditional moments of currency risk premia on a
currency-by-currency basis, while we find that most of the variation depends on the
level of the foreign interest rate. Finally, Backus et al. (2001) show that, in a general
class of affine models, explaining the forward premium puzzle requires the state variables
to have asymmetric effects on the state prices in different currencies. We reinterpret their

results in our framework.

There is another literature that relates the volatility and persistence of real exchange
rates to aggregate consumption. Standard, dynamic equilibrium models, imply a strong
link between consumption ratios and the real exchange rate, but, as Backus and Smith
(1993) point out, there is no obvious link in the data. This lack of correlation motivates
the work by Alvarez, Atkeson and Kehoe (2002). They generate volatile, persistent

real exchange rates in a Baumol-Tobin model with endogenously segmented markets,
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effectively severing the link between changes in the real exchange rate and aggregate
consumption growth. Our results suggest that this may be too radical a remedy. Con-
ditional on the interest rate, there appears to be a strong link between consumption

growth and exchange rates.

Finally, our results provide guidance for applied theoretical work in this area. A good
theory of real exchange rates needs to explain why (nominal) interest rates line up with
a currency’s aggregate consumption growth betas. And it must explain why this relation
breaks down for very high interest rates. At least on the first count, our results provide
empirical support for work by Verdelhan (2005). He replicates the forward discount bias

in a model with external habits and he provides estimates to support this mechanism.

VI Conclusion

Aggregate consumption growth risk explains a large fraction of the average changes
in the exchange rate, conditional on foreign interest rates. On average, high interest
rate currencies depreciate when US consumption growth is low and US investors want
to be compensated for this risk. Thus, aggregate consumption growth risk is key to
understanding exchange rates. Thus far real exchange rates appeared to be unrelated
to aggregate consumption in the data (e.g. Backus and Smith (1993) and Chari, Kehoe
and McGrattan (2002)), but our results suggest that the correlation between changes
in the real exchange rate and consumption growth varies strongly over time and across

currencies.
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Table 14: Estimation of Linear Factor Models with 8 Currency Portfolios sorted on
Interest Rates, 6 Equity Portfolios sorted on Size and Book to Market and 5 Bond
Portfolios

C E E/C E/B E/B/C

Factor Price

Panel A: GMM

Nondurables 2.372 2.732 2.537 0.822 2.006
[0.846] [1.192] [0.723] [0.877] [0.486]

Durables 3.476 2.573 2.699 —0.562 1.386
[1.204] [1.942] [0.985] [1.418] [0.662]

Market 10.204 12.216 13.238 8.380 9.566
[7.868] [5.869] [4.075] [6.072] (3.472]

Stats

MAE 1.170 1.384 1.400 1.128 1.286

p — value 0.068 0.629 0.781 0.795 0.409

Panel B: FMB

Nondurables 2.194 4.276 3.757 2.467 2.445
[0.830] [0.945] [0.567] [0.786] [0.507]
(2.154) (3.059) (1.656) (1.574) (1.025)
{1.343} {3.725} {1.143} {1.496} {0.926}
Durables 4.696 3.788 4.294 1.889 2.047
[0.968] [1.227] [0.785] [1.300] [0.875]
(2.518) (3.973) (2.292) (2.595) (1.756)
{1.716} {4.449} {1.758} {2.579} {1.445}
Market 3.331 23.292 13.992 9.730 10.787
[7.586] [8.658] [2.846] [2.667] [2.804]
(19.754) (28.057) (8.613) (5.857) (6.092)
{11.182} {27.202} {3.395} {3.300} {2.998}
Stats
MAE 0.325 1.263 1.657 1.283 1.992
p — value 0.628 0.353 0.002 0.000 0.000

Notes: Panel A reports the 2-stage GMM estimates of the factor prices (in percentage points) using 8 annually re-balanced
currency portfolios, 6 Fama-French benchmark portfolios sorted on size and book-to-market and 5 Fama bond portfolios
(CRSP) as test assets. The sample is 1953-2002 (annual data). In the first stage, we use the identity matrix as the
weighting matrix. In the second stage we use the optimal weighting matrix (no lags). The sample is 1953-2002 (annual
data). The standard errors are reported between brackets. The factors are demeaned. The pricing errors correspond to
the first stage estimates. Panel B reports the Fama-MacBeth estimates of the factor prices (in percentage points) using
8 annually re-balanced currency portfolios, 6 Fama-French benchmark portfolios sorted on size and book-to-market and
5 Fama bond portfolios (CRSP) as test assets. The sample is 1953-2002 (annual data). The standard errors are reported
between brackets. The standard errors in parentheses include the Shanken correction. The standard errors in {} are
generated by bootstrapping 10.000 times. The factors are demeaned. The last two rows report the mean absolute pricing
error (in percentage points) and the p-value for a x? test. 43
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Appendix A Data

Appendix A1 Panel

Our panel includes 81 countries. We include each of the following countries for the dates
noted in parenthesis: Angola (2001-2002), Australia (1953-2002), Austria (1960-1991), Bel-
gium (1953-2002), Bangladesh (1984-2001), Bulgaria (1992-2002), Bahrain (1987-2002), Bo-
livia (1994-2002), Brazil (1996-2002), Barbados (1966-2002), Botswana (1996-2002), Canada
(1953-2002), Switzerland (1980-2002), Chile (1997-2002), China (2002-2002), Colombia (1998-
2002), Costa-Rica (2000-2002), Cyprus (1975-2002), Czech Republic (1996-2000), Germany
(1953-2002), Denmark (1976-2002), Egypt (1991-2002), Spain (1985-2002), France (1960-2002),
United Kingdom (1953-2002), Ghana (1978-2002), Greece (1985-2002), Hong-Kong (1991-
2002), Honduras (1998-2001), Croatia (2000-2002), Hungary (1988-2002), India (1993-2002),
Treland (1969-2002), Iceland (1987-2002), Israel (1995-2002), Ttaly (1953-2002), Jamaica (1953-
2002), Japan (1960-2002), Kenya (1997-2002), Kuwait (1979-2002), Kazakhstan (1994-2002),
Lebanon (1977-2002), Sri Lanka (1982-2002), Lithuania (1994-2001), Latvia (1994-2002), Mex-
ico (1978-2002), Macedonia (1997-2002), Malta (1987-2002), Mauritius (1996-2002), Malaysia
(1961-2002), Namibia (1991-2002), Nigeria (n.a), Netherlands (1953-2002), Norway (1984-
2002), Nepal (1982-2002), New-Zealand (1978-2002), Pakistan (1997-2002), Philippines (1976-
2002), Poland (1992-2002), Portugal (1985-2002), Romania (1994-2002), Russian Federation
(1994-2002), Singapore (1987-2002), El Salvador (2001-2002), Slovak Republic (1993-2002),
Slovenia (1998-2002), Sweden (1955-2002), Swaziland (1981-2002), Thailand (1997-2002), Trinidad
and Tobago (1964-2002), Tunisia (1990-2002), Turkey (1985-2002), Taiwan (1974-2002), Uruguay
(1992-2002), United States (1953-2002), Venezuela (1996-2002), Vietnam (1997-2002), Serbia
and Montenegro (2002-2002), South Africa (1988-2002), Zambia (1978-2002), Zimbabwe (1962-
2002). The exchange and T-bill rates were downloaded from Global Financial Data. The ma-
turity of the T-bill rates is 3 months, except for Costa-Rica and Poland (both 6 months). The
time period for each country is determined by data availability and openness of the financial

market (according to Quinn (1997)’s index, see below).

Developed Countries Our panel of developed countries includes 20 countries. We in-
clude each of the following countries for the dates noted in parenthesis: Australia (1953-2002),
Austria (1960-1991), Belgium (1953-2002), Canada (1953-2002), Switzerland (1980-2002), Ger-
many (1953-2002), Denmark (1976-2002), Spain (1985-2002), France (1960-2002), United King-
dom (1953-2002), Greece (1985-2002), Ireland (1969-2002), Italy (1953-2002), Japan (1960-
2002), the Netherlands (1953-2002), Norway (1984-2002), New-Zealand (1978-2002), Portugal
(1985-2002), Sweden (1955-2002), United States (1953-2002).
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Appendix A2 Recovery Rates

First, Moody’s research studies twenty-four defaulted sovereign bonds issued by seven coun-
tries. They compute the average of the face value thirty days after default. They obtain a
recovery rate of thirty-four percent on an issue-based computation (and forty-one percent on
an issuer-based one). These figures are biased downward as they do not include the Peru-
vian and Venezuelan cases. Second, Singh (2003) computes the recovery rate as the ratio of
post-restructuring prices on average post-default prices. The sample considers seven debt re-
structuring events for four sovereigns (Ukraine, Ecuador, Russia and Ivory Coast). The author
finds that the average debt work-out period is two years and the weighted average recovery
rate is one hundred and fifteen percent. This figure might still be biased downwards as bond
prices continued to rise after the two-year window. We have assumed a recovery rate of seventy

percent.

Appendix A3 Financial Data and Macroeconomic Factors

Returns We obtained the Fama-French factors and the 25 book-to-market portfolios for the
US from Kenneth French’s web site at http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/index.html.
The 6 CRSP Fama bond portfolios are downloadable from http://wrds.wharton.upenn.edu.

International Consumption Data The international consumption data (see Campbell
(1999)) were downloaded from John Campbell’s web site at http://kuznets.fas.harvard.edu/ camp-
bell/data.html. We have updated the data set using Datastream and IFS series along John
Campbell’s guidelines. We use per capita consumption deflated by that country’s CPI.

Real Per Household Consumption Growth We define real nondurable and services
consumption (NDS), as nondurable consumption deflated by the NIPA nondurable price index
plus services deflated by the NIPA services price index minus housing services deflated by the
NIPA housing services price index minus clothes and shoes deflated by the NIPA clothes and
shoes price index. The basis of all NIPA price deflators is 1996=100. They are not the same
as the corresponding CPI components from the BLS. Per household variables are obtained by

dividing by the number of households.
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Appendix B Proofs

Linear factor Model If we take logs of equation (2) and we approximate around p = 1,

we obtain the following expression for the log of the stochastic discount factor:
(11) —my & —klog B+ biAcy + baAdy + b3ry ¢

where the factor loadings depend on the preference parameters as in equation (4). We can
back out the structural parameters from the factor loading estimates, as follows: o = (1 —
bg)/(bl + bg), vy = b1 +b2 + bg and o = b2/b1 +b2 + (bg — 1)/[)

As is standard, the non-linear SDF can be approximated as a function of the log SDF m:

M;
BN _E
BV + my [

(From equation (11) , this implies that the SDF is linear in the factors.

M,
E[M;]

~k+ blACt + bgAdt + bgr;".

More generally, if the SDF is linear in the factors: E][\J/{th] = k + V' f;, then the unconditional
Euler equation can be restated as follows: E[R"‘] = ¥/'Sy; where X¢; = E(f, — pur)(R®"). The
expected excess return is the factor loading times risk. The linear factor model can be stated
as a beta pricing model:

E[R"] = XN'3;

where X\ = X¢b is the factor risk premium and X¢r = E(fy — ps)(fr — py)'-
Similarly, starting from the conditional Euler equation E} [Mt+1Rfi1] = 0, and approxi-
My
T E[Mi41]

mating the SDF around its conditional mean: = ki1 + V' f, the conditional excess

return on asset ¢ can be stated as:
K i k b ]
E; [Rfiﬂ = Z bkcovt(ftHRflﬂ-
k
Log Currency Risk Premium We assume that the pricing kernel and portfolio returns
are conditionally log-normal. Returns are priced using:
EthlRi_H =1.

Hence,

log EtthRiH = 0,

20



and, with log-normality
i i 1 i
log Eymi 1 Ry = B (log mes1 + Tt-s—l) + §VCL7“t (log Myt1 + Tt+1) =0.
This implies that the Euler equation can be restated as:
i 1 i i
Eymy1 + Eyry g + 3 [Vartmt+1 + Vartrtﬂ] + Couvy (mt+1,rt+1) =0.

Let R{ be the risk free rate between period ¢ and ¢ + 1, known at ¢, then Tg = —log Eymy41.
Since log Eymy+1 = Eymyy1 + %V@T’tmt_t'_l and likewise for Ri 11, we get:

log EtR;ﬁ_H — 7{ = —Couy (mt+1, T‘L_l) .

We know that:
. £ A
ripr =17 4+ Aeppy — Apiya,

where e} is the exchange rate between the currency of country i and the dollar. The log

currency risk premium is then equal to:

log(crp, ) = —Covy (myg1, Aej, ) + Covy (myt1, Appir) -

Complete markets If markets are complete, then the percentage change in the real ex-
change rate is Alog qéH = log miH — log my11. Substituting this in the expression for the log

currency risk premium,
log (Crpiﬂ) = —Couy (log met1, Alog €i+1 - Alogpt-i—l) )

and assuming that Couvy (log mey1, Alog pl +1) = 0, produces the following expression for the

log currency risk premium:
log (crpiﬂ) = —Couy; (log Myy1,log miH — log mt+1) .

This immediately delivers equation (9).
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