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1. Introduction

It is well-established that uncovered interest rate par-
ity (UIP) does not hold for major currencies. Currencies
with positive interest rate differentials tend to appreciate,
whereas UIP predicts that they depreciate. A common in-
terpretation of deviations from UIP is that currencies com-
mand an interest-rate-dependent risk premium: currencies
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with relatively high interest rates are riskier for investors
(Fama, 1984).

In this paper, we use a present-value model to impose
structure on the currency risk premium. We argue that the
currency risk premium depends on another, latent compo-
nent that is imperfectly correlated with the interest rate
differential. When purchasing power parity (PPP) holds,
the present-value approach decomposes the real exchange
rate into the sum of all expected future interest rate differ-
entials minus the sum of all future currency risk premiums
(Campbell and Clarida, 1987; Engel and West, 2005; 2010).
Building on this approach, Menkhoff et al. (2017) show
that the real exchange rate has predictive power for the
cross-section of currency returns. Allowing for a missing
risk premium component in a present-value model has
similar implications for the time series of currency re-
turns. In a simple present-value model, we show that tra-
ditional Fama (1984) regressions have an omitted variable,
which closely relates to the real exchange rate. Our result
echoes the well-known result that the price-dividend ratio
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Fig. 1. Real exchange rates and subsequent five-year currency returns.
This figure shows the demeaned log real exchange rate expressed in dol-
lars per unit of foreign currency (in blue) and the subsequent five-year
dollar return for an equal-weighted currency portfolio of seven curren-
cies (in red). The long-term mean of the real exchange rate is computed
in real time using an expanding window, and thus starts at zero. (For in-
terpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

predicts future stock returns. In the context of exchange
rates, PPP implies that the real exchange rate plays a role
similar to that of the price-dividend ratio.

As the missing risk premium is more persistent than
the interest rate differential, the real exchange rate be-
comes increasingly important as the forecasting horizon
increases. Fig. 1 illustrates this point. It plots the log real
dollar price of a portfolio of seven major currencies (in
blue) along with the portfolio’s subsequent five-year re-
turn (in red). For example, in 1985 foreign currencies ap-
peared particularly cheap after a period of dollar appreci-
ation. The subsequent return on investing in foreign cur-
rencies was particularly high, a pattern that repeats itself
over time. This pattern is reminiscent of the predictive re-
lation between valuation ratios and subsequent stock re-
turns, that is, high prices are followed by low returns, and
vice versa. For example, Cochrane (2011) presents a similar
figure comparing the log price-dividend ratio and subse-
quent returns. We establish this pattern for currencies.

Our present-value model allows us to disentangle the
movements in the real exchange rate that are due to the
interest rate differential and the missing risk premium. We
take the model to the data and recover the dynamics of the
latent missing risk premium from the restrictions imposed
by the model. We use a Kalman filter to estimate it by
means of maximum likelihood. We find that the missing
risk premium, not the interest rate differential, accounts
for most of the variation in the real exchange rate and
currency returns. As a result, the missing risk premium is
highly correlated with the real exchange rate, in line with
our observation that the real exchange rate should predict
currency returns.

The model allows us to shed light on the puzzling rela-
tion between exchange rates and interest rate differentials
[see Frankel and Rose (1995), for a review]. If the currency
risk premium depends on the interest rate differential, the
present-value model implies that both expected future in-
terest rate differentials and future currency risk premiums
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depend on interest rate differentials. In the absence of a
missing risk premium, we would therefore expect a near-
perfect correlation between real exchange rates and inter-
est rate differentials. However, this correlation is weak in
the data and typically sends conflicting signals: an increase
in the interest rate differential today predicts a higher fu-
ture return, but that tends to come with a higher current
exchange rate, which predicts a lower future return. As the
interest rate differential is less persistent than the miss-
ing risk premium, it has only a modest effect on the real
exchange rate, which is mostly driven by movements in
the missing risk premium. Allowing for a missing risk pre-
mium resolves this tension.

We highlight the role of the real exchange rate in gen-
erating the predictability reversal shown by Bacchetta and
Van Wincoop (2010) and Engel (2016). In the data, the pos-
itive relation between the currency risk premium and the
interest rate differential reverses over the horizon, imply-
ing that currencies with higher interest rates appear safer
in the long run. Our findings help in understanding this
result. We find that the interest rate differential and the
missing risk premium have opposite effects. A positive in-
terest rate differential shock raises future returns but also
comes with an immediate increase in the missing risk pre-
mium. The net effect is an increase in the currency risk
premium in the short run. However, as the missing risk
premium is more persistent than the interest rate differ-
ential, this leads to a decrease in the currency risk pre-
mium in the long run. Hence, the currency appears riskier
in the short run and safer in the long run, as noted by
Engel (2016).

We consider alternative versions of the present-value
model to evaluate the robustness of our results. First,
we extend our present-value model to allow for addi-
tional predictors of currency returns. Recent examples of
other predictors include volatility and variance risk pre-
miums (Londono and Zhou, 2017) and external imbalances
(Gourinchas and Rey, 2007; Della Corte et al., 2012). Our
results remain similar when estimating variants of our
model incorporating additional predictors. The additional
predictors are less persistent than the real exchange rate
and can thus only cast light on currency risk premium
fluctuations over short and medium-term horizons. Fur-
thermore, we find that additional predictors do not deliver
the strongly negative correlation between interest rate and
the missing risk premium, and thus cannot alone repro-
duce Engel’s (2016) predictability reversal.

Second, we evaluate the robustness of our results to
alternative assumptions about the dynamics of the real
interest rate differential. In our baseline model, we as-
sume that the inflation differential is nonpersistent, such
that the movements in real and nominal expected interest
rate differentials coincide. We consider alternative assump-
tions in which the inflation differential is persistent and
the real interest rates follow unobserved processes, as in
Schorfheide et al. (2018). These alternative dynamics leave
our results unchanged.

Third, we entertain the possibility that the real ex-
change rate is nonstationary. Taken literally, real exchange
nonstationarity implies that PPP does not hold. While
this appears economically unlikely, nonstationarity is
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notoriously difficult to reject empirically. A looser inter-
pretation is that PPP does hold, but that quasipermanent
shocks make the real exchange rate appear nonstationary
in short samples. Indeed, in earlier work, Campbell and
Clarida (1987) find that shocks to fundamentals accounted
for much of the variability in real exchange rates over the
1979-1986 period, when the real exchange rate exhibited
trend-like behavior. They relax the assumption that the ex-
pected long-run exchange rate is constant, while maintain-
ing that the currency risk premium is proportional to the
interest rate differential. We instead consider a model with
both a missing risk premium and a time-varying expected
long-run exchange rate, and find that variation in the ex-
pected long-run exchange rate explains only a modest frac-
tion of real exchange rate movements. To further sharpen
our estimates of the expected long-run exchange rate, we
link the expected long-run exchange rate to macroeco-
nomic fundamentals. Motivated by Menkhoff et al. (2017),
we consider three proxies for fundamentals, differences in
country productivity, export quality, and net foreign assets,
and our results remain qualitatively the same.

This paper relates to the literature studying currency
return predictability beyond the interest rate differential
[see Rossi, 2013 for a survey]. In particular, Jorda and Tay-
lor (2012), Boudoukh et al. (2016), and Balduzzi and Chi-
ang (2020) use the real exchange rate to predict currency
returns. We contribute by using a present-value model
to show why the real exchange rate together with the
interest rate differential should predict currency returns.
Kremens and Martin (2019) use almost model-free restric-
tions to construct a measure of the currency risk pre-
mium based on quanto prices. Over the short 2009-2017
period for which liquid option prices are available, they
find that both their quanto-implied risk premium and the
real exchange rate predict currency returns. Chernov and
Creal (2021) incorporate PPP into a no-arbitrage model of
the stochastic discount factor, the nominal exchange rate,
and domestic and foreign nominal yields. They find that
the variance of the stochastic discount factor is linked to
the real exchange rate, in line with our finding that the
currency risk premium is related to the real exchange rate.
Most closely related to our paper is Menkhoff et al. (2017),
who use a present-value model to justify why the real ex-
change rate should be used as a value signal in the cross-
section. Menkhoff et al. (2017) also consider the possibility
that the expected long-run exchange rate could vary over
time, which motivates the use of macroeconomic variables
to proxy for it. We make the related argument that the real
exchange rate should predict currency returns in the time
series, and use macroeconomic variables to pin down the
expected long-run exchange rate.

This paper also relates to studies that use present-
value models to decompose stock market movements. The
idea of jointly considering return predictability and cash
flow predictability is common in studies of the behav-
ior of the aggregate stock market (Campbell and Shiller,
1988; Cochrane, 2011). Our paper draws on the work of
Binsbergen and Koijen (2010), who use the Kalman filter to
extract expected dividend growth rates and expected stock
returns in a present-value model. They find that the ex-
pected stock return and the expected dividend growth rate
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are both persistent, but that the expected stock return is
much more persistent than the expected dividend growth
rate. Unlike dividend growth rates, interest rate differen-
tials are quite persistent and well approximated by a sim-
ple autoregressive process. Another difference from stock
markets is that the interest rate differential also tends to
predict future currency returns. We nevertheless find that
the missing risk premium is more persistent than the in-
terest rate differential. In this dimension, the similarity be-
tween the persistence in the real exchange rate (for study-
ing currency returns) and in the price-dividend ratio (for
studying stock returns) is striking. Put differently, highly
persistent risk premiums can explain movements in the
real exchange rate and the price-dividend ratio.

The remainder of this paper proceeds as follows. In
Section 2, we present a present-value model with a miss-
ing risk premium that can resolve empirical tensions be-
tween the interest rate differential and the real exchange
rate. In Section 3, we introduce the data and provide pre-
dictability regressions as suggested by the present-value
model. In Section 4, we estimate our baseline present-
value model, characterize the currency risk premium, and
evaluate the model’s ability to reproduce puzzling ex-
change rate facts. In Section 5, we estimate several alter-
native present-value models and consider alternative real
interest rate dynamics. In Section 6, we offer conclusions.
An Online Appendix provides supporting details.

2. Present-value model
2.1. Currency returns and the real exchange rate

Consider a strategy that borrows in dollars and invests
in a foreign currency. The log excess return on this strategy
is the dollar depreciation rate plus the interest rate differ-
ential:

(1)

where s; is the log nominal exchange rate in dollars per
unit of foreign currency at date t, and i¢ and i; are the U.S.
and foreign nominal interest rates between dates t and t +
1, respectively. We refer to rx;,; as a currency return and
the conditional expectation of it, E¢(rx¢,1), as the expected
currency return or currency risk premium.

Express the return in Eq. (1) in terms of the real depre-
ciation rate and the real interest rate differential:

TXe41 = Seq1 — S + 17 — it

MXer1 = Qe — Ge + (if — 75) — (e — Tep), (2)

where qr = s¢ + p; — pe is the log real exchange rate, with
pt and p; being the US. and foreign log price lev-
els, respectively, and 7, = pyq — pr and 7 = pf,q —
p; being the US. and foreign inflation rates, respectively.
Rewrite Eq. (2) in terms of the real exchange rate, it-
erate forward, and take conditional expectations as in
Campbell and Clarida (1987) and others:
(o) o0
qt — e = ZEt(iqu — 1) — ZEt(n}*_,_j — Ty )
j=1 j=1

- ZEt(rxH—j),

j=1

3)
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where wr = lim;_, , E¢ (g, j). Following Campbell and Clar-
ida (1987), we assume that this limit exists and refer
to it as the expected long-run exchange rate. Expression
(3) says that the real exchange rate adjusted for its ex-
pected long-run level equals the sum of expected future
real interest rate differentials (through nominal interest
rate differentials and inflation differentials) and the sum of
expected future currency returns. Linking to present-value
models of stocks, we also refer to the interest rate differ-
entials as cash flows and the expected returns as discount
rates.

Absent assumptions as to the time-series properties of
the expected long-run exchange rate, nominal interest rate
differential, inflation differential, and currency return, ex-
pression (3) is essentially without empirical content. Next,
we specify the properties of these variables, and consider
theoretical and empirical implications of this reduced-form
model.

2.2. Assumptions

In this subsection, we introduce assumptions needed to
operationalize our baseline model. Later, we will consider
a number of alternative models in which some of the as-
sumptions are relaxed.

2.2.1. Currency risk premium

We begin by specifying the currency risk premium. The
empirical results of Fama (1984) and subsequent support
in the literature indicate that the nominal interest rate dif-
ferential predicts currency depreciation. Consider the re-
gression of the future depreciation rate on the current in-
terest rate differential:

Sta1 — St = o — B(if —it) + &1, (4)

where g;,¢ is an error term. UIP states that the nominal
exchange rate should, in expectation, depreciate/appreciate
corresponding to any difference in interest rates, that is,
it implies that 8 = 1. This is routinely rejected in the data,
with estimates of the f coefficient being less than one and
often negative [see Engel (2014) for a survey]. A negative 8
coefficient means that a currency with a relatively high in-
terest rate tends to appreciate against the dollar, whereas
UIP implies that it should instead depreciate against the
dollar. This is often referred to as the forward premium
puzzle, as it was challenging for earlier models to quali-
tatively and quantitatively match estimated S coefficients.
By adding the interest rate differential to both sides of re-
gression (4), we obtain a return-predictability regression:

e =0+ (1= ) — i) + &ci1. (5)

Regressions (4) and (5) are often referred to as Fama re-
gressions.

Fama (1984) remarks that under rational expectations,
this regression translates into an expression for the cur-
rency risk premium. In addition, when the error term &;,4
is orthogonal to all available information at date t, the re-
gression implies that the interest rate differential is suf-
ficient to pin down the currency risk premium, that is,
Et (1) = o + (1 — B)(if — ir). Several studies have devel-
oped asset pricing models that can generate a time-varying
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currency risk premium. In fact, it is common to choose
model parameters such that the currency risk premium is
perfectly correlated with the interest rate differential (see,
e.g., Backus et al., 2001; Verdelhan, 2010; Farhi and Gabaix,
2016).

In this paper, we assume the following form for the cur-
rency risk premium:

(6)

This expression implies that the currency risk premium is
not spanned by the interest rate differential, but instead
depends on two other variables. The observed variable y; is
an additional predictor of currency returns that, under ra-
tional expectations, enters the currency risk premium, sim-
ilar to the interest rate differential. We later discuss candi-
dates for this additional predictor. The latent variable 7
reflects the potentially missing component of the currency
risk premium; we refer to it as the missing risk premium.
Importantly, the interest rate differential, additional pre-
dictor, and missing risk premium are allowed to correlate
with one another.

We view this as a rich reduced-form model of the risk
premium. This approach is motivated by Binsbergen and
Koijen (2010), who treat the expected stock return as a
latent variable in a present-value model of the price-
dividend ratio. As it is well-established that the interest
rate differentials and other variables have predictive power
for currency returns, we consider these variables sepa-
rately. Note that while the missing risk premium com-
ponent is unobserved, the present-value model imposes
tight restrictions on its properties. The missing risk pre-
mium will help us understand the relation between the in-
terest rate differential and the real exchange rate, and will
itself be closely related to the real exchange rate.

E(rxep1) =a + (1= B)(f —ic) + YYe + 1.

2.2.2. Dynamics

We close the present-value model using additional as-
sumptions as to the dynamics of the model variables. The
real exchange rate depends on the expected long-run ex-
change rate, expected nominal interest rate differential, ex-
pected inflation differential, and currency risk premium,
which in turn depends on the nominal interest rate, an ad-
ditional predictor, and the missing risk premium. We dis-
cuss each variable in turn.

First, we assume that the real interest rate differential
is given by an AR(1) process for the nominal interest rate
differential and a nonpersistent inflation differential:

ity — i1 = (1= p) i+ pi (i —ic) + €. (7)

o
T — e = M + 804,

(8)
where the shocks 8{ 41 and &, are independently and
identically distributed (IID) over time (but potentially
cross-correlated), and where —1 < p; < 1. Taken together,
these two equations translate into a model of the real in-
terest rate differential.

Second, we assume that the additional predictor and
the missing risk premium follow mean-zero AR(1) pro-

cesses:
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Yer1 = PyYe + &4, 9)
Nert = Pyl + &4, (10)

where the shocks & ; and &, are IID over time (but
potentially cross-correlated with other shocks), and where
—-1<py<1and -1 < p; < 1. The zero-mean assumption
does not entail loss of generality, as a nonzero mean would
be incorporated into the constant term o.

Third, we assume that PPP holds in the long run, in
the sense that the expected long-run exchange rate is con-
stant:

Wy = Ko- (11)

This assumption implies that the real exchange rate is sta-
tionary if the currency return and the real interest rate dif-
ferential are stationary. Stationarity of real exchange rates
is often imposed in the literature (see, e.g., Froot and Ra-
madorai, 2005; Brunnermeier et al., 2009; Engel, 2016;
Balduzzi and Chiang, 2020). This assumption plays a role
similar to that of the no-bubble assumption in present-
value models of stocks (see, e.g., Binsbergen and Koijen,
2010; Campbell and Shiller, 1988). While there seems to
be some agreement that real exchange rates are stationary
for major currencies, their high persistence makes it sta-
tistically difficult to distinguish them from nonstationary
processes. For this reason, in our empirical work, we either
consider estimation methods robust to various persistence
properties or complement the analyses by explicitly mod-
eling PPP deviations.

The above dynamics describe a (sparse) vector au-
toregressive model for the variables in the present-value
model. In most of the paper, we work with the simplest
model that can help us understand the properties of the
currency risk premium, and the relation between interest
rates and the real exchange rate. Hence, we assume that
PPP holds and that the inflation process is nonpersistent.
In addition, we begin by switching off the additional pre-
dictor (i.e., ¥y = 0). We later evaluate the robustness of our
findings to additional predictors and more general dynam-
ics.

2.3. Implications

Taken together, our model assumptions as to the risk
premium, the constant expected long-run exchange rate,
and the real interest rate differential lead to the following
expression for the real exchange rate (see Appendix A):

i =i — i N
G — po =P s T—p

Comparing expressions (3) and (12), we see that, rather
than being correlated with the sum of expected future in-
terest rate differentials minus the sum of future expected
returns, the real exchange rate is just correlated with the
current nominal interest rate differential and the missing
risk premium. This result follows from expected future in-
terest rate differentials and expected future returns both
being proportional to the current nominal interest rate dif-
ferential. The two-variable structure of the currency risk
premium implies that the missing risk premium compo-
nent also drives the level of the real exchange rate. Note

(12)
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that the real exchange rate inherits the properties of the
nominal interest rate differential and the missing risk pre-
mium, which both follow stationary AR(1) processes. The
real exchange rate is thus stationary. In contrast, the prop-
erties of the inflation differential imply that the nominal
exchange rate is nonstationary.

Our model implies that
predictability regression (5)
Appendix A):

e = B B=2) =+ (1= B i - i)
1 1
+ (o = 1) (@ — o) +E7%4. (13)

where the return shock is a function of the remaining
shocks:
t+1 t+1

X — _
fn =Py, 1—py

This suggests that currency return predictions should in-
clude not only the interest rate differential but also the
real exchange rate. A univariate regression with only the
interest rate differential ignores the long-run restriction
implied by PPP and can therefore yield biased estimates
of the B coefficient. The unexpected currency return is a
weighted sum of the interest rate differential shock, eg o
the missing risk premium shock, st”H; and the inflation
differential shock, &7 ;. Note that as the inflation differ-
ential is nonpersistent, it does not appear in the real ex-
change rate in Eq. (12). However, inflation shocks matter
in the short run and affect currency returns in Eq. (14).

return-
(see

the traditional
translates  into

&l el

-l (14)

3. Data and predictability regressions
3.1. Data

We retrieve monthly spot and one-month forward ex-
change rates from Barclays Bank International and Reuters
(via Datastream) for the period from January 1976 to May
2020. We consider the G10 currencies: the Australian dol-
lar (AUD), Canadian dollar (CAD), euro (EUR), Japanese yen
(JPY), Norwegian krona (NOK), New Zealand dollar (NZD),
Swedish krona (SEK), Swiss franc (CHF), pound sterling
(GBP), and U.S. dollar (USD). We let the USD be the domes-
tic currency and express all exchange rates in USD per unit
of the foreign currency. For the CAD, EUR (spliced with
the German mark before 1999), JPY, NOK, SEK, CHF, and
GBP, the sample begins in January 1976; for the AUD and
NZD, data availability requires that the sample start in Jan-
uary 1985.2 We construct an equal-weighted portfolio of
the seven countries with full coverage and refer to it sim-
ply as the “portfolio.”

We compute implied one-month interest rate differen-
tials using the covered interest rate parity (CIP): if —ir =
st — ft, where s; and f; denote the log spot and forward
exchange rates, respectively. As significant deviations from

! The nominal exchange rate is s; = q; + p; — p{, which is the sum
of the stationary real exchange rate, q;, and the random walk, p; — p;.
Hence, the nominal exchange rate cannot be stationary.

2 For the JPY up to 1978, we use data obtained from the Financial Times,
as in Hsieh (1984).
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Table 1
Summary statistics.

Journal of Financial Economics 143 (2022) 697-715

This table presents means, standard deviations, and first-order autocorrelations for key variables: rx; is the log excess return for a U.S.
investor going long a foreign currency, g, is the demeaned log real exchange rate in USD per unit of foreign currency, if —i; is the
difference between foreign and U.S. interest rates, and 7 — m; is the difference between foreign and U.S. inflation rates. All variables are
sampled monthly. Results are reported for Australia (AUD), Canada (CAD), Germany (EUR), Japan (JPY), New Zealand (NZD), Norway (NOK),
Sweden (SEK), Switzerland (CHF), the UK (GBP), and an equal-weighted average of the seven currencies with full coverage (referred to as

the portfolio).

AUD CAD CHF EUR GBP JPY NOK NZD SEK Portfolio
Sample begins: 85.01 76.02 76.02 76.02 76.02 76.02 76.02 85.01 76.02 76.02
Sample ends: 20.05 20.05 20.05 20.05 20.05 20.05 20.05 20.05 20.05 20.05
X Mean (%) 0.178 —0.005 —-0.045 —-0.043 0.032 —0.038 0.055 0376  —0.030 —0.011
S.D. (%) 3.413 2.029 3.383 3.090 2.960 3.246 3.085 3.574 3.134 2.343
AC(1) 0.053 —0.042 0.009 0.020 0.077 0.059 0.031 —0.006 0.080 0.051
qr — Mg Mean (%) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
S.D. (%) 18.238 11.947 15.723 15460  12.736 18.991 14.501 18.874 21.009 12.320
AC(1) 0.982 0.981 0.976 0.979 0.969 0.982 0.972 0.972 0.984 0.980
i — i Mean (%) 0.229 0.055 -0.232 -0.116 0.125  -0.233 0.161 0.313 0.114 —0.018
S.D. (%) 0.234 0.139 0.267 0.229 0.227 0.231 0.290 0.359 0.308 0.181
AC(1) 0.907 0.813 0.873 0.882 0.898 0.882 0.819 0.877 0.782 0.884
wp —m  Mean (%) 0.058 -0.005 -0.156 -0.108 0.061 -0.177 0.035 0.057 0.023 —0.047
S.D. (%) 0.615 0.327 0.387 0.408 0.489 0.490 0.520 0.773 0.528 0.287
AC(1) —0.124 0.008 0.239 0.096 0.122 0.125 0.134  —-0.088 0.127 0.230

the CIP have been seen since the global financial crisis of
2007-2009 (Du et al., 2018), the implied interest rate dif-
ferential can be seen as a shadow differential or a differ-
ential including convenience yields (Engel and Wu, 2020;
Jiang et al., 2021). Log excess returns for a U.S. investor
going long a foreign currency are computed as rx;,; =
St+1 — St +if —ir. Log real exchange rates are computed as
gt = St + pf — pt, where pf and p; are log consumer price
indexes obtained from the Organisation for Economic Co-
operation and Development (OECD). Log inflation differen-
tials are computed as w; — e = (pf — pf_4) — (Pr — Pe—1)-
The statistical agencies in Australia and New Zealand re-
lease price indexes on a quarterly basis. We therefore for-
ward fill the price indexes for the AUD and NZD in the
months until the next quarter. This creates stale prices but
avoids introducing future information into the economist’s
information set.

Table 1 reports summary statistics for monthly returns,
real exchange rates, interest rate differentials, and inflation
differentials for each currency as well as the portfolio. Re-
turns are on average low, but quite volatile, with monthly
standard deviations in the 2.0-3.6% range. Returns exhibit
little serial correlation. The real exchange rates and the
interest rate differentials are highly persistent. The first-
order autocorrelations are higher for the real exchange
rates (0.980 for the portfolio) than for the interest rate dif-
ferentials (0.884 for the portfolio). The autocorrelation of
the inflation differential is weakly positive for the curren-
cies with monthly prices and a full sample period, whereas
it is weakly negative for the AUD and NZD due to the stale
forward-filled monthly prices.

3.2. Predictability regressions

We next run predictability regressions of the future cur-
rency return on the current interest rate differential and
the current real exchange rate:

X1 =a+ b3 —ir) +cqr + Uy, (15)
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where the present-value model suggests that

1
As it is well known that high persistence in regressors and
correlations between regressor innovations and return in-
novations raise econometric concerns (Stambaugh, 1999),
we use the instrumentation procedure developed by
Kostakis et al. (2015) in addition to OLS. The procedure
is derived from Magdalinos and Phillips (2009) and con-
sists of removing endogeneity by a filtering procedure re-
ferred to as IVX estimation. Intuitively, the method controls
the degree of persistence of data-filtered IVX instruments.
The tests for predictability are robust to various persistence
properties (i.e., unit root, local-to-unit root, near stationary,
and stationary) of the interest rate differential and the real
exchange rate, and can be applied to predictability regres-
sions of multihorizon returns.

Panel A of Table 2 reports regressions of the future cur-
rency return on the current interest rate differential only.
In the first two columns we report OLS and IVX regres-
sions for the portfolio (the “poor man’s” pooling). We com-
plement these regressions with a panel regression of all
nine currencies, allowing for fixed currency effects. The es-
timates of b are all above one and significantly different
from zero, in contrast to the UIP prediction 8 =1 (i.e, b=
0), where the interest rate differential on average equals
the currency depreciation.

We argue that the Fama regression can contain an
omitted-variable bias once one recognizes the implications
of our present-value model. Panel B of Table 2 reports re-
gressions in which we include the real exchange rate as
in regression (15). In principle, correcting for the omitted-
variable bias could restore the UIP prediction 8 = 1. How-
ever, we now find more positive estimates of the b co-
efficients (i.e., stronger evidence that interest rate differ-
entials negatively predict future exchange rate deprecia-
tions). When the real exchange rate is high (i.e., the foreign

b=1- and c=py—1 (16)
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Table 2

Predicting currency returns.

Panel A presents predictive regressions of the future currency return, rx,, on the cur-
rent interest rate differential, if —i;, and the current real exchange rate, q.. Panel B
presents predictive regressions of one-year cumulative returns, rx; ;12 = Z,Z] X¢ ik, ON
the same variables. One-month-horizon OLS regressions for the currency portfolio are
reported with Newey and West (1987) standard errors, accounting for conditional het-
eroskedasticity and serial correlation up to three lags, in parentheses. One-year-horizon
OLS regressions are reported with Hansen and Hodrick (1980) corrected standard errors
with 12 lags. The IVX column shows results using the instrumentation procedure devel-
oped by Kostakis et al. (2015), in which p-values are computed according to a Wald test
of significance for each individual predictor. The panel regressions consider unbalanced
data on nine currencies versus the dollar and use moment conditions as in Bansal and
Dahlquist (2000). They include currency fixed effects and standard errors allow for
cross-sectional and serial correlation in the errors as well as for heteroskedasticity in
the errors. The one-year panel regression is reported for both nonoverlapping observa-
tions (returns are over a calendar year) and overlapping observations. The R? values for

the panel regressions are within-R? values. ** p < 0.01, ** p < 0.05, * p < 0.10.

OLS VX

Panel (nonoverlapping)

Panel (overlapping)

Panel A: One-month horizon

X1 = A+ b (i — i) + Uy

1.898** 1.897++ 1.615%+*
(se.)  (0.748) (0.558) (0.365)
R2 0.022 0.022 0.018
N 531 531 4,574

X1 =a+b (@ —it) +cqr + Ui

b 2.158% 2.090%* 1.777++
(se.)  (0.729) (0.582) (0.364)
c ~0.016* -0.014* —0.017++
(se.)  (0.009) (0.008) (0.006)
R? 0.028 0.026 0.026
N 531 531 4,574

Panel B: One-year horizon

X2 = G+ b (i — i) + Ureinn

19.583*** 19.825%** 16.272%** 14.405***
(se)  (6.487) (5.908) (3.591) (3.240)
R? 0.140 0.144 0.132 0.095
N 520 520 371 4,466

MXev2 =a+b (0 —ir) +cqe + U ern2

b 23.301%** 22.686%** 17.897*** 16.514***
(se)  (6.236) (6.150) (3.214) (3.085)
c —0.252** —0.232** —0.247*** —0.244+**
(se)  (0.102) (0.100) (0.067) (0.064)
R? 0.237 0.218 0.244 0.202
N 520 520 371 4,466

currency is expensive relative to the dollar), future cur-
rency returns tend to be lower. A one-standard-deviation
increase in the real exchange rate lowers the next-month
return by 0.20%. This effect is similar to that of a one-
standard-deviation change in the interest rate differen-
tial. While the point estimates are large, they are im-
precise and one could worry about the statistical signifi-
cance. Note, however, that a more powerful null hypoth-
esis would condition on a stationary real exchange rate.
Cochrane (2008) makes this point in the context of pre-
dicting stock market returns using the price-dividend ra-
tio. If the price-dividend ratio is stationary, it must pre-
dict future dividend growth, future returns, or both. Like-
wise, if the real exchange rate is stationary, it must predict
future interest rate differentials, future returns, or both.
Balduzzi and Chiang (2020) apply this idea to exchange
rates and reject the null hypothesis that the real exchange
rate does not predict currency returns.

A large literature shows that PPP holds better over long
horizons (e.g., Mark, 1995; Eichenbaum et al., 2021), which
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should translate into stronger predictive power of the real
exchange rate in long-horizon regressions. Panels C and D
of Table 2 report results of the predictive regression of
one-year returns. The OLS and IVX estimates are statis-
tically significant at the 5% level. This is consistent with
Boudoukh et al. (2016), who use the real exchange rate
as a predictor of exchange rate depreciation over the one-
year horizon. Complementing panel regressions (both with
and without overlapping observations) confirm the predic-
tive power of the interest rate differential and the real ex-
change rate. We further illustrate this point in Fig. 1, which
plots the real exchange rate against subsequent five-year
currency returns. They are highly negatively correlated,
suggesting that future currency returns offset changes in
the real exchange rate.

We evaluate whether our predictability results are
similar across currencies. For example, one concern could
be that safe-haven currencies like CHF and JPY behave dif-
ferently from other major currencies. Table 3 reports OLS
results for the individual currencies (the Online Appendix
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Table 3
Predicting individual currency returns.
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Panel A presents predictive regressions of the future currency return, rx.,, on the current interest rate differential, i} —i;, and the
current real exchange rate, g;. Panel B presents predictive regressions of one-year cumulative returns, rx;,1» = Z}(i] Xk, ON the
same variables. One-month-horizon OLS regressions for the currency portfolio are reported with Newey and West (1987) standard
errors, accounting for conditional heteroskedasticity and serial correlation up to three lags, in parentheses. One-year-horizon OLS
regressions are reported with Hansen and Hodrick (1980) corrected standard errors with 12 lags. ** p < 0.01, ** p < 0.05, * p < 0.10.

AUD CAD CHF EUR GBP JPY NOK NZD SEK

Panel A: One-month horizon
repp =a+b (i —ie) + ey
b 1.9271*+ 1.797* 1.771* 1.527* 2.305% 2.494%+ 1.105* 1.982% 0.555
(s.e.) (0.593) (0.530) (0.709) (0.763) (0.730) (0.595) (0.661) (0.444) (0.699)
R? 0.017 0.015 0.019 0.013 0.031 0.031 0.011 0.040 0.003
N 425 531 531 531 531 531 531 425 531
Tepr =a+b (i —i) +cqe + i
b 2.053*+ 2.494%+ 2.291%+ 1.727+ 2.468*+ 2.470%+ 1.199* 1.762%+ 0.859
(se)  (0.608) (0.647) (0.741) (0.759) (0.734) (0.594) (0.651) (0.444) (0.786)
c -0.016* —0.022** —0.028+** -0.018* —0.024* -0.013 -0.014 -0.017* —0.009
(se)  (0.009) (0.008) (0.012) (0.010) (0.013) (0.008) (0.010) (0.010) (0.007)
R? 0.024 0.029 0.035 0.020 0.041 0.037 0.015 0.047 0.006
N 425 531 531 531 531 531 531 425 531
Panel B: One-year horizon
ez = A+ b —ie) + Urein
b 17.427* 5.797 17.284* 14.384* 16.282*+ 23.896*+* 11.539* 14.765*+ 8.419
(se)  (7.923) (6.109) (6.121) (7.074) (6.153) (6.824) (5.020) (5.286) (5.229)
R? 0.107 0.014 0.130 0.072 0.104 0.175 0.080 0.149 0.039
N 414 520 520 520 520 520 520 414 520
Teepiz =@+ b (i —ie) +Cqe + Ur i

b 19.158* 11.677* 23.764* 17.336* 18.041* 23.580*+* 12.755%+ 11.203* 14.540%+
(se)  (7.479) (6.035) (5.688) (6.704) (5.605) (6.455) (4.877) (5.020) (5.335)
c —-0.217* —0.188* —0.350** —0.272* —0.363** —0.208** -0.220* —0.262** —0.204**
(s.e.) (0.098) (0.085) (0.102) (0.106) (0.112) (0.088) (0.114) (0.100) (0.096)
R? 0.210 0.104 0.297 0.185 0.257 0.263 0.146 0.275 0.118
N 414 520 520 520 520 520 520 414 520

reports the corresponding IVX results). Although point
estimates are less precisely estimated, we find that they
are similar across currencies. This lends support to the
generality of our findings and that pooling of currencies is
reasonable.

Overall, the evidence in this subsection indicates that
the real exchange rate has predictive power for currency
returns. While this is already known, we contribute by in-
troducing a latent risk premium component in a present-
value model that suggests that the real exchange rate
should be included in the predictability regression. Note
that this does not mean that the real exchange rate is
the missing risk premium. The real exchange rate also
contains information about future interest rate differen-
tials and thus only imperfectly captures the risk premium.
Furthermore, the real exchange rate could vary because
the expected long-run exchange rate varies over time (i.e.,
the real exchange rate is nonstationary). Finally, our as-
sumption about the risk premium could neglect other vari-
ables that have predictive power for currency returns. As
these issues are better addressed within the present-value
framework, we return to them in Section 5.

4. Taking the model to the data

In this section, we estimate our present-value model
and study its implications. Our model assumes that the
real exchange rate is a function of both an observable vari-
able (i.e., the nominal interest rate differential) and an un-
observed variable (i.e., the missing risk premium). This dif-
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fers from related studies of the stock market, which typ-
ically feature two unobserved variables. A key aspect of
currencies is that the cash flows that accrue to investors
are future interest rate differentials. Interest rate differen-
tials are highly persistent, which means that the current
interest rate differential captures expected future interest
rate differentials. This is different from stocks. Like the log
real exchange rate, valuation ratios such as the log price-
dividend ratio approximately equal the present value of fu-
ture cash flows minus expected stock returns. However, fu-
ture cash flows are much harder to predict, which means
that the model has to accommodate a second unobserved
variable. The presence of two unobserved variables moti-
vates the Kalman filtering approach of Binsbergen and Koi-
jen (2010). Our models do not require this complication.
However, this additional degree of freedom lets us later ex-
plore models featuring an additional unobserved variable:
the expected long-run exchange rate, as in Campbell and
Clarida (1987).

4.1. Model estimation
We can cast our model in the following state-space

form:

Y = AX; + 1, (17)

Xi = BX;_1 + &, (18)

where A and B are matrices of the underlying parameters
of the present-value model. To reduce the number of pa-
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Table 4

Estimation of the baseline model.

This table presents estimates of the present-value model
with a constant expected long-run exchange rate (stationary
model). Expressions for the model are given in Appendix B.
The model is estimated by maximum likelihood for the cur-
rency portfolio. Standard errors are reported in parentheses.

B -1.764
(s.e.) (0.654)
Pi 0.882
(s.e.) (0.014)
o; 0.085
(s.e.) (0.001)
Pn 0.978
(s.e.) (0.008)
oy 0.062
(s.e.) (0.025)
Pni -0.611
(s.e.) (0.118)

Log-likelihood -631.6

rameters to be estimated, we work with demeaned vari-
ables. Eq. (17) is the measurement equation, where Y; is
a vector of observed variables; Eq. (18) is the transition
equation for the state vector X;, which includes variables
that are potentially unobserved. Finally, v; and &; are vec-
tors of observation errors and state innovations, respec-
tively, that are IID over time but potentially correlated.
Since all equations are affine, under the extra assumption
that the shocks are normally distributed, we can use the
Kalman filter and estimate the model with maximum like-
lihood (Hamilton, 1994).

The measurement equation consists of the real ex-
change rate and the interest rate differential, Y; = [q¢, i} —
ir], and the state vector contains the interest rate differ-
ential and the missing risk premium, X; = [i} — i, n¢]. The
measurement equation for the real exchange rate is given
by Eq. (12); the dynamics of the state vector are given by
Egs. (7) and (10). Note that there is no error term in the
measurement equations, which allows us to model the co-
movements between the missing risk premium and the in-
terest rate differential in the vector & = [sg, 8;7]. In sum,
we have the following state-space system:

[.ﬂf } - [fp 13]pn}[i? "'f}, (19)
[ 1 0 Nt
l; — it _ Pi 0 i?_] - i[,] 8;‘ 20
[ e } [0 pn][ nea | el (20)
with
i 2 .
Var([j,r,D - [Z gﬂ;] (21)
t n n

The corresponding correlation between the shocks in
Eq. (21) is denoted p,;. Our baseline model then comprises
six parameters in total: p;, 03, B, py, oy, and py;.

4.2. Estimation results

Table 4 presents estimates of the model parameters
for the currency portfolio. We found earlier, in line with
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Fig. 2. Real exchange rate decomposition. This figure shows the decom-
position of the level of the log real exchange rate (q;, in blue), according
to Eq. (12), into the missing risk premium (7, in red) and interest rate
differential (if —i;, in yellow) components. (For interpretation of the ref-
erences to color in this figure legend, the reader is referred to the web
version of this article.)

the literature, that the implied B coefficients in the
Fama regressions are mostly negative, indicating that high-
interest-rate currencies tend to have higher future returns.
Table 4 reports B estimates that are even more negative
than implied by the coefficients in Table 2.

Next, consider the estimates of the volatility and persis-
tence parameters. While the interest rate differential shock
is more volatile than the missing risk premium shock (i.e.,
o; > oy,), the missing risk premium is more persistent than
the interest rate differential (i.e., o, > p;). This difference
in persistence is economically large and significant. The
estimate of p; is 0.882, corresponding to a half-life of
about 5.5 months for the average interest rate differen-
tial. The estimate of p, is 0.978, corresponding to a half-
life of 31.7 months for the missing risk premium, which
is broadly consistent with previous estimates of deviations
from PPP (see, e.g., Rogoff, 1996; Burstein and Gopinath,
2014). Importantly, the missing risk premium shock and
the interest rate differential shock are negatively correlated
(—0.611). Later we show that this correlation coefficient
allows the comovement between the real exchange rate
and the interest rate differential to be consistent with the
data.

We report individual currency results in the Online Ap-
pendix. While there is heterogeneity in the parameter esti-
mates, they convey the same message. For example, the
estimates are all negative, in the range from —0.4 to —2.6.
For each currency, we observe that the volatility of the in-
terest rate differential shock is greater than the volatility
of the missing risk premium shock and that the missing
risk premium is more persistent than the interest rate dif-
ferential. These results are in line with the results for the
currency portfolio.

4.3. Decompositions

Fig. 2 shows decompositions of the real exchange rate
according to Eq. (12). Most of the variation in the real ex-
change rate is captured by the missing risk premium. The
figure also reproduces the disconnect between the real ex-
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Table 5
Variance decomposition of the unexpected currency return.
This table presents variance decompositions of the unexpected currency return (with standard errors in parentheses):

&l el g/ &
_ Cov(ip.6ffy)  Cov(—ef . effy)  Cov((B-D= efy)  Cov(eig &)  Cov(ef, ey | Cov(sg. efy)
Var(e%,) Var(e%,) Var(ef% ;) Var(e%,) Var(e%,) Var(ef% ;)

The baseline present-value model makes a contribution due to the interest rate differential shock (&), split into a cash flow com-
ponent (8&-) and a risk premium component (a;'w), the missing risk premium shock (&), and the inflation differential shock (e7).
NXA, XVP, and VRP refer to the deviation from trend of a weighted combination of: gross assets, gross liabilities, gross exports, and
gross imports; the global currency variance risk premium; and the equity variance risk premium, respectively. The column labeled
“Real model” reports the decomposition for the alternative modeling of the real interest rate differential (index i here refers to the
real interest rate differential). The models with additional predictors also make a contribution due to the shock in a predictor (&¥).
The models with expected long-run exchange rate also make a contribution due to their shock (¢). Prod, Qual, and NFA refer to
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productivity, quality, and net foreign assets, respectively (see Table 9). Standard errors are based on the delta method.

Baseline Additional predictor models Real Time-varying expected long-run exchange rate
model model models
NXA XVP VRP - Prod Qual NFA

ekp 6.4 6.5 6.6 6.3 0.4 7.4 6.4 6.3 6.3
(s.e.) (1.3) (1.4) (1.4) (1.3) (0.6) (1.5) (1.3) (1.3) (1.3)
Ekp -17.6 -17.4 -19.9 -16.6 -1.6 —24.5 -17.7 -16.7 -17.3
(s.e.) (6.0) (6.2) (7.4) (5.9) (2.4) (7.1) (6.1) (5.8) (6.0)
en 109.7 92.7 114.9 108.5 99.7 126.7 109.7 100.4 104.8
(s.e.) (5.2) (13.7) (7.1) (5.1) (1.9) (9.5) (5.2) (9.2) (8.1)
e” 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
(s.e.) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1)
&y 16.7 -3.1 0.3
(s.e.) (13.0) (2.7) (1.0)
&v -11.0 0.0 8.4 4.6
(s.e.) (4.1) (0.4) (8.0) (6.1)

change rate and the interest rate differential. Although the
interest rate differential captures currency risk premium
movements over short horizons, its effect dies out when
accumulated to the exchange rate level (i.e., to an infinite
horizon). The Online Appendix shows real exchange rate
decompositions for individual currencies, as Fig. 2 does.
Again, the real exchange rate variations are mainly due to
movements in the missing risk premium.

Next, we ask what fraction of the unexpected cur-
rency return can be attributed to each component. Table 5
presents estimates for the variance decomposition of the
unexpected currency return. The first column reports the
results for the baseline model with unexpected return,
(14). The remaining columns report the results for mod-
els with additional predictors, a model with the real inter-
est rate differential, and models with a time-varying ex-
pected long-run exchange rate (discussed later). We com-
pute decompositions for the currency return rather than
the real exchange rate, as the return is stationary even if
the real exchange rate is nonstationary. We decompose the
currency return into cash flow and discount rate shocks
and thus split the variance attributable to interest rate
shocks into a cash flow component and a discount rate
component.

Table 5 shows that cash flow shocks (due to inter-
est rate and inflation shocks) account for around 8% of
the variance of unexpected returns. Discount rates ac-
count for around 92% of the variance of unexpected re-
turns. This result is expected: there is mounting evidence
that discount rate shocks dominate asset price movements
(Cochrane, 2011). Balduzzi and Chiang (2020) find similar
reduced-form evidence for the real exchange rate under
stationarity.
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4.4. Properties of the currency risk premium

In this subsection, we discuss the implications of a
missing risk premium for the properties of the currency
risk premium. Fama (1984) remarks that the slope coeffi-
cient B in regression (4) has implications for the expected
depreciation rate, E;(As;.1), as well as for the risk pre-
mium, E¢(rx;,1). UIP implies that § =1 and that the cur-
rency risk premium is zero, that is, E¢(rx,.;) = 0, whereas
when B # 1, the currency risk premium is time varying.’
Furthermore, the B coefficient reveals conditions of how
much the risk premium varies in comparison with the ex-
pected depreciation rate (a variance condition), and how
the risk premium and the expected depreciation rate co-
vary (a covariance condition). Satisfying these conditions
requires that the price of risk should be high when do-
mestic interest rates are low and foreign interest rates are
high, which macro-finance models had difficulty reproduc-
ing in the past. While these conditions were originally cast
in a regression model in which the currency risk premium
was spanned by the interest rate differential, it is useful
to evaluate whether they continue to hold in our present-
value model.

The variance condition is that Var(E;(rx;1)) >
Var(E;(Ast;1)). We know from Table 2 that condi-
tioning on the real exchange rate yields a larger R? value,
which implies a more variable currency risk premium. For
example, the R% value in the one-month OLS regression

3 UIP is actually a statement of the expected level (not log) of excess
return, which means that we abstract from a Jensen’s inequality term.
Here, the important deviation from UIP is a time-varying currency risk
premium, not a nonzero but constant currency risk premium.
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Table 6

Properties of the currency risk premium.

This table presents empirical moments (with standard errors in paren-
theses) for the currency risk premium and the expected depreciation
rate, related to the so-called Fama conditions. Moments in the column
labeled “Fama regression” derive from OLS estimates of regression (5);
moments in the column labeled “Present-value model” derive from the
estimation of the present-value model with a constant expected long-
run exchange rate (stationary model), as reported in Table 4. Standard
errors are computed using the delta method.

Fama Present-value
regression model
Var(E; (rxg.1)) — Var(E; (Asg41)) > 0
Var(E; (rx;;1)) — Var(E¢ (As;11)) 0.092 0.099
(s.e.) (0.037) (0.030)

Var(E; (rX+1)) > CoV(E (Xe11). Et (Aspi1)) > Var(Ec (Asei1))

Var (E¢ (rxe41)) 0.118 0.206
(s.e.) (0.070) (0.069)
Cov(E; (rXe11), Et (ASt41)) 0.056 0.141
(s.e.) (0.051) (0.055)
Var(E¢ (Asy1)) 0.027 0.107
(s.e.) (0.033) (0.044)

for the currency portfolio increases from 2.2% to 2.8%, a
31% increase. Hence, accounting for the real exchange rate
implies a more volatile risk premium. However, doing so
also affects the variance of the expected depreciation rate.
In our model, the difference between the two variances is
given by

Var(E¢ (rx41)) — Var(E¢(Ase11)) = (1 —2p)Var(if —ir)
+2COV(Th, l? — lr)
(22)

In the absence of a missing risk premium, this differ-
ence is positive when 8 < 1/2, as in the data. However,
with a missing risk premium, the difference also depends
on Cov(n,if —i¢). The net effect is therefore an empirical
question.

The covariance condition is that Var(E:;(rx..1)) >
Cov(E¢ (e, 1), Er(Ast 1)) > Var(E;(As;41)). In our model,
the covariance between the currency risk premium and the
expected depreciation rate is:

Cov(E; (rX¢41), Ec (A1) = Var(ne)+B(B—1)Var(if — i¢)
+(1=2B)Cov(ny. it —ir).
(23)

In the absence of a missing risk premium, this covariance
is positive when B8 <0, as B(8 —1) > 0, consistent with
the conditions outlined in Fama (1984) and Bansal and
Dahlquist (2000). With a missing risk premium, however,
the covariance could be negative if Cov(n,if —it) <0, as
1-28 > 0. The sign of the covariance is thus also an em-
pirical question.

Table 6 reports the moments related to the variance
and covariance conditions. In the first column, we com-
pute the moments using OLS coefficients in the Fama re-
gression and in the second column we compute the mo-
ments implied by the estimates of the present-value model
parameters. In both cases, the variance difference is pos-
itive, meaning that the variance condition continues to
hold in the present-value model. Note that our present-
value estimates imply that the two terms in the differ-
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Table 7

Real exchange rates and interest rate differentials.
This table presents the results of regressing the real
exchange rate, q;, on the interest rate differential,
iy —i;, for the currency portfolio. The first column
shows an OLS regression in levels and with Newey and
West (1987) standard errors, accounting for condi-
tional heteroskedasticity and serial correlation up to
12 lags, in parenthesis. The second column shows a
regression that uses the Cochrane-Orcutt procedure to
account for the autocorrelation of the error term and
with White (1980) standard errors, accounting for con-
ditional heteroskedasticity. The third column shows
an OLS regression in differences with Newey and
West (1987) standard errors with three lags.

Level Cochrane-Orcutt  Difference
b 16.125 4.837 4.824
(s.e.)  (7.496) (1.465) (1.504)
R? 0.056 0.033 0.033
N 532 531 531

ence have conflicting signs. The first term has a positive
sign, as the estimated B coefficient is negative. The sec-
ond term has a negative sign as it is proportional to the
covariance between the missing risk premium and the in-
terest rate differential. In Table 6, the variance difference
is greater in the present-value model because the S esti-
mate is more negative. This confirms that accounting for
the missing risk premium deepens the forward premium
puzzle. Table 6 also reports the covariance between the
currency risk premium and the expected depreciation rate.
Our model estimates satisfy the covariance condition as
well.

4.5. Why does the real exchange rate appreciate with the
interest rate differential?

Absent a missing risk premium in our present-value
model, the movements in the real exchange rate are en-
tirely due to movements in the interest rate differential.
When UIP holds and S =1, the real exchange rate equals
the present value of expected future interest rate differen-
tials and moves only because of cash flows. The foreign
currency is expensive when the interest rate in the for-
eign country is higher than in the domestic country. When
B # 1, the interest rate differential predicts future returns
and the real exchange rate also moves because of risk pre-
miums (or discount rates). When 8 < 0, the discount rate
effect dominates so that the foreign currency appears weak
when its relative interest rate is high. That is, the 8 co-
efficient captures the sensitivity of the real exchange rate
with respect to both cash flows and discount rate shocks
and the persistence in the interest rate differential is cen-
tral. Hence, in the absence of a missing risk premium, our
present-value model predicts that the real exchange rate
is perfectly correlated with the expected future interest
rate differentials. In addition, this correlation must have
the same sign as the B coefficient.

Empirically, the correlation between the real exchange
rate and the interest rate differential is weak and has the
wrong sign. Table 7 reports contemporaneous regressions
of the real exchange rate on the interest rate differential
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for the currency portfolio. The first column reports the re-
gression results in levels. The error term in this regression
is correlated with 7, and is likely serially correlated. In the
second column, we therefore use a Cochrane-Orcutt esti-
mation method, specifying an AR(1) process for the error
term. The third column reports a regression of the change
in the real exchange rate on the change in the interest rate
differential. Considering changes rather than levels allevi-
ates the potential influence of nonstationary real exchange
rates on the estimation of the slope coefficients. Absent a
missing risk premium, the R? values should be high and
the slope coefficients should be negative. However, the es-
timated slope coefficients are positive in all cases. While
the slope coefficients are imprecisely estimated and there
are statistical concerns about the level regression, the R?
values are unambiguously low.

One salient result in Table 4 is that the missing risk
premium and the interest rate differential shock are nega-
tively correlated. An increase in the domestic interest rate
(or a decrease in the foreign interest rate) corresponds to
a decrease in the missing risk premium. This is useful for
understanding why the real exchange rate appreciates con-
temporaneously with the interest rate differential. In the
model, inflation differentials are unpredictable and the co-
variance between the real exchange rate and the interest
rate differential is:

Cov(qy, iy —ir) = COV<Et Z(iﬁﬂq —lryjo1)
j=1

o0
—E Z Xty s if — it>,
j=1

BVar(if —ir)  Cov(n, if — i)
1-pi 1-py '
The sign of the covariance depends on the B coefficient
and on the covariance between the missing risk pre-
mium and the interest rate differential. As estimates of
B are often negative, there must be a compensating force
to obtain a positive covariance between the real exchange
rate and the interest rate differential. This compensating
force manifests itself in the negative correlation between
the missing risk premium and the interest rate differen-
tial. Economically, the short-run effect of an increase in
the domestic interest rate is an increase in future ex-
pected returns (i.e., 8 < 0), but less than if the missing risk
premium is left constant. As the interest rate differential
reverts to its mean faster than does the missing risk pre-
mium (ie., p; < py), the long-term effect is a decrease in
future expected currency returns, as increases in the in-
terest rate differential are associated with a real exchange
rate appreciation. The missing risk premium can also cap-
ture Engel’s (2016) finding that deviations from the UIP re-
verse over long horizons, which we discuss next.

(24)

4.6. Why does the relation between currency risk premiums
and the interest rate differential reverse over longer
horizons?

Engel (2016) finds that the positive relation between
currency risk premiums and the interest rate differential
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Fig. 3. Long-horizon predictability and the nominal interest rate differen-
tial. Panel A shows the slope coefficients and 90% confidence interval of
the regression E[(rxp,lﬂv) =a+b(if — i) + U, for the currency port-
folio and the nominal interest rate differential. Panel B decomposes the
covariance of the slope coefficient into the interest rate differential and
missing risk premium components.

reverses over longer horizons. Over shorter horizons, a rel-
atively high foreign interest rate is associated with a rela-
tively large currency premium, that is, Cov(E;(rx., ), if —
ir) > 0. This covariance reflects the usual UIP deviation.
This implies that currencies with high interest rates appear
riskier to investors. This relation reverses over longer hori-
zons, at which currencies with high interest rates appear
relatively safer. Formally, currency risk premiums are neg-
atively correlated with the interest rate differential over an
infinite horizon:

o0
Cov E[ert”,i;‘—it <0.
=

(25)

Does our present-value model reproduce this reversal?
The model’s implied expected return is given by:

Bi(rines) = (1= )4 Gt —i0) + P

where we use a “hat” on the expectation to emphasize that
it is based on estimates from our model, rather than on
observable variables. Panel A of Fig. 3 shows, over increas-
ing horizons, the slope coefficients and 90% confidence in-
terval of the following regression:

(26)

(27)

The figure plots a positive slope coefficient of around 2.2
over a monthly horizon. In line with our previous results,

E (rXes145) = @+ b(if — i) + Uy
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this indicates that currency risk premiums are positively
correlated with the interest rate differential. However, the
slope coefficient weakens with the horizon and becomes
negative after 15 months. This result is strikingly similar
to that of Engel (2016), although the model we use to gen-
erate expected returns differs from the one he considers.

Panel B of Fig. 3 shows why our model can replicate
the changing relation between currency risk premiums and
the interest rate differential. The figure plots the covari-
ance between currency risk premiums and the interest rate
differential, which mirrors the slope coefficient in Panel A.
The figure also plots two components of this covariance.
The first component equals (1 — B),é,.]Var(i;* —1ir) and cap-
tures the covariance attributable to the interest rate differ-
ential. This component is always positive (as p; > 0) and
decays towards zero as the horizon increases. The second
component is ﬁflCov(i;‘ —it,7r) and captures the covari-
ance between the interest rate differential and the miss-
ing risk premium. This component is negative and it also
decays towards zero as the horizon increases. As the miss-
ing risk premium component of expected returns is much
more persistent than the interest rate differential compo-
nent, the negative missing risk premium effect eventually
dominates the positive interest rate differential effect on
currency risk premiums.

Our empirical results therefore suggest that not only
should asset pricing models feature two risk premiums,
but also that these two risk premiums should be nega-
tively correlated and that the missing risk premium should
be more persistent than the interest rate differential. These
conditions are necessary to reproduce Engel’s (2016) find-
ing in our present-value model. Interestingly, these condi-
tions are related, but are quantitatively distinct from the
conditions required to obtain a positive covariance be-
tween the real exchange rate and interest rate differentials.
From Eq. (24), we have that:

oo
Cov(qr. if — i) = Cov| Ec Y (i, ;_y — eyjo1). B — it
j=1

o0
—Cov(E; ertﬂ-, it —ip),
i

(28)

which is positive if

[o¢] o0
Cov | Ee ) rxej iy —ic | <Cov(Er > (if, j_y —irsjo1). i —i).

=1 j=1

(29)

Recognize Engel’s result (25) on the left-hand side of
Eq. (29). As this term is negative, a sufficient condition
for the condition to hold is that its right-hand side should
be nonnegative. This term depends on the long-term au-
tocorrelations of interest rate differentials and our AR(1)
assumption implies that it is positive.

5. Alternative present-value models

In this section, we consider the robustness of our re-
sults to additional predictors of currency returns, alterna-
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tive real interest rate differential dynamics, and a time-
varying expected long-run exchange rate.

5.1. Additional predictors

Many variables beyond the interest rate differential
have been proposed to predict exchange rate movements
(Rossi, 2013). In this subsection, we report on two robust-
ness checks. First, we consider the sensitivity of our cur-
rency risk premium specification to the inclusion of ad-
ditional predictors. Second, we evaluate whether models
with other predictors, but no missing risk premium, can
reproduce Engel’s (2016) predictability reversal result that
we discuss in Section 4.6.

The real exchange rate is now given by (see
Appendix A):
e — 1t — MU Yt e
— g = — — . 30
G — Mg =P T=m YTop 1-p (30)

Appendix A also contains expressions for the currency re-
turn, its shock, and the predictability regression.

We consider the following predictive variables: exter-
nal imbalances (Gourinchas and Rey, 2007; Della Corte
et al., 2012; Della Corte et al., 2016) and currency and
equity variance risk premiums (Londono and Zhou, 2017).
Gourinchas and Rey (2007) propose that NXA, the devia-
tion from trend of a weighted combination of gross assets,
gross liabilities, gross exports, and gross imports, has pre-
dictive power for future currency returns. The channel fol-
lows from a country’s intertemporal budget constraint that
allows for valuation changes in foreign assets and liabil-
ities. When a country experiences a current account im-
balance, the intertemporal budget constraint implies that
the country will need to run trade surpluses in the fu-
ture or earn high returns on the net foreign asset port-
folio. Gourinchas and Rey (2007) show that currency re-
turn predictability arises when there is a currency mis-
match between foreign assets and liabilities. For example,
if foreign assets are mostly denominated in foreign cur-
rency and foreign liabilities are mostly denominated in do-
mestic currency, the NXA variable will also predict future
currency returns with a negative sign (i.e., we expect y <0
for NXA).

Londono and Zhou (2017) show that the global currency
variance risk premium (XVP) and the stock variance risk
premium (VRP) predict currency returns. They argue that a
higher XVP indicates greater global uncertainty, and there-
fore a higher USD safety value for currency investors (i.e.,
we expect y <0 for XVP). They also argue that a higher
VRP indicates greater U.S. uncertainty, and therefore higher
compensation for currency investors (i.e.,, we expect y > 0
for VRP).

We construct the NXA series up to 2015 following
Gourinchas and Rey (2007) and Della Corte et al. (2012).
We obtained the original XVP data from Juan Londono’s
website and VP data, extended to 2019, from Hao Zhou’s
website. The Online Appendix contains additional details.

Table 8 reports the estimated model parameters. The
main model parameters are similar to those without ad-
ditional predictors. The y estimates have the expected
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Table 8

Estimation of models with additional predictors.

This table presents estimates of the present-value
models with a constant expected long-run exchange
rate but with an additional predictor. Expressions
for the models are given in Appendix B. Each col-
umn presents estimates for each of the three predic-
tors considered: NXA (the deviation from trend of a
weighted combination of gross assets, gross liabilities,
gross exports, and gross imports), XVP (the global cur-
rency variance risk premium), and VRP (the equity
variance risk premium). The models are estimated by
maximum likelihood for the currency portfolio. Stan-
dard errors are reported in parentheses.

NXA XVP VRP

B -1.676 -2.024 -1.634
(s.e.) (0.682) (0.760) (0.650)
Pi 0.883 0.883 0.881
(s.e.) (0.014) (0.014) (0.014)
o 0.085 0.085 0.085
(s.e.) (0.001) (0.001) (0.001)
Pn 0.979 0.976 0.978
(s.e.) (0.008) (0.009) (0.008)
oy 0.070 0.075 0.061
(s.e.) (0.034) (0.033) (0.025)
P —0.508 -0.582 —0.591
(s.e.) (0.162) (0.126) (0.121)
oy 3.216 0.303 0.145
(s.e.) (0.113) (0.009) (0.002)
Pyi 0.018 0.121 0.060
(s.e.) (0.110) (0.088) (0.056)
Py 0.523 0.322 -0.157
(s.e.) (0.437) (0.297) (0.158)
y —0.044 -0.706 1.761
(s.e.) (0.019) (0.327) (0.752)
Py 0.934 0.791 0.377
(s.e.) (0.018) (0.021) (0.030)
Log-likelihood -1115.7 —661.8 —444.2

sign. The Online Appendix reports the corresponding pre-
dictability results.

Table 5 reports the associated variance decomposition
for the unexpected currency return. The additional pre-
dictors explain only a small fraction of the unexpected
currency return, the most significant variable being NXA.
One reason why other variables remain different from the
missing risk premium is that they are less persistent than
the real exchange rate. Even the most persistent predictor,
NXA, exhibits a half-life of 10.1 months, which is about one
third of the real exchange rate’s half-life of 31.7 months. To
make an analogy with stocks, many variables beyond val-
uation ratios seem to predict returns, but a valuation ratio
such as the price-dividend ratio is the natural variable to
consider to understand expected returns and asset prices.
Other variables are typically less persistent than valuation
ratios, and therefore predict returns over shorter horizons
(Cochrane, 2011).4

Another way to evaluate whether the missing risk pre-
mium is critical is to study Engel’s (2016) predictability re-

4 We have also considered past currency returns (Burnside et al., 2011;
Menkhoff et al., 2012; Moskowitz et al., 2012), realized currency volatility
(Chernov et al,, 2018), and funding liquidity aggregates of U.S. financial
intermediaries (Adrian et al., 2011). We did not find strong evidence of
currency predictability in our sample, which is further confirmed when
taking the present-value model to the data (untabulated results).
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versal in a model lacking a missing risk premium. The On-
line Appendix reports the slope coefficients of a regression
of the expected multiperiod currency return, E(rx, H1+i)
on the interest rate differential. The specifications that in-
clude the real exchange rate reproduce the nonmonotonic
relation between the currency risk premium and the in-
terest rate differential, whereas the one that excludes the
real exchange rate does not. The reason why other pre-
dictor specifications exhibit this monotonic specification is
that the premiums corresponding to the additional pre-
dictors covary positively with the interest rate differential,
whereas the missing risk premium exhibits a negative cor-
relation.

5.2. Alternative real interest rate dynamics

In this subsection, we consider alternative approaches
to modeling the real interest rate differential. The real ex-
change rate is a function of expected real interest rate dif-
ferentials and, with our assumption of nonpersistent infla-
tion differentials, the expected real interest rate differen-
tial is perfectly correlated with the nominal interest rate
differential. We argued earlier that this is a good approxi-
mation of the data. However, other papers in the literature
have proposed different assumptions. One example is that
of Campbell and Clarida (1987), who treat the expected
real interest rate differential as a latent state variable with
AR(1) dynamics. Unfortunately, one cannot then simulta-
neously identify a missing risk premium. Another example
is that of Balduzzi and Chiang (2020), who replace the ex-
pected realized real interest rate differentials with the real
interest rate differentials. This effectively lowers the persis-
tence of the expected real interest rate differentials, ampli-
fying the disconnect between the interest rate differentials
and the real exchange rate.

We consider two robustness checks. First, we relax our
assumption that the autocorrelation of the inflation dif-
ferentials is zero and instead assume that it follows an
AR(1) process. This approach is more general than the as-
sumption of Balduzzi and Chiang (2020), which amounts
to assuming that the interest rate and inflation differen-
tials have the same persistence. If the expected inflation
differential is persistent, then the real exchange rate also
depends on the current inflation differential. This implies
that the current inflation differential should predict cur-
rency returns. We find that this is not the case (see the
Online Appendix).

Second, we treat the expected real interest rate dif-
ferential as an AR(1) latent variable, but estimate this
variable outside our state-space model. In the spirit of
Schorfheide et al. (2018), we estimate it as the fitted value
of a projection of the realized real interest rate differential
on the current nominal interest rate differential and the
inflation differential over the previous month. This real in-
terest rate differential also predicts the currency premium
(see the Online Appendix), which suggests that we can re-
place the nominal interest rate differential with the ex-
pected real interest rate differential. We find similar model
estimates (see the Online Appendix), and the variance de-
composition in Table 5 suggests that the missing risk pre-
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mium is again capturing most of the variation in unex-
pected returns.

5.3. Time-varying expected long-run exchange rate

In this subsection, we consider a present-value model
with a time-varying expected long-run exchange rate. As in
Campbell and Clarida (1987), we assume that the expected
long-run exchange rate follows a random walk:

(31)

where ¢, is 1D over time (but potentially cross-
correlated with other shocks). The expression for the real
exchange rate now becomes (see Appendix A):
i —pi M

1-pi 1-py
This expression is similar to (12), but the real exchange
rate is adjusted for the time-varying expected long-run
exchange rate. This is natural because, under the ran-
dom walk assumption (31), the real exchange rate, q, is
nonstationary while the adjusted exchange rate, q; — wy,
is stationary. Now, the expected long-run exchange rate
can potentially rationalize the disconnect between inter-
est rates and the real exchange rate that we discussed in
Section 4.5.

Relaxing the stationarity assumption for the real ex-
change rate requires a model that accommodates another
unobserved variable corresponding to the expected long-
run exchange rate, wy, so that the state vector becomes
Xt = [if —i¢, e, w¢]. The dynamics of the expected long-run
exchange rate are given by Eq. (31). We assume the follow-
ing covariance matrix:

w
W1 =W + 8¢,

g — = (32)

2

8; Ui Oyi Owi

Var( [ e/ [ | =0y of 0|, (33)
2
8?) Owi 0 Oy

where the expected long-run exchange rate shock is uncor-
related with the missing risk premium shock (ie., oy =
0), as Rytchkov (2012) shows in a similar setting that at
least one element of the covariance matrix must be fixed
for the model to be identified. The model thus contains
only two extra parameters, o, and p,,;. The full state-space
model is given in Appendix B.

The above model imposes little structure on the ex-
pected long-run exchange rate, except that it is uncorre-
lated with the missing risk premium and follows a random
walk. We can take cues from economic theory to consider
an extended model that imposes further structure on the
expected long-run exchange rate. Irrespective of whether
or not the real exchange rate is stationary, we want to
confirm that we are not misattributing real exchange rate
variations to the missing risk premium. We consider two
mechanisms that create sticky deviations from PPP, making
the real exchange rate appear nonstationary in the data.

First, the Harrod-Balassa-Samuelson (HBS) effect states
that more productive countries have stronger real ex-
change rates. The key idea is that productivity tends to dif-
fer more in the traded sectors (e.g., manufacturing) than
in the nontraded sectors (e.g., locally rendered services). If
wages in the nontraded sectors follow wages in the traded
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sectors, more productive countries will have strong real
exchange rates. Therefore, productivity differentials impart
persistence to the real exchange rate.

Second, the literature suggests a link between devia-
tions from PPP and the net international asset position.
The transfer problem predicts that debtor countries re-
quire weaker real exchange rates [see Taylor and Tay-
lor (2004) for a survey]. For instance, in a small open
economy, an increase in external debt means that the
country will run a trade surplus in the future to ser-
vice the interest payments due. The real exchange rate
could then depreciate so that the country’s net exports
increase to compensate for the decline in its net foreign
assets. Lane and Milesi-Ferretti (2004) provide supporting
evidence. Campbell and Clarida (1987) suggest a different
mechanism to explain the simultaneous real appreciation
of the dollar in 1980-1985, which coincided with an in-
crease in real interest rates. They argue that an increase in
spending on domestic goods, which raises the current ac-
count deficit (a fall in net foreign assets), induces the real
exchange rate to appreciate and the interest rate differen-
tial to decrease. They remark that this can rationalize the
positive correlation between shocks to the expected long-
run exchange rate and shocks to the interest rate differen-
tial observed in the data.

These two mechanisms suggest that the real exchange
rate moves for reasons beyond changes in risk premiums;
they also imply that these movements are related to ob-
servable macroeconomic variables. Motivated by the HBS
effect, Chong et al. (2012) use the difference in GDP per
capita to proxy for productivity differentials. They posit
a cointegration relation between the real exchange rate
and the GDP differentials, x, so that q; — Ax; is stationary
(where X is a constant parameter). Cast within a present-
value model, this relation amounts to assuming that the
expected long-run exchange rate, w, is observed and equal
to Ax:. Following Menkhoff et al. (2017), we consider other
variables that can contain information about w¢. Conve-
niently, our filtering approach allows us to weaken the re-
lation between w; and x; by allowing for a measurement
error:

X = we /A + (34)

where v is an IID shock with a volatility of ox. We now
have an additional measurement equation. The model re-
mains parsimonious as it includes only two extra parame-
ters: ox and A.

We consider the following variables for x;: productiv-
ity (the difference between the foreign and U.S. real GDP
per capita), quality (the difference between the foreign and
U.S. quality of export goods), and U.S. net foreign assets.
Productivity and quality capture the HBS effect, whereas
net foreign assets captures the international asset position
mechanisms. The HBS effect predicts that more produc-
tive countries have appreciated real exchange rates (A > 0).
The transfer problem predicts a negative relation between
U.S. net foreign assets and the real exchange rate (A < 0),
whereas the mechanism proposed by Campbell and Clar-
ida (1987) predicts a positive relation (A > 0).

Table 9 reports summary statistics for the productiv-
ity, quality, and net foreign assets of the portfolio. Produc-



M. Dahlquist and ]. Pénasse

Table 9

Macroeconomic variables: Summary statistics.

This table presents means, standard deviations, and first-order au-
tocorrelations for macroeconomic variables, averaged at the port-
folio level. Productivity refers to the real GDP per capita averaged
across the seven countries in the portfolio minus the U.S. real GDP
per capita. Quality refers to the difference between the foreign and
U.S. measurements of the quality of export goods, as constructed
by Henn et al. (2020). Net foreign assets refers to the difference be-
tween U.S. external assets and liabilities, as constructed by Lane and
Milesi-Ferretti (2007), scaled by GDP. Productivity is sampled quar-
terly, whereas quality and net foreign assets are sampled yearly.
Standard deviations and autocorrelation coefficients are expressed
on a monthly basis to be comparable to the variables in Table 1.

Productivity ~ Quality Net foreign assets
Sample begins 76.Q2 1976 1976
Sample ends: 20.Q1 2014 2015
Mean (%) -11.659 -2.567 -10.812
S.D. (%) 1.018 0.327 3.826
AC(1) 0.981 0.985 0.987

tivity is measured simply as the difference between the
foreign and U.S. real GDP per capita; we obtain quarterly
GDP and yearly population data from the OECD to create
quarterly real GDP per capita. Quality is measured as the
difference between the foreign and U.S. quality of export
goods; we obtain annual observations up to 2014 from the
International Monetary Fund [see Henn et al. (2020) for
a detailed description of the data]. We obtain annual ob-
servations of U.S. net foreign assets divided by GDP up
to 2015 from Lane and Milesi-Ferretti (2007). The United
States has on average been more productive and has ex-
ported products of higher quality than have the countries
in the portfolio. The U.S. net foreign assets divided by GDP
have been declining over the period and average around
-10.8%. Most importantly for capturing variation in the ex-
pected long-run exchange rate, these variables display a
high degree of persistence, having first-order autocorrela-
tions close to one. The variables are sampled at lower fre-
quencies, and quality and net foreign assets are available
only until 2014 and 2015, respectively, but this can be han-
dled in the model estimation since the Kalman filter can
evaluate the model’s likelihood even with missing obser-
vations.

Table 10 presents the parameter estimates for the mod-
els with a time-varying expected long-run exchange rate.
The main coefficients of interest are similar to those of
the baseline model. The coefficients related to the miss-
ing risk premium, in particular, are essentially the same.
In models with additional measurement variables, the A
estimates are positive, as predicted by the HBS effect and
the mechanism proposed by Campbell and Clarida (1987),
but imprecisely estimated. In the model without additional
variables, we also observe that the expected long-run ex-
change rate shock and the interest differential shock are
positively correlated. However, the positive correlation be-
tween the interest rate differential and the expected long-
run exchange rate essentially disappears once we allow for
measurements of the expected long-run exchange rate.

The log-likelihood value for the nonstationary model
without an additional measurement variable is close to
the log-likelihood value for the baseline model. Formally,
a likelihood ratio test cannot reject the restricted station-
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Table 10

Estimation of models with a time-varying expected long-run exchange
rate.

This table presents estimates of the present-value models with a time-
varying expected long-run exchange rate (nonstationary models). Expres-
sions for the models are given in Appendix B. The model in the first col-
umn is the model with a time-varying expected long-run exchange rate;
the remaining models are the extended models with an additional mea-
surement variable: Productivity, Quality, or Net foreign assets. The models
are estimated by maximum likelihood for the currency portfolio. Standard
errors are reported in parentheses.

Net foreign
X variable: - Productivity — Quality assets
B -2.330 -1.739 —1.641 -1.724
(s.e.) (0.671) (0.660) (0.645) (0.667)
pi 0.893 0.883 0.882 0.881
(s.e.) (0.013) (0.014) (0.014) (0.014)
oi 0.085 0.085 0.085 0.085
(s.e.) (0.001) (0.001) (0.001) (0.001)
Pn 0.970 0.979 0.979 0.977
(s.e.) (0.006) (0.008) (0.008) (0.008)
oy 0.096 0.061 0.057 0.064
(s.e.) (0.022) (0.025) (0.025) (0.026)
P —-0.553 -0.610 -0.614 -0.611
(s.e.) (0.201) (0.120) (0.123) (0.122)
O 0.715 0.083 0.661 0.511
(s.e.) (0.432) (0.254) (0.378) (0.368)
Poi 0.833 0.055 —0.024 0.020
(s.e.) (0.134) (0.086) (0.184) (0.126)
A 0.034 0.455 0.394
(s.e.) (0.106) (0.280) (0.280)
Ox 0.984 3.588 0.784
(s.e.) (0.616) (1.294) (2.585)
Log-likelihood -630.7 -1141.5 -760.5 -747.6

ary model versus the nonstationary model (the p-value in
a likelihood ratio test is 0.64). This is expected given that
very long samples are necessary to meaningfully reject
PPP.> The economic mechanisms highlighted above suggest
that the expected long-run exchange rate does vary over
time, although the magnitude of this variation remains to
be measured. The variance explained by the expected long-
run exchange rate in Table 5 is small and precisely esti-
mated. Overall, our economic message is unchanged: most
of the variation in the real exchange rate corresponds to
the missing risk premium.

6. Conclusions

There is ample evidence that UIP does not hold and
that the currency risk premium is time varying; the gen-
eral tenet in the literature is that the currency risk pre-
mium depends on the interest rate differential. We present
a present-value model of the real exchange rate in which
the risk premium depends on another latent component:
a missing risk premium. The model suggests that not only
the interest rate differential but also the real exchange rate
predicts currency returns. We use the Kalman filter to ex-
tract the missing risk premium component. We find that
the missing risk premium, not the interest rate differen-

5 We note that likelihood ratio tests face a number of practical limi-
tations, including sensitivity to the normality assumption. Also, the null
hypotheses we consider are composite, which creates a nuisance param-
eter problem.
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tial, accounts for most of the movements of the real ex-
change rate and unexpected currency returns. These results
hold when we let the expected long-run exchange rate be
constant or time varying and include additional predictors,
and are robust to alternative real interest rate dynamics.

A missing risk premium can explain three key observa-
tions considered in the literature, namely, that the real ex-
change rate appreciates with the interest rate differential,
that the real exchange rate predicts currency returns, and
that the positive relation between currency risk premiums
and the interest rate differential reverses over longer hori-
zons. Our present-value model sheds light on the desir-
able properties of currency risk premiums that asset pric-
ing models must accommodate.

Appendix A. Expressions for the present-value models

This appendix presents the derivation of expressions for
the present-value model. We start with a general model
with nonstationarity and an omitted predictor and derive
the models in the text as special cases.

The real exchange rate

Begin with the currency return (2):

Xer1 = qey1 — Ge — (7T — Tepr) + (if — ). (A1)
Rewrite it in terms of the real exchange rate:
qr = (if —ir) — (71 — Te1) — MXep1 + Gegr- (A2)

Iterate forward and take conditional expectations:

T
qc = ZEI[(I‘?H',] —lryjo1) — (JT;H- — Tpsj) — X j] + qegr-
im

(A3)

Let T — oo and lim;_, o, E¢(qr ) = @, giving:

o0
qr — wr = ZEt[(ifﬂq —lepjo1) = (T — Moy ) — MXey .
j=1

(A4)

which corresponds to Eq. (3). According to the currency
risk premium in Eq. (6) and the modeling of the real in-
terest rate differential in Eqs. (7) and (8), we obtain:

o0
qr —wr = ZEI[(i;‘H;] —pyjo1) = (T = ey ) —
=1
_(1_ﬂ)(ifﬂq_it+j—1)_7/}’t+j—1_nt+j—1_8trij]
oo
= ZEt[ﬁ(i:ﬂq —lryj1) — U — 8;14.]‘ -
=1

rx
=VYt+rj-1 = Netj-1 — 8f+j]
oo

= ZEt[ﬂ(i:H,] - it+j—l — i) + B — x
=

—0 = YYeyj1 = Neyjl- (A.5)

Note that E(q;) = w; implies that o = Su; — (7. Finally,
since if —i¢, y¢, and 7, follow AR(1) processes, we can use
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the geometric formula for an expected AR(1) process to ob-
tain:

a— o = Y [Bp] i —ic — i) —y o) 've — 0} el

j=1

(A.6)

If the expected long-run exchange rate is constant (w; =
o) and there is no additional predictor (y = 0), we obtain
Eq. (12). If instead there is an additional predictor (y # 0),
we obtain Eq. (30). Finally, if the expected long-run ex-
change rate is time varying, we obtain Eq. (32).

The predictability regression

Take the time difference of Eq. (A.6):

3 . gi
Gt =0 = Buti = Bl —i0+yye e+ Bt
1
&l &l
- - +82,. (A7)
1_ 0Oy 1— On t+1

Add the interest rate differential on both sides to obtain:

™Xee1 = Bli— x + (A = B — i) + YYe + e
] g’ el
t+1 t+1

_yl—,oy_l—,on

1
€11
— Pi

Lk — &l + &

(A.8)

It follows that the return shock can be expressed in terms
of the model’s underlying shocks:

i n
£

i y
€1 €

wo_ _E _ _ t+41 T+l
et = X1 — Ee(rXer) '81 —pi 1-py 1-py
_8;:—1 +el,. (A.9)

Similarly, Eq. (A.6) suggests a new expression for the
missing risk premium:

If =i — i y
77t=(1—,0n)|:/3 L 1—[,01‘ I—Vl_t —(Qt—wr)i|-

(A10)

Py

The Fama regression becomes:
MXer = o+ (1= B)(f — i) + e + YYe + €05
Insert Eq. (A.10) into Eq. (A.11) to obtain:

Py — Pi

1-p;

X1 = ﬁui( — )—un +<1 —ﬁﬁ":gi)(ii‘—if)

+yYe+ (o — 1) (@ — o) + €75 (A12)
If the expected long-run exchange rate is constant

(wr = o) and there is no additional predictor (y = 0),
Egs. (A.9) and (A.12) yield Eqgs. (13) and (14).

(A11)

Appendix B. State-space specifications

This appendix presents the state-space systems for the
models we consider: the baseline model with a constant
expected long-run exchange rate, the model with an ad-
ditional predictor, the model with a time-varying expected
long-run exchange rate, and the model with a time-varying
expected long-run exchange rate and an additional mea-
surement variable.
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Baseline model

The state-space system is:

[.*qf.} - [1'3/) 12} ["?"'f}, (B1)
I =1 1 0 Nt
l? — it _ Pi 0 i:—l — it—l 8;‘ B.2
[ e } [O pn][ ner | T e] (B2)
with
A 5 '
w([i))-[2 =] -
t n n

The model parameters are: p;, 0, 8, pp, oy, and py;.
Model with an additional predictor

The state-space system is:

— - B 1

qr 1-p; 1-py 1:);’y l? —k
F—ic| =1 0 0 ne | (B4)
L Ye 0 0 1 Y
—1? — it_ —p,' 0 0 i;‘—l — i[,] 8;‘
n =0 p, O -1 |+|&' | (B5)
Ly 4 [0 0 p Ve &
with
&l of oy Oy
n _ . 2
Var [& | ) =|om 05 oy (B.6)
& oy Oy O}

The model parameters are: 8, pj, 0i, Py, O, Ppis Oys Pyis
Py, v, and py.

Model with a time-varying expected long-run exchange rate

The state-space system is:

B -1 i — it
B N e T 1 n |, (B.7)
i) T [1 0 0f| 4
i —i oi 0 O[i, —i &l
n | =(0 p, O -1 |+ & |, (B8)
Wt 0 0 1 W1 8?)
with
&l o? a,y- Owi
Var[ [ g/ [|=|on o5 O (B.9)
8;0 Owi 0 0(12)

The model parameters are: p;, 6y, B, Py, Oy, Pyi» Ow, and
Puwi-

Extended model with a time-varying expected long-run
exchange rate

The state-space system is:
B -1

a4 =5 Upi-i] [o
=i | =11 0 0 n |+[0][ (B10)
Xt 0 0 % [on vy
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it i, o 0 O7[i, —ira &
n | =0 pyp O Ne-1 + &' | (B11)
wt 0 0 1 W1 8;‘)
with
Var(f) = o2, (B.12)
and
8; Uiz 0—151' O wi
Var( | &/ [|=|on o O (B.13)
ev 0pi 0 o2

The model parameters are: p;, 0;, B, P, O, Ppis Ow» Pwis
A, and oy.
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