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Abstract
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with the data, our present-value model implies that the real exchange rate should
predict currency returns. We find that the missing risk premium, not the interest rate
differential, explains most of the variation in the real exchange rate. Moreover, our
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1 Introduction

It is well-documented that uncovered interest rate parity (UIP) does not hold for major
currencies. Currencies with positive interest rate differentials tend to appreciate, whereas
UIP predicts that they depreciate. A common interpretation of deviations from UIP is that
currencies command an interest-rate-dependent risk premium: currencies 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 component
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 differentials minus the sum of all future currency
risk premia (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 returns. In
a simple present-value model, we show that traditional 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 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 becomes increasingly important as the forecasting horizon increases. Figure 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 return (in red). For example, in 1985
foreign currencies appeared particularly cheap after a period of dollar appreciation. The
subsequent return on investing in foreign currencies was particularly high, a pattern that
repeats itself over time. This pattern is reminiscent of the predictive relationship between

valuation ratios and subsequent stock returns, 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 subsequent 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 relationship 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 interest rate differentials and future currency risk premia 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 interest 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 future 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 missing 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 premium resolves this tension.

Relatedly, we highlight the role of the real exchange rate in generating the predictability
reversal documented by Bacchetta and Van Wincoop (2010) and Engel (2016). In the data,
the positive relationship between the currency risk premium and the interest rate differential
reverses over the horizon, implying that currencies with higher interest rates appear safer
in the long run. Our findings help in understanding this result. We find that the interest
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differential shock raises future returns but also comes with an immediate increase in the
missing risk premium. 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
differential, this leads to a decrease in the currency risk premium 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 additional predictors
of currency returns. Recent examples of other predictors include volatility and variance
risk premia (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. Furthermore, we find that additional predictors do not
deliver the strongly negative correlation between interest rate and the missing risk premium,
and thus cannot alone reproduce Engel (2016)’s 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 assume that
the inflation differential is nonpersistent, such that the movements in real and nominal
expected interest rate differentials coincide. We consider alternative assumptions 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 exchange rate is non-stationary. Taken
literally, real exchange non-stationarity implies that PPP does not hold. While this appears
economically unlikely, non-stationarity is notoriously difficult to reject empirically. A looser
interpretation is that PPP does hold, but that quasi-permanent shocks make the real exchange
rate appear non-stationary 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 expected long-run exchange rate is constant, while
maintaining 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 expected long-run exchange rate explains
only a modest fraction 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
macroeconomic fundamentals. Motivated by Menkhoff et al. (2017), we consider three proxies
for fundamentals—differences in country productivity and 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 Taylor
(2012), Boudoukh et al. (2016), and Balduzzi and Chiang (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 restrictions to construct a measure of the
currency risk premium 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 (2020) 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 exchange 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 may 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 behavior of the aggregate stock market (Campbell and Shiller,
1988; Cochrane, 2011). Our paper draws on the work of van 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 expected stock return and the expected
dividend growth rate 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
differentials are quite persistent and well approximated by a simple 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 interest rate differential. In this dimension, the similarity between the
persistence in the real exchange rate (for studying currency returns) and in the price-dividend
ratio (for studying stock returns) is striking. Put differently, highly persistent risk premia
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 missing risk premium that can resolve empirical tensions between the interest
rate differential and the real exchange rate. In Section 3, we introduce the data and provide
predictability 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 exchange rate facts. In Section 5, we estimate several
alternative 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 differential:
TTpp1 = Spp1 — S + i — iy, (1)

where s; is the log nominal exchange rate in dollars per unit of foreign currency at date ¢, and
1; and 4y are the US and foreign nominal interest rates between dates ¢ and ¢ 4 1, respectively.
We refer to rx;,; as a currency return and the conditional expectation of it, E,(rzsy1), as
the expected currency return or currency risk premium.

Express the return in (1) in terms of the real depreciation rate and the real interest rate

differential:

TT41 = Qo1 — G+ (0 — 7)) — (i — Teg1), (2)

where ¢; = s; + p; — p; is the log real exchange rate, with p, and p; being the US and foreign
log price levels, respectively, and 7,41 = pip1 — py and 77, = p;,; — p; being the US and
foreign inflation rates, respectively. Rewrite (2) in terms of the real exchange rate, iterate

forward, and take conditional expectations as in Campbell and Clarida (1987) and others:
G —w = Z Ei(ify -1 — dt4j-1) — Z Ei(7y; — mieg) — Z Ei(rziy ), (3)
j=1 j=1 j=1

where wy = lim;_,o E¢(¢i4;). Following Campbell and Clarida (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 expected 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 differentials 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, expression
(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 in order to operationalize our base-
line model. Later, we will consider a number of alternative models in which some of the

assumptions 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 differential
predicts currency depreciation. Consider the regression of the future depreciation rate on the

current interest rate differential:

Se41 — St = a — [(iy — i) + €441, (4)

where ;11 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 3 coefficient being
less than one and often negative (see Engel, 2014, for a survey). A negative [ coefficient
means that a currency with a relatively high interest 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

qualitatively and quantitatively match estimated 3 coefficients. By adding the interest rate



differential to both sides of (4), we obtain a return-predictability regression:

Ty = & + (1 — B)(Z;k — Zt) —+ €t+1. (5)

Regressions (4) and (5) are often referred to as Fama regressions.

Fama (1984) remarks that under rational expectations, this regression translates into an
expression for the currency risk premium. In addition, when the error term &, is orthogonal
to all available information at date ¢, the regression implies that the interest rate differential
is sufficient to pin down the currency risk premium, that is, E;(rzi1) = a + (1 — B) (i — iy).
Several studies have developed asset pricing models that can generate a time-varying 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 currency risk premium:

Ei(reia) = a+ (1= B8)(if — i) +vye + mi- (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 rational expectations, enters the currency
risk premium similar to the interest rate differential. We later discuss candidates 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 predictor, 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 van 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 separately. Note that while the missing risk premium component is
unobserved, the present-value model imposes tight restrictions on its properties. The missing
risk premium will help us understand the relationship between the interest rate differential

and the real exchange rate, and will itself be closely related to the real exchange rate.

2.2.2 Dynamics

We close the present-value model using additional assumptions as to the dynamics of the
model variables. The real exchange rate depends on the expected long-run exchange rate,
expected nominal interest rate differential, expected inflation differential, and currency risk
premium, which in turn depends on the nominal interest rate, an additional predictor, and
the missing risk premium. We discuss 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:

iy — i1 = (L= pi)pi + pi(i; — i) + €14, (7)

* T
Ty — T4l = Hr + iy, (8)

where the shocks ¢,, 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 interest rate differential.

Second, we assume that the additional predictor and the missing risk premium follow

mean-zero AR(1) processes:

Yir1 = PyYe +ELq, (9)

N1 = Pn'f]t—i‘é‘?ﬂa (10)

where the shocks ¢/,, and €/ ; are IID over time (but potentially cross-correlated with other
shocks), and where —1 < p, < 1 and —1 < p, < 1. The zero-mean assumption does not

entail loss of generality, as a non-zero mean would be incorporated into the constant term .



Third, we assume that PPP holds in the long run, in the sense that the expected long-run

exchange rate is constant:

Wi = [y (11)

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

The above dynamics describe a (sparse) vector autoregressive 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 relationship 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 predictor (i.e.,
v =0). We later evaluate the robustness of our findings to additional predictors and more

general dynamics.

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):

iy — i — Nt
G — Hw = f3 — : (12)
I—p  1-p,
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Comparing (3) and (12), we see that, rather than being correlated with the sum of
expected future interest 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 interest rate differentials
and expected future returns both being proportional to the current nominal interest rate
differential. The two-variable structure of the currency risk premium implies that also the
missing risk premium component drives the level of the real exchange rate. Note that the real
exchange rate inherits the properties of the nominal interest rate differential and the missing
risk premium, which both follow stationary AR(1) processes. The real exchange rate is thus
stationary. In contrast, the properties of the inflation differential imply that the nominal
exchange rate is non-stationary.!

Our model implies that the traditional return-predictability regression (5) translates into

(see Appendix A):

Pn — Pi Pn — Pi v rT
rx = O | —— ) — g+ (1= B=—=) (i — i) + (py — 1) (¢ — pw) + €151, (13)
1—p; 1—p;

where the return shock is a function of the remaining shocks:

ro Ehi1 £ m
Cty1 = 51 s 1 py — Cit1- (14)
This suggests that currency return predictions should include 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 may therefore yield biased
estimates of the [ coefficient. The unexpected currency return is a weighted sum of the
interest rate differential shock, €}, the missing risk premium shock, £/, , and the inflation
differential shock, €7, ;. Note that as the inflation differential is nonpersistent, it does not
appear in the expression for the real exchange rate in (12). However, inflation shocks matter

in the short run and affect currency returns in (14).

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

3.1 Data

We retrieve monthly spot and one-month forward exchange rates from Barclays Bank In-
ternational and Reuters (via Datastream) for the period from January 1976 to May 2020.
We consider the G10 currencies: the Australian dollar (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 US dollar (USD). We let the
USD be the domestic 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 January 1985.2 We construct an equal-weighted portfolio of
the seven countries with full coverage and refer to it simply as the “portfolio.”

We compute implied one-month interest rate differentials using the covered interest rate
parity (CIP): if — i, = s; — f, where s; and f; denote the log spot and forward exchange
rates, respectively. As significant deviations from the CIP have been documented since the
global financial crisis of 2007-2009 (Du et al., 2018), the implied interest rate differential
can be seen as a shadow differential or a differential including convenience yields (Engel
and Wu, 2020; Jiang et al., 2020). Log excess returns for a US investor going long a
foreign currency are computed as rxyy1 = Si11 — s¢ + 75 — ;. Log real exchange rates are
computed as ¢ = S; + p; — p, where p; and p, are log consumer price indices obtained
from the Organisation for Economic Co-operation and Development (OECD). Log inflation
differentials are computed as 7} — m = (p} — p;_,) — (p+ — pi—1). The statistical agencies in
Australia and New Zealand release price indices on a quarterly basis. We therefore forward
fill the price indices 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

2For the JPY up to 1978 we use data obtained from the Financial Times as in Hsieh (1984).
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differentials, and inflation differentials for each currency as well as the portfolio. Returns
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 differentials (0.884
for the portfolio). The autocorrelation of the inflation differential is weakly positive for the
currencies 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 currency return on the current interest

rate differential and the current real exchange rate:
rxi = a—+b (i — i) + cqr + Ui, (15)
where the present-value model suggests that
bzl—ﬁu and c=p,—1

As it is well known that high persistence in regressors and correlations between regressor
innovations and return innovations 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 consists of removing endogeneity
by a filtering procedure referred 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 regressions of multi-horizon returns.

Panel A of Table 2 reports regressions of the future currency return on the current interest
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rate differential only. In the first two columns we report OLS and IVX regressions for
the portfolio (the “poor man’s” pooling). We complement these regressions with a panel
regression of all nine currencies allowing for fixed currency effects. The estimates 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
report similar results for individual currencies in the Online Appendix.

We argue that the Fama regression may contain an omitted-variable bias once one
recognizes the implications of our present-value model. Panel B of Table 2 reports regressions
in which we include the real exchange rate as in (15). In principle, correcting for the omitted-
variable bias could restore the UIP prediction § = 1. However, we now find more positive
estimates of the b coefficients (i.e., stronger evidence that interest rate differentials negatively
predict future exchange rate depreciations). When the real exchange rate is high (i.e., the
foreign currency is expensive relative to the dollar), future currency 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 differential. While the point estimates are large, they are imprecise and one may worry
about the statistical significance. Note, however, that a more powerful null hypothesis would
condition on a stationary real exchange rate. Cochrane (2008) makes this point in the context
of predicting stock market returns using the price-dividend ratio. If the price-dividend ratio
is stationary, it must predict future dividend growth, future returns, or both. Likewise, 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., 2019), which 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 statistically

significant at the 5% level. This is consistent with Boudoukh et al. (2016), who use the
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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 predictive power of the interest rate differential and the real exchange rate. We further
illustrate this point in Figure 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.

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 introducing 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 differentials 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 non-stationary). Finally, our
assumption about the risk premium may neglect other variables 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 variable (i.e., the
nominal interest rate differential) and an unobserved variable (i.e., the missing risk premium).
This differs from related studies of the stock market, which typically 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 differentials 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 future cash flows minus expected
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stock returns. However, future 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 motivates the Kalman filtering approach of van Binsbergen and Koijen (2010). Our
models do not require this complication. However, this additional degree of freedom lets
us later explore 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;+uw, (16)

Xt = BXt,1 + Et (17)

where A and B are matrices of the underlying parameters of the present-value model. To
reduce the number of parameters to be estimated, we work with demeaned variables. Equation
(16) is the measurement equation, where Y; is a vector of observed variables; equation (17) is
the transition equation for the state vector X;, which includes variables that are potentially
unobserved. Finally, v; and ¢, are vectors of observation errors and state innovations,
respectively, 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 likelihood (Hamilton, 1994).

The measurement equation consists of the real exchange rate and the interest rate
differential, Y; = [q, 4} — i;], and the state vector contains the interest rate differential and the
missing risk premium, X; = [i; —i;,7;]. The measurement equation for the real exchange rate
is given by (12); the dynamics of the state vector are given by (7) and (10). Note that there
is no error term in the measurement equations, which allows us to model the comovements

between the missing risk premium and the interest rate differential in the vector &; = [e, £]].
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In sum, we have the following state-space system:

i T [ 8 _1 -
d = 1—p;  1—py b T (18)
i — U 1 0 i
iy — it pi 0 b1~ l &
= + : (19)
T i 0 py Nt—1 7
with
i 2
Var ! = " (20)
ey Opi O

The corresponding correlation between the shocks in (20) is denoted p,;. Our baseline model

then comprises six parameters in total: p;, o;, 5, py, 0y, and py;.

4.2 Estimation results

Table 3 presents estimates of the model parameters for the currency portfolio. We found
earlier, in line with the literature, that the implied [ coefficients in the Fama regressions
are mostly negative, indicating that high-interest-rate currencies tend to have higher future
returns. Table 3 reports 3 estimates that are even more negative than implied by the
coefficients in Table 2.

Next, consider the estimates of the volatility and persistence parameters. While the
interest rate differential shock is more volatile than the missing risk premium shock (i.e.,
o; > 0,), the missing risk premium is more persistent than the interest rate differential (i.e.,
py > pi). 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
differential. 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 (—0.61). Later

we show that this correlation coefficient allows the comovement between the real exchange
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rate and the interest rate differential to be consistent with the data.

We report individual currency results in the Online Appendix. While there is heterogeneity
in the parameter estimates, they convey the same message. For example, the g estimates
are all negative, in the range from —0.4 to —2.6. For each currency, we observe that the
volatility of the interest 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 differential. These results are in line with the results for the currency portfolio.

4.3 Decompositions

Figure 2 shows decompositions of the real exchange rate according to (12). Most of the
variation in the real exchange rate is captured by the missing risk premium. The figure also
reproduces the disconnect between the real exchange 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 Figure 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 currency return can be attributed to each
component. Table 4 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 models with additional predictors,
a model with the real interest rate differential, and models with a time-varying expected
long-run exchange rate (discussed later). We compute decompositions for the currency return
rather than the real exchange rate, as the return is stationary even if the real exchange rate
is non-stationary. 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 4 shows that cash flow shocks (due to interest rate and inflation shocks) account for
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around 8% of the variance of unexpected returns. Discount rates account for around 92% of
the variance of unexpected returns. This result is expected: there is mounting evidence that
discount rate shocks dominate asset price movements (Cochrane, 2011). Balduzzi and Chiang

(2020) document similar reduced-form evidence for the real exchange rate under stationarity.

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 coefficient 5 in (4) has
implications for the expected depreciation rate, E;(As;11), as well as for the risk premium,
Ei(rxiy1). UIP implies that § = 1 and that the currency risk premium is zero, that is,
Ei(rz;y1) = 0, whereas when 3 # 1, the currency risk premium is time varying.® Furthermore,
the [ coefficient reveals conditions of how much the risk premium varies in comparison
with the expected depreciation rate (a variance condition), and how the risk premium and
the expected depreciation rate covary (a covariance condition). Satisfying these conditions
requires that the price of risk should be high when domestic interest rates are low and foreign
interest rates are high, which macro-finance models had difficulty reproducing 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;(ra;1)) > Var(E:(Asi+1)). We know from Table
2 that conditioning on the real exchange rate yields a larger R-squared, which implies a
more variable currency risk premium. For example, the R-squared in the one-month OLS
regression 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

SUIP 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 non-zero but a constant currency risk premium.
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between the two variances is given by

Var(E¢(rzey1)) — Var(Eq(Ase)) = (1 — 28)Var(iy — i) + 2Cov(ny, iy — iy). (21)

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

The covariance condition is that Var(E;(rz:y1)) > Cov(E:(rzii1), Ee(Asii1)) > Var(E:(Asiq)).
In our model, the covariance between the currency risk premium and the expected depreciation

rate is:

Cov(E(rzis1), Et(Asiy1)) = Var(n,) + B(8 — 1)Var(i; — i) + (1 — 25)Cov(ne, iy —i¢). (22)

In the absence of a missing risk premium, this covariance is positive when 5 < 0 as 5(f—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 —i;) <0,
as 1 — 28 > 0. The sign of the covariance is thus also an empirical question.

Table 5 reports the moments related to the variance and covariance conditions. In the first
column we compute the moments using OLS regression coefficients and in the second column
we compute the moments implied by the estimates of the present-value model parameters. In
both cases, the variance difference is positive, 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 difference have conflicting signs. The first term has a positive sign as the
estimated 3 coefficient is negative. The second term has a negative sign as it is proportional
to the covariance between the missing risk premium and the interest rate differential. In
Table 5, the variance difference is greater in the present-value model, because the [ estimate
is more negative. This confirms that accounting for the missing risk premium deepens the
forward premium puzzle. Table 5 also reports the covariance between the currency risk

premium and the expected depreciation rate. Our model estimates satisfy the covariance
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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 entirely due to movements in the interest rate differential. When UIP holds and
B = 1, the real exchange rate equals the present value of expected future interest rate
differentials and moves only because of cash flows. The foreign currency is expensive when
the interest rate in the foreign country is higher than in the domestic country. When 5 # 1,
the interest rate differential predicts future returns and the real exchange rate also moves
because of risk premia (or discount rates). When 5 < 0, the discount rate effect dominates
so that the foreign currency appears weak when its relative interest rate is high. That is,
the 3 coefficient 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 central.
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 [ coefficient.

Empirically, the correlation between the real exchange rate and the interest rate differential
is weak and has the wrong sign. Table 6 reports contemporaneous regressions of the real
exchange rate on the interest rate differential for the currency portfolio. The first column
reports the regression 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
estimation 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 alleviates the potential influence
of non-stationary real exchange rates on the estimation of the slope coefficients. Absent a
missing risk premium, the R-squared values should be high and the slope coefficients should

be negative. However, the estimated slope coefficients are positive in all cases. While the
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slope coefficients are imprecisely estimated and there are statistical concerns about the level
regression, the R-squared values are unambiguously low.

One salient result in Table 3 is that the missing risk premium and the interest rate
differential shock are negatively 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 contemporaneously
with the interest rate differential. In the model, inflation differentials are unpredictable and

the covariance between the real exchange rate and the interest rate differential is:

COV(qt7 'lz( — Zt) = COV(Et Z(i:+j_1 — it-}—j—l) — Et Z TfEt+j, /L: — Z.t)a
j=1 7j=1
B Var(iy — i) _ Cov(ny, i; — 1y) (23)
L=pi L —=py

The sign of the covariance depends on the 3 coefficient and on the covariance between the
missing risk premium and the interest rate differential. As estimates of 5 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 differential. Economically,
the short-run effect of an increase in the domestic interest rate is an increase in future
expected returns (i.e., < 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 premium (i.e.,
pi < py), the long-term effect is a decrease in future expected currency returns as increases in
the interest rate differential is associated with a real exchange rate appreciation. The missing
risk premium can also capture Engel’s (2016) finding that deviations from the UIP reverse

over long horizons, which we discuss next.
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4.6 Why does the relationship between currency risk premia and

the interest rate differential reverse over longer horizons?

Engel (2016) finds that the positive relationship between currency risk premia and the
interest rate differential reverses over longer horizons. Over shorter horizons, a relatively
high foreign interest rate is associated with a relatively large currency premium, that is,
Cov(Ei(raysj), iy —i;) > 0. This covariance reflects the usual UIP deviation. This implies
that currencies with high interest rates appear riskier to investors. This relationship reverses
over longer horizons, at which currencies with high interest rates appear relatively safer.
Formally, currency risk premia are negatively correlated with the interest rate differential

over an infinite horizon:
o0

Cov(Ey Y ras,if —iy) < 0. (24)

j=1
Does our present-value model reproduce this reversal? The model’s implied expected

return is given by:

A~ N

Bi(raeis;) = (1— B)pl(iy — i) + P, (25)

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 Figure 3 shows, over increasing

horizons, the slope coefficients and 90% confidence interval of the following regression:

A

Ey(repingg) = a+ by — i) 4+t (26)

The figure plots a positive slope coefficient of around 2.2 over a monthly horizon. In line with
our previous results, this indicates that currency risk premia 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 generate expected returns differs from the one he considers.
Panel B of Figure 3 shows why our model can replicate the changing relationship between

currency risk premia and the interest rate differential. The figure plots the covariance between
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currency risk premia 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)p!Var(if — iy) and captures the covariance attributable to the interest rate differential.
This component is always positive (as p; > 0) and decays towards zero as the horizon increases.
The second component is ﬁz]COV(i;k — 44, 7;) and captures the covariance between the interest
rate differential and the missing risk premium. This component is negative and it also decays
towards zero as the horizon increases. As the missing risk premium component of expected
returns is much more persistent than the interest rate differential component, the negative
missing risk premium effect eventually dominates the positive interest rate differential effect
on currency risk premia.

Our empirical results therefore suggest that not only should asset pricing models feature
two risk premia, but also that these two risk premia should be negatively 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) finding in our present-value model.
Interestingly, these conditions are related, but are quantitatively distinct from the conditions
required to obtain a positive covariance between the real exchange rate and interest rate

differentials. From (23), we have that:

Cov(qy, iy — i) = Cov(E;, Z it i1 — 1), i — 1) — Cov(E; Zr:vtﬂ-, iy — i), (27)
=1 j=1

which is positive if

COV(Et Z T4, 'LI - < Cov Et Z Zt+j—1 - it-l—j—l); Z: - Zt) (28)

7j=1 j=1
Recognize Engel’s result (24) on the left-hand side of (28). As this term is negative, a
sufficient condition for (28) to hold is that its right-hand side should be non-negative. This
term depends on the long-term autocorrelations of interest rate differentials and our AR(1)

assumption implies that it is positive.
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5 Alternative present-value models

In this section, we consider the robustness of our results to additional predictors of currency
returns, alternative 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 robustness checks. First,
we consider the sensitivity of our currency risk premium specification to the inclusion of
additional 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):

iy — U — M Yt un
— — : (29)
L—pi L—py, 1—=py

Qe — g = 3

Appendix A also contains expressions for the currency return, its shock, and the predictability
regression.

We consider the following predictive variables: external imbalances (Gourinchas and
Rey, 2007; Della Corte et al., 2012, 2016) and currency and equity variance risk premia
(Londono and Zhou, 2017). Gourinchas and Rey (2007) propose that NXA, the deviation
from trend of a weighted combination of gross assets, gross liabilities, gross exports, and
gross imports, has predictive power for future currency returns. The channel follows from a
country’s intertemporal budget constraint that allows for valuation changes in foreign assets
and liabilities. When a country experiences a current account imbalance, the intertemporal
budget constraint implies that the country will need to run trade surpluses in the future or
earn high returns on the net foreign asset portfolio. Gourinchas and Rey (2007) show that

currency return predictability arises when there is a currency mismatch between foreign assets
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and liabilities. For example, if foreign assets are mostly denominated in foreign currency and
foreign liabilities are mostly denominated in domestic currency, the NXA variable will also
predict future currency returns with a negative sign (i.e., we expect 7 < 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 therefore a higher USD safety value
for currency investors (i.e., we expect v < 0 for XVP). They also argue that a higher VRP
indicates greater US uncertainty, and therefore higher compensation for currency investors
(i.e., we expect v > 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 7 reports the estimated model parameters. The main model parameters are similar
to those without additional predictors. The 7 estimates have the expected sign. The Online
Appendix reports the corresponding predictability results.

Table 4 reports the associated variance decomposition for the unexpected currency return.
The additional predictors 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 valuation ratios seem to predict returns, but a valuation ratio such as
the price-dividend ratio is the natural variable to consider in order 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).

4We 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 US
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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Another way to evaluate whether the missing risk premium is critical is to study Engel’s
(2016) predictability reversal in a model lacking a missing risk premium. The Online Appendix
reports the slope coefficients of a regression of the expected multiperiod currency return,
Et(rxtﬂﬂ), on the interest rate differential. The specifications that include the real exchange
rate reproduce the non-monotonic relationship between the currency risk premium and the
interest rate differential, whereas the one that excludes the real exchange rate does not. The
reason why other predictor specifications exhibit this monotonic specification is that the
premia corresponding to the additional predictors covary positively with the interest rate

differential, whereas the missing risk premium exhibits a negative correlation.

5.2 Alternative real interest rate dynamics

In this subsection, we consider alternative approaches to modeling the real interest rate
differential. The real exchange rate is a function of expected real interest rate differentials,
and with our assumption of nonpersistent inflation differentials, the expected real interest
rate differential is perfectly correlated with the nominal interest rate differential. We argued
earlier that this is a good approximation 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 simultaneously identify a missing risk premium.
Another example is that of Balduzzi and Chiang (2020), who replace the expected realized
real interest rate differentials with the real interest rate differentials. This effectively lowers
the persistence of the expected real interest rate differentials, amplifying 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 differentials is zero and instead assume that it follows an AR(1) process. This
approach is more general than the assumption of Balduzzi and Chiang (2020), which amounts
to assuming that the interest rate and inflation differentials have the same persistence. If

the expected inflation differential is persistent, then the real exchange rate also depends on
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the current inflation differential. This implies that the current inflation differential should
predict currency returns. We find that this is not the case (see the Online Appendix).
Second, we treat the expected real interest rate differential 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 interest rate differential also predicts the currency premium
(see the Online Appendix), which suggests that we can replace the nominal interest rate
differential with the expected real interest rate differential. We find similar model estimates
(see the Online Appendix), and the variance decomposition in Table 4 suggests that the

missing risk premium is again capturing most of the variation in unexpected 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:

Wil = W + €;J+1, (3())

where €7, ; is IID over time (but potentially cross-correlated with other shocks). The expression
for the real exchange rate now becomes (see Appendix A):
= — T

—wp = — . 31
@G —w =0 11—, 1_1077 ( )

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 random walk assumption
(30), the real exchange rate, ¢;, is non-stationary while the adjusted exchange rate, ¢; — wy,
is stationary. Now, the expected long-run exchange rate can potentially rationalize the

disconnect between interest rates and the real exchange rate that we discussed in Section 4.5.
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Relaxing the stationarity assumption for the real exchange rate requires a model that
accommodates another unobserved variable corresponding to the expected long-run exchange
rate, wy, so that the state vector becomes X; = [i} — iy, m;, w;|. The dynamics of the expected

long-run exchange rate are given by (30). We assume the following covariance matrix:

i 2
&t ag; Oni Owi
n — 2
Var £y =|ou o, 0 |, (32)
w 0 2
€ Owi 0,

where the expected long-run exchange rate shock is uncorrelated with the missing risk
premium shock (i.e., g, = 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 expected long-run exchange rate, except
that it is uncorrelated 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 non-stationary in the data.

First, the HBS effect states that more productive countries have stronger real exchange
rates. The key idea is that productivity tends to differ more in the traded sectors (e.g.,
manufacturing) than in the non-traded sectors (e.g., locally rendered services). If wages in
the non-traded sectors follow wages in the traded 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 deviations from PPP and the net interna-

tional asset position. The transfer problem predicts that debtor countries require weaker real
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exchange rates (see Taylor and Taylor, 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 service the interest payments due. The real exchange rate may 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 increase in real interest rates. They argue that an
increase in spending on domestic goods, which raises the current account deficit (a fall in net
foreign assets), induces the real exchange rate to appreciate and the interest rate differential
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 differential observed in
the data.

These two mechanisms suggest that the real exchange rate moves for reasons beyond
changes in risk premia; they also imply that these movements are related to observable
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
relationship between the real exchange rate and the GDP differentials, x;, so that ¢; — Az
is stationary (where A is a constant parameter). Cast within a present-value model, this
relationship amounts to assuming that the expected long-run exchange rate, wy, is observed
and equal to Azy. Following Menkhoff et al. (2017), we consider other variables that can
contain information about w;. Conveniently, our filtering approach allows us to weaken the

relationship between w; and z; by allowing for a measurement error:

Ty = wi/ N+ ], (33)

where vf is an IID shock with a volatility of o,. We now have an additional measurement
equation. The model remains parsimonious as it includes only two extra parameters: o, and
A

We consider the following variables for x;: productivity (the difference between the foreign
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and US real GDP per capita), quality (the difference between the foreign and US quality of
export goods), and US 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 productive countries have appreciated real exchange rates (A > 0).
The transfer problem predicts a negative relationship between US net foreign assets and the
real exchange rate (A < 0), whereas the mechanism proposed by Campbell and Clarida (1987)
predicts a positive relationship (A > 0).

Table 8 reports summary statistics for the productivity, quality, and net foreign assets of
the portfolio. Productivity is measured simply as the difference between the foreign and US
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 US 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 observations of US net foreign assets divided by GDP up to 2015 from Lane
and Milesi-Ferretti (2007). The US has on average been more productive and has exported
products of higher quality than have the countries in the portfolio. The US net foreign assets
divided by GDP have been declining over the period and average around —10.8%. Most
importantly for capturing variation in the expected long-run exchange rate, these variables
display a high degree of persistence, having first-order autocorrelations close to one. The
variables are sampled at lower frequencies, and quality and net foreign assets are available
only until 2014 and 2015, respectively, but this can be handled in the model estimation since
the Kalman filter can evaluate the model’s likelihood even with missing observations.

Table 9 presents the parameter estimates for the models 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 missing 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
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the expected long-run exchange rate shock and the interest differential shock are positively
correlated. However, the positive correlation between 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 non-stationary 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 stationary model versus the non-stationary 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.5 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 4 is small and precisely estimated. 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 general tenet in the literature is that the currency risk premium 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 extract the missing risk premium component.
We find that the missing risk premium, not the interest rate differential, accounts for most of
the movements of the real exchange 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 observations considered in the literature,

5We note that likelihood ratio tests face a number of practical limitations, including sensitivity to the
normality assumption. Also, the null hypotheses we consider are composite, which creates a nuisance
parameter problem.
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namely, that the real exchange rate appreciates with the interest rate differential, that the
real exchange rate predicts currency returns, and that the positive relationship between
currency risk premia and the interest rate differential reverses over longer horizons. Our
present-value model sheds light on the desirable properties of currency risk premia that asset

pricing models must accommodate.
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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 non-stationarity and an omitted predictor and derive the models
in the text as special cases.

The real exchange rate

Begin with the currency return (2):

P = Qe — @ — (T — o) + (6 — ie). (A1)
Rewrite it in terms of the real exchange rate:

@ = (i — 1) = (M1 — Tea1) = TTp1 + e (A.2)

Iterate forward and take conditional expectations:
T
@ =) Bul(ifej1 —diry1) — (my — muey) = 1) + duyr (A.3)
j=1
Let T'— oo and lim;_, E(¢14;) = wy, giving:
g —wi = > Bif(ifyo = i) — (7 — mag) — Ty, (A.4)
j=1

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

[e.9]
qr —w = ZEt[(i:Jrjfl - it+j—1> - (77:+j - 7Tt+j) -
7j=1
—(1- ﬁ)(iiﬂ,l —dtjo1) = VYeri—1 — Merjo1 — 5:11']

o
= Z Ee[B(iFy 1 — ft4j—1) — Ma — Ef4j — O = VYerj—1 — Mej1 — Ery4]
7=1

= Z EuB(ify -1 = terjo1 — i) + Bl — fix — & = VWerjo1 — Nej—1]. (A5)
j=1
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Note that E(g;) = w; implies that o = Su; — .. Finally, since i} — i, y;, and n, follow AR(1)
processes, we can use the geometric formula for an expected AR(1) process to obtain:

Gy — Wy =

WE

[BP] 1(% — iy — i) — ’V/P];_lyt - P#%t]

<.
Il
% =

Z_Zt_ul yt o nt (AG)

-7 )
L —pi L=py 1—=py

I
™

If the expected long-run exchange rate is constant (w; = p,,) and there is no additional
predictor (v = 0), we obtain (12). If instead there is an additional predictor (y # 0), we
obtain (29). Finally, if the expected long-run exchange rate is time varying, we obtain (31).

The predictability regression
Take the time difference of (A.6):

g’ el
Qi+1 — G = B — 5( - @t) + Yy + 1 + 5 tH - S + 5f+1- (A-7)
— pi L=py 1—=py

Add the interest rate differential on both sides to obtain:

g’ el
11 = Bpti = pin+ (1= B) (& — i) +yye+n0e+ 57— Cial 1 Cedl

Y n

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

:Bgiﬂ . £l _ el T e (A.9)

re
€r41 = %1 — By(r2i41)

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

i — = Yt
=(1- t — — (qr — . Al
ne=1=py) |B=— . T, (g — we) (A.10)

The Fama regression becomes:
Tt :C(—i—(l —5)(2: —z't)—l—m—i-”yyt—i—a;_fl. (All)

Insert (A.10) into (A.11) to obtain:

pi p pl + 3k . re
TTip1 = By ( = ) —Wrt (1 - f 1”_ Py ) (if —ie) +yye+(py — 1) (qe—wi) +eit;. (A12)

If the expected long-run exchange rate is constant (w; = p,,) and there is no additional
predictor (7 = 0), expressions (A.9) and (A.12) yield (13) and (14).
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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 additional 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 measurement variable.

Baseline model

The state-space system is:

[‘Qt‘] _ {% 1—/1%“@'75‘%} (B.1)
iy — i 0 Mt ’
Z:—’lt Pi 0 i:fl—’itfl 8%

pu— B.Q
[ ! ] [0 an -1 ]+{€?}’ (B2)

w((1)-[2 5]

The model parameters are: p;, 0;, 58, py, 0y, and py;.

with

Model with an additional predictor
The state-space system is:

r 7 - _B -1 -

qt l=p; 1-py 1-py Ty =t
it =i | = 1 0 0 o (B.4)
L Y] | 0 0 1 Yt
[0 — i ] [ pi 0 0 O A gt
P I wa |+ (B.5)
L Y] 0 0 py Yi—1 &t
with ,
€ o} Oni Oyi
Var &; = | oy 0727 oy | - (B.6)
et Oyi Ty U;

The model parameters are: 3, pi, 0i, Pn, Ons Prniy Oys Pyis Pyns 7Y, and py.
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Model with a time-varying expected long-run exchange rate

The state-space system is:

B8 -1

3 qt = l_pi l_p’f?

Z; — it 1 0

U — pi 0 0

Tt = 0 py, 0

Wi 0 0 1
with ‘
£t

Var ey =
et

%
Zt — 1t
nt )
0]
Wt
% . A z
b1 = U1 &t
n
Ne—1 + | &
w
) _
ag; Oni Ouwi
, 2
O O 0
0wi 0 03

The model parameters are: p;, o;, 3, py, Op, Pyir Ow, and Py

(B.9)

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

rate

The state-space system is:

. qt . 1=pi  1—py
1y — i = 1 0
A . 0 0
[ if — ;| [ p; 0 0
Tt = 0 py 0O
| owe ] | 0 0 1
with
Var (vy)
and :
£t
Var g} =
et

The model parameters are: p;, o;, 58, pn, Tn, Pris Ow, Puwis A, and 0.
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Table 2: Predicting currency returns

OLS IVX Panel Panel
(non-overlapping) (overlapping)

Panel A: One-month horizon
rTip1 = a~+b(if — i) + uppr

b 1.898** 1.897%** 1.615%*
(s.e.) (0.748) (0.558) (0.365)
R? 0.022 0.022 0.018
N 531 531 4574

T =a+b (i — i) + cq + w

b 2.158%** 2.090*** 1,777
(s.e.) (0.729) (0.582) (0.364)
c —0.016* —0.014* —0.017***
(s.e.) (0.009) (0.008) (0.006)
R? 0.028 0.026 0.026
N 531 531 4574

Panel B: One-year horizon
rTyi412 = o+ b (1 — i) + U412

b 19.583*** 19.825%** 16.272%* 14.405***
(s.e.) (6.487) (5.908) (3.591) (3.240)
R2 0.140 0.144 0.132 0.095
N 520 520 371 4466

Topp12 = @+ b (if — i) + cq + Ut 12

b 23.301*** 22.686™** 17.897*** 16.514***
(s.e.) (6.236) (6.150) (3.214) (3.085)
c —0.252** —0.232** —0.247%* —0.244**
(s.e.) (0.102) (0.100) (0.067) (0.064)
R? 0.237 0.218 0.244 0.202
N 520 520 371 4466

Panel A presents predictive regressions of the future currency return, rzs; 1, on the current inter-
est rate differential, ¢f — 4;, and the current real exchange rate, ¢;. Panel B presents predictive
regressions of one-year cumulative returns, rx; 412 = 2113:1 rZyk, 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 twelve lags. The IVX column shows results using the instrumentation
procedure developed 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, and allow for cross-sectional and serial cor-
relation up to twelve lags in the errors as well as for heteroskedasticity in the errors. The one-year
panel regression is reported for both non-overlapping observations (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.



Table 3: Estimation of the baseline model

64 —1.764
(s.e.) (0.654)
(s.e.) (0.014)

o 0.085
(s.e.) (0.001)

P 0.978
(s.e.) (0.008)

oy 0.062
(s.e.) (0.025)

Pyi —0.611
(s.e.) (0.118)
Log-likelihood —631.6

This table presents estimates of
the present-value model with a
constant expected long-run ex-
change rate (stationary model).
Expressions for the model are
given in Appendix B. The model
is estimated by maximum likeli-
hood for the currency portfolio.
Standard errors are reported in
parentheses.
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Table 5: Properties of the currency risk premium

Fama regression Present-value model

Var(Ey(rzi41)) — Var(Ei(Asi+1)) >0

Var(E¢(rzi41)) — Var(E¢(Asiy1)) 0.092 0.099
(s.e.) (0.037) (0.030)
Var(Ey(rzii1)) > Cov(Ey(roiy1), By (Asiy1)) > Var(Eq(Asiy1))
Var(E¢(rzi+1)) 0.118 0.206
(s.e.) (0.070) (0.069)
COV(Et(T‘CL‘t+1), Et(ASt+1)) 0.056 0.141
(s.¢.) (0.051) (0.055)
VaI'(Et<ASt+1)) 0.027 0.107
(s.e.) (0.033) (0.044)

This table presents empirical moments (with standard errors in parentheses) 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 3. Standard
errors are computed using the delta method.
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Table 6: Real exchange rates and interest rate differentials

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

This table presents the results of regressing the real exchange rate, ¢;, on the interest rate differen-
tial, if — 4, for the currency portfolio. The first column shows an OLS regression in levels and with
Newey and West (1987) standard errors, accounting for conditional heteroskedasticity and serial
correlation up to twelve 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 conditional heteroskedasticity. The third column shows an
OLS regression in differences with Newey and West (1987) standard errors with three lags.
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Table 7: Estimation of models

with additional predictors

NXA XVP VRP

I3 —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)
g 0.085 0.085 0.085
(s.e.) (0.001) (0.001) (0.001)
P 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)
Prni —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)
Pyn 0.523 0.322 —0.157
(s.e.) (0.437) (0.297) (0.158)
¥ —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

This table presents estimates of the present-value models with a constant expected long-run ex-
change rate but with an additional predictor. Expressions for the models are given in Appendix B.
Each column presents estimates for each of the three predictors considered: NXA (the deviation
from trend of a weighted combination of gross assets, gross liabilities, gross exports, and gross
imports), XVP (the global currency variance risk premium), and VRP (the equity variance risk
premium). The models are estimated by maximum likelihood for the currency portfolio. Standard
errors are reported in parentheses.
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Table 8: Macroeconomic

variables: Summary statistics

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

This table presents means, standard deviations, and first-order autocorrelations for macroeconomic
variables, averaged at the portfolio level. Productivity refers to the real GDP per capita averaged
across the seven countries in the portfolio minus the US real GDP per capita. Quality refers to the
difference between the foreign and US measurements of the quality of export goods, as constructed
by Henn et al. (2020). Net foreign assets refers to the difference between US external assets and lia-
bilities, as constructed by Lane and Milesi-Ferretti (2007), scaled by GDP. Productivity is sampled
quarterly, whereas quality and net foreign assets are sampled yearly. Standard deviations and auto-
correlation coefficients are expressed on a monthly basis to be comparable to the variables in Table 1.
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Table 9: Estimation of models with a time-varying expected long-run exchange
rate

x variable: — Productivity Quality Net foreign 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)
o 0.085 0.085 0.085 0.085
(s.e.) (0.001) (0.001) (0.001) (0.001)
P 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)
Pri —0.553 —0.610 —0.614 —0.611
(s.e.) (0.201) (0.120) (0.123) (0.122)
Ouw 0.715 0.083 0.661 0.511
(s.e.) (0.432) (0.254) (0.378) (0.368)
Puwi 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)
Oz 0.984 3.588 0.784
(s.e.) (0.616) (1.294) (2.585)

Log-likelihood —630.7 —1141.5 —760.5 —747.6

This table presents estimates of the present-value models with a time-varying expected long-run
exchange rate (non-stationary models). Expressions for the models are given in Appendix B. The
model in the first column is the non-stationary model; the remaining models are the non-stationary
models with an additional measurement variable: Productivity, Quality, or Net foreign assets. The
models are estimated by maximum likelihood for the currency portfolio. Standard errors are re-
ported in parentheses.
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Figure 1: Real exchange rates and subsequent five-year currency returns

This figure shows the demeaned log real exchange rate expressed in dollars per unit of foreign
currency (in blue) and the subsequent five-year dollar return for an equal-weighted currency portfolio
of seven currencies (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.

o1



40%
30%
20%
10%
0%
-10%
-20%
-30%
-40%

-50%

T

T

T

T

—_—

—q

-

T —1

|
1980

|
1985

|
1990

|
1995

|
2000

|
2005

|
2010

|
2015

2020

Figure 2: Real exchange rate decomposition

This figure shows the decomposition of the level of the log real exchange rate (g, in blue), according
to (12), into the missing risk premium (7, in red) and interest rate differential (i; — i, in yellow)
components.
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Figure 3: Long-horizon predictability and the nominal interest rate differential
Panel A shows the slope coefficients and 90% confidence interval of the regression Et(""xt+1+j) =
a+ b(if — i) + w145 for the currency portfolio 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.
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