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1. Introduction

This paper provides new empirical evidence that the
time variation in expected currency returns is strongly re-
lated to the world currency variance risk premium (XVP)
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and to the stock variance risk premium (VP). The world
XVP is measured as an average of the variance risk pre-
miums of 17 available currencies with respect to the U.S.
dollar. Each currency-pair’s variance risk premium is mea-
sured as the option-implied variance minus the realized
variance of currency returns. The VP is measured alter-
natively as the US. stock variance risk premium or as a
global average of major countries’ stock variance risk pre-
miums. We find that an increase in XVP predicts a depre-
ciation of foreign currencies with respect to the U.S. dollar,
while an increase in VP predicts an appreciation of these
currencies. Thus, XVP and VP seem to have different infor-
mational contents for future exchange rate returns.

We set our empirical exercise against the background of
pervasive violations in the uncovered interest parity (UIP).
For a large panel of 22 available currency rates against
the U.S. dollar from 2000 to 2011, interest rate differentials
are insignificant predictors for exchange rate returns, often
with wrong negative signs and low R2s of less than 1% for
one- to four-month horizons. However, including the world
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XVP increases the R% by 2.2% at the one-month horizon, 8%
at the four-month horizon, and 1.5% at the 12-month hori-
zon. The slope coefficients associated with the world XVP
are uniformly negative and significant—a higher world XVP
indicates greater global uncertainty, hence higher U.S. dol-
lar safety value for currency investors. Including the U.S. VP
increases the R? by 5.3% at the one-month horizon and al-
most zero at the 12-month horizon. The slope coefficients
are, in this case, uniformly positive and significant for one-
to six-month horizons—a higher VP indicates greater U.S.
uncertainty, hence higher return premium compensation
for currency investors.

To better understand the underlying economic mecha-
nism behind the predictive power of variance risk premi-
ums, we perform several in-depth diagnostics. First we run
the empirical tests for each of the 22 currencies individu-
ally, and the findings for the predictive power of variance
risk premiums remain intact except for the Japanese yen,
a traditional funding currency, and for a few outliers, like
the Hong Kong dollar and the Philippines peso, which have
pegged or managed floating exchange regimes. Then, we
sort currencies into portfolios and find that currencies of
countries with higher average inflation tend to have more
negative loading coefficients on XVP and higher forex re-
turn prediction R%s. The heterogeneous forex return pre-
dictability by XVP and the exposure of XVP predictability
to inflation risk shed light on how to provide a structural
interpretation of our new empirical findings.

The joint predictability of XVP and VP for exchange rate
returns remains robust if we consider a pre-global financial
crisis sample. For XVP, the results also remain the same if
the realized variance is replaced by the expected variance
from an AR(1) model (Drechsler and Yaron, 2011), if the
Black-Scholes implied variance is replaced by a model-free
implied variance (Britten-Jones and Neuberger, 2000), or
if the realized variance is calculated from high-frequency
intraday forex returns (Andersen et al., 2001). For the VP,
it makes no material difference if we use the US. VP or
an equally weighted or value-weighted average of major
countries’ VPs. The predictability patterns of variance risk
premiums for forex returns also hold after controlling for
the countercyclical risk premium component of forex re-
turns (Lustig et al., 2014).

To rationalize our empirical findings, we introduce a
two-country consumption-based asset pricing model. Our
model follows Bollerslev et al. (2009) to model the real
economy and introduces a process for inflation, in line
with Bansal and Shaliastovich (2013) and Zhou (2011), for
the model to have realistic implications for nominal ap-
preciation rates. In our model, both countries’ real con-
sumption growth processes are orthogonal to each other,
while their inflation processes are exposed to global infla-
tion. Moreover, global inflation level and volatility shocks
are correlated. The orthogonality of the real-economy com-
ponents of our model and the heterogeneous exposures
to common inflation (level and volatility) risk yields the
key implications that support our forex return predictabil-
ity evidence. On the one hand, the XVP implied by the
model reveals information about the global inflation un-
certainty that cannot otherwise be obtained from domes-
tic VPs. Thus, the XVP contains useful information to ex-

plain the time variation of appreciation rates that is addi-
tional to the VP. On the other hand, the predictive power of
the XVP for the appreciation rate between two currencies
depends crucially on the heterogeneity in the exposure of
each country’s inflation process to the global inflation risk.

We calibrate the parameters in the model to match the
observed real growth and inflation dynamics for the United
States and the United Kingdom and the dollar-pound XVP.
For the benchmark calibration scenario, our model is able
to qualitatively replicate the patterns for the predictive
power of the currency and stock variance premiums for
the exchange rate return. We also find that predictabil-
ity patterns are highly sensitive to the degree of hetero-
geneity in the exposure to global inflation across coun-
tries. In particular, the predictability pattern of XVP for
appreciation rates becomes more negative—an increase in
XVP is followed by a depreciation of the foreign currency
with respect to the U.S. dollar—as the United States is as-
sumed to be less exposed to global inflation than the for-
eign economy, which explains the empirical evidence for
the inflation-sorted currency portfolios.

1.1. Literature

Recent literature focuses on the role of the volatility
risk premium in explaining the time variation in currency
returns. Della Corte et al. (2011) provide empirical evi-
dence that the volatility term premium is positive, time-
varying, and predictable. In a related paper, Menkhoff et al.
(2012) document the finding that global forex volatility
risk is priced in currency markets (see also Bakshi and
Panayotov, 2013). Chernov et al. (2015) find evidence that
jump risk in currency variance may be priced in forex mar-
kets but is unrelated to interest rates or macroeconomic
news. Using different methodologies, Farhi et al. (2015),
Jurek (2014) and Brunnermeier et al. (2009) relate the high
observed prices of currency options to the desire of agents
to hedge rare and severe changes in exchange rate move-
ments.! Finally, Mueller et al. (2015) find that the forex
correlation risk premium is also priced in currency mar-
kets. To the best of our knowledge, our paper is the first
one to show that both currency and stock variance premi-
ums provide useful information to explain exchange rate
returns at short horizons.

Our work is also intimately related to the early evi-
dence that exchange rate volatility is time varying (Engle,
1982; Baillie and Bollerslev, 1989; Engel and Hamilton,
1990; Engle et al., 1990; Gagnon, 1993). However, we focus
on the unique information content from the forex deriva-
tives market not only to pin down the dynamics of forex
volatility but also to show that this volatility risk is actu-
ally priced in forex markets. Graveline (2006) shows that
the information from exchange rate options is valuable
for the estimation of the exchange rate volatility that is
much harder to identify using only time-series data for
exchange rates. Bakshi et al. (2008) show that jumps are
crucial to capture the currency return dynamics and to

1 The rare disaster model in Farhi and Gabaix (2016) aims to rationalize
this empirical finding. Burnside et al. (2011) provide a related interpreta-
tion based on the peso problem.
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generate realistic currency option pricing behaviors. In fact,
Bates (1996) and Guo (1998) provide evidence that the dol-
lar/German mark variance risk is priced in the forex op-
tions market within a Heston (1993)-type model.

There is certainly a large literature documenting the
forward premium puzzle or the deviation from the uncov-
ered interest parity (UIP). Early works by Hansen and Ho-
drick (1980), Fama (1984), Bansal (1997), and Backus et al.
(2001), among others, find evidence that, as a consequence
of this deviation, carry trade excess returns are large,
on average positive, and predictable. Recent works by
Lustig and Verdelhan (2007), Lustig et al. (2014), Verdelhan
(2015), and Colacito et al. (2015) relate the cross-sectional
evidence of carry trade strategies to fundamental risk fac-
tors (consumption, dollar, carry-trade, long-run growth).
Motivated by the recent finding that the stock variance
premium can predict international stock market returns
(Bollerslev et al., 2014; Londono, 2015), we investigate the
different informational content of currency and stock vari-
ance risk premiums for explaining the predictable time
variation in the forward premium.

The rest of the paper is organized as follows.
Section 2 introduces our XVP and VP measures and the
data used to calculate them. In Section 3, we summarize
the main empirical findings for the predictive power of
XVP and VP for forex appreciation rates, the heterogeneous
nature of this predictability, and the linkage to global infla-
tion risk. In Section 4, we introduce a two-country general
equilibrium model to understand our main empirical find-
ings. Finally, Section 5 concludes.

2. The currency and stock variance risk premiums

In this section, we introduce a measure for the world
currency variance risk premium calculated as the equally
weighted average of the variance risk premiums of a total
of 17 currencies with respect to the U.S. dollar. We also de-
scribe the stock variance risk premium (VP), which is mea-
sured as the U.S. VP or as an average of the VPs of major
countries with stock options data available.

2.1. The world XVP

Following the convention for the stock VP (Bollerslev
et al, 2009; Drechsler and Yaron, 2011), we define the
forex or currency variance risk premium (XVP) of the re-
turns in U.S. dollars per one unit of foreign currency as

XVP.(h) = ErQ(acz,r,wh) - Ef(acz.t,wh)' (1)

That is, the h-month ahead XVP equals the difference be-
tween the risk-neutral (Q) and the physical (P) expecta-
tions of the currency return variance between months ¢t
and t+h, og[_[+h. For the benchmark XVP measure in
our empirical exercise in Section 3, we substitute the
risk-neutral expectation with the h-month ahead currency
option-implied variance, using Black-Scholes at-the-money
(ATM) options; and we substitute the physical expecta-
tion with the realized variance calculated as the sum of
squared log daily currency returns between t — h and t. We
also assess the robustness of our results to three alterna-
tive variance risk premium measures; one in which we use

the model-free approach to measure the risk-neutral ex-
pected variance (Britten-Jones and Neuberger, 2000), one
in which we replace the physical expectation by a forecast
obtained from an AR(1) model (Drechsler and Yaron, 2011),
and one in which we use high-frequency data to calculate
the currency realized variance for some available curren-
cies (Andersen et al., 2001).

The world XVP is calculated as an equally weighted av-
erage of all countries’ XVPs.2 In the remainder of the pa-
per, we focus on the six-month horizon, as we find that,
although the predictability patterns are very similar for
world XVPs across different horizons, the gains in predic-
tive power for future appreciation rates with respect to the
U.S. dollar are much higher for the six-month XVP than for
XVPs at any other horizon.?

2.2. The VP

Similar to the XVP, we define the one-month stock vari-
ance risk premium (VP) as

_ 2 P2
VR = E?(Gr,uﬂ) —E (Gr,t.t+l)’ (2)
where orz_[ 1 is the stock return variance between months

t and t+ 1. We calculate the VP as the difference be-
tween the (model-free) option-implied and the expected
realized stock variance. As we did for the XVP, we as-
sume that the expected stock realized variance is given by
E (RVZ ;) =RVZ, , where RV?2  is the realized variance
of the stock index calculated using one-month nonover-
lapping rolling windows of daily (log) stock returns. We
consider the following three alternative measures of the
world stock variance risk premium: the U.S. stock variance
risk premium (VPys), the equally weighted average stock
variance risk premium (VPgy ), and the value-weighted av-
erage stock variance premium (VPyy). The average VPs
are calculated using the variance risk premium for the
headline stock indexes for the following countries: United
States, Germany, Japan, and the United Kingdom.? The
monthly value-weighted average VP is calculated, follow-
ing Bollerslev et al. (2014), using lagged total market capi-
talization for the four countries considered.

2.3. Data

Our sample runs from January 2000 to December 2011
and covers the exchange rates (with respect to the U.S.
dollar) of the following countries and their respective
currencies (in parentheses): the Euro Area (EUR), Japan
(JPY), Great Britain (GBP), Switzerland (CHF), Australia

2 In Section 2.4, we summarize the results from a principal components
analysis which supports the election of the equally weighted average to
characterize the world XVP.

3 The finding that the six-month world XVP is a more useful predictor
of appreciation rates with respect to the U.S. dollar holds for the alterna-
tive variance risk premium measures considered. The results for the pre-
dictive power of one-, three-, and 12-month world XVPs are omitted to
save space and are available, upon request, from the authors.

4 Considering alternative average VP measures, including one in which
we use VPs for all other countries with model-free option-implied volatil-
ity data available, has virtually no impact on the main empirical results
in our paper.
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Table 1
One-month currency appreciation rates with respect to the U.S. dollar, summary statistics.

This table reports the summary statistics for the time series of one-month fluctuations of the logarithm of foreign exchange rates with respect to the U.S.
dollar. The appreciation rates are expressed in percent. The exchange rates are quoted in units of U.S. dollar per one unit of foreign currency—a positive
sign corresponds to an appreciation of the foreign currency with respect to the U.S. dollar. We also report the average pairwise correlation between each

currency and all other currencies considered (Avg. corr.).

EUR JPY GBP CHF AUD CAD SEK NZD KRW SGD NOK
Mean 0.20 0.23 —-0.03 0.40 0.33 0.24 0.31 0.31 -0.17 0.19 0.23
Median 0.26 —0.02 —-0.02 0.14 0.53 0.27 0.88 0.88 —-0.06 0.23 0.29
St. dev. 3.22 2.81 2.64 4.04 4.04 2.80 3.61 4.07 1.71 1.71 3.44
Skew. -0.21 —0.30 -0.32 0.07 —-0.76 -0.61 -0.10 -0.52 -0.59 -0.84 —0.55
Kurt. 3.89 341 4.83 4.51 514 6.30 4.50 4.50 3.47 7.22 4.51
AR(1) 0.02 —-0.04 0.10 —-0.08 0.06 —0.06 0.06 0.06 —-0.09 —-0.09 0.07
Avg. corT. 0.60 0.19 0.45 0.54 0.45 0.45 0.60 0.54 0.39 0.56 0.56

PLN ZAR CZK DKK THB TWD HKD HUF INR MYR PHP
Mean 0.14 —0.02 0.44 0.20 0.12 0.01 0.06 0.06 -0.14 0.13 —0.05
Median 0.47 0.75 0.75 0.20 0.28 —-0.02 0.00 0.61 0.00 0.00 0.02
St. dev. 4.32 3.54 3.87 175 175 1.46 0.14 4.47 1.42 1.42 2.03
Skew. -0.89 -0.27 —0.40 -0.20 —0.29 -0.01 0.99 -1.21 -0.62 -0.85 -1.09
Kurt. 4.85 7.25 3.51 3.89 3.73 3.94 6.57 6.57 5.79 8.56 7.64
AR(1) 0.13 —0.05 0.04 0.03 013 0.21** 0.00 0.07 0.18* —-0.09 0.06
Avg. corr. 0.55 0.49 0.57 0.60 0.47 0.47 0.16 0.56 043 0.34 0.34

(AUD), Canada (CAD), Sweden (SEK), New Zealand (NZD),
South Korea (KRW), Singapore (SGD), Norway (NOK),
Poland (PLN), South Africa (ZAR), the Czech Republic (CZK),
Denmark (DKK), Thailand (THB), Taiwan (TWD), Hong Kong
(HKD), Hungary (HUF), India (INR), Malaysia (MYR), and
the Philippines (PHP). For 17 of these 22 currencies (ex-
cluding the HKD, the HUF, the INR, the MYR, and the PHP),
we can calculate the XVP as the difference between the
option-implied and the realized currency return variance.
The ATM implied volatility for these 17 currency pairs is
obtained from ].P. Morgan’s over the counter (OTC) cur-
rency options database while the spot rates are obtained
from Bloomberg.

The stock option-implied volatility and the daily spot
price for the headline stock indexes of the United States,
Germany, Japan, and the United Kingdom are obtained
from Bloomberg. Monthly total market capitalizations for
the four countries, which are used to calculate the value-
weighted average VP, are obtained from Compustat.

We also calculate the interest rate differential between
each country and the United States from h-month zero-
coupon rates calculated by the Board of Governors of the
Federal Reserve system using data from each country’s
central bank.

Finally, to assess the fundamental determinants of the
heterogeneous exposure of each country’s currency appre-
ciation rate to the world XVP, for all countries, we collect
data on real gross domestic product (GDP) deflator from
the Federal Reserve Board and Haver Analytics.

2.4. Summary statistics and stylized features

Table 1 reports summary statistics and average pairwise
correlations for one-month currency appreciation rates
with respect to the U.S. dollar. The mean appreciation
against the U.S. dollar ranges between —0.17% (KRW) and
0.44% (CZK). Appreciation rates display a relatively high
volatility (2.95% on average). The appreciation rate volatil-
ity is unusually low for the HKD (0.14%), most likely be-

cause this currency has been pegged to the U.S. dollar
since 1983.> In contrast, the volatility is the highest for the
KRW (5.12%). Some currencies, other than the HKD, devi-
ate from the normal distribution. In particular, kurtosis is
relatively high for the SGD (7.22), the ZAR (7.25), the MYR
(8.56), and the PHP (7.64). Also, skewness is negative for all
of the currencies in our sample except for the CHF and the
HKD. Skewness is particularly negative for the HUF (—-1.21),
the SGD (—0.84), the PLN (—0.89), and the MYR (-0.85). It
is particularly interesting to note that currency rates with
respect to the US. dollar have a common component. In
particular, the average pairwise correlation for all curren-
cies’ depreciation rates with respect to the U.S. dollar is
0.48. Some currencies display relatively high average pair-
wise correlations, such as the EUR (0.60), the SEK (0.60),
the SGD (0.58), and the DKK (0.60). In contrast, the JPY
(0.19) and the HKD (0.16) have the lowest average pairwise
correlations with all of the other currencies considered.
Table 2 reports summary statistics for six-month XVPs
for the 17 countries in our sample with currency options
data available. In the first column of the table, we also re-
port summary statistics for the world XVP calculated as
the equally weighted average of all currencies’ variance
risk premiums. The XVP is, on average, positive and sig-
nificant for six currencies (EUR, GBP, SGD, DKK, THB, and
TWD) at confidence levels above 5%. The world XVP, plot-
ted in Fig. 1, is also, on average, positive and displays
relatively large volatility (49.46%2). The XVP is particu-
larly volatile for the AUD (160.97%2), the KRW (125.04%2),
and the ZAR (182.89%2). The world XVP deviates from the
normal distribution with large spikes, especially around
the Lehman Brothers episode, a relatively large kurtosis
(16.33), and negative skeweness.® The world XVP is quite

5 The HKD has been pegged to the dollar at 7.8 since 1983. In 2005, the
Hong Kong monetary authority also committed to keep the exchange rate
with respect to the U.S. dollar between HKD 7.74 and HKD 7.85.

6 Fan et al. (2016) find that negative variance risk premiums, also
prominent in the U.S. stock market around the Lehman Brothers episode,
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Table 2
Currency variance risk premiums (XVPs), summary statistics.

This table reports the summary statistics for the six-month currency variance risk premiums (XVPs) of all available currencies with respect to the U.S.
dollar. The XVPs are expressed in annualized squared percent. We also report the summary statistics for the world XVP, which is calculated as the equally-
weighted average of all currencies’ variance risk premiums. Our sample runs from January 2000 to December 2011. Each currency’s variance risk premium
is measured as the difference between the square of the six-month at-the-money forex option-implied volatility and the realized variance of the exchange
rate appreciation with respect to the US. dollar. The forex return realized variance is calculated using six-month lagged rolling windows of daily (log)
appreciation rates between each currency and the U.S. dollar. *, ** and *** represent the usual 10%, 5%, and 1% significance levels. To assess the significance
of the mean XVPs, the standard errors are corrected by Newey-West with six lags. We also report the average correlation between each currency’s and all
other currencies’ variance risk premiums (Avg. corr.).

World XVP EUR JPY GBP CHF AUD CAD SEK NzZD
Mean 144 16.45*+* 9.65 13.24* -739 —42.57* 0.06 -5.63 -12.34
Median 4.64 10.32 6.45 9.53 —8.36 —8.36 2.16 2.62 0.80
St. dev. 49.46 42.02 43.57 39.76 62.29 160.97 35.56 78.99 75.84
Skew. -2.71 147 -1.10 0.61 -1.97 —4.43 —2.06 -2.36 —2.51
Kurt. 16.33 9.35 7.20 11.68 9.19 23.88 14.86 12.70 13.63
AR(1) 0.79* 0.67** 0.74*+* 0.77* 0.87++ 0.87+ 0.67** 0.83*+ 0.79**
Avg. corr. 0.37 0.49 0.35 0.51 0.28 0.28 0.51 0.51 0.44
KRW SGD NOK PLN ZAR CZK DKK THB TWD
Mean 2.78 12.15% 0.21 2.76 —42.45 —8.62 16.71%+ 30.15% 1817+
Median 8.25 4.36 4.36 10.72 8.39 138 18.36 18.36 11.97
St. dev. 125.04 18.56 65.07 92.14 182.89 66.46 42.66 36.21 23.10
Skew. —4.59 —-2.34 —2.34 -141 -3.29 -2.19 153 117 2.08
Kurt. 29.63 12.23 12.23 8.93 15.58 11.47 9.52 3.84 8.41
AR(1) 0.71% 0.77** 0.81*= 0.70** 0.78*=* 0.67* 0.67** 0.79% 0.84**
Avg. corT. 0.38 0.24 0.54 0.30 0.30 0.46 0.48 —0.05 0.03
200
100
B
o 0
w
=3
(9]
N
©
3
£ -100
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—200
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Fig. 1. World currency variance risk premium (XVP). worThe figure shows the six-month world XVP, which is calculated as the equally weighted average
of the variance risk premiums of 17 currencies with respect to the U.S. dollar (see Table 2). Each currency’s variance risk premium is measured as the
difference between the square of the six-month at-the-money forex option-implied volatility and the realized variance of the exchange rate appreciation
with respect to the U.S. dollar. The forex return realized variance is calculated using six-month lagged rolling windows of daily (log) appreciation rates
between each currency and the U.S. dollar.

persistent (its AR(1) coefficient is 0.79), which is not sur-
prising, as the six-month horizon requires a large number
of overlapped windows to calculate the realized currency
variance. Another interesting feature of XVPs is their large

average pairwise correlation (0.37). In fact, the first prin-
cipal component of XVPs explains 50% of the total varia-
tion. The evidence from the principal component analysis
supports the use of the equally weighted average of XVPs
to proxy the world XVP, as the weights associated with all
countries’ XVPs in the first principal component are posi-
can be explained by the gains and losses on market makers delta-hedged tive for almost all currencies and of a similar magnimde'7
positions. An alternative hypothesis to explain negative variance risk pre-
miums is related to the predictive power of implied variance for realized
variance (Jiang and Tian, 2005; Ait-Sahalia et al., 2015). To be sure, as we
show in Section 3.4, our main empirical findings are robust to considering

a subsample before the Lehman Brothers episode and to alternative vari-
ance premium measures that are less prone to experience large negative
spikes.

7 In unreported results, we show that the main empirical results in
Section 3 are virtually unchanged when we approximate the world XVP
as the first principal component of all countries’ XVPs.
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Table 3
Stock variance risk premiums (VPs), summary statistics.

This table reports the summary statistics for the stock variance risk pre-
mium (VP), which is calculated as the difference between the (model-
free) option-implied and the realized stock return variance. The VPs are
expressed in annualized squared percent. The VP is alternatively mea-
sured as the U.S. stock variance premium (VPys), the equally weighted
average stock variance premium (VPgy), and the value-weighted average
stock variance premium (VPyy ). The average stock variance risk premiums
are calculated using the VPs for the following countries: United States,
Germany, Japan, and the United Kingdom. For these four countries, the
weights in the value-weighted measure are calculated using lagged to-
tal market capitalizations. We also report the correlation between the
VP measures and the six-month world XVP, corr(VP, XVP), as well as the
cross-correlations among the three VPs.

VPys VPew VP
Mean 88.69* 104.18*** 100.36**
Median 109.31 115.77 105.33
St. dev. 418.86 351.10 379.72
Skew. —4.32 —5.54 -5.16
Kurt. 32.97 53.04 46.26
AR(1) 0.32% 0.18** 0.28*+
corr(VP, XVP) -0.17 —0.30 -0.24
Correlations VPys VPrw VPyyw
VPys 1
VPrw 0.89 1
VPyw 0.98 0.96 1

Table 3 reports summary statistics for the one-month
VPs, while Fig. 2 shows their time series. Irrespective of the
proxy measure used, VP is, on average, positive and signif-
icant at confidence levels above 10%. VPs are also relatively
volatile (418.9%2, 351.10%2, and 379.7%2 for VPys, VPpy, and
VPyw, respectively). Interestingly, although all VP measures
are highly correlated with each other, as is also evident
from the figure, their correlations with the world XVP are
moderate and negative (—0.17, —0.30, and —0.24 for VPyg,
VPgy, and VPyy, respectively).

In the following section, we show that stock and cur-
rency variance risk premiums contain differential infor-
mation to explain the time variation in forex returns. In
Section 4, we also propose a model that provides the in-
tuition for the differential informational content of VP and
XVP and for the low correlation between the two premi-
ums. Specifically, we show that, while the VP character-
izes domestic real uncertainty, the XVP reveals information
about global inflation uncertainty.

3. The predictive power for forex appreciation rates

In this section, we conduct a comprehensive analysis of
return predictability for the 22 currencies in our sample
from the world currency and stock variance risk premiums
(XVP and VP). We first present our benchmark results for
the panel-data regression setting. We then explore the het-
erogeneity in the predictability patterns across currencies
using individual-currency regressions, and provide a fun-
damental explanation to these patterns based on inflation
risk. In the final part of the section, we provide a set of
robustness tests for our benchmark panel-data setting.

3.1. Panel data regressions

Our benchmark empirical regression setting for the pre-
dictive power of the world XVP is

Sit+h — Sie = bio(h) +br(M)[yus:(h) —yi (h)]
+bxyp(MXVPE + i, (3)

where s;; is the log of the exchange rate (in dollars per
one unit of each one of the foreign currencies consid-
ered), yys:(h) —y;(h) is the interest rate differential for
h—period zero-coupon bonds between the United States
and the foreign country, and XVP; is the world XVP cal-
culated as described in Section 2.1. The coefficients in
Eq. (3) are estimated using pooled ordinary least squares
(OLS) in which the coefficients associated with the interest
rate differential and XVP are restricted to be homogeneous
across currencies.?

Table 4 reports the predictive power of the interest
rate differential and the additional predictive power of the
world XVP for h-month ahead appreciation rates in Pan-
els A and B, respectively. The uncovered interest rate par-
ity (UIP) predicts that the expected appreciation of the for-
eign currency must equal the difference between domes-
tic and foreign interest rates, such that an investor is in-
different between holding a domestic or a foreign bond.
However, vast empirical evidence since Fama (1984) shows
exactly the opposite—an increase in the domestic interest
rate corresponds rather to a depreciation of the foreign cur-
rency. The UIP violation is especially challenging at short
horizons (Hodrick, 1987). Our results are in line with de-
viations from the UIP reported in the literature. That is,
the coefficient associated with the interest rate differential
is significantly different from one for all horizons consid-
ered, and the estimated coefficient is even negative for the
one-, nine-, and 12-month ahead appreciation rates (Panel
A). The R%s in the univariate regressions for the predictive
power of interest rate differentials are as low as 0.26% for
the one-month horizon and reach a maximum of 3.3% at
the 12-month horizon.

The results in Panel B suggest that adding the XVP does
not have much impact on the deviations from the UIP.
Specifically, in the multivariate regression setting with the
interest rate differential and the world XVP, the estimated
coefficients associated with the interest rate differential are
statistically different from one for all horizons considered
and follow a pattern similar to the coefficients for the uni-
variate regression setting in Panel A. Interestingly, however,
the estimated coefficients associated with the interest dif-
ferential all become slightly less deviated from one, when
the world XVP is included. Nevertheless, the improvement
is not large enough to resolve the UIP puzzle.

The results in Panel B also suggest that the XVP plays a
key role in predicting future appreciation rates. The statis-
tical significance of XVP is above the 1% level for all hori-
zons considered. Moreover, the estimated coefficient for
the predictive power of XVP is economically meaningful—
a one-hundred units increase in the monthly XVP, which

8 As pointed out by Bansal and Dahlquist (2000), a panel-data set-
ting reduces imprecision in the estimation of currency-specific parame-
ters (also see Baillie and Bollerslev, 2000).
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Fig. 2. Stock variance risk premiums (VPs). The figure shows the VPs measured as the difference between the square of the (model-free) stock-option-
implied volatility and the realized stock return variance. We report the U.S. variance risk premium and the equal- and value-weighted average stock
variance risk premiums (for the United States, Germany, Japan, and the United Kingdom) in Panels A, B, and C, respectively (see Table 3).

is equivalent to an increase of 1,200 units in the observed
XVP (see Fig. 1), corresponds to a four-month ahead annual
depreciation of 11.95% of the foreign currencies with re-
spect to the U.S. dollar. The predictive power of the world
XVP is maximized at a medium four- to six-month hori-
zon. Moreover, the gains in predictive power with respect
to the individual predictive power of the interest rate dif-
ferential, R* — R}, are considerable and maximized at the
four-month horizon (8%). The evidence for the predictive
power of the world XVP for appreciation rates relates to
the finding in Della Corte et al. (2016) that country-level
currency volatility risk premium has predictive power for
the cross section of currency returns.

Table 5 reports the results for the predictive power of
the VP for forex returns. Our regression setting for the pre-
dictive power of the VP is similar to that in Eq. (3),

Siteh — Sie = bio(h) + br(W)[yys: (h) — yi(h)]

+byp(WVP + Uj ¢ 1ps (4)

where VP; is alternately the U.S. stock variance risk pre-
mium (in Panel A), the equally weighted average stock
variance risk premium (in Panel B), or the value-weighted
average stock variance risk premium (in Panel C). The re-
sults in Panel A suggest that the U.S. VP plays a key role
in explaining the future appreciation rate for all curren-
cies considered, especially at the short one- to four-month
horizon. In particular, following an increase in the U.S.
VP, the U.S. dollar tends to depreciate with respect to all
currencies—a one-hundred units increase in the monthly
U.S. VP corresponds to a one-month ahead annual appre-
ciation of 2.10% of the foreign currencies with respect to
the U.S. dollar. The statistical significance is above the 1%
level for all currencies for horizons between one and six
months. This result extends the evidence in Zhou (2009),
who shows that the U.S. VP has predictive power for one-
month dollar/EUR and dollar/GBP returns.’ The predictive

9 Interestingly, Londono (2015) finds that the US. VP is also a useful
predictor for international stock returns, and Rapach et al. (2013) find that
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Table 4
The predictive power of the world XVP for exchange rate returns with respect to the U.S. dollar.
This table reports the estimated coefficients for the following panel-data regressions:

Sie+h — Sie = bio(h) + bir (M [yuse (h) — yie (h)] + bxvp (WXV P + ujpip,

where s;; is the dollar exchange rate of currency i (in units of U.S. dollar per one unit of foreign currency), yys;(h) —yi.(h) is the interest rate differential
for h—month zero-coupon bond rates between the United States and country i, and XVP is the six-month world currency variance risk premium (XVP)
calculated as the equally weighted average of all available currencies’ variance risk premiums (see Table 2). To facilitate the interpretation of the estimated
coefficients, we divide XVP by 12 (equivalent to monthly XVP). The standard errors are corrected by panel-data Newey-West with h lags (standard deviations
are reported in parentheses). *, **, and *** represent the usual 10%, 5%, and 1% significance levels. For the interest rate differential, y;. (h) — y;.(h), the null
hypothesis corresponds to bjr = 1 (that is, whether the UIP holds). The sample period runs from January 2000 to December 2011. The estimated regression
currency-specific constants are left unreported, to save space. We report the R? of the regression and, for the multivariate regression in Panel B, the gains
in R?s with respect to a univariate regression for the interest rate differential, R? — R§.

Panel A: Interest rate differential (deviations from UIP)

h 1 2 3 4 6 9 12

yus(h) —yi(h) —0.13* 0.02* 0.08** 0.16* 0.07* —0.07* —0.11%

(0.41) (0.39) (0.41) (0.41) (0.41) (0.40) (0.39)

R2 0.26 0.50 0.75 0.95 135 217 3.28
Panel B: Adding the world XVP

1 2 3 4 6 9 12

yus(h) —yi(h) —0.08"** 0.07** 0.14** 0.23* 0.13** —0.02** —0.06"*

(0.40) (0.38) (0.39) (0.40) (0.40) (0.40) (0.38)

XvP —11.33** —11.55"* —12.21* —11.95"* —9.34%* —4.78"* —2.82%*

(1.70) (1.35) (1.19) (1.19) (0.93) (0.66) (0.57)

R? 243 4.72 7.70 8.95 8.28 5.03 4.79

R?—RZ 2.16 422 6.95 8.00 6.94 2.86 1.51

Table 5

The predictive power of VP for exchange rate returns with respect to the U.S. dollar.
This table reports the estimated coefficients for the following panel-data regressions:

Sit+h = Sie = bio(h) + bir (W) [yuse (h) = yie (h)] + byp (M)VP + i ¢,

where s;; is the dollar exchange rate of currency i (in units of U.S. dollar per one unit of foreign currency), yys,(h) — y;(h) is the interest rate differential
for h—month zero-coupon bond rates between the US. and country i, and VP is the (one-month) stock variance premium. We consider three alternative
measures for the VP: the U.S. stock variance premium (VPys), the equally weighted average stock variance premium (VPgy), and the value-weighted average
stock variance premium (VPyy) (see Table 3). To facilitate the interpretation of the estimated coefficients, we divide the VPs by 12. The standard errors
are corrected by panel-data Newey-West with h lags (the standard deviations are reported in parentheses). *, **, and ** represent the usual 10%, 5%, and
1% significance levels. For the interest rate differential, yys;(h) — y;,(h), the null hypothesis corresponds to bz =1 (that is, whether the UIP holds). The
sample period runs from January 2000 to December 2011. The currency-specific estimated constants are left unreported, to save space. We report the R?
of the regression and the gains in R%s with respect to a univariate regression for the interest rate differential, R — R§.

Panel A: VPys

1 2 3 4 6 9 12

yus(h) —yi(h) —0.39** —0.10"* —0.07** 0.01** 0.05* —0.07+** —0.11%
(0.39) (0.38) (0.38) (0.39) (0.41) (0.40) (0.39)

vP 2107 0.87*** 1.07+* 1.06*** 0.42%* 0.04 0.01
(0.26) (0.17) (0.16) (0.14) (0.10) (0.06) (0.05)

R? 5.57 2.21 4,58 5.39 2.26 2.19 3.28
R? — R; 5.31 172 3.83 4.44 0.91 0.02 0.00

Panel B: VPgy

1 2 3 4 6 9 12

Yyus(h) —y;(h) —0.20*** 0.00* 0.02* 0.10** 0.07** —0.07" —0.11%**
(0.40) (0.39) (0.39) (0.39) (0.41) (0.40) (0.39)

\%d 1.48%* 0.39* 1.02%+ 1.03** 0.45%+* 0.16** 0.09*
(0.23) (0.17) (0.17) (0.15) (0.10) (0.06) (0.05)

R? 211 0.74 319 4.00 2.16 2.34 337
R? — R}, 1.85 0.24 2.44 3.05 0.81 0.17 0.08

Panel C: VPyy

1 2 3 4 6 9 12

yus(h) —yi(h) —0.28** —0.04* —0.02%** 0.06%* 0.06%* —0.07* —0.11%
(0.39) (0.38) (0.39) (0.39) (0.40) (0.40) (0.39)

% 1.96%* 0.747** 111 111 0.47+ 0.11* 0.05
(0.26) (0.18) (0.17) (0.15) (0.10) (0.06) (0.05)

R? 4.07 1.51 4.15 5.03 2.35 2.26 3.31
R —R? 3.81 1.01 3.40 4,08 1.00 0.09 0.03

Y
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Table 6
The predictive power of the world XVP and the U.S. VP for exchange rate returns with respect to the U.S. dollar.
This table reports the estimated coefficients for the following panel-data regressions:

Sic+h — Sie = bio(h) + bir (W) [yuse (h) = yie (W) + bxvp (WXVE + byp(W)VPRyse + i sns

where s;; is the dollar exchange rate of currency i (in units of U.S. dollar per one unit of foreign currency), yys,(h) — y;(h) is the interest rate differential
for h—month zero-coupon bond rates between the U.S. and country i, XVP is the six-month world currency variance risk premium, and VPys is the U.S.
stock variance premium. To facilitate the interpretation of the estimated coefficients, we divide XVP and VPys by 12. The standard errors are corrected by
panel-data Newey-West with h lags (the standard deviations are reported in parentheses). *, **, and *** represent the usual 10%, 5%, and 1% significance
levels. For the interest rate differential, yys;(h) —y;.(h), the null hypothesis corresponds to bz =1 (that is, whether the UIP holds). The sample period
runs from January 2000 to December 2011. The currency-specific estimated constants are left unreported, to save space. We report the R? of the regression
and the gains in R%s with respect to a univariate regression for the interest rate differential (Panel A in Table 4), R* — R§, and with respect to a multivariate

regression for the interest rate differential and the US. VP (Panel A in Table 5), R* —RZ .

1 2 3 4 6 9 12
yus(h) — yi(h) —0.33% ~0.02+ 0.01% 011+ 012+ ~0.02* ~0.05%

(0.39) (0.37) (0.37) (0.38) (0.40) (0.40) (0.39)
XVP —8.56 ~10.61% ~10.99% ~10.56% —9.02% —4.91% —2.94

(1.73) (1.39) (118) (115) (0.95) (0.72) (0.63)
VPys 1.93%+ 0.66* 0.85%* 0.80" 0.19* —0.08 -0.07

(0.26) (017) (0.16) (0.14) (0.10) (0.07) (0.07)
R 6.77 568 10.05 1137 8.46 5.09 484
R —R2,, 1.20 3.46 548 598 6.20 2.90 1.56
R -R 6.51 518 9.30 10.42 712 2.92 1.56

Y

power of the VP for h-month ahead appreciation rates
remains statistically significant, mostly at the same lev-
els, when equally or value-weighted average VPs are con-
sidered instead of the U.S. VP. In independent concurrent
work, Aloosh (2014) finds positive evidence of one-month
ahead dollar/EUR, dollar/JPY, and dollar/GBP return pre-
dictability from the value-weighted average VP.

Adding the VP also yields gains in predictive power
with respect to the individual predictive power of the in-
terest rate differential (maximized at 5.31% for the U.S.
VP at the one-month horizon). However, as for the XVP,
adding the VP does not seem to affect much the deviations
from the UIP reported in Panel A of Table 4.

Table 6 shows the (additional) predictive power of the
world currency and stock variance risk premiums for h-
month ahead appreciation rates. Our results reveal that
the world XVP has additional predictive power (after con-
trolling for the U.S. VP) for forex returns for all horizons
considered. The estimated XVP coefficient displays an in-
verted hump-shaped predictability pattern that peaks at
the three-month horizon (—10.99). The gains in predic-
tive power after adding XVP with respect to the predictive
power of the interest rate differential and the U.S. VP, R —
RJZ,,VP, are maximized at the six-month horizon (6.20%). The
US. VP also has additional predictive power for horizons
between one and six months, and its estimated coefficient
is positive and displays a decreasing pattern.'” Adding VP
and XVP simultaneously yields large gains in predictive
power with respect to the univariate predictive power of
the interest rate differential, R? — Rj, that are maximized
at 10.42% at the four-month horizon.

the US. lagged stock return is a main predictor for international stock
returns.

10 The decreasing (additional) predictability pattern of the VP is robust
to considering the equally weighted or the value-weighted world VP. The
results for the alternative VP measures are omitted to save space and are
available, upon request, from the authors.

3.2. Heterogeneous exposures to variance risk premiums

We find so far, in a panel-data setting, that an increase
in the world XVP predicts an appreciation of the U.S. dollar
with respect to foreign currencies, while an increase in VP
predicts a depreciation of the U.S. dollar. A natural ques-
tion at this point is whether the predictive power of vari-
ance risk premiums depends on the type of foreign cur-
rency considered. We now investigate the differential or
heterogeneous predictive power of variance risk premiums
for forex returns using an individual-currency regressions
setting.

Table 7 reports the predictive power of the world XVP
for individual currency appreciation rates.!! Our results re-
veal that the coefficient associated with XVP is significant
at confidence levels above 10% for 18 of the 22 currencies
considered at the four-month horizon. However, the coeffi-
cient associated with XVP varies substantially across coun-
tries. At the four-month horizon, the coefficient is large
(negative and significant) for the ZAR (—24.75), the NZD
(—=23.90), the HUF (-23.49), and the PLN (—20.64). In con-
trast, at this horizon, the world XVP is not a useful pre-
dictor for appreciation rates of the following currencies:
the JPY, the HKD, the MYR, and the PHP. Interestingly, the
Malaysian Ringgit, MYR, was pegged to the U.S. dollar be-
tween September 1998 and July 2005. On July 21, 2005,
the Malaysian monetary authority announced the adoption
of a managed float system. The HKD is also pegged at 7.8
to the U.S. dollar, as of May 2005, but can trade between
7.75 and 7.85. The number of currencies for which XVP is
significant at any standard confidence level falls to 11 at
the 12-month horizon.

The individual-currency regression setting reveals that,
except for the Japanese yen, a traditional funding currency,

1 Considering a currency-specific regression setting might be subject

to inference problems due to imprecise parameter estimates (Bansal and
Dahlquist, 2000).
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Table 7
The predictive power of XVP for exchange rate returns with respect to the U.S. dollar, individual-currency regressions.
This table reports the estimated coefficients for the following individual-currency regressions:

Sich = Sie = bio(h) + bir (M) [Yuse (h) = Yie (W] + bixvp (WXVP + Uj e ips

where s;; is the dollar exchange rate of currency i, yys (h) — yi(h) is the interest rate differential for h—month zero-coupon bond rates between the United
States and country i, and XVP is the six-month world currency variance premium (see Table 2). To facilitate the interpretation of the estimated coefficients,
we divide XVP by 12. The standard errors are corrected by Newey-West with h lags (the standard deviations are left unreported, to save space). *, **, and ***
represent the usual 10%, 5%, and 1% significance levels. The sample period runs from January 2000 to December 2011. The estimated regression constants
and coefficients associated with the interest rate differential are also left unreported, to save space. We report the R? of the regression and the gains in
R?s with respect to a univariate regression for the interest rate differential, R> — R2.

h 1 2 3 4 6 9 12
EUR XVP ~10.67* ~10.48" ~12.10" —11.47 —9.42 ~2.59" 0.86
R 189 354 729 8.21 8.71 111 020
R -R 188 353 727 8.17 8.69 111 019
JPY XVP 523 171 -030 -2.00 -2.18 031 088
R 3.05 470 719 9.66 17.40 34,08 37.69
R -R 058 013 0.01 034 0.66 0.02 0.24
GBP XVP ~11.88* ~15.15" ~15.76+ ~14.59" ~9.52% -3.17* -1
R 3.64 11.00 16.78 17.06 1232 420 233
R -R 348 10.14 14.92 1435 8.05 134 0.24
CHF XVP -5.97 -6.59 -8.02+ -8.12+ ~5.66" ~0.61 117
R 086 216 414 522 5.76 3.16 428
R2 — R2 0.54 144 3.46 453 3.99 0.09 0.47
AUD XVP —21.25" ~20.47" —20.51" ~19.70% ~15.20" ~9.14+ —6.13
R 476 7.99 1166 13.13 1128 623 451
R2 — R2 472 7.99 1166 12.87 10.61 6.13 451
CAD XVP ~13.19* —13.23 ~12.03" —12.44 —9.53% ~6.15" —5.21
R 4.04 8.51 10.80 15.05 1177 761 8.09
R -R 3.79 8.06 10.20 14.09 11.08 7.43 8.07
HKD XVP -0.12 -0.13 -0.11 -0.06 -0.02 0.04 0.06
R 165 131 102 088 013 0.77 212
R -R 0.12 028 033 016 0.03 024 0.79
SEK XVP ~14.14* ~15.40 ~15.78" ~16.53+ ~13.49 -5.78* -3.09
R 262 5.79 8.93 1167 10.24 2.87 187
R -R 262 5.78 8.91 1164 10.22 284 126
NZD XVP -23.28" ~24.20" -24.85" ~23.90" ~17.30" ~10.02+ ~6.28"
R 5.61 1130 1780 18.67 13.96 7.48 456
R -R 552 1112 17.44 18.17 13.10 6.54 3.84
KRW XVP ~19.39 ~15.56" ~14.79+ —15.17+ ~11.79" -9.32% ~6.86"
R 557 8.11 1178 14.42 1117 8.75 5.96
R -R 5.06 6.63 9.55 11.89 957 8.14 5.61
SGD XVP -4.83 -4.59* —5.49+ —5.47+ ~3.96" ~1.89* -1.07
R2 2,00 405 8.63 9.92 9.37 8.32 10.25
R -R 135 266 624 758 623 225 110
NOK XVP —15.88" —15.44" ~14.60"* —13.56" —11.54" -5.887 —2.62+
R2 3.64 6.40 8.18 8.71 9.35 425 124
R -R 3.63 627 7.94 835 8.81 3.72 123
INR XVP ~1.67 -4.58 -4.47 ~4.18 —4.117 -3.88" -3.617
R2 8.60 16.36 2151 24.47 24.24 22.22 18.82
R -R 012 152 2.09 222 3.09 385 437
PLN XVP ~15.54 ~15.89 ~19.33+ ~20.64" ~17.26" -8.16" ~4.05"
R 271 4.82 9.26 11.73 10.76 477 333
R2 - R2 217 3.89 8.05 10.60 9.68 349 158
ZAR XVP ~31.93" ~29.09" —27.57 —24.75" ~16.39 ~11.36" ~9.92++
R 820 13.29 1795 18.71 17.03 22,04 24.00
R2 - R2 6.66 1026 13.25 13.11 8.18 634 616
czK XVP ~16.59*" ~16.33" ~18.58+ ~17.46+ —13.23 -3.64 -1.39
R 3.25 6.05 1182 12,98 1175 404 6.88
R2 - R2 312 5.79 1141 1220 10.63 137 036

y
(continued on next page)
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Table 7 (continued)
h 1 2 3 4 6 9 12
DKK Xvp —11.14* —10.83** —12.45%* —11.86"* —9.67+ —2.66%* 0.84
R? 2.03 3.76 7.68 8.79 9.14 118 0.20
R —R? 2.03 3.74 7.64 8.68 9.08 117 0.18
THB Xvp -4.13 —4.82% —4.94* —4.88** —4.10* —2.39* —2.10"
R? 242 5.23 7.88 9.51 13.69 14.35 16.34
R —R? 0.95 2.29 343 3.99 4.03 212 241
TWD Xvp -3.77 —5.08* —5.20% —5.11%* —3.95%* —3.27+ -2.13
R? 115 342 5.11 6.15 5.54 6.38 4.09
R? —R? 114 3.42 511 6.14 5.49 6.00 4.00
HUF Xvp —20.86% —18.86** —24.38* —23.49* —18.56** —6.82% -3.27
R? 4.40 6.42 13.37 14.59 13.37 3.00 1.73
R2—RZ 3.44 5.08 12.38 13.75 12.60 2.88 1.20
MYR Xvp -2.21 —2.60 -2.61 -2.81 -2.27 -2.07 -2.29¢
R? 0.91 2.58 3.80 5.16 4.21 4.04 5.32
R2 —RZ 0.41 1.24 2.03 2.84 2.60 3.10 5.26
PHP Xvp 0.11 -0.15 -0.11 —-0.46 -1.90 -2.58 -2.39¢
R? 0.00 0.28 0.63 1.29 3.90 5.04 730
R2—R2 0.00 0.00 0.00 0.03 0.64 1.59 1.90
Avg. R? 3.32 6.23 9.69 1118 10.69 8.00 778
Avg. (R* —R%) 242 4.60 742 8.44 714 3.26 2.50

the gains in predictive power after adding XVP, R? — R}, at
the four-month horizon are surprisingly high for almost all
major free-floating currencies—EUR (8.17%), GBP (14.35%),
AUD (12.87%), CAD (14.09%). Gains in R2s are also very high
for the currencies for which we obtain a large estimated
coefficient—ZAR (13.11%), NZD (18.17%), HUF (13.75%), and
PLN (10.60%). On average, the gain in predictive power
with respect to the univariate predictive power of the in-
terest rate differential is maximized at the four-month
horizon (8.44%).

Similarly, Table 8 reports the currency-specific predic-
tive power of the U.S. VP. In line with the results for the
panel-data setting in Table 5, the US. VP is a useful pre-
dictor for one-month-ahead appreciation rates for all cur-
rencies in our sample except for the EUR, the HKD, the INR,
and the PHP. At the five-month horizon, the VP coefficient
remains significant for 13 currencies for confidence levels
above 10%, and, at the 12-month horizon, the coefficient is
insignificant for all currencies at any standard confidence
level. The coefficient associated with the U.S. VP also varies
across countries, from —1.49 for the JPY to 4.29 for the
NZD at the one-month horizon. The average gain in R? is
maximized at the one-month horizon (6.8%), and is almost
null for horizons longer than nine months.

These individual-currency regressions yield two main
results. First, by and large, most currencies confirm our
main panel regression findings that world XVP and VP
have nonredundant short-term predictive power for forex
returns. Second, there are large variations in the predic-
tive power of variance risk premiums across individual cur-
rencies. In particular, while for the JPY, a traditional fund-
ing currency, and currencies pegged to the U.S. dollar, the
predictability from XVP and VP are weak or nonexistent,
for traditional investment currencies and emerging mar-
ket currencies, such as the ZAR, the coefficient associated
with XVP is largely negative and significant—an increase in

XVP is followed by a larger depreciation of these currencies
with respect to the U.S. dollar—and the gains in predictive
power increase considerably.

3.3. Inflation-sorted currency portfolios

To understand the economic determinants of the het-
erogeneous predictability patterns across currencies, espe-
cially for the world XVP, documented in Section 3.2, in this
section, we form currency portfolios based on each coun-
try’s average inflation (between 2000 and 2011), and in-
vestigate the heterogeneous predictive power of XVP and
VP across portfolios. The evidence in this section motivates
our international general equilibrium model in Section 4,
wherein the exposure of each country’s inflation process
to global inflation risk plays a key role in explaining the
cross-currency heterogeneity in the model-implied pre-
dictability of XVP.

Table 9 reports the results for the predictive power of
the world XVP and the US. VP for four-month ahead forex
returns for currency portfolios sorted on average inflation.
Our results suggest that the coefficient associated with
XVP is negative for all portfolios considered, in line with
the evidence from the panel-data and individual-currency
regression settings. More importantly, the results suggest
that this coefficient becomes more negative for the curren-
cies of countries with higher average inflation. In fact, a
formal test suggests that the regression coefficient for XVP
is significantly larger for the high-inflation currency port-
folio, which includes the ZAR, the HUF, the INR, the PHP,
and the KRW, than for the low-inflation currency portfolio,
which includes the JPY, the CHF, the HKD, and the TWD.'?

12 This formal test requires a panel-data setting for both extreme portfo-
lios, wherein the XVP is allowed to interact with a dummy for the high-
inflation portfolio. Sorting the portfolios on total 2000 to 2011 inflation
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Table 8
The predictive power of U.S. VP for exchange rate returns with respect to the U.S. dollar, individual-currency regressions.
This table reports the estimated coefficients for the following individual-currency regressions:

Sitsh = Sie = bio(h) + by (W) [Yus. (h) = yie (M) + bivp (WVPyse + Ui s,

where s;; is the dollar exchange rate of currency i, yys:(h) — y;(h) is the interest rate differential for h—month zero-coupon bond rates between the
United States and country i, and VPys is the one-month U.S. stock variance risk premium (VP). To facilitate the interpretation of the estimated coefficients,
we divide U.S. VP by 12. The standard errors are corrected by Newey-West with h lags (the standard deviations are left unreported, to save space). *, **,
and ** represent the usual 10%, 5%, and 1% significance levels. The sample period runs from January 2000 to December 2011. The estimated regression
currency-specific constants and coefficients associated with the interest rate differential are also left unreported to save space. We report the R? of the
regression and the gains in R%s with respect to a univariate regression for the interest rate differential, R — R.

h 1 2 3 4 6 9 12
EUR VPys 194 012 048 0.64" 0.05 -0.19 -0.15
R 4.46 0.04 0.83 183 0.04 0.41 039
R -R2 445 0.03 081 179 0.01 0.41 037
JPY VPys ~1.49" ~1.10" ~0.60 -0.22 0.01 0.09 0.04
R 591 8.50 8.96 9.62 16.74 34.19 3748
R -R2 3.44 3.93 177 030 0.00 013 0.04
GBP VPys 243 151 1457 1287 0.57+ 0.08 0.13
R 10.56 8.04 10.78 10.55 6.16 292 230
R -R2 10.40 717 8.92 7.84 1.89 0.05 020
CHF VPys 226 0.08 0.51 065" 0.16 -0.01 0.06
R 5.90 0.74 167 2.76 199 3.07 3.90
R -R2 558 0.02 0.99 207 0.22 0.00 0.09
AUD VPys 354" 149 1627 134 0.45 -0.17 -0.20
R 9.44 3.04 5.25 450 127 0.24 033
R -R2 9.40 3.03 5.25 424 0.60 014 033
CAD VPys 220" 102+ 114+ 0.95 044 -0.03 -0.08
R 7.82 386 71 6.81 227 020 0.14
R -R2 757 3.41 651 5.86 158 0.02 0.13
HKD VPys 0.00 -0.01 0.00 -0.01 -0.01 0.00 0.00
R 155 113 0.70 0.82 0.45 053 135
R -R2 0.02 0.10 0.00 0.10 035 0.00 0.01
SEK VPys 3140 1667 177+ 173 0.79" 017 018
R 921 481 8.04 911 232 019 0.89
R -R2 921 480 8.02 9.08 231 0.17 028
NZD VPys 429" 215 229+ 2067 0.83* 0.03 -0.07
R 13.35 637 10.78 9.97 2.79 0.94 0.75
R -R2 13.26 619 10.42 9.47 193 0.00 0.03
KRW VPys 318" 120 117+ 124+ 032 0.09 0.01
R 10.14 428 6.47 8.08 2.06 0.66 035
R -R2 9.63 2.80 423 5.54 0.46 0.05 0.00
SGD VPys 136" 033 062+ 0.62°+ 027+ 011+ 0.08
R 8.43 239 8.1 9.40 5.00 6.62 9.58
R -R2 7.78 1.00 572 7.05 187 055 043
NOK VPys 279" 122+ 111 0.89" 0.23 -0.02 -0.11
R 8.01 293 3.51 294 0.77 0.53 014
R -R2 8.00 2.80 327 2.57 0.23 0.00 0.13
INR VPys 082 0.03 028 0.40 015 -0.08 -0.14
R 10.65 14.84 20.04 23.73 2140 18.48 14.92
R -R2 217 0.00 0.62 149 026 011 047
PLN VPys 427 270" 318+ 3.09" 1697 039 021
R 12,50 9.14 17.09 18.31 723 182 2,05
R -R2 1197 8.21 15.87 17.18 6.15 055 029
ZAR VPys 3.08% 153 1607 103" -0.03 -0.36 -0.25
R 5.93 5.05 7.86 719 8.84 16.12 18.10
R -R2 439 2.02 316 160 0.00 0.42 026
czK VPys 334 1.75% 1967 203 0.78" 0.10 0.10
R 9.20 5.07 9.51 12.65 353 2.74 6.66
R -R 9.07 480 9.10 1188 241 0.07 0.14

(continued on next page)
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Table 8 (continued)
h 1 2 3 4 6 9 12
DKK VPys 1.97+ 0.10 0.47 0.63* 0.03 -0.20 -0.15
R? 4.51 0.04 0.82 1.82 0.07 0.45 0.40
R?—RZ 4.51 0.02 0.78 1.71 0.01 0.45 0.38
THB VPys 1.06"* 0.61%* 0.57%* 0.71%* 0.43% 0.23* 0.18
R? 5.88 5.55 7.68 11.52 12.53 13.53 15.06
R?—R2 441 2.62 323 6.01 2.87 1.29 113
TWD VPys 111+ 0.65** 0.70%* 0.69* 0.34* 0.21 0.15
R? 713 4.04 6.53 8.02 2.75 2.08 145
R?—RZ 712 4.04 6.53 8.01 2.70 1.70 1.36
HUF VPys 3.31 1.66** 2,42+ 2.55% 111 0.06 0.06
R? 7.66 441 10.53 13.56 4.02 0.14 0.56
R?—R2 6.69 3.08 9.54 12.73 3.25 0.02 0.03
MYR VPys 1.23* 0.34 0.58"* 0.57** 0.26* 0.16 0.05
R? 9.62 2.89 9.11 10.85 3.91 215 0.22
R?—R2 9.12 1.54 735 8.53 2.30 1.22 0.17
PHP VPys 0.40 0.00 0.22 0.28 0.30 0.18 0.11
R? 0.48 0.28 1.02 1.96 4.25 3.98 5.68
R?—R2 0.47 0.00 0.39 0.70 0.99 0.53 0.28
Avg. R? 7.65 443 738 8.45 5.02 5.09 5.58
Avg. (R* —R%) 6.76 2.80 5.11 5.72 147 0.36 0.30

Table 9

Heterogeneous predictability patterns of variance risk premiums across inflation-sorted currency portfolios.

This table reports the estimated coefficients for the panel-data regression setting including the interest rate differential, the six-month world XVP, and
the U.S. VP (see Table 6) for currency portfolios sorted on country-specific average inflation for the sample running from January 2000 to December 2011.
To save space, we only report the results for the four-month prediction horizon. The standard errors are corrected by Newey-West with four lags (the
standard deviations are reported in parentheses). *, **, and *** represent the usual 10%, 5%, and 1% significance levels. For the interest rate differential,
Yuse (h) =i (h), the null hypothesis corresponds to b = 1 (that is, whether the UIP holds). The sample period for the regressions runs from January 2000
to December 2011. The estimated constants are left unreported, also to save space. We also report, in the last column, the difference in the estimated
coefficients between portfolios 5 and 1 as well as the statistical significance of this difference, which is calculated in a panel-data setting for both extreme
portfolios, wherein the right-hand-side variables are allowed to interact with a dummy for the high-inflation portfolio. We report the R?s of the regression

and the gains in R?s from adding XVP, R?,, — R, or VP, R?

- R;, to a univariate regression for the interest rate differential.

'y.VP
Low High
inflation inflation
1 2 3 4 5 5-1
yus(h) — yi(h) ~151 015 1.78 404 2.25 2.25
(1.10) (1.88) (1.99) (2.58) (1.30) (2.41)
Xvp —3.88* —10.69*** —11.01*** —14.66%* —13.18*** —9.30*
(2.01) (2.60) (2.36) (2.83) (2.50) (4.54)
\%d 0.21 0.68** 0.87** 137+ 0.86*** 0.65
(0.18) (0.27) (0.25) (0.29) (0.27) (0.46)
R? 8.68 12.85 21.26 2717 20.36 11.68
R)%,XVP - R§ 4.54 9.82 18.32 12.92 16.14 11.60
Riyp — R 172 353 10.96 1171 7.52 5.80

In other words, high-inflation currencies will depreciate
more with respect to the U.S. dollar than low-inflation cur-
rencies following an increase in the world XVP. Finally, the
results show that the gains in R? from adding XVP to the
interest rate differential, Rf/,xvp —R2, are higher for high-
inflation currencies than for low-inflation currencies.

We also find that the coefficient associated with the
VP is positive for all currency portfolios, in line with the
results for the panel-data and individual-currency regres-
sion settings. Although the VP coefficient for high-inflation
currencies is higher than that for low-inflation currencies,

instead of on average inflation leaves the results for the heterogeneous
predictability patterns of XVP unchanged.

the difference between these coefficients is not significant.
Thus, our results suggest that average inflation does not
explain the heterogeneous exposure of future forex returns
to the U.S. VP. Nevertheless, as for XVP, the gains in predic-
tive power from adding VP to the interest rate differential,
Rf,vp — R, are higher for high-inflation currencies.

In unreported results, we explore a comprehensive set
of variables that could explain the heterogeneous pre-
dictability patterns of world currency variance risk pre-
mium for appreciation rates against the U.S. dollar. We find
that alternative variables characterizing inflation risk, in-
cluding measures of inflation volatility and inflation ex-
posure to global inflation level and volatility risks, play
an insignificant role in explaining the heterogeneous pre-



428 J:M. Londono, H. Zhou/Journal of Financial Economics 124 (2017) 415-440

dictability patterns of XVP. Interestingly, we also find
that variables characterizing each country’s real economic
growth, including real GDP growth and survey-based real
GDP growth uncertainty, do not play a role in explaining
the observed short-run heterogeneous predictability pat-
terns.’> Rather, we find that the current account-to-GDP
deficit is the only other fundamental variable that explains
the heterogeneous exposure to the world XVP. Specifically,
we find that a portfolio formed by the currencies of coun-
tries with large relative current account deficits has a sig-
nificantly larger (more negative) XVP coefficient than a
portfolio formed by the currencies of countries with low
current account deficits. Furthermore, we find that a set
of currency-related variables explains the heterogeneous
predictability patterns. In particular, we obtain that cur-
rencies with large currency uncertainty (proxied either by
the currency-option implied volatility or the carry-to-risk
ratio) have significantly larger coefficients associated with
the predictive power of the world XVP.

These are all useful angles to explain the variance risk
premiums’ predictive power for currency returns. However,
they may not be mutually exclusive with the inflation dif-
ferential angle identified earlier, which we will focus on as
the main economic direction for the theoretical modeling.

3.4. Additional robustness checks

In this section, we investigate whether our results for
the predictive power of the world XVP and the US. VP
hold for alternative regression specifications, subsamples,
and alternative variance risk premium measures. We also
investigate whether the predictive power of variance risk
premiums holds after controlling for the countercyclical
risk premium component of forex returns. To facilitate the
comparison between the robustness tests and the bench-
mark results, we focus on the panel-data setting. Some re-
sults in this section are left unreported, to save space, and
are available upon request from the authors.

We first consider an alternative regression setting
wherein the coefficient associated with the interest rate
differential is specific to each currency, while those of
the world XVP and the U.S. VP are homogeneous across
currencies. This specification does not seem to make any
difference for the strong predictive power of currency or
stock variance risk premiums. Specifically, in a setting with
currency-specific b, we find that the estimated coeffi-
cients associated with the world XVP are negative and of a
similar magnitude as in the benchmark setup. More impor-
tantly, the world XVP remains a useful predictor of future
appreciation rates for all within-one-year horizons consid-

13 Colacito et al. (2015) find that the currencies of countries with large
exposure to long-run growth appreciate relative to those of countries
with low exposure following a negative shock to the global economy. In
unreported results, we show that, for the advanced-economy currencies
in Colacito et al. (2015), the ranking based on the exposure to long-run
growth and that based on our inflation risk measures are inversely corre-
lated, although the cross-sectional variation of inflation risk measures de-
creases substantially for this subsample of currencies. Inflation risk seems
to be a more prominent phenomenon for our larger sample of curren-
cies, which includes currencies from both emerging market and advanced
economies.

ered. Similarly, the U.S. VP also remains a useful predictor
for future appreciation rates with a positive sign but being
significant only for short horizons.

To verify the sensitivity of our results to large fluc-
tuations in the world XVP and the US. VP around the
Lehman Brothers episode (see Figs. 1 and 2), in Table 10,
we show the results for our benchmark panel-data setting
for a pre-June 2008 sample (or pre-global financial crisis
sample). For this subsample, our main results are almost
unchanged, suggesting that the predictive power of world
currency and stock variance risk premiums is not entirely
driven by the global financial crisis. In particular, our main
empirical findings do not seem to be affected considerably
by the large variance premium spikes observed around this
episode. For this subsample, the coefficient associated with
the world XVP is negative and significant for all horizons
considered and the coefficient of the U.S. VP is positive
and significant up to the four-month horizon. If anything,
the gains in predictive power when the world XVP and
the US. VP are added to the interest rate differential are
only slightly smaller than those for the full sample (see
Table 6).

We also investigate the sensitivity of our results for
three alternative variance risk premium measures. In the
first alternative measure, the expectation of the forex and
stock return variance under the physical distribution is ap-
proximated using an AR(1) estimation of their respective
realized variance as in Drechsler and Yaron (2011). In the
second alternative measure, the expected forex return vari-
ance under the risk-neutral measure is approximated us-
ing a model-free measure similar to the one used to calcu-
late the VIX (Chicago Board Options Exchange Volatility In-
dex).’ In the third method, we calculate the forex realized
variance using intraday (five-minute) exchange rates for
the EUR, the JPY, the CHF, the CAD, the AUD, and the DKK
and daily appreciation rates for all other currencies, and
calculate the world XVP accordingly. Table 11 shows the
predictability of the alternative currency and stock vari-
ance premiums for forex returns.

Our main result that both currency and stock vari-
ance premiums are useful predictors for future apprecia-
tion rates against the U.S. dollar holds for these alterna-
tive variance premium measures. For the first alternative
measure (Panel A), however, the predictability patterns are
slightly changed. In particular, the world XVP is a useful
predictor only at horizons between one and four months,
while the U.S. VP becomes a useful predictor for all hori-
zons considered.”” The results for the second alternative
measure are almost indistinguishable from those in our

4 We follow the method in Bakshi and Madan (2000) and Bakshi et al.
(2003) to calculate the risk-neutral distribution of each currency’s appre-
ciation rate with respect to the U.S. dollar using currency options at dif-
ferent degrees of moneyness. We thank Wenxin Du and Jesse Schreger for
kindly providing the code to calculate these risk-neutral distributions.

15 The first alternative measure differs from the benchmark measure es-
pecially around the Lehman Brothers episode. Specifically, the alternative
XVP measure is large and positive throughout most of the last quarter of
2008, while the benchmark measure displays a positive spike followed by
a large negative spike in October 2008. The alternative U.S. VP also has a
negative spike in October 2008, although less pronounced than the spike
for the benchmark U.S. VP measure.
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Table 10
The predictive power of XVP and VP for exchange rate returns with respect to the U.S. dollar, pre-global financial crisis sample.
This table reports the estimated coefficients for the panel-data regressions:

Sic+h — Sic = bio(h) + bir (W) [yuse (h) = yir (W)] + bxvp (WXVE + byp (WVPjs, + Uj ¢,

where s;; is the dollar exchange rate of currency i, yys,(h) — y;((h) is the interest rate differential for h-month zero-coupon bond rates between the United
States and country i, XVP; is the six-month world XVP, and VPys , is the US. VP. The sample period considered runs from January 2000 to June 2008—a
few months before the collapse of Lehman Brother in October 2008. To facilitate the interpretation of the estimated coefficients, we divide the world XVP
and the U.S. VP by 12. The standard errors are corrected by panel-data Newey-West with h lags (the standard deviations are reported in parentheses). *,
. and ** represent the usual 10%, 5%, and 1% significance levels. For the interest rate differential, yys,(h) —y;¢(h). the null hypothesis corresponds to
big = 1 (that is, whether the UIP holds). The currency-specific estimated constants are left unreported, to save space. We report the R? of each individual
regression, and the gains in R?s with respect to a univariate regression for the interest rate differential, R?> — R}Z,.

1 2 3 4 6 9 12
yus(h) — yi(h) ~0.13* 0.18* 022 031 0.29 031 0.30
(0.42) (0.41) (0.42) (0.42) (0.45) (0.47) (0.48)
XVP —11.54% ~12.96" —12.63" —15.56" —19.00% —12.78" —14.17+
(2.10) (1.73) (147) (1.80) (1.96) (1.94) (1.75)
VP 118" 0.44+ 0.61% 0.48++ ~0.17 0.27* 0.64%
(0.26) (0.20) (0.18) (017) (012) (011) (0.11)
R? 5.65 6.79 958 11.25 6.80 5.92 9.53
R —R2 527 6.15 8.64 9.96 4.96 2.87 483

benchmark setting, which is not surprising, as the corre-
lation between the second alternative and the benchmark
XVPs is 0.90. This result also suggests that there is little
gain in using currency options at different degrees of mon-
eyness instead of more simple ATM currency options to
calculate the implied volatility of forex returns. Similarly,
the results obtained using high-frequency data to calculate
forex realized volatilities confirm the evidence from our
benchmark setup.

As a final robustness test, we explore the additional
predictive power of variance risk premiums for future ap-
preciation rates after controlling for the countercyclical
risk premium component of forex returns. To do so, we
calculate the U.S.-specific component of global industrial
production following Lustig et al. (2014). The results in
Table 12 suggest that the predictive power of currency and
variance risk premiums is additional to that of the US.-
specific component of global industrial production. More-
over, the predictability patterns of variance risk premiums
are unchanged with respect to the benchmark specification
in Table 6. The coefficient associated with the U.S. compo-
nent of global industrial production is positive and signifi-
cant for horizons of up to six months, in line with the ev-
idence in Lustig et al. (2014).

To summarize, in this section, we find that the world
currency and stock variance risk premiums have predic-
tive power for the appreciation rates of currencies with
respect to the U.S. dollar. This evidence is robust to al-
ternative regression specifications and variance risk pre-
mium measures, to subsample analysis, and to controlling
for the countercyclical component of forex returns. In an
individual-currency regression setting, we also find that
the predictability patterns of variance risk premiums for
forex appreciation rates with respect to the U.S. dollar vary
largely across currencies, especially for the world XVP. Us-
ing currency portfolios sorted according to country-specific
inflation, we find that currencies of countries with high in-
flation have a higher (more negative) coefficient associated
with the predictive power of the world XVP. That is, these
currencies tend to depreciate more following an increase
in XVP than low-inflation currencies. In addition, the gains

in R? from adding XVP to the interest rate differential are
also higher for high-inflation currencies.

4. A model with global inflation uncertainty

In Section 3, we find that world currency and stock
variance risk premiums (XVP and VP) have predictive
power for appreciation rates. We also show that curren-
cies’ exposures to the world XVP are systematic along the
line of inflation risk. To rationalize these empirical findings,
in this section, we introduce a two-country consumption-
based asset pricing model that links the XVP to global in-
flation uncertainty.

In our model, both countries’ real consumption growth
processes are orthogonal while their inflation processes are
exposed to global inflation, and this exposure is heteroge-
neous across countries. Moreover, we allow for shocks to
global inflation level to be correlated with shocks to global
inflation volatility. The independence of the real-economy
components of our model, the heterogeneous exposures
to common inflation, and the correlation between infla-
tion level and inflation volatility risks yield the key im-
plications that support our empirical evidence. On the one
hand, the XVP implied by the model reveals information
about the global inflation uncertainty that cannot other-
wise be obtained from domestic stock and stock-options
markets. Thus, the XVP contains useful information to ex-
plain the time variation of appreciation rates that is addi-
tional to the VP. On the other hand, the predictive power of
the XVP for the appreciation rate between two currencies
depends crucially on the heterogeneity in the exposure of
each country’s inflation process to global inflation.

In the first part of this section, we explain the model
setup and its main implications for the predictive power
of variance risk premiums for appreciation rates. In the
second part, we compare the model-implied predictabil-
ity patterns with those observed empirically, and discuss
the sensitivity of these patterns to key parameters in the
model, including the heterogeneous exposures to global in-
flation across countries, which explains the empirical evi-
dence for the inflation-sorted currency portfolios.
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Table 11
The predictive power of XVP and VP for exchange rate returns with respect to the U.S. dollar, alternative variance premium measures.
This table reports the estimated coefficients for the panel-data regressions:

Sit+h = Sie = bio(h) + bir (W) [yuse (h) — yie (h)] + bxvp (MXVE' + byp (MVPis, + Ui e

where s;, is the dollar exchange rate of currency i, yys, (h) — y;(h) is the interest rate differential for h—month zero-coupon bond rates between the United
States and country i. We consider three alternative variance risk premium measures (XVP* and VP*). In Panel A, XVP2 and VP2ys are alternative measures for
the world currency and U.S. stock variance risk premium in which the expectation of the currency and stock return variance under the physical distribution
(Et”(acz_m) and E[’(Ufm )) is approximated using an AR(1) forecast of the realized variance. In Panel B, XVP3 is an alternative world XVP measure in which
the expectation of the currency return variance under the risk-neutral measure is approximated by a model-free measure using at-the-money and out-of-
the-money option prices. The method used to calculate this model-free measure is similar to that used to calculate the VIX, our proxy for the expectation
of the stock return variance under the risk-neutral measure. In panel C, to calculate the alternative XVP4, we use intraday (five-minute) exchange rates for
the EUR, the AUD, the CAD, the DKK, the JPY, and the CHF and daily appreciation rates for all other currencies, and calculate the world XVP accordingly. The
intraday data are cleaned using standard techniques. In particular, besides identifying errors in the data, we also determine a threshold for the maximum
number of runs of null appreciation rates to exclude quiet trading periods of each day and weekends. To facilitate the interpretation of the estimated
coefficients, we divide XVP and the US. VP by 12. The standard errors are corrected by panel-data Newey-West with h lags (the standard deviations are
reported in parentheses). *, **, and *** represent the usual 10%, 5%, and 1% significance levels. For the interest rate differential, yys(h) —y;¢(h), the null
hypothesis corresponds to bjr = 1 (that is, whether the UIP holds). The sample period runs from January 2000 to December 2011. The currency-specific
estimated constants are left unreported, to save space. We report the R? of each individual regression, and the gains in R?>s with respect to a univariate
regression for the interest rate differential, R? — R.

Panel A: XVP2 and VP2 (AR(1) approximation of the physical variance)

1 2 3 4 6 9 12
yus(h) — yi(h) —0.12% —0.10" 0.01~ 0.32 045 0.32 0.22*
(0.42) (0.41) (0.42) (0.43) (0.46) (0.46) (0.44)
XVP2 ~9.69+ —6.31% ~6.10" —3.55% 0.08 210+ 148
(211) (1.62) (142) (1.30) (1.24) (1.02) (0.90)
VP2 3.88% 1,84+ 2.06% 2.20% 1,58+ 0.82% 0.57+
(037) (0.27) (0.24) (0.25) (0.20) (012) (0.09)
R 7.78 414 6.99 7.90 5.49 449 498
R-R 752 3.64 6.24 6.95 414 2.32 1.70

y

Panel B: XVP3 (model-free approximation of the risk-neutral variance)

1 2 3 4 6 9 12
yus(h) — yi(h) ~0.16* 0.27 039 0.61 0.85 0.85 0.67
(0.48) (0.47) (0.48) (0.50) (0.52) (0.51) (0.48)
XVP3 ~8.90% ~11.88 1141 ~10.70"* —8.84w —4.46% —2.18"
(1.68) (1.40) (1.26) (131) (1.09) (0.79) (0.62)
VP 1,93+ 0.51% 0.73% 0.66" —0.04 —0.23% —0.16*
(0.28) (0.19) (0.17) (0.15) (0.12) (0.08) (0.07)
R 8.33 7.25 11.85 12.63 8.16 490 418
R -R 8.07 6.75 11.09 11.68 6.81 2.73 0.90

Y

Panel C: XVP4 (intraday exchange rates)

1 2 3 4 6 9 12
yus(h) — yi(h) ~0.32 0.01 0.05 015 0.20 0.07 ~0.03
(0.39) (0.37) (0.38) (038) (0.39) (0.41) (0.40)
XVP4 7,54 —9.71% ~10.07* ~9.69 ~9.20" —5.89% —2.94w
(1.69) (1.36) (1.16) (114) (1.04) (0.79) (0.65)
VP 1.93%+ 0.66* 0.85++ 0.79+ 0.37+ ~0.08 -0.10
(0.26) (017) (0.16) (0.14) (0.12) (0.08) (0.07)
R 6.56 5.29 9.45 10.68 7.82 479 466
R? —R2 6.30 480 8.70 9.73 6.47 2.62 138

4.1. Model setup and implications Any other economy (foreign economy hereafter) follows a
similar process, with parameters marked with *.

Our model extends the domestic framework of We also assume that each country’s representative

Bollerslev et al. (2009) to an international setting. Specifi-
cally, we assume that the real economic growth in the U.S.
(the domestic economy in the model) follows the process

i1 = U+ 10711 Zg, 141 (5)

where the country’s macroeconomic uncertainty, olzt, is
characterized by

gl.2t+1 =M+ PlUﬁ[ + P,/ At Zo, 141
Qe+1 = Mg + Pt + Pg/AcZg t41-

agent is endowed with recursive preferences (Epstein and
Zin, 1989). For simplicity, we assume that the parameters
in the preference function are homogeneous across coun-
tries. Thus, for instance, the U.S. stochastic discount factor
is given by

0
meyq = 0logd — e (0 = Dy, (6)
where r; is the return of an asset that pays the U.S. do-

mestic consumption as dividends (stock return), 0 < § <
1 is the time discount rate, y > 0 is the risk aversion
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Table 12
The predictive power of XVP and VP for exchange rate returns with respect to the U.S. dollar after accounting for the countercyclical risk premium compo-
nent.

This table reports the estimated coefficients for the panel-data regressions:

Sic+h — Sie = bio(h) + bir (W) [yuse (h) = yie (W) + bxvp (WXVP: + byp(h)V Rys + bip (M) IPyscomp.t + Ui e+h»

where s;; is the dollar exchange rate of currency i, yys. (h) — yi(h) is the interest rate differential for h—month zero-coupon bond rates between the United
States and country i, XVP; is the six-month world XVP, VPys ; is the US. VP. IRys,,, is the U.S.-specific component of the world industrial production (IP)
growth, which is calculated, as in Lustig et al. (2014), as the residual from the following regression:

AIP.
AIHJS,t =0o+ ﬁ% + €Us_comp

where the world IP growth, % , is calculated using industrial production for the following countries: Austria, Belgium, Canada, Chile, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, Luxembourg, Netherlands, Norway, Poland, Portugal,
Slovak Republic, Slovenia, Spain, Sweden, Turkey, the U.K,, Brazil, Colombia, India, and Russia. The IP data are obtained from the Organisation for Economic
Co-operation and Development (OECD). The sample period considered runs from January 2000 to December 2011. To facilitate the interpretation of the
estimated coefficients, we divide the world XVP and the U.S. VP by 12. The standard errors are corrected by panel-data Newey-West with h lags (the
standard deviations are reported in parentheses). *, **, and *** represent the usual 10%, 5%, and 1% significance levels. For the interest rate differential,
Yus(h) — yir(h), the null hypothesis corresponds to bz = 1 (that is, whether the UIP holds). The currency-specific estimated constants are left unreported,
to save space. We report the R? of each individual regression, and the gains in R%s with respect to a univariate regression for the interest rate differential,
R —R}.

1 2 3 4 6 9 12

yus(h) — y;(h) —0.46" ~0.16" ~0.10" ~0.01% 000" ~0.07% ~0.04"
(0.38) (0.36) (036) (0.37) (0.39) (0.40) (0.39)

XVP —8.46" ~10.45% ~10.89 ~10.42+ —8.87 —4.83 ~2.96%
1.71) (138) (118) (1.15) (0.95) (0.72) (0.63)

VPys 178 051" 074" 0.69" 0.080 ~0.120 ~0.060
(0.26) (018) (016) (014) (011) (0.08) (0.07)

1Pys,,,, 13,81+ 14,107 10.35% 1027+ 8,97 3.240 ~0.770
(3.21) (3.06) (2.70) (2.77) (2.71) (215) (1.60)

R 751 7.07 1113 12.68 9.86 537 4587
R2 - R2 7.25 6.57 10.38 11.73 8.52 320 159
parameter, and 6 = ]1‘)1’ for ¥ > 1 is the intertemporal the model-implied VP is positive as long as ¢ < 0

and, following the intuition in Bollerslev et al. (2009), VP
becomes a useful predictor for domestic stock returns for
horizons for which ¢; is the dominant source of variation
in the equity premium.

Following Bansal and Shaliastovich (2013) and Zhou
Tep1 = Ko + K1Ze41 — Zt + 8ri1, (7) (2011), we impose a process for the dynamics of inflation
in each country for the model to have realistic implications
for nominal appreciation rates.'® In particular, we assume
that the U.S. inflation follows the process

elasticity of substitution.

To solve the model, as is standard in the literature
(Campbell and Shiller, 1988a; 1988b), we log linearize
stock returns as

where z; is the price-consumption ratio. We conjecture a
solution for the price-consumption ratio as a function of
all state variables as

el = Ma + Pr Tt + Pro 011 Zg,t41 + OPrg/AeZo; t41

2
Ze11 = Ao + A0y g +Ages1, (8)
_l o ) ) ) ) +On O tZn 111 + GrwTwies1, (10)

where the price of risk of the state variables is explained ) )
in detail in Appendix A. O7.t+1 = Moz + Po, 07 ¢ + o, O 120y 141

As shown by Bollerslev et al. (2009), the variance risk while the foreign economy’s inflation process is given by
premium of the US. stock market implied by our model
can be found as the conditional covariance between the T = Uy + P +¢;a,‘7ﬂz§1,r+1 + Grav/4i25, 111
variance of stock returns and the domestic stochastic dis- F P50 T i1 + P,
count factor; that is,

2

= 2 2
VR = covt (O M), 01 = Wy + 05,07 + 05,05 2o, i1
where o7, is the conditional variance of stock returns, The common exposure of inflation processes to global in-
vary(re41). Thus, it can be shown that flation implies that inflation is correlated across coun-
VP = bypqGr, 9) tries.!”” The degree of cross-country inflation correlation
where  bypq = (0 — Vi1 (A @7 93, + KFAq(AZ B2, + A03) T —

e ‘ i P ) ) ) o

¢3) The model-lmplled VP in each country is then a func- Unlike Bansal and ShahasFowch (2013), in our model, inflation has a
tion of the country’s domestic real growth uncertainty. In neutral effect on real economic growth.

. y X g X y 17 Parameters ¢y, and ¢4 and their foreign counterparts, as shown by
particular, the VP is a function of each country’s volatility- Zhou (2011), are crucial to fit each country’s term structure of interest

of-volatility of real consumption growth, g;. Therefore, rates; however, they do not play a significant role for the predictive power
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depends on the differential exposure to global inflation,
which is driven by parameters ¢ and ¢%,. The degree
of heterogeneity in the exposure to global inflation can be
measured as

_ P

¢JTW
Interestingly, @ can be expressed as a function of the un-
conditional mean of both countries’ inflations, as follows:

w

_E@mH) A —pr) — 1y
E(me)(1 = pr) — pun

which intuitively links heterogeneity in the exposure to
global inflation to heterogeneity in average inflation and,
therefore, to the empirical evidence for the inflation-sorted
currency portfolios in Section 3.3, as we discuss further in
Section 4.2.

Global inflation follows the process

(11)

w41 = Moy + Py Twt + Proy OwtZry 1415 (12)

where

2 2
Owir1 = Hw + PwOy ¢ + d)zer'w.tZaw.Hl

is the global inflation uncertainty. We allow for the
possibility of correlated shocks between the level and
the volatility of global inflation. In particular, we as-
sume covt(Zz,, t+1: Zoy.t+1) = Onwow = Prwoy- 1HiS assump-
tion implies, in turn, that inflation risk and inflation
volatility risk are correlated.’® To motivate this assump-
tion, in Table 13, we report the correlation coefficient be-
tween the level of global inflation and various measures of
global inflation uncertainty. Specifically, we calculate sev-
eral measures of global inflation volatility, including sim-
ple measures, such as the absolute value or the square of
the volatility, rolling-window estimates of volatility, and
time-series based measures of volatility assuming differ-
ent processes for inflation. We find that the unconditional
correlation between global inflation level and volatility is
always positive and ranges between 0.49, when global in-
flation uncertainty is measured as the realized variance of
global inflation, and 0.79, when global inflation uncertainty
is measured as the absolute value of global inflation.” At
the country level, however, the correlation between infla-
tion level and inflation volatility is much lower and, de-
pending on the volatility measure, even negative for sev-
eral countries in our sample.

of XVP for appreciation rates. Therefore, for the calibration of the model
in Section 4.2, we assume ¢zq, = ¢rq = 0.

18 This assumption also implies that, because inflation risk premium and
inflation volatility risk premium cannot be separately identified, there are
no major gains in reducing the model’s parsimony by adding time-varying
inflation volatility-of-volatility. We do entertain the possibility of having
time-varying volatility-of-volatility for real GDP growth mainly to be con-
sistent with the existing literature. In particular, because time-varying
volatility-of-volatility allows us to differentiate the volatility risk premium
from the consumption risk premium (see, for instance, Tauchen, 2011;
Bollerslev et al., 2009).

9 In contrast, the related literature and the empirical evidence suggest
that real growth and growth volatility are not tightly correlatedA or, if
anything, slightly negatively correlated (see, for instance, Bansal et al.,
2014; Bansal and Yaron, 2004).

The XVP, from the point of view of currency investors
in the United States, implied by our model is given by:

XVP = cov (mfﬂ ’ Ugf+l)’

where mff+1 = mg,1 — 7¢ is the nominal stochastic discount

factor and aff " is the conditional variance of the nominal

exchange rate. Thus,
XVP: = bup.qGt + buwp.o, O (13)
where
bxpg = (Aq Y27 b2, + Aqg(0 — 1)k7 (AL 92 + Az ])
X ¢§ )(O — Dy

and

bxvp.cy = —Prw( Py — ¢nw)2¢(rw¢73mwpﬂwrrw-

Comparing the expression for the XVP (Eq. (13)) with
that for the VP (Eq. (9)) yields one of the key implications
of our model: the XVP reveals information about the global
inflation uncertainty, UV%I, that cannot otherwise be in-
ferred from the purely domestic VPs if the following condi-
tions are met: ¢, (95,) # 0. dx,, # B3, ad Pryor, # 070
That is, if (1) country-level inflation is exposed to global
inflation, (2) exposures to global inflation are heteroge-
neous across countries, and (3) shocks to the level and the
volatility of global inflation are correlated.

The expected variation in one-period-ahead nominal
exchange rates of the foreign currency with respect to the
U.S. dollar implied by our model is given by

1
E¢(S¢41) — St = Et (mf+1) —E (mﬁl) + iVar[ (mf+1)

1
- 5Var m3), (14)

which is a function of the state variables,
Ei(St41) — St = Cx + bx g, Ul,zt + bx.al*o’fjtz + bx qqc + bx.g-qf

— P70t + P + (P — Pw) P Twe

1

+ §(¢3[0'7$t - ;20;% + bx,owav%z,t)’

where
1
bx,o, =0 - 1)A0101?t (k11— 1) + j(bmg + bmr)zd)lz,
1
byq = (0 — 1)Aq(k1pg — 1) + 5((9 - Dk1Ac,$o, — ¢nq)2
1
36 - DA,

and

bx.aw = (¢721w - ¢;2w)¢7zmw

Comparing the expression for the expected nominal ap-
preciation rates (Eq. (14)) with the expressions for the vari-
ance risk premiums (Egs. (13) and (9) for XVP and VPs, re-
spectively) yields the implication of our model for the pre-
dictive power of variance risk premiums for appreciation
rates. On the one hand, XVP and VPs should contain useful

20 Moreover, ¢rq, and ¢, should also be different from zero, which
trivially means that global inflation level and volatility risks are nonzero.
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information to predict exchange rate returns. On the other
hand, the predictive power of our model’s implied XVP is
additional to that of the VP as long as (¢2,, — ¢32,) #0;
that is, as long as the exposure of both countries’ infla-
tion processes to the global inflation uncertainty is hetero-
geneous (w # 1, see Eq. (11)).2! The additional predictive
power of XVP should become more relevant for horizons at
which the global inflation uncertainty dominates the do-
mestic sources of uncertainty in explaining the expected
appreciation rate.

4.2. Model-implied predictability patterns

In this section, we illustrate our model’s ability to gen-
erate predictability patterns that are qualitatively com-
parable to those suggested by the empirical evidence in
Section 3. In particular, we show that the model-implied
slope coefficients for the predictive power of stock and
currency variance risk premiums for appreciation rates
and the (univariate-regression) coefficients of determina-
tion linked to these variance risk premiums qualitatively
match the observed patterns. We also explore the sensitiv-
ity of these predictability patterns to two important eco-
nomic parameters in our model: the heterogeneous expo-
sure to global inflation and the correlation between global
inflation level and volatility shocks. We show that the for-
mer parameter is key to understand the predictability pat-
terns observed for the country-specific regressions and for
the inflation-sorted currency portfolios, in Sections 3.2 and
3.3, respectively.

The model-implied slope coefficients for the predictive
power of stock and currency variance risk premiums for h-
month ahead appreciation rates are given by

COU (S5 — St VR

Bun(hy = eI, (15)
and
Boxvp(h) = XV Cran — 5 XVER) (16)

var(XVE) ’
respectively. The coefficients of determination are given by

oV (Seip — St VR)?

2 _
Revp(h) = var(VP)var (s — St)° (17)
and
_ 2
R o) = S0 s XV (18)

var(XVP)var (s — St)’

for a regression wherein either the stock or the cur-
rency variance risk premium is considered, respectively.
The components of Eqs. (15) to (18) are presented in
Appendix B.

The numerical values for the components of the model-
implied slope coefficients and coefficients of determination

21 The relevance of having heterogeneous exposures to the common fac-
tor is acknowledged in Backus et al. (2001), Farhi et al. (2015), Lustig
et al. (2011), Gourio et al. (2013), and, in a no-arbitrage setting, in Lustig
et al. (2014). The global-uncertainty component in Bansal and Shalias-
tovich (2013) and Du (2013) cancels out in the expression for the ex-
pected appreciation rate precisely because of the homogeneous exposures
of both countries to this factor.

depend upon the values of the parameters that character-
ize the local and foreign real economic growth processes
(Eq. (5) and its foreign counterpart), the parameters driv-
ing the inflation processes (Eq. (10) and its foreign coun-
terpart), and the parameters of the preference function
(Eq. (6)). In Appendix C, we explain in detail the method
used to calibrate the parameters in the model with real
growth, inflation, and XVP data for the United States and
the United Kingdom.

In Fig. 3, we compare the observed and model-implied
predictability patterns of variance risk premiums for the
dollar-pound appreciation rate for the benchmark set of es-
timated parameters. The model-implied coefficient for the
predictive power of the dollar-pound XVP for the dollar-
pound appreciation rate, Byxyp(h), is negative and de-
creases (approaches to zero) with the horizon (Panel A).
That is, our model implies that an increase in the dollar-
pound variance risk premium, which reveals information
about the global inflation uncertainty, is followed by the
appreciation of the U.S. dollar with respect to the pound
for all horizons considered. The R? from a univariate re-
gression with XVP decreases with the horizon and its mag-
nitude is several orders of magnitude smaller than those
observed empirically. The model-implied coefficient asso-
ciated with the VP, B, yp(h), is positive and decreases with
the horizon (Panel B). Thus, in line with the empirically
observed coefficient, an increase in U.S. VP, which reveals
information about domestic real economic uncertainty, is
followed by a depreciation of the U.S. dollar with respect
to the UK. pound. The R? for a univariate regression with
VP follows a hump-shaped pattern that peaks at the five-
to six-month horizon, although, as for XVP, the R%s are sev-
eral orders of magnitude smaller than those observed em-
pirically.

In Fig. 4, we focus on the sensitivity of the predic-
tive power of XVP for appreciation rates to w, the de-
gree of heterogeneity in the exposure of inflation to global
inflation across countries (see Eq. (11)). When the U.S.
is assumed to be more exposed to global inflation than
the foreign economy, that is, when ¢rw > ¢%,, (W < 1),
the model-implied coefficient associated with the XVP be-
comes positive. Thus, an increase in the dollar-pound vari-
ance risk premium predicts a depreciation of the U.S. dol-
lar, in contrast to our empirical evidence in Table 7 for
most currencies, except perhaps for the JPY and other
hard-pegged currencies, such as the HKD. However, as long
as w > 1 and, therefore, ¢%,, > ¢rw, an increase in the
dollar-pound variance risk premium predicts an apprecia-
tion of the U.S. dollar for all horizons considered, which is
consistent with our benchmark panel regression results.
This finding suggests that, in line with the evidence in
Section 3.3, the currencies of countries with higher aver-

22 We obtain a range for w using the ratio of average inflations in
Eq. (11). For the countries in our sample, the minimum w is —0.1 for
Japan, and there are four countries with @ above 2.0: the Philippines
(2.0), South Africa (2.4), Hungary (2.3), and India (2.8). For very high val-
ues of w, however, the model-implied predictability patterns, although
still negative, are not necessarily increasing in w (that is, a higher ex-
posure implies that currencies will depreciate more following an increase
in XVP). This result is in line with our empirical evidence for portfolios
sorted on inflation regarding the extreme portfolios 4 and 5 in Table 9.
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Fig. 3. Model-implied predictability of dollar-pound XVP and U.S. VP for the dollar-pound appreciation rate. The figure shows the model-implied regression

coefficients for the predictive power of the dollar-pound variance risk premium

(XVP) and the U.S. stock variance premium (VP) for the dollar-pound ap-

preciation rate in Panels A and B, respectively. We also report the R?s from a univariate regression with either XVP or VP. The model-implied predictability

patterns and the parameters used in the calibration of the model are explained i

age inflation are more exposed to global inflation and will
therefore depreciate more with respect to the currencies of
lower-inflation countries following an increase in XVP. The
economic intuition for this finding is as follows. As infla-
tion in the United States is less exposed to global inflation
risk, an increase in XVP should lead to a higher demand to
hold safe assets. The increase in the demand for safe as-
sets will make the U.S. dollar value relatively higher going
forward. As can be seen in Panel B, although the model-
implied R%s are several orders of magnitude smaller than
those observed empirically, these R?s increase as the expo-
sure to global inflation uncertainty is more heterogeneous,
that is, as w deviates more from one in either direction.
Fig. 5 shows the sensitivity of the model-implied pre-
dictability patterns of XVP for future appreciation rates
to Pr,0., the parameter driving the correlation between
shocks to the level and the volatility of global inflation.
If shocks to the level and the volatility of global infla-
tion are orthogonal, that is, pr,0, =0, the model-implied
Bexvp is relatively small and positive and the R?s are virtu-
ally zero. The more correlated shocks to inflation and infla-
tion volatility are, the larger (more negative given that @ >
1 for the benchmark calibration) the model-implied B.xvp
and the higher the explanatory power of XVP for apprecia-
tion rates. This result echoes the motivating evidence that
the systematic components of all countries’ inflation level

n Section 4.2 and Appendix B and Appendix C.

and volatility shocks are strongly and positively correlated,
as shown in Table 13.

Our model can qualitatively match the predictive pat-
tern of XVP for appreciation rates, but quantitatively does
not match well many important asset pricing and macroe-
conomic moments (see Appendix C). To further improve
on the quantitative dimension, there are several possi-
ble extensions, which we leave for further research. First,
we could introduce long-run growth risk and the cross-
country correlations in growth and growth volatility risk
(Colacito and Croce, 2013; Colacito et al., 2015), which
would complement our setup with cross-country corre-
lation in inflation and inflation volatility and help to
match important real quantities and equity premiums.
Second, we could also allow for richer interactions be-
tween growth and inflation dynamics, therefore introduc-
ing money nonneutrality (see, for instance, Bansal and
Shaliastovich, 2013), which would help us to match the
moments of nominal interest rates and further enrich our
model implications for joint dynamics of inflation, cur-
rency appreciation rates, and XVP. Finally, there are some
differential effects between emerging and advanced coun-
tries, especially along the interest differential dimension,
which mirrors the findings in Bansal and Dahlquist (2000).
Therefore, it would be natural to further model the coun-
tries’ heterogeneous exposures to global inflation risk as
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Fig. 4. Sensitivity of the model-implied predictability of XVP to cross-country heterogeneity in the exposure to global inflation uncertainty. The figure
shows the regression coefficients and R?s for the predictive power of the dollar-pound variance risk premium for the dollar-pound appreciation rate implied
by our model for alternative values of w, the parameter driving the relative exposure of each country’s inflation process to the global inflation uncertainty
(see Eq. (11)). The predictability patterns are calculated using the parameters and expressions in Section 4.2 and Appendix B and Appendix C.
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Fig. 5. Sensitivity of the model-implied predictability of XVP to the correlation between the global inflation level and volatility. The figure shows the
regression coefficients and R%s for the predictive power of the dollar-pound variance risk premium for the dollar-pound appreciation rate implied by our
model for alternative values of pr,q,. the parameter driving the correlation between the level and the volatility of global inflation. The predictability
patterns are calculated using the parameters and expressions in Section 4.2 and Appendix B and Appendix C.
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Table 13
Correlation between inflation level and inflation uncertainty.

This table reports the unconditional correlation coefficient between the
level of inflation and alternative measures of inflation uncertainty. The
first measure of inflation uncertainty is the absolute value of global infla-
tion. The second measure is the square of inflation. Rolling RV is the re-
alized variance of monthly inflation calculated using nonoverlapping an-
nual windows as the sum of the squared monthly inflation. Rolling RVol is
the realized volatility calculated as the squared-root of the realized vari-
ance. The last measure is the time-series inflation uncertainty measure
calculated as the volatility of the following inflation process proposed by
Stock and Watson (2007): 7 = T + 1, Where n; ~N(0,J€‘t). and 7 =
T;_1 + € is inflation’s stochastic trend with €, ~ N(0, 03[). The volatilities
of the permanent and noise components of inflation follow log(a,%r) =
log(aiﬁn) + V1. and log(a,) =log(o2 ) + Y2, respectively, where
Yt = (Y1, Yo, ) is iid (independent and identically distributed)N(O, I).
The total volatility of each country’s inflation process is calculated as

ot = /02, +02.. The column labeled “Global inflation” shows the uncon-

ditional correlation coefficient between global inflation, calculated as the
equally weighted average of all countries’ inflation, and each alternative
inflation uncertainty measure. The column labeled “Cross-country aver-
age” shows the cross-country average of the correlation between country-
level inflation and each measure of inflation uncertainty. All inflation
measures are calculated for the sample running from January 2000 to De-
cember 2011.

Global Cross-country

inflation average
Absolute value of inflation 0.79 0.02
Square of inflation 0.73 0.02
Rolling RV (12 months) 0.49 0.12
Rolling RVol (12 months) 0.59 0.12
Stock-Watson inflation uncertainty 0.56 0.18

“bipolar” for the advanced and emerging countries, which
could potentially help to match some key dimensions in
international finance moments.

5. Conclusion

The pervasive violations of the UIP, especially for short
horizons, originally documented in Fama (1984), imply that
there is a time-varying predictable component in the cur-
rency risk premium. In this paper, we provide new empiri-
cal evidence that the currency and stock variance risk pre-
miums (XVP and VP) are useful predictors of future appre-
ciation rates with respect to the U.S. dollar for 22 curren-
cies.

We propose a measure for the world XVP as the av-
erage of 17 currencies’ variance risk premiums. We show
that the world XVP predicts currency depreciation against
the U.S. dollar, especially at the short within-year horizon.
The estimated world XVP coefficient displays an inverted
hump-shaped predictability pattern, and the gains in pre-
dictive R%s reach a maximum of 8% at the four-month hori-
zon. We also document a finding that the U.S. VP can pre-
dict appreciation rates with respect to the U.S. dollar for
the 22 currencies considered, especially at the one-month
horizon, where the gains in predictive R%s are maximized
at 5.3%. Interestingly, XVP and VP have different informa-
tional content for future exchange rate returns and are not
highly correlated with each other.

We also find evidence of heterogeneous forex pre-
dictability patterns across currencies and systematic expo-
sure to inflation risk. In particular, we sort currencies into

portfolios and find that the currencies of countries with
high inflation depreciate more following an increase in
XVP than low-inflation currencies. These findings motivate
a two-country consumption-based asset pricing model,
wherein both countries’ real consumption growth dynam-
ics are orthogonal to each other, while both countries’ in-
flation processes are exposed to common global inflation.
The currency variance risk premium implied by our model
isolates the global inflation uncertainty as long as the ex-
posures of the two countries to the global inflation un-
certainty are not homogeneous and shocks to global infla-
tion level and volatility are correlated. The model-implied
stock variance risk premium for each country captures
the domestic real consumption uncertainty, or volatility-
of-volatility component. Therefore, XVP and VP have dif-
ferent informational content for the appreciation rates of
currencies against the U.S. dollar, both in theory and em-
pirically. The predictability pattern of XVP for apprecia-
tion rates depends crucially on the heterogeneity in the
exposure to global inflation. In particular, the currencies
of countries with higher exposure to global inflation will
depreciate with respect to the currencies of low-exposure
countries following an increase in XVP, which explains the
empirical evidence for the inflation-sorted currency port-
folios.

Appendix A. Solution to the price-consumption ratio

As is standard in the literature, we solve the model in
Section 4 by log linearizing domestic stock returns follow-
ing Campbell and Shiller (1988b) as

Tt41 = Ko + K1Zt41 — Zt + 8r+1- (A1)

We then propose a process for the log of the wealth-
consumption ratio of the asset that pays the consumption
endowment in terms of the state variables (Eq. (8) written
here again for completeness), that is,

Zt1 =4Ag +Ao,0’ﬁ[+1 +Aqqei1- (A2)

Finally, we impose the general equilibrium condi-
tion E¢(rey1 + Mey1) + 3Vare(reyq +mey1) = 0. The solution
yields

(1= y)p +010g8 + Ok + Oy (Ao 1y + Agitq)

Ao 00 k) :
(A3)
(A =-p)e
Ao = 200 —xp)” (A4)
and
4 —K10g) £ /(1 = k19q)* — Ok F P2 P2 A2, (A5)
¢~ K22 -

To avoid the load of time-varying domestic volatility-of-
volatility, q;, from growing without bounds, it only makes
sense to keep A;. The positive root is discarded as it is
explosive in ¢yq, that is, 1im¢q%0Aq+¢q #0. Also, A; will
be the solution to the model as long as (1 -k71pq)? >
szfqbgdbg{Agl. It is easy to show from these expressions
that A;, , Ay <O aslongas6 < 1.
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Appendix B. Solution to prediction R%s and slope
coefficients

We now describe how to obtain the components of Eqs.
(15) to (18). The model-implied h-period ahead exchange

rate return can be approximated by the compound return
based on monthly appreciation rates as follows:

1 h
n Z(St+h —St)
j=1

1 1-pM\ , =0\
= H |:Cx,h —+ bx~(71 (,1_101 Ul,[ + bx,gl* 1= pl* Ol,t
1-p 1

1
E(Sm-h — )

h «h
- IOJT P IOJT *
prri] _pnﬂ't'f‘pn 1= ;ﬂt
+ by, Twe + fe(Zy 11, -~Zy.t+h)i|v (B.1)

where Cxh is a constant term,
bx,a, = (9 - 1)br,a,,
bx,a,* = _(9 - 1)br*,o*,*,
bx.q = (9 - 1)br,q,
byg = —(0 — Dby g,

b — po [ Po0n_(1=ps 1= pn,
X, Tw = Py
Py =P, \1=p5 1-=pg,
_ Pwpn 1-px 71_'07%
Pr—pPr, \1=pr 1-pg,

1— h
- ) ).

p”w

and brq and by, are the stock return loads on the state
variables q;; and o, respectively,

bnq = (kK101 — l)Aa,,
bro, = (k109 — 1)Aq.

The model-implied one-month ahead VP is defined in
Eq. (9). From this expression, the components of 8,yp and
RZ,, are given by

h

1
COU(H Z(Stﬂ = St+j-1). VR)
j=1

—-p
=5 vaJ qgbxgq (11)?1) var(qr)

and

var(VR,) = b}, var(qr).

The T-month ahead XVP is given by
1 T 1— IOT
XVR(T) ~ = ;xvptﬂ- = [bxvpqut ( T p‘;

1-p5
+bwp.o Wt + fop(Zes1,.Ze47) | (B.2)

where byyp, ¢ and byyp o, are defined in Eq. (13). Therefore,
the components of B, xyp and Rf,xvp are given by the fol-
lowing expressions:

h
1
ov <h > (St4j = St+j1). XVP (T)>
=
T-1
= TCov(Cr1. XVPi1) + ) (T = j)cov(Cre1. XVP ji1)
=
h—1
+ Z(h = Deov(Cer1sj. XVPia),
=1
where

j=1

h
1
Ov(h Z(Stﬂ —St1j-1); XVPt+1> = bup.gbxquar(qe),

Cov(Ses1 — St. XVPry 1) = baup.gbegpiVar(qe)
+byp.q (6 — 1)K1qu“¢,§5(qt)
+byup.oybou i (B — D)o ProE(Owe).

and

h
1 .
0V<h Z(St+j —Styj-1), XVPt+1> = bxvp,quqpévar(Qt)~

j=1

Finally, the unconditional first- and second-order mo-
ments of the state variables and global inflation uncer-
tainty can be found as follows:

I‘Lq * /"L:I
E = . E = —
(qr) l—p (qr) =
E(o7) = o5 E(oi?) = M Eo2, =
1-pf 1-pw
o2 (Qr) :2E(q;)
var(qe) = = s var(qy) = qi;
YT -2 T - pp
$2.E(qr) #52E(q;)
var(of,) = T var(o7}) = 7:2
o 1-p
var(o2,) = 1’_”;) .
w

Appendix C. Calibration of the model

In this section, we describe the method used to cali-
brate the parameters for the model in Section 4.

For the benchmark scenario, we calibrate the param-
eters for the real consumption growth processes (Eq. (5)
and its foreign counterpart) to mimic the U.S. economy
and the U.K. economy. In particular, we assume p = 0.18%
and p* =0.07%, equivalent to the average monthly in-
dustrial production growth for each country, respectively,
for a sample period running from 1970 to 2011. For sim-
plicity, we assume that all other parameters driving the
real consumption growth volatility in each country are ho-
mogeneous. To calibrate the parameters driving the dy-
namics of local uncertainties, we follow Bollerslev et al.
(2009) and set p; = pf =0.979. We also set ¢ = qu;l =
0.2 <1 to reduce the chance of finding nonreal solutions
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for the model (see Appendix A). To calibrate the parame-
ters driving the dynamics of the volatility-of-volatility, we
also follow Bollerslev et al. (2009) and set pq = pj = 0.80,
Mg =y =1x10"5(1 - pg), and ¢ = ¢; = 0.001.

Campbell and Shiller’s (1988b) constants, K, and k1
(and their foreign counterparts), are estimated using an it-
erative procedure, as they depend on the parameters of
the real component of the model. Specifically, we depart
from initial values of x, and «; that match the uncondi-
tional mean of the industrial production growth of the U.S.
and the UK. between 1970 and 2011 (as in Londono, 2015).
Given these initial values, we then find the parameters in
the price-consumption ratio (see Appendix A in the paper),
obtain new values for the constants given these parame-
ters, and iterate until the sum of the absolute changes in
the estimated Campbell and Shiller constants are below a
tolerance level (1 x 1076).

To calibrate the preference-function parameters
(Eq. (6)), we follow Bansal and Yaron (2004) and
Bollerslev et al. (2009) and set § =0.997, y =10, and
Y =15,

To calibrate the parameters in each country’s inflation
processes (Eq. (10) and its foreign counterpart) and the
global inflation (Eq. (12)), we use efficient GMM (gener-
alized method of moments) to match a set of moments
for the US. and the UK. inflation and for the dollar-
pound XVP. Specifically, we match the following set of
moments:

m(f) =

where 0 = {{ir. pr. P Pw. Wiy, O35 By Diys Mo » P Py
Hox s IOG'n ’ ¢0'71 ’ I"Lz(‘ln ’ ,OZ.” ’ ¢;n s Mw, Pw, ¢()'ws ,OJTWO'W} iS the
set of parameters to be estimated.

To reduce the dimension of the optimization problem
and to implicitly focus our attention on matching the lev-
els of inflation and XVP, we make a few simplifications.
First, we estimate the parameters in two steps; a first step

Y1 (e — fr — P70 = P, (o + P Tt))
Y1 (Tt — M — Pl = Py (o, + O, o)) Tt
Y1 (Teat — o — P71t — Py (b + Py TTwt)) Tt
Y1 (Test — M — PxTte — G, (Mo, + P, o) )T
Y1 (Tt — M — Pl = Py (Momy + O, o)) T2,
Y1 (Tt — fox — PrTTe — Py (o + Py TTwe))? — P2E (02 ,)
..(repeat for foreign economy)
Y1 (w1 — Moy — Py TTwit)
YT (w1 — oy — Py Tt ) e
Y1 (w1 = Moy = P, ) T2
Y1 (w1 — Moy — Py Twi)? — $2 5 E(02,)
31 (XVP = bup gE(@r) — bxup.o, E(02))
Y1 (XVP: = byup gE(@e) = baup.o, E(02 )% — by, Var(qe) — by, 0, Var(a )
Y1 (XVP1 = XVP = by g (g + (g — DE(@r))
—bxwp.o, (Mo, + (Ps, — DE(02,))

in which we estimate only the parameters affecting the
first-order moments of inflation (GMM is robust to het-
eroskedasticity), and a second step in which we fix the pa-
rameters in the first step and estimate the parameters af-
fecting second-order moments of inflation and XVP-related
moments. In the second simplification, we assume that
some of the non-key inflation volatility parameters are
homogeneous; specifically, we assume o, = U5 = pw,
Por = Pa, = Pw, and ¢, = @5 = Pow. Third, we use grid
search to identify pr,0,, the parameter driving the cor-
relation between the level and the volatility of global in-
flation, as we find that, although the moments are mostly
insensitive to it, this parameter is key to match the pre-
dictability patterns (see Fig. 5).23

We find the set 6 that minimizes the functions J1 =
my(01)Wimy(01) and J2 = my(6,)'Wpom;(6,), where my
(my) is a subset of m(0) that includes only the moments
related to the level of inflation (volatility of inflation and
XVP), 81 (6,) is the subset of parameters in my (m;), and
W; and W, are efficient GMM weighting matrices, which
are obtained iteratively departing from the identity matrix
(up to a maximum of 100 iterations).

Table C.1 shows the estimated parameters for the
benchmark specification. To facilitate the interpretation of
the parameters, Table C.2 compares a set of key model-
implied moments for the U.S. and the U.K. economies with
those observed for a sample between 2000 and 2011 for
these two countries and for an average of all countries in

2 The estimate of ¢,, is correlated with that of pr,,, and tends to
go to its boundaries: ¢, is very low for low px,, and very high for
high pr,0,. As for pr,.,, however, the moments are largely insensitive
to this parameter. The model-implied predictability patterns are qualita-
tively similar to the observed patterns only for large values of ¢, . For
small values of this parameter, the predictability patterns are almost flat,
irrespective of the values of w or py,q,-
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Table C1

GMM estimated parameters for the nominal component of the model.
This table shows the estimated parameters for each country’s inflation

processes (Eq. (10) and its foreign counterpart) and for the global inflation

(Eq. (12)). To estimate these parameters, we use efficient GMM to match

the set of moments for the U.S. and the UK. inflation and for the dollar-

pound XVP described in Appendix C.

Parameter Estimated value
I 1.69x10~7
Pr 0.88
dw 0.11
5 9.44x10-15
ot 0.88
& 0.17
o 5.93F — 05
P 0.96
[0 0.07
Koy = g, = Uw 8.70E — 05
Lo 0.64
$or =5, = o, 20.00
o 0.04
o 0.02
Pryo (grid) 1.00
J=J1+J2 27.86

our sample (“Global”). For the benchmark set of estimated
parameters, our model underestimates the level of U.S. and
the global inflation (1.68 compared to an observed 2.44%
and 1.89 compared to an observed 2.67%, respectively) and
overestimates the level of UK. inflation (2.64 compared to
an observed 2.36%). For both countries and for the global
inflation, the model-implied volatility is lower than the
observed values. Using a grid estimate, we find pr,0, =
1, which implies that global inflation level and inflation
volatility are perfectly correlated. In contrast, at the coun-
try level, the model-implied correlation between the level
and the volatility of inflation is virtually zero, although the
observed values are 0.14 and 0.51 for the U.S. and the UK,
respectively.

While the deviations between model-implied and ob-
served moments is relatively small for the nominal vari-
ables, these deviations are notably larger for the finan-
cial variables. In particular, the set of estimated param-
eters yields much higher values than the observed aver-
age appreciation rate, volatility of appreciation rate, and
XVP, while it underestimates the volatility of XVP. Also,
the correlation between XVP and VP is relatively high at
0.75, while, for our sample, the observed correlation is
—0.40.
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