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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) = EX(02,p) —EF (02 1h)- (1)

ctt+h

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;
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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. 3.22 281 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
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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
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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

can be explained by the gains and losses on market makers delta-hedged
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.

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-
tive for almost all currencies and of a similar magnitude.’

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.



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

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 a
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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 sample period
runs from January 2000 to December 2011. The currency-specific estimated constants are left unreported, to save space. 2 of
and 2s with respedh t® a univariate regression for rate differential (Panel A in Taﬂ)leRf,), &nd with respect to a multivariate
regression for rate differential and VP (Panél AR;;V}'able 5), R
yus(h) —y;(h) —0.33%* —0.02%** 0.01% 0.11%* 0.12%* —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) (1.15) (0.95) (0.72) (0.63)
VP us 1.93#+x0.66 1x0.85 1:40.80 54019 +0.08 Z0.07
(017) (0.6) (0.14) (0.10) (0.07) (0.07)
R
2 10.05 11.37 8.46 5.09 4.84
R? —R 1.20 3.46 6.20 2.90 1.56
R? —R 5.18 9.30 10.42 712 2.92 1.56

VP
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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 XvpP —10.67* —10.48** —12.10*** —11.47 —9.42%+* —2.59* 0.86
R? 1.89 3.54 729 8.21 8.71 111 0.20
R? - R; 1.88 3.53 7.27 8.17 8.69 111 0.19
JPY XVP 523 1.71 —0.30 —2.00 -2.18 0.31 0.88
R? 3.05 4.70 719 9.66 17.40 34.08 37.69
R? - R; 0.58 0.13 0.01 0.34 0.66 0.02 0.24
GBP XvpP —11.88* —15.15% —15.76*** —14.59** —9.52% -3.17* -1.11
R? 3.64 11.00 16.78 17.06 12.32 4.20 2.33
R? - R; 348 10.14 14.92 14.35 8.05 134 0.24
CHF XVP -5.97 —6.59 —8.02* —8.12* —5.66** —0.61 117
R? 0.86 216 4.14 522 5.76 3.16 4.28
R - R; 0.54 1.44 3.46 4.53 3.99 0.09 0.47
AUD XVP —21.25"* —20.47+ —20.51"* —19.70** —15.20** —9.14** —6.13*
R? 4.76 7.99 11.66 1313 11.28 6.23 4.51
R - R; 4.72 7.99 11.66 12.87 10.61 6.13 4.51
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 11.77 7.61 8.09
R? - R; 3.79 8.06 10.20 14.09 11.08 743 8.07
HKD XVP -0.12 -0.13 -0.11 —-0.06 —-0.02 0.04 0.06
R? 1.65 1.31 1.02 0.88 0.13 0.77 212
R? - R; 0.12 0.28 0.33 0.16 0.03 0.24 0.79
SEK XVP —14.14* —15.40* —15.78"* —16.53** —13.49* —5.78* -3.09 1
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Table 7 (continued)

h 1 2 3 4 6 9
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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 1.94 0.12 0.48 0.64* 0.05 —0.19 -0.15
R? 4.46 0.04 0.83 1.83 0.04 0.41 0.39
R - R; 4.45 0.03 0.81 179 0.01 0.41 0.37
JPY VPys —1.49* -1.10* —-0.60 —0.22 0.01 0.09 0.04
R? 5.91 8.50 8.96 9.62 16.74 34.19 3748
R - R; 3.44 3.93 177 0.30 0.00 013 0.04
GBP VPys 2.43%+ 1.51"* 1.45% 1.28 0.57* 0.08 013
R? 10.56 8.04 10.78 10.55 6.16 292 2.30
R - R§ 10.40 717 8.92 7.84 189 0.05 0.20
CHF VPys 2.26" 0.08 0.51 0.65* 0.16 -0.01 0.06
R? 5.90 0.74 1.67 2.76 1.99 3.07 3.90
R - R§ 5.58 0.02 0.99 2.07 0.22 0.00 0.09
AUD VPys 3.54** 1.49* 1.62%* 1.34% 0.45 -0.17 -0.20
R? 9.44 3.04 5.25 4.50 1.27 0.24 0.33
R - R; 9.40 3.03 5.25 4.24 0.60 0.14 0.33
CAD VPys 2.20* 1.02** 114 0.95** 0.44* -0.03 —0.08
R? 7.82 3.86 711 6.81 227 0.20 0.14
R - R; 7.57 341 6.51 5.86 1.58 0.02 0.13
HKD VPys 0.00 —-0.01 0.00 —-0.01 —-0.01 0.00 0.00
R? 1.55 113 0.70 0.82 0.45 0.53 135
R - R; 0.02 0.10 0.00 0.10 0.35 0.00 0.01
SEK VPys 314 1.66** 177+ 1.73% 0.79* 017 0.18
R? 9.21 4.81 8.04 9.11 2.32 0.19 0.89
R - R; 9.21 4.80 8.02 9.08 231 0.17 0.28
NZD VPys 4.29** 2.15%* 229 2.06%* 0.83* 0.03 -0.07
R? 13.35 6.37 10.78 9.97 2.79 0.94 0.75
R - R§ 13.26 6.19 10.42 9.47 193 0.00 0.03
KRW VPys 318 1.20 117+ 1.24% 0.32 0.09 0.01
R? 10.14 4.28 6.47 8.08 2.06 0.66 0.35
R - R§ 9.63 2.80 423 5.54 0.46 0.05 0.00
SGD VPys 1.36* 0.33 0.62*** 0.62%* 0.27+ 0.11* 0.08
R? 8.43 2.39 8.11 9.40 5.00 6.62 9.58
R - R)Z, 7.78 1.00 5.72 7.05 1.87 0.55 0.43
NOK VPys 279+ 1.22% 111 0.89* 0.23 —-0.02 -0.11
R? 8.01 293 3.51 294 0.77 0.53 0.14
R - R)Z, 8.00 2.80 3.27 2.57 0.23 0.00 0.13
INR VPys 0.82 0.03 0.28 0.40 0.15 —-0.08 -0.14
R? 10.65 14.84 20.04 23.73 21.40 18.48 14.92
R? —R2 217 0.00 0.62 149 0.26 0.11 0.47

PLN R VPys 427+ 2.70%* 318 3.09%+*
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Table 8 (continued)

427

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
R2—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 1152 12.53 13.53 15.06
R2—RZ 4.41 2.62 3.23 6.01 2.87 129 113
TWD VPys 111+ 0.65** 0.70% 0.69+* 0.34* 0.21 0.15
R? 7.13 4.04 6.53 8.02 2.75 2.08 1.45
R2—R2 712 4.04 6.53 8.01 2.70 1.70 136
HUF VPys 331+ 1.66* 2427+ 2.55% 111 0.06 0.06
R? 7.66 4.41 10.53 13.56 4.02 0.14 0.56
R2—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 2.89 911 10.85 3.91 215 0.22
R2—R2 9.12 1.54 7.35 8.53 230 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
R2—RZ 0.47 0.00 0.39 0.70 0.99 0.53 0.28
Avg. R? 7.65 4.43 7.38 8.45 5.02 5.09 5.58
Avg. (R* —R%) 6.76 2.80 511 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-
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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, current
t  heterogeneouh evorld
find that a portfolio formed currencies

is onlv

other

fundamental

variable
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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) — 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, 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.

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+
(210) (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 6.80 592 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

respectto curreieums this
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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 in
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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:

2iAlR,
p n

AIHJS,r =a+ + EUS_compq

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) — yi(h) —0.46% ~0.16"* ~0.10% —0.01% 0.00** —0.07% —0.04%
(0.38) (0.36) (0.36) (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) (1.38) (118) (1.15) (0.95) (0.72) (0.63)
VPys 1.78% 0.51% 0.74% 0.69+* 0.080 ~0.120 ~0.060
(0.26) (018) (0.16) (0.14) (0.11) (0.08) (0.07)

IPys,, 13.81 14.10%
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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 ne