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1 Introduction

This paper joins the vast literature on the forward premium puzzle by relating exchange
rate returns to the stock and currency variance premiums measured as the option-implied
variance minus the expected or realized variance of stock and currency returns respectively.!
First, we empirically show that the foreign exchange (forex) variance risk is indeed priced
in forex markets—the currency variance risk premium is a useful predictor of the exchange
rate return, especially at a medium 6-month horizon. Then, we document a finding that
the stock variance risk premium can also predict the exchange rate return at a short 1-
month horizon. Thus, currency and stock variance risk premiums seem to contain differential
information content for the exchange rate return. This is confirmed by the fact that stock
and currency variance premiums are poorly correlated with each other and by the evidence
that the currency variance premium is not a useful predictor for local stock market returns.

To rationalize our new empirical findings, we introduce a two-country general equilibrium
model with an uncertainty component common to both countries and incomplete local stock
markets. Our model features differential information content of stock and currency variance
premiums to explain the exchange rate appreciation under the following conditions: (i)
the common uncertainty component is forex-specific and is therefore not priced in local
stock markets, (ii) stock and currency variance premiums are imperfectly correlated (i.e.,
driven by different shocks), (iii) the currency variance risk premium isolates the forex-specific
uncertainty, and (iv) both currency and stock variance premiums are useful predictors for
forex return.

Our model entertains the possibility of market incompleteness in the sense that there
are sources of risk orthogonal to any local or foreign stock market (Brandt and Santa-
Clara, 2002). To be more precise, the forex-specific uncertainty appears to be a hidden or

unspanned factor in local stock markets because its effect on the local consumption growth

1Zhou (2009) provides preliminary evidence that the U.S. stock variance risk premium predicts 1-month
Dollar/Euro and Dollar/Pound returns.



is compensated by its effect on the conditional expectation of the country-specific economic
volatility. In other words, forex-specific uncertainty’s effects on the expected stock return are
offsetting between the consumption growth channel and the consumption volatility channel.

To illustrate the ability of our model to reproduce the observed predictability patterns, we
calibrate the parameters driving the economic growth process to mimic the U.S. and Germany
as the local and the foreign economy respectively. We also calibrate the parameters driving
the common uncertainty to match the observed dynamics of the Euro/Dollar appreciation
rate and impose the market-incompleteness condition. We find that our model is able to
qualitatively replicate the pattern for the predictive power of the currency variance premium
for the exchange rate return while simultaneously matching the predictive power of the stock
variance premium for stock returns previously documented in the literature.

There is a recent literature trying to assess explicitly or implicitly the role of the volatility
risk premium in explaining the time variation in currency returns. Della Corte, Sarno, and
Tsiakas (2011) provide empirical evidence that the volatility term premium, i.e., the relation
between spot and forward-implied volatilities, is positive, time-varying, and predictable. In
a related paper, Menkhoff, Sarno, Schmeling, and Schrimpf (2012) document the finding
that global forex volatility risk measured as innovations to global forex volatility is priced in
currency markets (also see Bakshi and Panayotov, 2012). Chernov, Graveline, and Zviadadze
(2012) find evidence that jump risk in currency variance may be priced in forex markets,
yet variance jumps seem to be unrelated to interest rates or macroeconomic news. Using
different methodologies, Farhi, Fraiberger, Gabaix, Ranciere, and Verdelhan (2009), Jurek
(2009), and Brunnermeier, Nagel, and Pedersen (2008) relate the high observed prices of
currency options to the desire of agents to hedge rare and severe changes in exchange rate
movements and find that crash-hedged carry trade strategies yield significantly lower returns

than traditional carry trade strategies.? Finally, Mueller, Stathopolous, and Vedolin (2012)

2The rare disaster model in Farhi and Gabaix (2011) aims to rationalize this empirical finding. Burnside,
Eichenbaum, Kleshchelski, and Rebelo (2011) provide a related interpretation based on the peso problem.



find that the forex correlation risk premium—inferred from currency option and spot prices—
is also priced in currency markets. To the best of our knowledge, our paper is the first one
to show that both stock and currency variance premiums have useful information to explain
exchange rate returns at short and medium horizons and that the currency variance risk is
not spanned by the local stock markets.

Our work is also intimately related to the early evidence that exchange rate volatility is
time varying (Engle, 1982; Baillie and Bollerslev, 1989; Engel and Hamilton, 1990; Engle,
Ito, and Lin, 1990; and Gagnon, 1993). However, we focus our attention on the additional
information from the forex derivatives market not only to pin down the dynamics of forex
volatility but also to show that the risk of this volatility is actually 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 only using time-
series data. Bakshi, Carr, and Wu (2008) show that jumps are crucial in order to capture the
currency return dynamics and to generate realistic currency option pricing behaviors. Finally,
Bates (1996) and Guo (1998) provide evidence that the Dollar/German Mark variance risk
premium is priced in the forex options market within a Heston (1993) type model. Our
approach is consistent with these efforts trying to understand the exchange rate dynamics
from the perspective of exchange rate options, yet we differ by offering an incomplete market
interpretation—a framework that relies on currency and stock variance risk premiums to
isolate different components of global and local economic uncertainties.

There is certainly a large literature focusing on the forward premium puzzle or the devi-
ation from the uncovered interest parity (UIP). Early works by Hansen and Hodrick (1980),
Fama (1984), Bansal (1997), and Backus, Foresi, and Telmer (2001), among others, find evi-
dence that, as a consequence of this deviation, carry trade excess returns are large, on average
positive, and predictable. Motivated by the recent finding that the stock variance premium
can predict international stock market returns (Bollerslev, Marrone, Xu, and Zhou, 2012

and Londono, 2012), we investigate the role of currency and stock variance risk premiums in



explaining this forward premium puzzle. Our contribution on this regard is twofold. First,
we empirically document the different informational content of currency and stock variance
risk premiums for explaining the predictable time-variation in the forward premium. Second,
we provide an alternative incomplete-market interpretation of the forward premium puzzle
in that the forex-specific global uncertainty is not priced in or spanned by the local stock
markets.

The rest of the paper is organized as follows. In Section 2, we summarize the main
empirical findings emphasizing the different informational content of stock and currency
variance risk premiums for explaining the time variation in currency and stock returns.
In Section 3, we propose a general equilibrium model with local and global consumption
uncertainties and provide an interpretation of our empirical finding based on incomplete

local stock markets. Finally, Section 4 concludes.

2 Currency returns and variance risk premiums

Motivated by the preliminary evidence in Zhou (2009) that the stock variance risk premium
has forecasting power for 1-month Dollar/Euro and Dollar/Pound returns, we conduct a
comprehensive analysis of currency return predictability from stock and currency variance
risk premiums. Following the convention for the stock variance risk premium (V' P,) (Boller-
slev, Tauchen, and Zhou, 2009; Drechsler and Yaron, 2011), we define the foreign exchange
(forex) or currency variance risk premium of the returns in U.S. dollars per unit of foreign
currency as

XVhH = EtQ (Ug,t—l-l) _Ef (Ug,t—i-l)v (1)

where the currency variance risk premium (XV P;) equals the difference between the risk-
neutral (Q) and the physical (P) expectations of the currency return variance (o7 ,,,). For our
empirical exercise below, we substitute the risk-neutral expectation with the currency option-

implied variance (h)-months ahead, using the Black-Scholes at-the-money (ATM) options;



and we substitute the physical expectation with the sum of squared log daily currency
returns.

More sophisticated approaches to calculate the variance risk premium include the model-
free approach to measure risk-neutral expected variance (Britten-Jones and Neuberger,
2000), high-frequency return based measures of realized variance (Bollerslev, Tauchen, and
Zhou, 2009), and VAR forecasted measures of the physical expectation of the variance (Drech-
sler and Yaron, 2011). We expect that the results reported here must hold true first for the

simplest measures and should remain robust to more elaborate measures.

2.1 Data and summary statistics

Our sample runs from January 2000 to December 2011 and covers the exchange rate (with
respect to the U.S. dollar) of the following countries’ currencies: Japan (JPY), Great Britain
(GBP), and the Euro Area (EUR). The ATM implied volatility for these currency pairs is
obtained from JP Morgan’s OTC currency options database while the spot rates are obtained
from Bloomberg. We also use Bloomberg to obtain the daily price and the (model-free)
implied volatility for each country’s stock index. Finally, the h-month zero-coupon rates
used to calculate the interest rate differentials are calculated by the Board of Governors of
the Federal Reserve system using data from the local central banks.

Figure 1 displays the dollar exchange rates for the currencies in our sample and Table 1
reports the summary statistics and cross correlations for the 1-month currency depreciation
rates. The mean appreciation of the JPY, GBP, and EUR against the U.S. dollar are between
-0.02 and 0.19 percent with a relatively high volatility ranging from 2.29 to 2.59. Although
the currency rates do not deviate significantly from the normal distribution, their AR(1)
coefficients are significant, ranging between 0.17 and 0.31. It is particularly interesting to
note that the currency pairs seem to have a common component, as the pairwise correlation
ranges from 0.16 to 0.73.

Figure 2 displays the 1, 3, and 6-month horizon currency variance risk premiums (XVP)



for the currencies in our sample while Table 2 reports their summary statistics and cross
correlations. Overall, (annualized) XVPs are positive ranging from 2.44 to 17.95 (percentage
squared) for 1-month, 4.14 to 19.96 for 3-month, and 6.95 to 22.64 for 6-month horizons.
XVPs are also very volatile with unconditional standard deviations ranging from 40 to 53.
In general, currency variance risk premiums are negatively skewed and have high kurtosis.
1-month XVPs are nearly serially uncorrelated, while the 6-month XVPs are somewhat
persistent with statistically significant AR(1) coefficients ranging from 0.70 to 0.85.

A very important feature of currency variance risk premiums is their correlation structure.
On the one hand, the stock and the currency variance risk premium do not show a consistent
correlation pattern—e.g., XVPs’ correlation with the U.S. VP ranges from -0.46 to 0.27. On
the other hand, the correlation between XVP pairs increases with the horizon considered—
ranging from 0.07 to 0.38 at 1-month, from 0.28 to 0.62 at 3-month, and from 0.60 to 0.86
at 6-month horizon. For the 1-month XVPs;, the first principal component only explains 48
percent of the total variation. This percentage increases to 63 percent when we consider only
3-month XVPs and is as high as 83 percent for the 6-month XVPs.? Our empirical finding
below will show that XVPs tend to forecast currency returns at a longer 6-month horizon,
which may also be related to our theoretical model’s implication that there is a common
uncertainty factor unique to all currency pairs.

Figure 3 displays the stock variance risk premiums (VP) for the U.S. (US), Japan (JA),
the U.K. (UK), and Germany (GE) while Table 3 reports their summary statistics and
cross correlations. Annualized stock VPs are averaged around 77.59 to 150.09 (percentage
squared), highly volatile with standard deviations between 375 and 445, negatively skewed
about -2.25 to -5.55, and with high kurtosis between 15 and 52. Their AR(1) coefficients
range from positive significant (U.S. and UK) to indifferent from zero (JA, and GE). In line

with the preliminary evidence in Bollerslev, Marrone, Xu, and Zhou (2012) and Londono

3Results for the principal component analysis are omitted in order to save space and are available upon
request from the authors.



(2012), stock variance risk premiums are highly correlated across countries with a correlation
between 0.49 and 0.84. The first principal component of the VPs explains 76 percent of the
total variation while the first and second components already explain 89 percent.

In the rest of this section, we investigate up to what extent exchange rate dynamics can

be explained by currency and stock variance risk premiums.

2.2 The forward premium puzzle and variance risk premiums

The uncovered interest-rate parity (UIP) predicts that the expected appreciation of the
foreign currency must equal the difference between domestic and foreign interest rates; such
that an investor is indifferent between holding a domestic or a foreign bond. However, vast
empirical evidence since Fama (1984) have found exactly the opposite—an increase in the
domestic interest rate corresponds rather to a depreciation of the foreign currency. The UIP
violation is especially challenging at short horizons (Hodrick, 1987), and here we provide
evidence that the stock and currency variance risk premiums (VPs and XVPs) help explain

the predictable time-variation in exchange rates. Our empirical regression setup is
Stin = St = bpo(h) + bor(R)[ye(h) — i ()] + bav p(R)V Py + by xvp(R) XV P(h) + tgsn, (2)

where s; is the log of the exchange rate (in dollars over any of the foreign currencies con-
sidered), and [y;(h) — y; (h)] is the interest rate differential for h—period zero-coupon bonds
between the U.S. and the foreign country.

Table 4 reports the predictive power of the variance risk premium measures over the h-
months ahead appreciation rates. Our results suggest that the U.S. stock variance premium
plays the key role in explaining the future appreciation rate for all currencies considered
especially at the short 1-month horizon (columns 1 to 3).* In particular, following an increase
in the U.S. VP, the (1-month ahead) dollar tends to appreciate with respect to the Yen and

depreciate with respect to European currencies. The statistical significance is above the 1

4Aloosh (2012) also finds some positive evidence of 1-month ahead currency return predictability from
the stock variance premium differential between the U.S. and other countries.



percent level for all currencies at the 1-month horizon, above the 1 percent level for the
Yen and Pound at the 3-month horizon, and above 1 percent level for the Pound at the
6-month horizon. The predictive power of the stock variance premium over h-months ahead
appreciation rates remains significant, at almost the same levels, when we control for the
foreign VP instead of the U.S. VP for all currencies but the Yen at the 1-month horizon
(columns 4 to 6).

The results in Table 4 also suggest that currency variance premiums play the key role in
predicting future appreciation rates at a medium 6-month horizon for all currencies consid-
ered. The significance level is above 10 percent for the Yen and Euro, and above 1 percent
for the Pound after controlling for the U.S. VP, and above the 5 percent for the Yen and
Euro and 1 percent for the pound after controlling for the foreign stock variance premiums.
Overall, our evidence suggests that stock and currency variance risk premiums are priced
in currency markets. That is, they contain useful information to explain the time variation
in the future exchange rate return, with the stock variance risk premium mainly in a short
horizon and the currency variance risk premium in a medium horizon.

It should be pointed out that the interest rate differential is not significant for all cur-
rencies, except for the Yen where it is significant at the 1 percent level for all horizons but
with a wrong negative sign—the UIP is violated. Also of note, the effect of the U.S. variance
premium over the appreciation rate of the Yen is negative in contrast to its effect over the
two other currencies considered. The highly idiosyncratic component of the Japanese stock
market and as a consequence the high idiosyncrasy of the Japanese stock variance premium
can help us understand this finding. In unreported results we show that the average correla-
tion of the Japanese stock index with the stock indices of the other countries in our sample is
as low as 22 percent (based on daily returns). For all other countries, the average pair-wise

correlation is around 63 percent. Furthermore, our structural model featuring a country-

®Due to the high correlation between VPs reported in Table 3, estimation results for a regression including
both the U.S. and the foreign VPs will be highly affected by multicollinearity.



specific uncertainty component offers a consistent explanation for the predictive power of
the stock variance premium for exchange rate returns.
Table 5 reports the predictive power of both stock and currency variance premiums for

h-months ahead stock returns,
Ttyh — Tt = bro(h) + b.vp(R)V Pyst + b xvp(h) XV P, i(h) + wirin, (3)

where r; is the local- or foreign-market stock index log return for each one of the four
countries. The results in columns 1 to 3 suggest that except for the U.K. at the 6-month
horizon (being significant at the 1 percent level and negative), the currency variance risk
premiums seem to have no additional predictive power for U.S. stock returns. The results in
column 4 to 6 suggest that the $/GBP XVP (significant at the 1 percent level for the 6-month
horizon) and the $/EUR XVP (significant at the 10 percent level for the 3-month horizon)

6 QOverall, our evidence

have additional predictive power for foreign stock stock returns.
suggests that the currency variance risk premium is not priced in local stock markets. Finally,
it is important to note that consistent with the evidence reported by Bollerslev, Marrone, Xu,
and Zhou (2012) and Londono (2012), the U.S. stock variance risk premium does have strong
predictive power for all countries’ stock returns, with the ¢-statistics and R?’s maximized at
the 3-month horizon.”

In summary, we provide new and relevant empirical evidence that stock and currency
variance risk premiums predict short 1-month and mid 6-month exchange rate returns re-
spectively, while for the local stock market returns, the currency variance risk premium has

no additional predictive power. In the following section, we offer a structural economic model

to rationalize these new empirical findings.®

In unreported results we show that the currency variance risk premiums of the U.K. (significant at the
1 percent level for the 3-month horizon) and the Euro Area (significant at the 5 percent level for the 1-
and 3-month horizons) have additional predictive power for non U.S. stock returns after controlling for the
foreign instead of the US VP.

"Lustig, Roussanov, and Verdelhan (2012) also provide evidence for global sources of risk with predictive
power for currency returns and orthogonal to global risks linked to financial markets.

80ur main empirical findings are robust to including the Swiss Franc (CHF) at least for a subsample



3 A two-country model with incomplete markets

In this section, we introduce a two-country consumption-based asset pricing model that al-
lows us to rationalize our main empirical findings. In the first part of the section, we explain
the model setup and its main implications. According to our model, each country’s consump-
tion growth is exposed to two types of economic uncertainty, a local and a global uncertainty.
The representative agent in each country prefers an early resolution of uncertainties and the
market is incomplete in the sense that the global uncertainty is not priced by the local stock
markets and is therefore a forex-specific phenomenon. In the second part of the section, we
introduce a general framework for our model and find the necessary conditions under which
the stock and currency variance premiums contain differential information to explain the ex-
change rate appreciation. In the final part of the section, we calibrate the parameters in the
model to illustrate the model’s ability to qualitatively replicate the predictability patterns

in our empirical evidence.

3.1 Incomplete markets and forex-specific uncertainty

Our model extends the domestic framework in Bollerslev, Tauchen, and Zhou (2009) (BTZ2009
hereafter) to include a source of uncertainty common to the two economies. We assume that

the domestic economy evolves as follows:
Gt41 = b+ P10142g, 141 + w0 tZgu 4415 (4)
where the local macroeconomic uncertainty is characterized by

2 2 2
Ol = M+ P10 + Prw0yy + Go /2o 41,

before the introduction of the 1.20 CHF/EUR ceiling on September 6th, 2011. However, investigating the
impact of central bank interventions on currency markets is out of the scope of this paper. Therefore, the
results for a sample including the CHF are left unreported, and our model below does not explicitly consider
the possibility of such interventions.

10



and
Qv1 = g T Pgt + Pg/ Ui 2q 141

The foreign economy follows a similar process and its state variables are labeled with star
(*). We assume that there are neither within nor cross-country statistical correlations in the
shocks. Each country’s consumption growth process is also exposed to a global source of

uncertainty characterized by

2 _ 2
O-w,t—‘,-l = Hw + pwo’w,t + gbaw Jw,tzaw,t+17

where the global shock, z,, 11, is uncorrelated with the local shocks.
We assume that each country’s representative agent is endowed with recursive preferences
(Epstein and Zin, 1989, and Weil, 1990) with homogeneous parameters. Thus, the domestic

stochastic discount factor (SDF hereafter) is given by

0
migtr1 = 910g5 — @gt-ﬁ-l + (9 — I)Tt+1 (5)
= bmo + bmggt—i-l + bmrrt+1>
where 7; is the domestic stock market return. Finally, we follow the intuition in Brandt and
Santa-Clara (2002) and assume that markets may be incomplete in the sense that the global
uncertainty is orthogonal to any local or foreign stock price process and becomes priced once

the forex market is added to the local stock markets.?"!® Thus, the augmented SDF with

respect to the local stock market is assumed to follow:
mt-i-l =M1 + )\0-,[2”7,54_1’ (6)

where X is the additional price of risk of o2, in the forex market. A similar expression is

9The idea of a forex-specific uncertainty, ait, is closely related to the unspanned volatility literature

initiated by Collin-Dufresne and Goldstein (2002), and to the more general concept of a hidden risk factor
(Duffee, 2011).

10The key components in our model: existence of a common factor and market incompleteness, are also
related to the intuition in Zapatero (1995).
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assumed for the augmented SDF with respect to the foreign stock market, mj, .
In order to solve the model, as it is standard in the literature, we propose a process for
the wealth-consumption ratio of the asset that pays the consumption endowment in terms

of the state variables,
241 = Ao + Aalaztﬂ + Agqryr + Adwo-i),tJrl' (7)

The detailed solution of the model is presented in Appendix A. In this section, we are
particularly interested in finding the conditions under which the global uncertainty is not

priced in or unspanned by local stock markets—A,, = A; = 0. The model solution yields

P Kpw) — /(1= K1pw)? — 26362, (0k1Ag, prs + 5(1 — 7)262)
e Okigz, '

Therefore, the necessary condition for the incompleteness of the domestic stock market

becomes

I‘i1¢12

= )™ ®)

#=-
Eq. (8) implies that the effect of the global uncertainty on the local consumption growth, ¢?2 |
needs to be compensated by a decrease in the effect of this uncertainty on the conditional
expectation of the country-specific uncertainty, py,, in order for the global uncertainty to be
orthogonal to the domestic stock market.
If the condition in Eq. (8) holds, the model-implied domestic expected stock return is
given by
E(reer) =y =705, + (1= 0)r1 (A7 &, + A307) (9)

2

where o7, =

(9707 + dr,00 ;) is the total volatility of the domestic consumption growth, and

Y= _(bmr + bmg)

The model-implied stock variance risk premium for the domestic market is given by

2
VE = Covloy1, mi),

12



where o7, = Vary(ry41). Then,

VP, = bypgq+ bvp,dwo-?v,t’ (10)

where
bopg = (0 = 1)i1 (A0, 0105, + K1A4(A7, 67, + Ajdg)dy).
and
bupgw = (0 = D1 A, (47,07, + 6,)07,

Thus, in line with the intuition in BTZ2009, Eq. (10) implies that the domestic stock variance
risk premium isolates the domestic economy’s volatility of volatility (VoV), ¢. A similar
expression can be found for V P} in terms of ¢f. Together with Eq. (9), the expressions for
the domestic and foreign stock variance premiums also imply that the local stock variance
premiums should be useful predictors for the local stock returns.

The model-implied expected variation in exchange rate returns can be found as follows:

1
Ey(st+1) — 8¢ = (a1 — Yra) + i[Vart(th) — Vary(miy,)], (11)
where yy11 = Ey(my41). The components of Eq. (11) can be rewritten as

Y1 — yf@ = C,+ (0 - 1)(Aaz(/€1pz - 1)012,t - A;(’ﬁp}k - 1)01*,?)
+(0 = 1)(Aq(r1pg — Dae — Ay(kipy — 1)ar)
(0 = V(514010 + Ao, (F1pw — 1)) = (K1 A5, 07, + A5, (K10 — 1)) 00,4
where C is a constant, and
Var(m) — Vart(m:—f—l) = 72(@20;2,1: - 7201*,%)

+(0 — 1) (51(A7, 05, + AJog)ar — K7 (Ag o + AT 07" )ar)

g
+72((¢n, + (0 — 1)’K1A7 65,) — (00 + (0 — 1)*K1°AT 65,)) 00
In order to find the model-implied currency variance risk premium, we proceed in a similar

13



way to the stock variance risk premium. First, we define the one-period log forex return as
Cip1 = In(Si41/S;) = My — my,,, or alternatively, as ¢, = In(S/,,/S;) = my,, — mug1.
Then, from the point of view of the forex-augmented domestic market, the currency variance

risk premium would be given by

XVP, = C’ovt(UitH, Mit1),

where 0, = Vary(ci11) and My is the forex-market augmented SDF defined in Eq. (6).
Therefore,
XVP = buupqlt + bovpo, Ty (12)
where
bovpg = (0 — D1 (Ae 7’0765, + Ag(0 — 1)*k1(Ag 05, + Agdy) b)),
and

bevp,ow = (0 —1)k1 A, + 5‘)((9 - 1)2('%114% - RIAZT,,)Q iw + 72(¢w - ¢;ku)2) ¢27w

Together with Egs. (12) and (10), Eq. (11) implies that the stock and currency variance
risk premiums contain useful but differential information to explain the exchange rate ap-

1 However, if the condition in Eq. (8) holds, the global uncertainty is strictly

preciation.t
a forex-specific phenomenon, and the currency variance risk premium should not contain
additional information to explain the time variation in stock returns once you control for the
stock variance premium (Eq. (9)).

Our model’s implications help understand the empirical evidence in Section 2. First,

our empirical evidence suggests that the stock and currency variance risk premiums are

imperfectly correlated since they are driven by different shocks. Thus, according to our

11See how, since ‘7120.,15 also appears in the expression for the interest rate differential, y; 1 —y; ;, the currency
variance premium might also contain useful information to explain the returns of carry trade strategies. We
intend to address this issue in future research.
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model, the stock variance premium isolates the local uncertainty (Eq. (10)) while the currency
variance premium is a function of the local and global /forex-specific uncertainties (Eq. (12)).
Therefore, in line with the possibility of market incompleteness, our evidence reveals that
the currency variance premium contains no additional useful information, after controlling
for the stock variance premium, to explain the time variation in domestic stock returns. Also
in line with our model’s implications, our empirical evidence suggests that both the currency
and the stock variance premiums contain useful but differential information to explain the
exchange rate appreciation. Our empirical evidence suggests that while the local uncertainty
seems to be an important source of variation especially at the short 1-month horizon, the

forex-specific uncertainty is especially useful at the medium 6-month horizon.

3.2 Necessary conditions in a general setting

In this part of the section, we propose a more general setting of our model above and find
the necessary conditions for the currency variance risk to be priced in currency markets and
imperfectly correlated with the stock variance risk premium. Our general model extends
the model in Bansal and Shaliastovich (2010) to account for the potential incompleteness of

local stock markets. Within this general setting, each country’s economy evolves as follows:
Yipr = p+ FYy + Grezigpr + Gu iz (13)

where Y; = [g¢, 2,07, qi,05,,)'. While the long-run risk, z;, and o7, , are assumed to be

12

common risk factors, ‘712,15 and ¢; are strictly domestic state variables."” We maintain the

affine nature of the model by assuming G,,G}, = ho, + Hy 07, + Hyqi, and GG, = he, +

12The model in Colacito and Croce (2012) also builds on the relevance of the preference specification of
Epstein and Zin (1989), and Weil (1990), and the assumption of correlated long-run growth perspectives
for understanding the forward premium puzzle. However, in contrast to our model, theirs does not model
directly the consumption growth volatility. Instead, their model relies on consumption volatility endogenously
generated due to risk-sharing when markets become integrated.
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Hawafm.w’14 For simplicity, and without loss of generality, we assume that h,, = h,, = 0.
We also assume that H,, and H,, are diagonal matrices with elements 9013,01 and wgpw for
all y € Y. The pricing kernel and the augmented pricing kernel are exactly those in Egs. (5)
and (6) respectively. Finally, the general version of the wealth-consumption ratio in Eq. (7)

is given by
Zr = AO + A/}/;

Propositions 1 to 4 describe the conditions under which a general version of our model
yields the main qualitative implications suggested by our empirical evidence. That is, the
stock and currency variance premiums contain useful but differential information to explain
the exchange rate appreciation and the currency variance premium is not a useful predictor
for local stock market returns.'®

Proposition 1. The global uncertainty is strictly a forex-specific source of risk if ¢, ,, =
Coow = Pg,ow = 0 unless xy, 0127,5 and ¢; are all simultaneously not priced in the domestic stock
market—A, = A,, = A, = 0. This condition implies that, in order to be coherent with the
assumption of market incompleteness, the effect of the global uncertainty on the volatility of
the long-run component, the domestic economy’s volatility or the domestic economy’s VoV
should be null in order for the global uncertainty not to contain additional useful information
for stock returns.

Proposition 2. If the condition in proposition 1 holds, the stock variance risk premium

is a function solely of domestic state variables. Moreover, in our setting, the stock variance

risk premium would isolate the VoV if ¢y, o, = ©4.0;, = Pou.0, = 0. In other words, if the local

2

- 4, the stock variance risk premium can

volatility does not affect the volatility of al%t, q; Or O

not only be differentiated from the traditional risk-return trade-off (yo7, in Eq. (9)) but is

130ne can easily show that including the VoV in the process for the global uncertainty increases significantly
the complexity of the equations but is not relevant to rationalize our empirical findings.

H4Later on, we formally find the conditions under which agm is not only a global source of risk, but one
strictly related to the forex market. In other words, an even more general version of the model in Eq. (13)
would feature both global and forex-specific uncertainty.

15The proofs to the propositions in this section are presented in Appendix B.
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also not driven by the global uncertainty.
Proposition 3. Given propositions 1 and 2, the forex-specific uncertainty is a source of
risk imperfectly correlated with the local stock variance risk premiums if A # 0.
Proposition 4. The forex-specific uncertainty is a useful predictor for the exchange rate
appreciation if 2 7 @2 . This condition implies that, under the assumption of homoge-
nous preference function parameters, the impact of the global uncertainty over the local
consumption growth processes should be heterogeneous in order for this source of risk to be

priced in forex markets.'6

3.3 Model-implied predictability patterns

In the last part of this section, we calibrate our model to illustrate its ability to yield
predictability patterns qualitatively comparable to those suggested by the empirical evidence
in Section 2. In particular, we show that the model-implied slope coefficient for the predictive
power of the currency variance premium for exchange rate returns, the model counterpart
of b, xvp in Eq. (2), and the coefficient of determination linked to this coefficient, R2 yy p,
follow similar patterns to those reported in Table 4. The h-horizon model-implied slope

coefficient would be given by

Cov(3(se4n — 51), XV P,(h))
Var(XV P,(h)) ’

Bexve(h) = (14)

while the coefficient of determination, for a regression where only the currency variance

premium is considered, is given by

) B Cov(3(st4n — 81), XV Py(h))?
R‘”’XVP<h) N Var(X?/PtJ(rh))VaT‘(,IL(SHh —5))

(15)

16See how, the common component in Bansal and Shaliastovich (2010) and Du (2011) cancels out in the
expression for the expected appreciation rate precisely because of the homogeneous exposure of both countries
to this factor. The relevance of having heterogeneous exposures to the common factor is acknowledged in
Gourio, Siemer, and Verdelhan (2012); Farhi, Fraiberger, Gabaix, Ranciere, and Verdelhan (2009); Backus,
Foresi, and Telmer (2001) and Lustig, Roussanov, and Verdelhan (2011); and in a no-arbitrage setting in
Lustig, Roussanov, and Verdelhan (2012).
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We also verify if our calibrated model fits the pattern previously documented in the literature
for the predictive power of the stock variance premium for stock returns. The h-horizon slope
coefficient for the predictive power of the stock variance risk premium for future stock returns

is given by

COU(%(T,H_]—L — Tth), V_Pt)

. h) = , 16
Brvr(h) Var(VE) (16)
and the coefficient of determination is in this case

Rf’vp(h) COU(%(TH_h — Tf,t), VPt)2 (17>

- Var(VP)Var(s(reen — )
The expressions for the components of Egs. (14) to (17) can be found in Appendix C.
The numerical values for the components of the model-implied slope coefficients and
coefficients of determination depend upon the values of the parameters that characterize the
local and foreign economic growth processes (Eq. (4)) and the parameters of the preference
function (Egs. (5) and (6)). We calibrate the parameters for the consumption growth process
to mimic the U.S. as the local economy and Germany as the foreign economy. Thus, we
assume p = 0.18% and p* = 0.125% equivalent to the average monthly IP growth for the US
and Germany respectively for a sample period running from 1970 and 2011. For simplicity, we
assume that the components of the consumption growth volatility in the two countries move
proportional to each other. But to focus the attention on the effect of the global uncertainty,
we set ¢ = ¢f=0.5 and assume that ¢,, and ¢}, are proportional to each other with ¢, =1
and ¢ = w¢,. Thus, parameter w controls the heterogeneous exposure to the global
uncertainty, and therefore the difference between the two countries’ total consumption growth
volatilities. To calibrate the parameters driving the dynamics of the local uncertainties, we
follow BTZ2009 and set p; = p; = 0.979. We calibrate p,, and p so that the condition for
the global uncertainty to be unspanned by the two countries’ stock markets (Eq. (8)) holds.

We also set ¢,, = ¢, = 0.2 < 1 to reduce the chance of finding non-real solutions for the
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model. To calibrate the parameters driving the dynamics of the volatility of volatility, we also
follow BTZ2009, assume homogeneous parameters for the two countries, and set p, = 0.80,
pe = 1x1075(1 — p,) and ¢, = 0.001. We calibrate the parameters driving the process for
the global uncertainty, p,, p» and ¢,,, to match three basic unconditional moments for
the Dollar/EUR exchange rate appreciation: its unconditional mean, F(c¢;), its average first
difference, E(ci41 — ¢), and its unconditional volatility, Var(c;). Thus, we find p,, p, and
¢o,, that minimize the average of the squared moment conditions defined as the difference
between the observed moments in our sample and those implied by our model. Following
this simple procedure, we obtain the following calibrated values: ji,, = 5x107*3, p,, = 0.9855,
and ¢,, = 0.6332. Finally, to calibrate the preference-function parameters, we follow Bansal
and Yaron (2004) and BTZ2009 and set § = 0.997, v = 10, and ¢ = 1.5. For this set of
parameters, we investigate the impact of the additional price of risk of the global uncertainty
in the forex market, \, on the model-implied coefficients.!7-18

The model-implied slope coefficient, 3, xvp, and the coefficient of determination, R; XV Ps
for a benchmark scenario where A = —150 and w = 1.5 are displayed in panel A and B of
Figure 4 respectively. The model-implied predictive power of the currency variance risk
premium for forex returns is qualitatively similar to that in Table 4. That is, the slope
coefficient becomes more negative while its predictive power increases for longer horizons.
Moreover, the slope coefficient implied by our calibration is within the confidence intervals
of the estimated parameter from an individual regression for the predictive power of the
currency variance premium over the future Dollar/EUR appreciation rate. In contrast, we
obtain a model-implied coefficient of determination considerably lower than the one observed

(plotted in a different axis). The model-implied coefficient of determination is below 1% for

_ 17Calibrating X to match the first or second order moment of the currency variance risk premium yields
A # 0 for all specifications considered. This result is in line with the intuition in our model that the global
economic volatility is only priced in currency markets. However, the calibrated A turns out to be extremely
high, positive or negative, in all cases.

18Following Londono (2012), we calibrate the Campbell and Shiller’s constants to match the unconditional
mean of the price-dividend ratios for these two countries. Thus, we fix ko = 0.13, k1 = 0.97, k5 = 0.12, and
k] =0.97.
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the 6-month horizon—the horizon at which the observed predictive power of the currency
variance risk premium for forex returns is the highest, slightly below 6%.

Panel C and D of Figure 4 show the model-implied predictive power of the stock vari-
ance premium for stock returns. For our benchmark calibration (5\ = —150, w = 1.5), the
predictive pattern of the stock variance premium coincides with that suggested by our empir-
ical evidence. Moreover, our model yields a predictive pattern qualitatively similar to that
previously found in the literature. That is, we also find that the slope coefficient decreases
with the horizon, although the numerical values of the calibrated slope coefficients are sig-
nificantly higher than those observed for an individual regression for the predictive power of
the stock variance premium for stock returns. The results from our calibration also replicate
the hump-shaped pattern for the coefficient of determination suggesting that the predic-
tive power of the stock variance premium for stock returns reaches its maximum around
the quarterly horizon. However the model-implied coefficients of determination are again
considerably lower than those suggested by our empirical evidence (plotted in a different
axis).

In sum, the results in this section suggest that our model is able to replicate the pattern
for the predictive power of the currency variance premium for forex returns suggested by
our empirical evidence. At the same time, our model replicates the pattern for the predic-
tive power of the stock variance premium for stock returns previously documented in the
literature.

To assess the magnitude of the predictability patterns implied by our model, we investi-
gate the values of parameters X and w that yield quantitatively comparable patterns to those
observed in the data. Panel A and B of Figure 5 display the numerical values for 3, xyp and
Ri v p respectively for alternative values of the parameter driving the additional price of risk
of the global uncertainty in the forex market, X. This parameter seems to have an important
effect for the slope coefficient as suggested by Panel A. In particular, as A becomes more

negative, the slope coefficient approaches to zero for any horizon considered. In contrast,
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the results in Panel B suggest that the coefficient of determination increases as X becomes
more negative. Similarly, Panel C and D display the numerical values of 3, xyp and R2 yyp
respectively for alternative values of the parameter driving the heterogeneous exposure to
the global uncertainty, w. This parameters turns out to have a significant effect for both,
the slope coefficient and the coefficient of determination. In particular, the slope coefficient
becomes more negative as w gets closer to 1-—the scenario with homogeneous exposures to
the global uncertainty. In contrast, as w gets closer to 1, Ri’ xvp gets closer to 0. In sum,
the information in Figure 5 suggests that although our calibration of the model’s parameter
yields qualitatively similar predictive patterns for all parameter combinations considered, it
would be hard to find a parameter combination that matches simultaneously the numerical

values in our empirical evidence.

4 Conclusion

The forward premium puzzle or the violation of the uncovered interest parity in exchange
rates is one of the leading challenges in international finance and asset pricing. At the
same time, the implied-realized variance difference can be viewed as a measure of variance
risk premium and as a proxy for economic uncertainty. In this paper, we provide empirical
evidence that the currency variance risk is priced in currency markets—the currency variance
risk premium predicts currency depreciation against the U.S. dollar significantly at the 6-
month horizon. We also document a finding that the stock variance premium can predict
1-month ahead appreciation rates. However, the stock and currency variance premiums seem
to contain information of a different nature, in that they are poorly correlated and that the
currency variance premium is not a useful predictor for local stock returns.

We offer a structural interpretation of these new findings by introducing a two-country
general equilibrium model with forex-specific uncertainty and incomplete local stock markets.

Under some specific conditions, the stock and currency variance premiums contain differential
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information for future exchange rate movements. Our model entertains the possibility of
market incompleteness. That is, there are sources of risk orthogonal to (unspanned by) any
local or foreign stock market (Brandt and Santa-Clara, 2002). In particular, the global/forex-
specific uncertainty, revealed by the currency variance risk premium, is a hidden factor
in local stock markets. More precisely, the effect of the forex-specific uncertainty on the
local consumption growth is compensated by its effect on the conditional expectation of
the country-specific uncertainty. In other words, forex-specific uncertainty’s effects on the
expected stock return are offsetting exactly between the consumption growth channel and
the consumption volatility channel.

We calibrate the parameters in our model to illustrate its ability to replicate the short-
and medium-term return predictability of the exchange rates from variance risk premiums
in our empirical evidence. We find qualitatively comparable predictability patterns for the
predictive power of the currency variance risk premium for exchange rate returns. However,
we find the magnitudes of these patterns to depend mainly on the additional price of risk
of the forex-uncertainty and the heterogeneous exposure of the economies to this source of
uncertainty.

Finally, the time-series predictability of the variance risk premiums for currency returns
documented here may need to be reconciled with the cross-sectional evidence of carry trade
strategies of large portfolios (Lustig and Verdelhan, 2007; and Lustig, Roussanov, and Verdel-

han, 2011). We leave this challenging task for further research.
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APPENDIX

A Detailed solution of the model in Section 3.1

As it is standard in the literature, we solve the model in Section 3.1 by log-linearizing the

domestic stock returns following Campbell and Shiller (1988) as follows:
Tt41 = Ko + K1Zt41 — 2t T i1 (18)

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 such as the one in Eq. (7)

(written here again for completeness). That is,
241 = Ag + AozUZQ,tH + AgGrs1 + Aawai,tﬂ-

Finally, we impose the general equilibrium condition Ey(r4 —i—mtﬂ)—i—%Vart(rtH +myi1) = 0.

The solution yields

- Qlog(S + QKO + (1 - 7):“ + QKI(AUle + Aquq + Aawﬂlw)

A
0 0(1 — k1) ’
A2 42
Aol — (1 fY) ¢l ’
20(1 — k1)
AE (1- ’flpq) + \/(1 - Klpq)Q - 92ﬁ%¢3¢nggz
" = G ’

and

(1= F1pw) £ (1 = F1pw)? — 26302, (Ok1 A, pr + 5(1 = 7)%02)

Okidy,

In order to avoid the load of time-varying domestic VoV, ¢, and common volatility,

A = .
Ow,g, from growing without bounds, it only makes sense to keep A, and A_ = respectively.
Positive roots are discarded as they are explosive in ¢, and ¢,, respectively. That is,
limg, 0 Af¢q # 0 and limy, 0 A7 ¢5, # 0. A7 and A7~ will be solutions to the model

as long as (1 — k1pg)? > 92%%3%/@1 and (1 — kipy)? > 26102 (0k1As, prow + %(1 —7)%¢2)
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respectively. It is easy to show from these expressions that A,,, A;, A,, < 0 as long as

0 < 1.

B Proof of the propositions in Section 3.2.

In order to prove the propositions in Section 3.2, we first find the expressions for the domestic
expected stock returns, the domestic stock variance risk premium, the expected forex returns
and the currency variance risk premium for the model in Eq. (13). In order to do so, we
solve this model as it is standard in the literature. For this setting, the general version of

the wealth-consumption ratio is given by
vy = Ag + A'Y,,

where A = [A., A, Ay, Ay, Ao, ], and the return of the asset that pays the consumption as

dividend is

Ti+1 = Ko+ K1Vi41 — U + 91

= ro+ (B.F - A)Y, + B;Gl,tzl.t—i-l + B;Gw,tzw,t—i-la

where B, = (k1A +¢,), and e, = (1,0,0,0,0) is a selector vector for g;.
The pricing kernel is the same as in Eq. (5). For illustrative purposes, we follow the
notation in Drechsler and Yaron (2011) and rewrite this pricing kernel in terms of the price

of risk as follows:
miy1 = bmo + bmrK'O + bmr(KI - 1)A0 - A/,u - (bmrAl + A/F)Y;f - A/Gl,tzl.tJrl - AIGw,tZ'w,tJrla

where A = —[(byy + bg)eg + bk ALY The forex-augmented pricing kernel is given by

Eq. (6).

9Tn our global and domestic uncertainties setting, A is the price of risk of the shocks since
mey1 — Et(mt+1) = —A(Yt+1 - Et(YtJrl)) = _A(Gl,tzl,tJrl + Gw,tzw,tJrl)
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The expression for the model-implied domestic expected stock returns is

Et(TtJrl—?“f) = —Covy(myg1,7111) (19)

- B;,GMGEJA + B;Gw,tGiU’tAy
and the domestic stock variance risk premium can be found as follows:

EtQ[VC”"tH(TtH)] - Ezt})[vart+1(7’t+2)] = B;HozBr[EtQ(Ul%tH) - Ef<0-12,t+1)] + (20)
+BLH,B,|Ef (1) — EF (q141)] +

+B;'H0'wB7’[EtQ(O-'L2L},t+1) - E16P<0-3;,t+1)]'
The model-implied variation in expected forex returns is given by
Ey(si1) —se = —[Ef(M{) — Ey(Miy1)] (21)
1 1
= (W1 — Y1) + §Vart(mt+1) - §Vart(m;‘+1),

where, as noted in the main text, the terms labeled with a star (*) correspond to the foreign

economy. Eq. (21) can be rewritten as
Ey(s141) =50 = 80+ (bpp A"+ N F)diag(e)Y; (22)

— (b, A" + N F*)diag(e,) Y,

+ (b A" = b2 A" + N'F — N F*)diag(e,)Y;

1

5N GG A = AVGE G
1

5 WHo A = AH; Ao,

where the vector ¢, = (1,0, 1,1,0)" is the selector vector for the local variables and diag(e;)
is the diagonal matrix whose elements are those of e;. Similarly, e,, = (0,1,0,0,1)" is the
selector vector for the global variables. This notation allows us to conveniently write the
local and foreign consumption growth as Y; = diag(e;)Y; +diag(e,)Y; and Y, = diag(e;)Y; +

diag(e,)Y; respectively.
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The volatility of the forex rate implied by the general version of our model is given by

2 . */ 7 % Ak */ TT* A * _*2
02, = A'R*A* + AN'H: N o}

+AYHIN ) + NH, Nop, + NH N g

+(\YH; — NH,,)(AH;  — NH,,) 00,
Therefore, the model-implied currency variance risk premium can be found as follows:

EQ[US,tH] - EtP[Ug,t—i-l] = A,HazA,[EQ(UZtH) - EP(UZQ,tH)] (23)

+A,HqA, [EQ(QtH) - EP(Qt+1)]

H(AYH:, — NH, )(AYH:, — NH,, ) [E9(02,,,) — B (02,1,

where Eé[] denotes expectations under the risk-neutral distribution of the forex-augmented
market.
Proof of Proposition 1. According to our model, the global uncertainty is unspanned
by local stock markets—A,, = 0. Therefore, and in order to maintain the coherence, ‘712”,15
should not be a useful predictor for local stock market returns. From Eq. (19), imposing
this condition yields
~byy k1A Hyy A = 0,

which only holds when ¢2 , = @2 , =2 = 0unless z¢, 07, and ¢ are all simultaneously
not priced.

Proof of Proposition 2. Eq. (20) can be rewritten as follows:

E?[Vart+1<rt+2)] - EtP[VGTt+1<Tt+2)] = B;HULBT[_(SDUl,UlO-lz,t + QOUl,qqt)AUl - ((pﬂl,ﬂwo-?u,t)AUl]
"‘B;HqBr[_(SDq,Uzal%t + ©g.q0) Mg — (Spq,crwai,t)Aq]
+B7,"HO'wB7' [_(800'1”,0'10-[2’15 + dew,th>A0w - (SOO'uua"lUO-?l),t)Aa'w]?

where Ay, = —b,,, k14, for all (y # ¢g) € Y. Thus, on the one hand, the condition for the

stock variance risk premium to isolate the VoV, ¢;, becomes ¢, 0 = ©q0, = Pou,oe, = 0.
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On the other hand, the condition for the domestic stock variance risk premium not to be a

2

function of the common uncertainty, o7 ,,

becomes ¢, s = Pq.0w = 0. The latter condition
implies that the common uncertainty does not affect the volatility of ol%t nor that of ¢;.

Proof of Proposition 3. Imposing the conditions in Propositions 1 and 2 in Eq. (23) yields
E© [Uf,m] - EtP[Ug,tJrl] = A/HazAlSoq,qur’flAth + (’7*90;% - 790970741)27\20-120,#

Thus, it becomes obvious that shocks to the global uncertainty do not drive the variation in
the stock variance premium, therefore making the stock and currency variance risk premiums
imperfectly correlated, only if X # 0.

Proof of Proposition 4. Given propositions 1 to 3, and assuming for simplicity and without
loss of generality that A, = 0, the following condition needs to be imposed to Eq. (22) in
order for o7, , to be a useful predictor of the time variation in future forex returns:

1 1
SINHoh — AH; A%, = SR, — 12 ] #0.

Under the assumption of homogeneous preference function parameters. This condition nec-

essarily implies 2 = # @2 .

C Model-implied regression coefficients

This appendix provides the expressions for the slope coefficients and the coefficients of de-
termination in Section 3.3.

The regression slope coefficients in Egs. (2) and (3) implied by our model can be found as

B _ Cov(z,y)
y’m

= Var) - Similarly, the (individual regression) coefficients of determination are given

by R2 — (Cov(z,y))?

= Var@)Var@)" Due to the complex nature of the components of these expressions, we

first simplify the notation. Thus, we define by, to be the 1-period ahead variable V' load on
the state variable z; (for the local state variables ol%t7 q:, the foreign state variables al’f, q;
and the global state variable J?M). For instance, according to this notation, the 1-month

ahead stock return can be expressed as follows:
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2 2
Ter1 = G+ brgle + bro, 01 + oy 0y + fra(zy41),
where f,.(.) is a function of error terms,

brq = (“lpq - 1)Aq’

br,al = (Hlpl - 1)Aal>

and
br.ow = (K1p1wAs + (K1pw — 1)As,).

Also following this notation, the h—period ahead compound stock return is given by

1 h
Tet+h = Ezrt-‘rj (24)
Jj=1
1 1 — ph 1 —_ ph
= —Je, b, q b, 0, (—L
h[c 7h+ 7qqt(1_pq)+ s lal,t(l_pl)

1 —,OZ, + br,a;plw 11— IO? . 1 _p}ul;))O_Q
l—pw p—pw l—p 1—p, "

+<b7':0'w (

+fr(zy,t+lv () Zy,t—‘rh)]v

where ¢, is a constant term.

The model-implied h-period ahead exchange rate return is given by the compound return

L ) ~ 13 )
7St — 5t) = - St+h — St
h h =
1 1L—pl\ 5 1—p"
- *bxa z,0F L
h[ al(l_pl) l,t 7l<1_p?<) l,t
1_ph 1_p*h .
+bx,q(1 q)Qt+bx,q(1 q* >Qt
— HMq q



bx,a;plw 1_plh_ 1—P1}2)+bz,ol"l)fw 1_/0?,1_ 1_Pw)+ (1_pw))0_
p—=pw L=p 1=py" pf—=pu 1=pi 1—py Y

_l'fc(zy,t—i-la --Zy,t—i-h)]a

+(

where c.j, is a constant term, and

and
bﬂ?ﬂ'w = (0 - 1)(b7’70'w - br*,Ow)

Similarly, and to maintain the equations interpretable, the h-month ahead currency variance

risk premium is proxyed by the compound return from 1-period currency variance premiums

as follows:
1
XVP,(h) =~ 7 Z XV Py (26)
=1
1 1—pf 1—pt
= —[b — b:cv o 2 = v y
h[ wop,q 1_ Pq) + bzop.ry T 1— Pq) + foop(2t41, 2640

where by, and by, are defined in Eq. (12).

Following this simplified notation, the components of 3, xyp and Ri xvp are given by

the following expressions:’

20The components of B,.vp, Br.xvpe, R2yp, and R? 5 are available upon request from the authors.
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Cov(— thﬂ,hZXVPtﬂ) = hCov(ciy1, XV Piyq)

7j=1
h—1 h—1
+> (h—j)Cov(cror, XV Prijr) + Y (h = j)Cov(crprgy, XV Piya),
j=1 j=1

where

Cov(cir1, XV Pii1) = buupgbegVar(q) + bovp.owbe.ow Var(aﬁ,’t),

Cov(cyy1, vat+j+1) = bva,qu,quvar(%) + bzvp,owbx,ow%var(ai,t)

+bmvp,qp(]1'_1bmr’fl Aq¢2E(qt> + bxvp,ow p{u_lbmr (’il Aow - KJTAZUJ )¢¢27w E<O-?U7t)7

and

Cov(ciy145, XV Pyy) = bmvp,quyquVar(qt)

7 j *J j
P — P, « P~ P j 2
+baw 0w bm,a Plw + bx,o*pw - + bx,awpgu VCL?” Uw ;
poulbecapie 5= 08) b g (2L War(o?,)
1 h
Var(ﬁZXVPtH) = —Var ZXVPH]
i=1 i=1
h—1
= 3 [hVar(XVPtH —1—2231 — J)Couv(XV Py, XV Pii14))],
J
where
Var(XV Pyq) = bmquar(qt) bmpa Var(o? )
and

Coo(XV Py, XV Pryryy) = 02y, 00 Var(q) + b

vp,qpq

w Var(oy,);

VD, w P
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1 h
Var(ﬁ Y ey) = —Var thﬂ
j=1

1 h—1

= 5 [hVar(ciy1) +22:1 — J)Cov(cit1, Crr144)],
j
where
Var(cya) = b2, Var(op,) + b U*Var(alt)

+bi7anr(qt) + biq* Var(q) + bivaw Var(crit)
O E(07,) + (0 — 1)°w7 (A5, 02, + A;05) E(qr)
20 E(0)7) + (0 — 1)K (A ey + Ao E(g)
+(0 = 1)*(rAs, — w145, ) 202, E(0w),

and

Cov(cir, cr1ey) = b2 Var(al% )+ bi a*p;ijar(al t) + b2 péVar(qt) + bi,q*pzjVar(qf)

xal

Pl pj)+b$gl lw(Pl* Py
1 — Pw 1 — Pw

(0 — 1)1 A0 by, 62,00 E(ar) + binrtis A 0200 Eqy)

_I'bz,aw (b:c,al Plw (

)+ bLUprU)Var(afut

—(0 = 1)K AL be o 00 T Eq)) — (9— 1) ki Aiby g 05202 E(q))

—p71

I — Pw

+(0 = 1)(m 4, — ff’{AZw)(bx,olmw(

*] 1 ,0] 1
The additional components of .y p and R p are given by

1 h
CO’U Z rt+]7 VPt) = E(Z Tt+]’, VIDt)
J 1 j=1
1 1-— p
Ebvp,qbr,q( 1_ )Var(qt)

Pq
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1_pZ} +br,alplw 1_plh_1_p

1
+*bv Ow br,aw
Pl (1—pw pr—pw L=—p 1—py

h

Var(VP) = b2 Var(q) + b?2)p70w Var(afu,t);

vp,q

and
1 h
Var(EZTtH) = —Var ZTH‘J
j=1
h—1
= = [hVar(rt+1 +2Y (h = §)Cov(rir, Tes11s)],
7j=1
where

Var(rih) = bf’anr(qt) leVar( l%t)—kbiaw‘/ar(afv’t)

+r B0r,) + mi(A7, 65, + Agb) Ea) + (6, + 5145, 87,) E(0y,,),

and
Cov(ryp1,rerien) = b phVar(q) + 02,0 Var(or,)
o= P
+br,, (brry Py + brr o1 (——2))Var (o3, )
Pr— Pw
+ 51 (Ao bro, 02,01+ Agbrgdipt ™ E(qr)
+r14,, (br,awp?u_l + br,azplw(u>>¢c2er(Ufu,t)§
Pr — Puw
1 & 1—ph
Cov(+ Z Ct+j> VP) = bvp,qu,q( )Vm“(%)
h =1 L —pq
bxa w 1— A 11— h
+bvp,aw( 1Pl Pi o pw) + o

pr—pw L—p  1—py
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bm,al*pzkw 1_szh_1_p2;
pL—=pPw L=pf  1=pu Tl =y

Finally, the unconditional first and second order moments of the state variables can be

found as follows:

* 2
_ B . N 2\ . fw . 2 _ mtpwE(og ) ) _
E(Qt) — 1-py’ E(Qt) - 1-p3° E(Ow,t> T 1-py? E(gl,t+1) - 1—p; ’ E(Ul,t—i-l) -
i+l B(o 1)
1—pf )
_ P2E(q) o _ G5B . 2 _ P, Var(oh, )+3 Elar) 2 _
Var(q,) = 1—p2 Var(q;) = 1—p2 V&T(Ul,tﬂ) = 1—p? ’ VGT(Ul,t—s—l) =
proVar(or, )+é5 B(a;)
1—,01*2 )
2 2
2 . ¢0wE(Jw,t)
Vcw‘(aw’t) =
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Table 1: 1-month depreciation rates. Summary statistics
This table reports the summary statistics for the 1-month depreciation rate between each
currency and the U.S. dollar.

$/JPY $/GBP $/EUR

Mean 019  —0.02 0.18
Median 0.05 0.02 0.24
St. Dev. 2.29 2.30 2.59
Skew. 027  —047  —0.08
Kurt. 2.89 4.68 3.03
AR(1) 0.17**  0.31**  0.30"**

Correlation Matrix $/JPY $/GBP $/EUR

$/JPY 1

$/CHF 0.47

$/GBP 0.16 1

$/EUR 0.33 0.73 1
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Table 3: Stock variance risk premiums. Summary statistics
This table reports the summary statistics for the countries’ stock variance premiums, V P,
measured as the difference between the squared (model-free) implied volatility index (IV) and
the expected realized variance for the underlying index in each country. As for the currency
variance risk premium, we assume that the expected stock realized variance is given by
E,(RVZ,) = RV?, where RV;? is the realized variance of each country’s index calculated
using one-month non-overlapping rolling windows of daily (log) stock returns.

Us JA UK GE
Mean 108.70**  150.09***  107.33***  77.59**
Median 125.61 169.93 116.58  116.46
St. Dev. 431.75 445.03 375.30  404.36
Skew. —3.87 —4.47 —5.55 —2.25
Kurt. 30.26 39.43 52.45 14.53
AR(1) 0.32%** 0.00 0.28*** 0.10
Correlation Matrix USs JA UK GE
Us 1
JA 0.62 1
SWI 0.67 0.63
UK 0.84 0.69 1
GE 0.66 0.49 0.78 1.

40



7e'G z9'11 V12 05°G 10°21 LG1T Yy
(ozz—) (61e—) (118—) (081-) (61¢—) (18'1-)

el T8 asb6C—  T8G— JE8—  l8CG— LIS TAX
(cv0—) (262 (¢8'1—) (te0—) (€972 (62'1—)

10— «xx89°0 «GE0— 10— «xx89°0 €00— 'dA/TTd A
(61°0—)  (99°0) (8L¢—) (61°0—)  (99°0) (89¢—)

PG 0— ¢e'g x00'E— 9G°0— ¢e'g wx86C—  [(4) i — ()]
ze'1 96°L1 0G°TT 65T €v'ee 9G°¥T oy
Fo1-) (¥¢z—)  (g1°0) (€90—) (L0€-) (¥°0)

02— T TT— TP 0 00— x0TTT— 88T TAX
(0€°0) (¢L72) (82°z—) (8L°0) (67'%) (Lee—)

z1'0 wexG6'0 w890~ 1€°0 eex0€T xx86°0— 'dA/"d A
(920—) (eT1) (9L°¢—) (920—) (801 (Le¢—)

8L0— LLE xS0~ 9L0— vee wx860—  [(4) A — (y)"]
18T 8T°€T 09°L 91°9 19°91 69°CT o
(¢cT0—) (Lg0—-)  (9L71) (86°0) (¢v°0—) (17°2)

29°0— 70— L8LTT €6'C €67— wETTT TAX
(z8°2) (zeg) (17'1-) (90°%) (9¢°¢) (8% %—)

0 ) R o ) 96'0— 8L T 48870 VL T— dA/TdA
(26:0—)  (07°0) (01°¢—) (86:0—)  (v€0) (6L2—)

LyT— 80°T 8T~ e— L8°0 69— [(4) A — (y)*]
und/$ MN/$  Adr/$ and/$ ddo/$ Adr/$

‘I A SO A

oYL "110g Ioqueoa( 01 0007 Arenue wolj sunl pouad ajdures oy [, ‘S[oAd] 90UROYIUSIS 04T pue ¢ ‘0] [ensn ayj juesaidal
‘. ‘sisetjjuared Ul pajrodal oIe SUOIIRIASD PIRPUR)S o) pue SSe] g YIM JSOA\-ADMON AQ POIISIIOD oIk SIOLID PIEpUR)S oY ],

*)3k ok

o0eds oars 0} I9pI0 Ul pojrodorun 3o oIe SHURISUOD UOISSOIFOI POJRUIIISO

kokk

pue

‘wmiueld 9dURLIRA JD0)s USII0]/[RD0] oY) ST J A pue wniweld soueLIes AOUsLIND aY) ST J A X ‘AIJUnod ugelo] o) pue ‘g () o)
U00M]9q SRl PUO( U0dN0d-019Z YIUOUWI—Y 10] [RIJUSIOPIP oJelI Jso10qul o) St [(y) [ — (y)*i] ‘oyel o3ueypxo Ie[[op oY) SI *s o1oym

I () d AX ()X g A() AT+ [(y) 2= () ') ()47 + (y) 07 = Ts —*Fs

SWINJOI 9)RI 9FURYIXO 10} snuold YSLI 90URLIRA ADUSLIND pue ¥003s oY) Jo Tomod oaarporpard oy, :§ o[qr],

:SUOISSOIFOI SUIMO[[0] ST} I0J SHUSIDIJo0D pajeur)se o) sprodax ajqey siyJ,

41



L€ €901 €Lt 879 16°0T 6°G oy
(180-) (zov—)  (62°0-) (L9°0—-) (¥8c—) (91°0—)

LT'S—  .sb6FI—  T67— V29—  .a€8E€I—  TFT— dAX
(16°1) (66°0) (65°1) (cze)  (v0T) (12'%)
or'T L5°0 L0T wIGT  6TT wsbL T SOTA €
QL8 05°L 90°% 0291 8991 791 oy
(6L1-)  (Feg1-) (€5°0) (901-)  (79'1-) #9°1)
*13°CC—  9G°9— 61°G 9T TT—  S6°0T— €66 TAX
(6L2) (95°7) (¢z9) (gev)  (zeL) (95°2)
woslTT 8T 0T wxl8T  wxlTE wxlT'€ SOTA T
T6°C 19T 61°G &ali)i €e01 €011 .
(01—)  (0g0—)  (9L1-) (91°0)  (g€0) (08°0-)
87 CT— 70'e—  *P9VT— z6'T 80°¢ €9TT— ‘JAX
(65°2) (09°2) (zee) 68%)  (96'7%) (6£9)
68T wxb6'T  wk0GE 1 R 4 99T SO7A T
nd NN vr nd 3N vr Yy
'u STy
-9ords oAes
09} I9pIo Ul pojrodorun 9Jo[ oIe SIURISUOD UOISSOISII POJRUII)SO O, "TT0E Ioquood( 0} )00z Arenue[ woiy sunt porrod ojdures
O], "S[OAO] 00URIYIUSIS 04T pue ¢ ‘0T [ensn o) juesordor .., pue . ‘. -sisojuared ur pojrodol ore SUOIIRIAGD pIepue)s o) pue

SSe[ ZT UM 1SoA\-A0MaN A( PRIDSIIOD dIR SIOLIS PIRPURIS O], "WINJSI S0 XoPUI FD0I)S JIRW-USFIDI0) 10 -[RI0] 9} SI “i 9Ioym
s Nn 4 A\N\vﬁﬁ\wk‘?\v&\wknﬁ + ﬁwb&\:g\vmb&\ﬁso + T\voi@ = 1y — Yty

:SUOISSa1301 SUIMO[[0] 1]} I0] SHUSIOIJO0D Pajeuil)se oy} sjrodal a[qe) SI T,
SUIN)oI ¥D03s 10J swniwald YSII 9oURLIBA ADUSILIND PUR 203 9} Jo 1omod oA1I0Ipald o1 ], :G 9[qr],

42



160 -

sensnnnns $/IPY
—-=-=: $/GBP
150 || — $/EUR

140

130

120

110

100

20

80

1 1 1 1 Il 1 1 1 1 1 Il 1

70
Jan-00 Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 Dec-11

Figure 1: Exchange rates
The figure displays the spot exchange rate of each country’s currency with respect to the
U.S. dollar as a monthly index (Jan-2000=100).
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Figure 2: Currency variance risk premiums
The figure displays the currency variance risk premiums measured as described in Table 2.
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Figure 3: Stock variance risk premiums
The figure displays the stock variance risk premiums, V P, measured as the difference be-
tween the squared of the (model-free) implied volatility index (IV) and the expected realized
variance for the underlying index in each country (see Table 3).
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Figure 4: Calibrated model. Predictability patterns

Panel A shows the slope coefficient for the predictive power of the currency variance risk

premium for the h-month ahead forex appreciation rate implied by our model (the bold line).
The dotted line is a linear interpolation of the estimated regression coefficients, b, xvp(h),
for an individual regression, and the shaded area its corresponding 5% confidence interval.

Panel B shows, in bold and in the right axis, the model-implied coefficient of determination

for this regression. The estimated coefficient of determination is plotted as a dotted line

in the left axis. Similarly, Panel C and D display the slope coefficient and coefficient of

determination for the predictive power of the stock variance risk premium for ~A-month ahead
stock returns. The calibration of the model parameters is discussed in detail in Section 3.3,
and the model-implied slope coefficients and coefficients of determination are explained in

Appendix C.
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Figure 5: Effect of X and w on the predictability patterns

The figure shows the model-implied slope coefficients and coefficients of determination for
alternative values of A (Panel A and B respectively), the parameter driving the additional
price of risk of the global uncertainty in the forex market, and w (Panel C and D respectively),
the parameter driving the heterogeneous exposure to the global uncertainty. We report the
effect of these two parameters on the predictive power of the currency variance risk premium
for forex appreciation rates. The calibration of the model parameters is discussed in detail
in Section 3.3, and the model-implied slope coefficients and coefficients of determination are
explained in Appendix C.
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