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Abstract

The Online Appendix contains additional results not ineldidh the main paper. In Sectibn OA-1, we show that our
FX correlation dispersion measuFeXC is very robust to dferent choices regarding its construction. Sedfion OA-2
shows that our cross-sectional asset pricing tests arstrtibusing the non-tradet XC factor instead of the traded
HMLC factor and to using dierent sample periods and sample currencies. In Secfion]lQ¥e3Zonfirm that our
cross-sectional results with respect to the FX correlaiglapremiums are robust to alternative construction mgsgho
In Sectio OA-#, we discuss th&ect of jumps on implied FX correlation measures. Sediion®#xesents summary
statistics for FX variances and FX variance risk premiumescti®sn[OA-6 shows that sorting on exposure to the FX
correlation risk factor is not subsumed by exposure to an &Xance risk factor. Finally, SectiGn OA-7 explores the
spanning properties of FX correlation risk.

OA-1. Alternative construction of FXC

In the paper, we document a strong cross-sectional associa¢tween the average level and the cyclicality of
conditional FX correlation: high average correlation FXrpdecome even more correlated during bad times, whereas
the correlation of low correlation FX pairs falls. This empal result motivates the use of our FX correlation disjzars
measurd-XC, which is defined as theflierence in average conditional FX correlation between thatal the bottom
deciles of FX pairs sorted on their conditional correlation

[Insert Figuré OA-1L here.]

Instead of using deciles, we can alternatively construettieasure as theftirence in correlations between the top
and bottom quintiles or quartile§ KCQUnile andF XCQua'tile respectively). Increasing the size of the top and bottom
groups reduces the correlation spread and, thus, the &verag of the dispersion measure. In Panel A of Figure
[OA-T], we plot the original measure, along with the two alégive measures. Both alternative measures are very highly
correlated with the original measure, both in levels (0.88 8.98, respectively, fdf XCQuMile gnd FXCQua'tiley and
in first differences (0.95 and 0.94, respectively). Not surprisingly,fortfolio results are very robust to using the
alternative measures: Panels B and C present three G1cypertfolios sorted on the alternativd- XC betas for
various sample periods. The results for both alternativasuees are qualitatively the same as those for the original
measure. In particular, for all subsamples, excess cuneatarns are decreasing in tiéXC betas and the spread
between the high and the lotF XC beta portfolio is substantial and statistically significan

OA-2. Cross-sectional asset pricing

In Table 10 of the main paper, we present estimates of theeharice of FX correlation risk using various test
assets. TableZOA}1 contains the first-stage regressianagss for test asset sets (3) and (4) that are omitted in Table
10.
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[Insert Tabld OA-1L here.]

Instead of usingdMLC returns, a traded factor, we can also perform our assengrieists using the non-traded
factorAFXC. FigurelOA-2 illustrates the performance of thE XC factor by plotting the predicted annualized excess
returns for various test assets (G10 currencies in Panelueiscy portfolios using all currencies and developed
country currencies, in Panels B and C, respectively) ag#irsactual annualized mean excess returns. Compared with
the results when using the traded facktéLC®, the second-stage regressits are lower, but still high: 0.79, 0.78
and 0.58, respectively. Tallle OA-2 compares the estimatehé market prices of risk of two factord ML returns
andF XC innovations, for the samples of all currencies and devel@oeintry currencies, using eight test assets (four
currency portfolios sorted on FX correlation betas and fmunrency portfolios sorted on nominal interest rates) in
each case. We consider three sample periods for each spggificJanuary 1996 to December 2013, January 1984
to December 2013, and January 1996 to July 2007. Our regeltiaily robust across alternative sample periods
and factor specifications. In particular, the market pritgsk for the non-traded correlation factaF XC is always
negative and often significant. Compared to our benchmaripkaperiod (January 1996 to December 2013), the
results for the January 1984 to December 2013 sample atglgligeaker, while the price of risk estimates when we
exclude the financial crisis (January 1996 to July 2007) aongly significant. OverallFXC innovations perform
reasonably well in pricing the cross section of currencymet, albeit somewhat worse than our traded fa¢iddL©
returns.

[Insert Figuré_ OA-P and Table OA-2 here.]

OA-3. Alternative definitions for FX correlation risk premi ums

In the paper, we show that average FX correlation risk premiand average FX correlations are negatively related
in the cross section of FX pairs. We measure FX correlatiskpremiums using information available at timeve
calculate the conditional risk-neutral correlations gsiarrency option prices observed at titpevhile our proxy for
conditional correlations under the physical measure isatlerage realized correlation over the three-month period
ending att, sampled daily. Instead of using a three-month window, we inatead proxy for the conditional FX
correlations under the physical measure using an one-mdnttow of past daily exchange rates (i.e., daily data from
t — 1 tot), or using an one-month window of future daily exchanges#éite., daily data fromito t + 1). Figurd OA-3
provides scatter plots of average FX correlation risk ptens against the average FX correlations constructed using
each of those two alternative measures of physical measmditional FX correlations: Panel A refers to measures
constructed using data over the month ending athereas Panel B refers measures constructed using datednet
andt + 1. As we can see, the negative cross-sectional associatareén average FX correlation risk premiums and
average FX correlations is robust to alternative measuresralitional FX correlation under the physical measure.

[Insert Figuré OA-B here.]

OA-4. The dfect of jumps on implied FX correlation

To construct the measures of model-free implied exchange meoments, we follow the methodology of
Britten-Jones and Neuberbér_(;bOO). They impose no-ag#tconditions and show that the risk-neutral expected
return variance of an underlying asset is fully specified lopatinuum of call and put options on that asset, provided
that the price of the underlying asset is ﬁuxblon process Given recent empirical evidence of pricetpjuisk in
exchange rates (see, e ctmlb)) it is natural to ask whether that methodology
remains valid when the underlying price process includegpg! In the following, we address this question in two
ways. First, we show that tll]e Britten-Jones and NeuddLM)Qmethodology is valid even in the presence of jumps,
provided that the higher order moments of the jump distidvutire not very large. Second, we also consider the
approach OMnEEZE{&, who derives a measure of riskraéaxpected variance that is robust to jumps, and we




show that the methodologies Io_f_B_LLttenJ_QEls_s_a.nd_N_e_uﬂedmnb) and_Ma.Lﬂ|n|_(ZQi6) produce virtually identical

implied FX correlation and FX correlation risk premium meges.

We first consider the case of the underlying price processigbea difusion. The proof follows
Britten-Jones and Neuberbér_(;bOO), except for the fact ithgtead of the risk-neutral measufg, we make
use of the forward measu€gr. We denote byF; the price at time of a forward contract on the underlying asset with
maturity T. We assume that no-arbitrage holds and, hence, there axmtward measur@+ such that

t

whereW? s a standard Brownian motion under theforward measur€)r andV; is the instantaneous variance of
the return of the forward contract. Applying 1td’s lemmag Wwave

dinF, = —%tht+ VVdw?.

Integrating over time and taking expectations, we get
T
EJT (fo tht) = 2(|n|:O ~EY (InFT)),

where the LHS is equivalent E?T (fOT (d?f‘)z)
Consider an option on the same underlying asset that exqtitese T and has strike pricK, and denote its price
by C(K, T). Then,

K = InFo - EJ" (InFr). (OA-4.1)

f"" C(K,T) - max(Q Fo - K)d
0 K2
Integration by parts of the LHS yields

f“ C(K, T) —max(Q Fo — K)dK __ C(K,T)-max(QFo - K)|?
0 K2 - K 0
+f 8KC(K,T) + 1F0>K dK
0 K

wheredx C(K, T) is the partial derivative of the option price with respexttie strike pric&k. Note that the first term
of the RHS of the equation disappears assuming that thetgerishe forward price distribution is bounded. Since

omax(Fr — K,0)

C(K,T) = E ( K

) = —E?T (1r;5k)

we get that the second term of the RHS is equal to

foo 8KC(K,T) + 1F0>K
0 K

dK = InFo — EY" (InFr).

Hence, we have shown that

T (dF\? * C(K, T) - maxFo — K, 0)
Qr t _
ES [fo ( 3 ) ]_zfo e dK. (OA-4.2)

We use equatiofl (OA-4.2) to calculate the implied FX varéngsed to construct our implied FX correlation measures.

Now, we can consider the impact of jumps. Under some reduladnditions, the forward price (which is a
martingale) can be decomposed into two components: a pecoaljnuous martingale and a discontinuous martir@ale.
In particular, let the forward price process now be

dF _

t

\/thvthT + Jtht - /Jt/ltdt,

1see for examplE_EmﬂMQO), page 8. This is sometimesntak a defining property of martingales; see, for exan
{198).



whereN; is a pure jump process with time-varying intenslty J; is the jump size with instantaneous megnand the
jump component is independent of théfdsion component. Applying 1td’s lemma, we have

1
dinFy = ~SVidt + VVIAWET 4 In(1 + J)dN; — gt

Using the approximation In(* J;) ~ J; — 232, we have

T 1 T
Eg@T(f dInFt)z——E?T(f (Vt+/ltJt2)dt),
0 2 0

EY (fOT (Vi + 1) dt) ~ 2(InFo - E¢™ (InFr)).

Since the LHS of this equation is the expected return vaeiawe have that

T (dF\
EYT [fo (?tt) ] ~ 2(InFo - E¢" (InFr)). (OA-4.3)

and

Note that equatio (OA-4.1) holds even in the presence opfubecause we do not make any use of the return process
itself. Hence, if we combine equatidn (OA-#.1) with equat{®A-4.3), we note that tH_e_B_Lilt&n;lQn_e_s_a.n_d_N.eJ.Lbl?rger
) methodology is valid even in the presence of jumps.

One might be worried that equatidn (OA4.3) does not holdttyxathe approximation error arises from the higher
order terms in the expansion of In¢lJ;). One way to address this issue is to follow the approam )
who considers “simple variance swaps”, which are robusirggs in the underlying price process. To that end, we first
compute implied FX variances using r016) apphoand use them to calculate implied FX correlations
and FX correlation risk premiums. Then, we compare the s@&fémplied FX correlations and FX correlation risk
premiums obtained using t@&ﬂm) approach witk¢tabtained using tllle_B_Lilte.D;lQn.e_S_a.n_d_N_e_LLbHLg.e_d(ZOOO)
approach.

Table[OA-3 presents the results of that comparison. We finssider implied FX correlations. For each FX pair,
we report the averageftiérence in implied FX correlations between the two methagiel note that, overall, the
average dferences are extremely small, ranging frei®.004 to 0.003. To formally assess whether those average
differences are statisticallyftirent from zero, we perform drtest of equal implied FX correlation averages between
the two methodologies for each FX pair and report the coomedjmgp-value. We find that we cannot reject the null
of zero diference at any conventional significance level for any of he8 pairs. For each FX pair, we also calculate
(but not report) the correlation between the two implied FXrelation time series: the two methods generate almost
perfectly correlated series, with the lowest correlatibthe 36 being 0.9994. Finally, we perform the same exercise
for FX correlation risk premiums. The two methodologiesdaree almost perfectly correlated CRP series (the lowest
correlation of the 36 is 0.991), and, as the last column ofel@A-3 shows, we cannot reject the null of néfdience
in average CRP between the two methodologies for any FX pair.

[Insert Tabld OA=B here.]

The aforementioned comparison suggests that our methgyldarobust to the presence of jumps. However, it
might be the case that, due to the rarity of jumps, using allsdample days for our analysis obfuscates the potential
impact of jumps. To address that point, we also performRHest of equal average implied FX correlations and
equal average FX correlation risk premiums only in the saiyse of “jump days”, defined as days characterized
by jumps in exchange rates or in exchange rate volatility. pamticular, we use the “jump days” identified in

ke_(Zb16) they focus ondmahange rates (AUDISD, CHFUSD, GBRUSD, and
JPY/USD; henceforth, the “CGZ set”) and estimate jumps both @xdbrresponding excess FX returns (essentially,
spot exchange rates) and the conditional variances of eX¥o¢seturns (essentially, conditional FX variances) using
data on spot exchange rates and currency oplaons.

2We thank the authors for providing us with the data.



SinCGLC_h_e.moM._G_Lale.lln_&._an_d_Zﬂa.dddze_(iOl6) considetdSD exchange rates, we first focus on the 6 exchange

rate pairs generated by those four USD exchange rates. EbrFeé pair, we consider three subsamples: the first
subsample consists of all days in which either of the two ergle rates in the corresponding FX pair jumps (denoted
by “FX jumps”), the second subsample of all days in which tbéatility of either of the two exchange rates in the
corresponding FX pair jumps (“Vol jumps”), and the third sample of all days in which either of two exchange rates
or either of two exchange rate volatilities associated withcorresponding FX pair jumps (“Any jumps”). We present
the results in TablEZOA}4. In panel A, for each FX pair and esdbsample, we report the number of observations
in the subsample (number of “jump dayN) and thep-value of theF-test for equality in the average implied FX
correlation between the two methodologies. We find that wectreject the null hypothesis of equal average implied
FX correlations between the two methodologies for any FX pad any subsample. In Panel B, we repeat the same
exercise for FX correlation risk premiums and find that th# hypothesis of no dierence in averages between
methodologies cannot be rejected for any FX pair and anyssopke.

[Insert Tablé OA-# here.]

Finally, we construct three further subsamples as folloth& first subsample consists of all days in which any
exchange rate in the CGZ set jumps, the second subsamplstsarfsall days in which the volatility of any exchange
rate in the CGZ set jumps, and the third sample consists afegi in which any exchange rate or any exchange rate
volatility in the CGZ set jumps. The first subsample (dendigdFX jumps”) hasN = 37 daily observations, the
second subsample (“Vol jumps”) h&é = 133 observations and the third subsample (“Any jumps”) Ras 160
observations. This sample construction methodology alleswto consider all 36 exchange rate pairs in our benchmark
set. Thus, for each of the 36 FX pairs and for each of threeasnpkes, we calculate the subsample average of the
implied correlation and of the CRP using the methodologil&:tﬁ&n;lQn.e_s_a.n_d_N.e_ub_eLbéL(ZbOO) Ja.n.d.Miahln.dZOlG),
and perform arfr-test for the equality of the corresponding averages betwesthodologies. We report tipevalues of
the F-statistics in TablEZOAJ5. Again, the null hypotheses ofa@verage implied FX correlations and equal average
FX correlation risk premiums between methodologies cabheatjected for any FX pair and any subsaniple.

[Insert Tabld OA=b here.]

We conclude that our findings on implied FX correlations aXdcerrelation risk premiums appear to be robust to
the presence of jumps in exchange rates or exchange ratdityola

OA-5. FX variances and FX variance risk premiums

The summary statistics for the realized and implied FX vargof the G10 exchange rates, as well as for their
variance risk premiums, are provided in Table OA-6. All meas are expressed in squared percentage points.

Despite the evidence for significant variance risk premiuins equity markets (see, for example,
Bollerslev, Tauchen, and ZHth(ﬁ)OQ)), the results forenecy markets are mixed. On the one hand, the variance risk
premiums for a number of exchange rates are either nottgtatig significant (AUD, CHF, NZD) or are marginally
significant (NOK), while, on the other hand, the varianck pgemiums for the CAD and the SEK are significant at the
5% level and the variance risk premiums for the EUR, GBP antlate significant at the 1% level. For all exchange
rates with a statistically significant average variancle piemium, that average is positive. The average varias&e ri
premium across all exchange rates is 0.54 (in squared nygméhtentage points), which is smaller by a factor of more
than ten compared with the equity variance risk premium lanafactor of 4.5 compared to the Treasury variance risk

3For each FX pair and for each subsample, we again calculatedifielation between the implied FX correlation seriesinled using the two
methodologies, and find that the lowest correlation out eft88 (36 FX pairs, with 3 subsamples each) is 0.9989. Thesponding number for
the FX CRP series is 0.9983.



premiurrH Furthermore, there is an almost even split between exchategthat have left- and right-skewed variance
risk premium distributions. The two most negatively skewediance risk premium distributions are those of the
AUD and the NZD exchange rates against the USD; notably, the And the NZD are typically used as investment
currencies in the carry trade. On the other hand, the EUR]RYeand the GBP exchange rates against the USD have
the most positively skewed variance risk premium distidna.

[Insert Tabld OA-b here.]

OA-6. Double sorts on correlation and variance

[M_eﬂkh_di_s_a.m.Q._S_th_ellng,_and_S_QhﬂdﬂbL(Zb12) show that FX vasdascpriced in currency markets. In our

model, the cross-sectional average of all FX conditionebvees is

FXV; = %Zvart(Aqul): %Z(\F— \/;)Zzﬁzkzt.

Therefore F XV innovations satisfy

1 - 2
AFXVy1 — B (AFXViot) = Z(‘/_ - \/5) £ AL, - 2 AU,

FXV innovations have two components: a component that is grfeegatively correlated with the first global shock
u" and a component that is perfectly negatively correlateth wie second global shoak. The first component
generates positive correlation betwdeXV innovations and-XC innovations: a negative” shock raises the global
pricing factorz", increasing botH=XV and FXC. On the other hand, the second component generates negative
correlation betweelr XV innovations and=XC innovations: negative® shocks raise the local pricing factprand,
thus, increase the conditional variance of all FX pairs (fuedeforeFXV) due to country-specific risk, but they reduce
the importance of heterogeneity in global risk exposuighténing the cross section of FX correlation and, thus,
decreasing- XC. As a result, the correlation betweBiXV innovations and- XC innovations depends on the relative
strength of the two components.

In the data, the correlation betweEXC andFCV innovationsis 0.3, suggesting that thfEeet of the first component
dominates. To show that sorting on exposure to the FX cdiweldactor is not subsumed by exposure to the FX
variance factor, we double-sort currencies on exposutea®ettwo factors. The small number of available currencies
restricts us to a two-by-two sort, for a total of four porifa: high and low exposure to the FX correlation factor and
high and low exposure to the FX variance factor, with expedging measured by the return beta with respect to
FXC andFXV innovations, respectivelj= XV innovations, denoted biFXV, are defined as the firstftkrences in
FXV levels. We perform this exercise for two sets of currendiee:G10 sample and the full sample. The results are
presented in Table_ OA}7.

Panel A presents the results sorting on a single dimenaiBiXC beta orAF XV beta, forming two portfolios for
each dimension. The top row of Panel A shows thatth&L® portfolio (highAF XC beta currencies minus lonF XC
beta currencies, regardless th&l XV beta) yields a negative and statistically significant ayemxcess return, in line
with the results presented in the main paper. ML portfolio, which is obtained by investing in higkF XV beta
currencies and shorting lowF XV beta currencies, also yields negative average excessisetuhich is consistent
with the positive correlation betweedF XC andAF XV. However, theHMLV returns are not statistically significant.

Panels B and C present the portfolio results when doubliagoon AFXC beta andAFXV beta, for the G10
currencies and the full set of currencies, respectivelynditnal onAF XV exposure, exposure @ XC is negatively
associated with returns for both sets of currencies anddtr kevels ofAF XV exposure (high or low); however, the

4The corresponding numbers are calculated using the mdtigydeeported irLQhQL_MugLLe_[_a.n_dA&_d_dliE(blG) for a blily longer sample.

The corresponding values are 6 and 2.4 for the equity andsling@ariance risk premiums, respectively.



return diference between highF XC beta and lowAF XC beta portfolios is statistically significant only conditiag
on highAF XV exposure. On the other hand, conditioningAdaXC exposure, FX variance risk does not seem to be
associated with currency returns, as none of the retdferdntials between highF XV beta portfolios and lovAF XV
beta portfolios is statistically significant at the 5% levielrthermore, most of the returnfiirentials have a positive,
rather than a negative, sign.

In summary, TableZOAJ7 confirms that our findings with respgedtX correlation risk are robust to accounting for
exposure to FX variance risk.

[Insert Tabld"OA-V here.]

OA-7. Spanning

To explore the spanning properties of FX correlation risk,regresa\F XC, the FX correlation risk factor, on: all
nine G10 exchange rate changes, all nine G10 currency esatesss, the changes in the implied FX correlations of all
36 G10 FX pairs, and the changes in the FX correlation risknprms of all 36 G10 FX pairs. We report the regression
R?s and adjuste®&?s in the first four rows of Table_ OALl8. We find that changes in EXrelation dispersion are almost
unspanned by FX changes and currency excess returns: F§ehancurrency excess returns can only explain about
12% of the variation imM\FXC. In comparisonAF XC appears to be well-spanned by changes in FX correlation and
changes in FX correlation risk premiums: changes in imgfi¥dorrelation are able to explain more than three times
as much (40%) as FX changes or currency excess returns, andehFX correlation risk premiums almost four times
as much (46%). The results for adjusfts, which take into account the number of regressors, yietilai results:

7% for exchange rate changes and currency excess retumpaced to 24% for changes in implied FX correlation
and 32% for changes in FX correlation risk premiums.

[Insert Tabld OA=8 here.]

For robustness, we also regrédsXC on the principal components (PCs) of exchange rate chaogeency excess
returns, changes in implied FX correlations and changeXindtfrelation risk premiums. We consider the first 6 PCs
of exchange rate changes and currency excess returnsyasfitare about 95% of their variation, and the first 6 PCs
of changes in implied FX correlations and changes in FX ¢ation risk premiums. Since the first 6 PCs capture only
about 72% (70%) of the variation in changes in implied FX elations (changes in FX correlation risk premiums), we
also consider 20 (21) PCs, which capture about 95% of thatiamiof changes in implied FX correlations (changes in
FX correlation risk premiums). The results are reportedhalast six rows of TableZOAI8 and are consistent with our
previous findings.
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Table[OA-1l Estimating the price of FX correlation risk: extended sample.

The table reports the results for the estimation of the magrkee of FX correlation risk. Panel A reports the estimatethe test asset factor betas
and their Newey and West (1987) standard errors (in parse#en the first-stage regressions. The test assets udeel finst-stage regressions
include four currency portfolios sorted on exposure to theradation risk factorAFXC (denoted by Pf) and four currency portfolios sorted on
nominal interest rates (denoted by Pfcurrency portfolios are constructed using either thédat of currencies or the set of developed country
currencies, as described in Section 3 of the paper. Pangidtsethé Fama and MacBkth (1D73) estimates of factor paicegheir standard errors
(in parentheses). Shankén (1992)-corrected standand em®reported in brackets. Monthly data from January 18@figh December 2013.

Panel A: Factor betas

All countries Developed countries
@ DOL HMLC R? @ DOL HMLC R?

Pf1¢ 0.07 1.17 -0.34 0.89 0.00 1.11 -0.52 0.88
(0.06) (0.03) (0.03) (0.08) (0.04) (0.04)

PfC -0.02 1.05 -0.11 0.88 0.04 1.15 -0.06 0.74
(0.06) (0.04) (0.03) (0.10) (0.06) (0.05)

PfL 0.02 0.87 0.14 0.79 -0.06 1.15 0.17 0.80
(0.06) (0.04) (0.03) (0.09) (0.06) (0.04)

Pf4C 0.09 0.76 0.31 0.75 0.11 0.96 0.53 0.75
(0.06) (0.04) (0.03) (0.09) (0.05) (0.04)

Pf1F -0.14 0.90 0.18 0.80 0.02 0.96 0.39 0.61
(0.06) (0.04) (0.04) (0.12) (0.06) (0.06)

P2 -0.01 0.93 0.00 0.89 -0.03 1.01 0.07 0.75
(0.05) (0.03) (0.02) (0.07) (0.07) (0.05)

pf3" 0.07 0.99 -0.10 0.88 -0.05 1.12 -0.15 0.80
(0.05) (0.04) (0.03) (0.08) (0.05) (0.05)

Pfa" 0.24 1.14 -0.07 0.79 0.15 1.31 -0.17 0.77
(0.09) (0.05) (0.04) (0.11) (0.07) (0.08)

Panel B: Factor prices

All countries Developed countries
DOL HMLC R? DOL HMLC R?
0.15 -0.67 0.81 0.13 -0.51 0.90
(0.14) (0.22) (0.15) (0.17)
[0.14] [0.23] [0.15] [0.18]




Table[OA-2. The price of FX correlation risk.

The table reports estimates for the price of FX correlatisk. rWe consider two alternative FX correlation risk fastdd MLC returns, a traded
factor (Panel A), andFXC, a non-traded factor (Panel B). We focus on either the selt otiencies or the set of developed country currencies;
in each case, the test assets are four currency portfolitsdson exposure to FX correlation risk and four currencytfpbos sorted on nominal
interest rates. Standard errors are reported in paresth@gservations are monthly, for three alternative peridasuary 1996-December 2013,
January 1984-December 2013, and January 1996-July 20@7ed#rR?s are also provided.

Panel A: Factor prices usingML®

Sample Countries DOL HMLC R2
January 1996-December 2013 All 0.15 (0.14) -0.67 (0.22) 108
Developed 0.13  (0.15) -0.51 (0.17) 0.90
January 1984—-December 2013 All 0.26 (0.11) -0.27 (0.17) 50.8
Developed 0.25 (0.12) -0.34 (0.15) 0.94
January 1996-July 2007 All 0.15  (0.14) -0.87 (0.28) 0.70

Developed ~ 0.09  (0.16) -0.73  (0.19)  0.78

Panel B: Factor prices using-XC

Sample Countries DOL AFXC R2
January 1996-December 2013 All 0.17 (0.14) -0.13 (0.04) 80.7
Developed 0.14 (0.15) -0.08 (0.04) 0.58
January 1984-December 2013 All 0.27 (0.11) -0.10 (0.04) 908
Developed 0.27 (0.12) -0.12 (0.05) 0.96
January 1996-July 2007 All 0.16 (0.14) -0.12 (0.03) 0.76

Developed 014  (0.16) -0.10  (0.03)  0.54




Table[OA-3. Differences in implied FX correlation and FX correlation risk premiums.

The table presents time-series averages of tfierdnces in estimates of implied FX correlationsf{Din IC) and FX correlation risk premiums
(Diff. in CRP) between the methodologie< of Britten-Jones and&tedr [(2000) and Martif (2016), for each of the 36 exchaat@airs in the
sample. The table also reports thevalue of the corresponding-statistic that tests for equality in average implied FXretations or in average
FX correlation risk premiums between the two methodolagenthly data from January 1996 to December 2013 (options fdet EUR start in
January 1999).

FX pair Diff. inIC  p-value Dff. inCRP p-value
AUD CAD 0.002 0.86 0.002 0.84
AUD CHF 0.000 0.98 0.000 0.99
AUD EUR 0.002 0.84 0.002 0.87
AUD GBP 0.002 0.64 0.002 0.80
AUD JPY -0.003 0.50 -0.003 0.85
AUD NOK 0.000 0.95 0.000 0.99
AUD NZD 0.001 0.96 0.001 0.99
AUD  SEK 0.000 0.95 0.000 0.94
CAD CHF -0.001 0.89 -0.001 1.00
CAD EUR 0.000 0.87 0.000 0.98
CAD GBP 0.000 0.97 0.000 0.98
CAD JPY -0.003 0.47 -0.003 0.56
CAD NOK 0.000 0.91 0.000 0.97
CAD NZD 0.001 0.99 0.001 0.97
CAD SEK 0.000 0.71 0.000 0.77
CHF EUR 0.000 0.89 0.000 0.97
CHF GBP 0.000 0.92 0.000 0.95
CHF  JPY -0.001 0.56 -0.001 0.93
CHF  NOK 0.000 0.73 0.000 0.95
CHF  NzZD 0.000 0.93 0.000 0.91
CHF  SEK 0.001 0.68 0.001 0.85
EUR GBP 0.001 0.72 0.001 0.91
EUR JPY 0.000 0.74 0.000 0.98
EUR NOK 0.000 0.85 0.000 0.94
EUR NzD 0.003 0.79 0.003 0.98
EUR SEK 0.000 0.99 0.000 0.93
GBP  JPY -0.002 0.46 -0.002 0.84
GBP  NOK 0.000 0.99 0.000 0.94
GBP  NzZD 0.003 0.60 0.003 0.95
GBP  SEK 0.000 0.87 0.000 0.97
JPY NOK -0.003 0.12 -0.003 0.83
JPY NzZD -0.003 0.49 -0.003 0.75
JPY SEK -0.004 0.16 -0.004 0.67
NOK  NzD 0.000 0.93 0.000 0.94
NOK  SEK 0.000 0.97 0.000 1.00
NZD  SEK 0.000 0.94 0.000 0.97
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Table[OA-4. Differences in implied correlation and correlation risk premiums between methodologies: FX pair jump days.

The table reports thp-value of theF-statistic that tests for equality in average implied FXretations (Panel A) or in average FX correlation risk
premiums (Panel B) between the methodologiels of Brittered@nd Neuberder (2000) dnd Marfin (2016), for each of thexsihange rate pairs
in the sample. In each panel, we consider three subsamflilestya in which either of the two exchange rates in the cgasing FX pair jumps
(“FX jumps”), all days in which the volatility of either of thtwo exchange rates in the corresponding FX pair jumps (oips”), and all days
in which either exchange rate or either exchange rate litlassociated with the corresponding FX pair jumps (“Aoynps”). In each case, the
number of jump daysN) is also reported. Data from January 1996 to December 2013.

Panel A: Implied correlation

FX pair FXjumps Voljumps Any jumps
AUD CHF 0.98 0.98 0.94
N 15 67 77
AUD GBP 0.97 0.91 0.88
N 14 74 84
AUD  JPY 0.99 0.90 0.98
N 29 69 90
CHF GBP 1.00 0.99 0.93
N 6 77 83
CHF  JPY 0.94 0.93 0.82
N 22 81 99
GBP  JPY 0.97 0.81 0.82
N 22 88 106

Panel B: Correlation risk premium

FX pair FXjumps Voljumps Any jumps
AUD CHF 1.00 0.99 0.82
N 15 67 77
AUD GBP 0.96 0.85 0.94
N 14 74 84
AUD  JPY 0.97 0.96 0.99
N 29 69 90
CHF GBP 1.00 0.97 0.99
N 6 77 83
CHF  JPY 1.00 0.99 0.94
N 22 81 99
GBP JPY 0.98 0.94 0.93
N 22 88 106
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Table[OA-5. Differences in implied correlation and correlation risk premiums between methodologies: All jump days.

The table reports thp-value of theF-statistic that tests for equality in average implied FXretations (Columns 2-4) or in average FX correlation
risk premiums (Columns 5-7) between the methodologiés_tfeBrJones and Neubergér (2000) And Mhaftin (2016), foh ediche 36 exchange
rate pairs in the sample. Data from January 1996 to Decenilded @lata for EUR start in January 1999). We consider thrbeasuples: all days

in which any exchange rate in the Chernov, Graveline, anddadzel(2016) (CGZ) set jumps (“FX jumps”, sample $ize 37 days), all days in
which the volatility of any exchange rate in the CGZ set jurtii®l jumps”, sample sizeN = 133 days), and all days in which any exchange rate
or any exchange rate volatility in the CGZ set jumps (“Any psti sample siz& = 160 days).

Implied correlation Correlation risk premium
FX pair FXjumps Voljumps Anyjumps FXjumps Voljumps Any jusp
AUD CAD 0.98 0.95 0.95 0.98 0.95 0.95
AUD CHF 0.98 0.97 0.97 0.99 0.98 0.98
AUD EUR 0.97 0.89 0.89 0.98 0.85 0.87
AUD GBP 0.99 0.87 0.89 0.98 0.82 0.84
AUD JPY 0.99 0.85 0.84 0.97 0.92 0.92
AUD NOK 1.00 1.00 1.00 1.00 0.89 0.91
AUD NzD 1.00 0.99 0.99 1.00 0.97 0.98
AUD SEK 1.00 1.00 1.00 0.99 0.96 0.96
CAD CHF 1.00 0.95 0.95 0.98 0.95 0.95
CAD EUR 1.00 0.98 0.98 1.00 1.00 1.00
CAD GBP 1.00 1.00 1.00 1.00 0.99 0.99
CAD JPY 0.99 0.70 0.73 0.98 0.89 0.88
CAD NOK 1.00 0.99 1.00 1.00 0.99 0.99
CAD NzD 1.00 1.00 1.00 1.00 1.00 1.00
CAD SEK 0.98 0.92 0.92 0.96 0.85 0.86
CHF EUR 0.99 0.96 0.97 0.98 0.96 0.96
CHF GBP 1.00 0.98 0.98 0.99 0.98 0.98
CHF  JPY 0.95 0.90 0.89 1.00 0.99 0.99
CHF  NOK 0.99 0.90 0.90 0.99 0.97 0.98
CHF NzZD 0.99 0.97 0.97 1.00 1.00 1.00
CHF  SEK 0.99 0.88 0.88 0.99 0.94 0.93
EUR GBP 0.96 0.96 0.94 0.99 0.89 0.89
EUR JPY 0.99 0.90 0.91 0.97 0.96 0.96
EUR NOK 1.00 0.93 0.93 1.00 1.00 1.00
EUR NzD 0.97 0.90 0.90 0.98 0.97 0.96
EUR SEK 0.99 0.93 0.93 0.99 0.98 0.98
GBP  JPY 0.96 0.79 0.79 0.97 0.94 0.93
GBP  NOK 0.99 0.99 0.99 0.99 1.00 0.99
GBP  NzD 0.97 0.86 0.87 0.95 0.97 0.98
GBP  SEK 0.98 0.95 0.95 0.98 0.97 0.96
JPY NOK 0.91 0.68 0.67 0.88 0.89 0.89
JPY NzZD 0.96 0.84 0.83 0.98 0.93 0.92
JPY SEK 0.91 0.67 0.65 0.97 0.92 0.90
NOK NzD 1.00 1.00 0.99 1.00 0.99 0.99
NOK  SEK 0.99 0.96 0.97 0.99 0.99 0.98
NZD SEK 1.00 1.00 1.00 0.99 0.98 0.98
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Table[OA-8. Summary statistics for variances and variance isk premiums.

The table reports summary statistics for realized and eddfiX variances (Panels A and B, respectively) and FX veaeiais& premiums (Panel C).
The FX variance risk premium is defined as th@etence between the implied and realized FX variance. RehkX variances are calculated using
past daily log exchange rate changes over a three month winldeplied FX variances are calculated from daily optiorcps on the underlying
exchange rates. FX variances and variance risk premiunmamthly and expressed in squared percentage points. Maifekd from January 1996
to December 2013 (options data for EUR start in January 1999)

Panel A: Realized variance

AUD CAD CHF EUR GBP JPY NOK NZD SEK
Mean 14.52 6.55 10.07 8.34 7.05 10.44 11.97 15.20 12.02
StDev 24.57 8.57 7.28 5.70 7.67 7.86 11.53 16.60 12.01
Skewness 6.51 4.48 3.88 3.49 4.69 3.05 3.78 4.48 3.97
Kurtosis 49.68 28.15 20.78 19.48 26.91 15.17 19.44 27.16 1121.
AC(1) 0.84 0.91 0.84 0.92 0.93 0.86 0.93 0.89 0.94

Panel B: Implied variance

AUD CAD CHF EUR GBP JPY NOK NZD SEK
Mean 13.32 6.97 10.49 10.54 7.71 11.94 12.73 14.84 12.97
StDev 14.63 7.65 5.62 7.87 7.33 8.59 10.05 11.97 10.52
Skewness 6.74 4.26 3.25 3.91 5.22 3.95 4.17 4.15 3.93
Kurtosis 65.86 26.34 19.89 24.87 37.06 28.87 26.29 29.47 9522.
AC(1) 0.69 0.86 0.73 0.77 0.80 0.68 0.80 0.74 0.82

Panel C: Variance risk premium

AUD CAD CHF EUR GBP JPY NOK NZD SEK
Mean -1.19 0.42 0.43 1.72 0.66 1.50 0.77 -0.36 0.95
StDev 14.74 3.16 5.35 4.58 3.77 5.81 5.79 9.09 6.47
t-stat -1.19 1.97 1.17 5.04 2.57 3.78 1.94 -0.58 2.16
Skewness -8.68 -1.32 -1.96 5.47 3.05 1.90 -0.19 -5.66 0.18
Kurtosis 84.82 34.11 20.07 54.18 45.93 32.81 19.86 47.94 7930.
AC(1) 0.60 0.45 0.58 0.45 0.46 0.33 0.57 0.52 0.54
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Table[OA-7 Portfolios sorted on correlation and variance &posure.

The table reports the properties of the returns of curreryfgios sorted on exposure to the FX correlation faciétXC and the FX variance
factor AFXV. For Panel A, we sort currencies into two portfolios basetheir exposure tdFXC or AFXV; HMLE (HMLV) denotes a long-short
portfolio that invests in the highFXC (AFXV) beta currencies and shorts the Il XC (AFXV) beta currencies. For Panels B and C, we double
sort currencies into portfolios on thei=XC beta and theinFXV beta; Panel B reports the results for the G10 currenciesregheéPanel C reports
the results for the full set of currencies. In the table, weoreannualized USD excess returns, expressed in pereetgags. Monthly data from
January 1996 through December 2013. Standard deviatieria parentheses, t-statistics are in brackets.

Panel A:\HMLC andHMLY

G10 countries All countries
Mean Std t-stat Mean Std t-stat
HMLC -4.23 (6.21) F2.89] -3.03 (6.12) F2.11]
HMLY -1.76 (6.32) F1.18] -0.95 (5.27) [0.76]

Panel B: G10 countries

AFXC
Low beta High beta Dierence
Low beta 2.26 0.83 -1.43
Std (10.34) (9.65) (5.17)
t-stat. [Q93] [0.36] [-1.17]
AFXV High beta 5.08 1.26 -3.82
Std (11.54) (9.42) (6.72)
t-stat. [187] [0.57] [-2.41]
Difference 2.82 0.43
Std (7.32) (4.74)
t-stat. [163] [0.39]
Panel C: All countries
AFXC
Low beta High beta Dierence
Low beta 2.00 1.10 -0.90
Std (9.78) (8.17) (6.80)
t-stat. [087] [0.57] [-0.56]
AFXV High beta 2.83 -0.86 -3.69
Std (9.49) (5.86) (7.14)
t-stat. [127] [-0.62] [-2.19]
Difference 0.83 -1.96
Std (5.45) (6.39)
t-stat. [065] [-1.30]
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Table[OA-8. Spanning regressions fonFXC.
The table reports thB? and adjustedr? of contemporaneous linear regressionaBXC, the innovations of the FX correlation dispersion measure

FXC, on spot exchange rate changas)( currency excess returnsxj, changes in implied FX correlationdC) and changes in FX correlation
risk premiums ACRP); the results are reported in the first four rows of the tableaddition, we extract principal components and regredsXC
on the first principal components (PCs) of exchange rategggrcurrency excess returns, changes in implied FX ctimetaand changes in FX
correlation risk premiums; we use the first 6 PCs for exchaatgechanges and currency excess returns and the first 6 6102@1) PCs for changes
in FX implied correlations (FX correlation risk premium3he results are reported in the last six rows of the table.fifsiegs PCs of exchange rate
changes and currency excess returns capture roughly 958€ eftiation in exchange rate changes and currency exdessserespectively. The
first 6 and 20 (6 and 21) PCs of the changes in implied FX cdmoels (FX correlation risk premiums) capture roughly 72% &5% (70% and
95%) of their overall variation, respectively. Monthly ddtom January 1999 through December 2013.

Type of variables Spanning set R? Adj. R?
As G10 (9 series) 0.119 0.072
rx G10 (9 series) 0.120 0.073

AlC G10 (36 series) 0.398 0.240
ACRP G10 (36 series) 0.460 0.320
As G10: 6 PCs 0.098 0.067
rx G10: 6 PCs 0.099 0.068
AlC G10: 6 PCs 0.215 0.187
AlC G10: 20 PCs 0.324 0.236
ACRP G10: 6 PCs 0.250 0.223
ACRP G10: 21 PCs 0.383 0.298
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Panel A: FX correlation dispersion
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Fig.[OA-1l Alternative FX correlation dispersion measuresand currency portfolio excess returns.

Panel A plots the time series of three FX correlation disparmeasures, denoted BXC, FXCQUNtle and FXxCcuertile The main measurd; XC,

is calculated as the filerence between the average conditional correlation of &aghlow correlation FX pairs; high (low) correlation FX paare
defined as the FX pairs in the highest (lowest) decile acrh86d510 FX pairs sorted on conditional FX correlations. Heeiles are rebalanced
every month. The two alternative measureXCQuntile and FxcQuartile are computed in the same fashionfa%C, but instead of using deciles,
we use quintiles foE XCUiNtile and quartiles folr XCQUa'tile . panels B and C present the average excess returns of gupertfolios sorted at
timet on exposure to FX correlation risk at the end of pettiedL, for four sample periods: January 1996-December 2018a#pri 996-July 2007,
January 1984-December 2013, and January 1984-July 200¥achncase, currencies are sorted into three portfoliosostxp to FX correlation
risk is measured by regressing currency excess returnsednribvations of a given alternative FX correlation disjmrsneasureR XCQuintile for
Panel BFXCRU@tile for Panel C) over the preceding 36 months. Portfolio 1 (Péhyains the currencies with the lowest pre-sort beta, betreas
Portfolio 3 (Pf3) contains the currencies with the highestgort beta.
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Panel A: G10 countries
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Fig.[OA-2l Model performance with various test assets (modevith AFXC).

The figure plots the realized annualized mean excess reagaisst the predicted annualized excess returns for \mt&st assets using a linear
Excess returns are reported in percentage points. Panel
A displays the results for the nine G10 currencies. PanelsdCdisplay the results for four currency portfolios sortedAFXC betas (Pf to

P#4) and four currency portfolios sorted on nominal interegtsgPfT to Pf47), constructed using all currencies and developed countrgncies,

pricing model that includes the dollar factBOL and the FX correlation factokFXC.

respectively. Observations are monthly, from January 1038ecember 2013.
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Panel A: CRP and realized correlation (1 month)
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Fig.[OA=3l G10 realized correlation risk premiums and realzed correlations.

The figure plots the average correlation risk premiums foB&IG10 FX pairs against their average realized correlatidn Panel A, conditional
FX correlations at time are proxied by the realized daily FX correlation over a pastaw of a month, i.e. over the perioti{ 1,t]. In Panel B,
conditional FX correlations at timieare proxied by the realized daily FX correlation over a fatwindow of a month, i.e., over the periagit[+ 1].

Correlation risk premiums and correlations are expresseéricentage terms. Data are monthly, from January 1996derbeer 2013 (options data
for EUR start in January 1999).
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