
Online Appendix to

“International Correlation Risk”

This online appendix contains additional results omitted in the main paper. Most im-
portantly, we show that the results presented in the paper for our benchmark sample
period of January 1996 to December 2013 are robust to extending the sample back to
January 1984. Furthermore, the results are not driven by the credit crisis as ending the
sample period in July 2007 yields even stronger results. We also show that our correla-
tion risk factor is very robust to different choices regarding its construction and finally,
we show that using the non-traded FXC factor in a cross-sectional asset pricing test
again results in a negative market price of risk estimate.

1 Realized correlation risk premia

In the paper show that average correlation risk premia and average realized correlations
are negatively related in the cross section (see Figure 1). We measure our correlation
risk premia ex ante using information available at time t. Using currency options ob-
served at time t we calculate the conditional risk-neutral correlations while our proxy for
conditional correlations under the physical measure is the average realized correlation
over the three month period ending at t, sampled daily. However, this result is robust
if one proxies for the conditional FX correlations under the physical measure using only
a one month lag of daily exchange rates (as opposed to the three month window we
use in our benchmark analysis), as well as using the realized correlations for the month
from t to t + 1, i.e., looking ahead. Figure OA-1 provides scatter plots of the average
correlation risk premia against the average realized correlations for each of those two
alternative measures of physical measure FX correlations: Panel A refers to the ex ante
correlation risk premia using the realized correlations measured over the month ending
at t, whereas Panel B refers to the realized correlation risk premia measured using the
difference between the implied correlations observed at t and the realized correlations
measured between t and t + 1.

2 Alternative sample periods

Our benchmark sample period starts in January 1996 in line with the availability of the
options data. However, the construction of the risk factor FXC does not rely on implied
correlations but only on realized correlations that are calculated using daily changes in
log exchange rates. Hence, the time span for calculating the factor can be extended
further back. Table OA-1 reports the summary statistics for the various portfolios and
the three sets of currencies for the extended sample period from January 1984 through
December 2013. As in Table 6 in the paper, there is an inverse relationship between
exposure to the FX correlation factor FXC and average portfolio returns. Although



the differences between the extreme portfolios are slightly smaller and only strongly
significant for the set of G10 and developed countries. Thus, compared to the benchmark
sample period, the results are slightly weaker. Ending the sample in July 2007 on the
other hand results in a significant improvement. The corresponding summary statistics
are presented in Table OA-2. Shorting the high correlation beta portfolio and investing
in the low correlation beta portfolio yields strongly significant excess returns ranging
between 5.5% and 7.4% with annualized Sharpe ratios up to 1.1. Thus, overall, our
results are quite robust to different sample periods.

3 Alternative construction of the correlation factor

In the paper we document a strong negative relationship between average FX correlation
and the cyclicality of FX correlations. This means that high correlation currency pairs
become even more correlated during crisis times, whereas the correlation of low corre-
lation currency pairs drops during crisis periods. We use this stylized fact to motivate
our correlation risk factor FXC, which is constructed by taking the difference between
the top and the bottom decile of conditional realized correlations.

Instead of using deciles, we can alternatively construct the factor as the difference
in correlations between the top and bottom quintiles or quartiles (FXCQuintile and
FXCQuartile, respectively). Increasing the size of the top and bottom groups obviously
reduces the spread and thus the average level of the correlation factor. In Panel A of
Figure OA-2 we plot the original correlation factor along with the two alternative factors.
Both are very highly correlated with the original factor FXC in levels (99% and 98%,
respectively) and in differences (95% and 94%, respectively). Not very surprisingly, the
portfolios sorts are also very robust to using the alternative factors. To illustrate this,
Panels B and C present the three portfolios sorted based on the correlation betas for the
G10 countries for various sample periods. The results for both correlation risk factors are
qualitatively the same as those for the original factor presented in Panel A of Figure 5 in
the paper. For all subsamples the excess returns are decreasing in the correlation betas
and the spread between the high and the low correlation beta portfolio is substantial.

4 Cross-sectional asset pricing

Similar to Lustig, Roussanov, and Verdelhan (2011) we use HMLC , the return difference
between the high and the low correlation beta portfolio for the sample of G10 curren-
cies, as a traded factor that captures correlation risk. Alternatively, we can also use
innovations in the non-traded correlation risk factor FXC to perform the asset pricing
tests. Figure OA-3 illustrates the performance of the alternative model by plotting the
predicted excess returns for various test assets (G10 currencies in Panel A, carry and
correlation portfolios for all and developed countries in Panels B and C, respectively)
against the actual annualized mean excess returns as in Figure 5 in the paper. Com-
pared to the traded factor HMLC the results are slightly worse but the second stage
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R2 are still 79%, 78% and 58%, respectively. The estimates for the market prices of
risk corresponding to Panels B and C in Figure 6 of the paper and Figure OA-3 are
presented in Table OA-3 (Panels A and B, 1996–2013 sample). In addition, the table
contains the market price of risk estimates for the same test assets (four carry and four
correlation portfolios for each set of countries) and the alternative samples January 1984
to December 2013 and January 1996 to July 2007, respectively. Again, the results are
fairly robust for the alternative sample periods and across the factors; the market price
of risk for the correlation factor is always negative and often significant. The non-traded
factor performs slightly worse compared to the traded HMLC factor in terms of cross-
sectional pricing. Furthermore, results for the 1984 to 2013 sample are slightly weaker
while market price of risk estimates for the sample excluding the credit crisis are strongly
significant. Overall, the correlation factor performs reasonably well in pricing the cross
section of currency returns.

5 Factor betas

The no-arbitrage model introduced in Section 3 of the paper implies that the cross
section of currency returns are more highly correlated with HML-betas than with cor-
relation betas as only the carry factor of Lustig, Roussanov, and Verdelhan (2011) is
uncontaminated by fluctuations in the local pricing factor z. In Table OA-4 we present
beta estimates for the G10 currencies (Panel A) and the carry portfolios for all and de-
veloped countries (Panels B and C) along with the currency and portfolio excess returns.
As predicted by the model, the HML-betas are monotonically increasing for the carry
portfolios while the HMLC- and the FXC-betas do not exhibit the same unambiguous
pattern.

However, when considering the individual currencies, the results are slightly different.
The relationship between average currency excess returns and average betas is fairly
similar for the HML factor as well as for the HMLC and the FXC factor. The cross-
sectional correlations between the average excess returns (average forward discount) and
the HML-, HMLC- and FXC-betas are 86% (89%), −90% (−92%) and −83% (−83%),
respectively. This means that for individual currencies the returns line up equally nicely
with the carry and the correlation factors.

6 No comovement in local pricing factors

Figure OA-4 presents the impact of changes in the global pricing factor zw and the
domestic pricing factor z0 on conditional FX correlation in the full model when the local
pricing factors only price local shocks (i.e., when δ = 0). We study a world of three
foreign countries: countries 1 and 2 are less exposed to the first global shock uw than
the domestic country, while country 3 is more exposed.

3



The left panels of Figure OA-4 depict the conditional FX correlations as a function
of the global pricing factor zw for different values of the domestic local pricing factor z0,
holding all the foreign local pricing factors equal to their common steady-state value z̄;
the impact of changes in the global pricing factor zw is the same as in the benchmark
model. The right panels of Figure OA-4 present the conditional FX correlations as a
function of z0 for different values of zw. Notably, changes in z0 push the conditional
correlation of all FX pairs to the same direction: increases (declines) in z0 raise (reduce)
all FX correlations. Intuitively, as z0 → ∞, real exchange rate changes can be described
by

∆qit+1 → Et(∆qit+1)−
√

κz0t u
0
t+1,

so the conditional correlation of all FX pairs converges to one in the limit. Notably, the
domestic currency effect when local pricing factors are i.i.d. operates very differently
than when the local pricing factors are identical. In the latter case, the foreign local
shocks are always priced equally to domestic local shocks, so the foreign country-specific
shocks attenuate the domestic currency effect even in the limit, with FX correlations
converging to 1

2
. On the other hand, when the local pricing factors are i.i.d., the domestic

currency effect pushes all FX pairs towards the perfect positive correlation limit.
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7 Tables

Table OA-1

Summary statistics for correlation portfolios starting in 1984

Panel A reports summary statistics for G10 currency portfolios sorted on exposure to the correlation
risk factor FXC observed in period t. The exposure is measured by regressing currency excess returns
on innovations in the correlation risk factor over the preceding 36 months. Portfolio 1 (Pf1) contains the
three currencies with the lowest pre-sort correlation betas whereas Portfolio 3 (Pf3) contains the three
currencies with the highest pre-sort correlation betas. Panels B and C report the summary statistics
for the four correlation sorted portfolios using full set of currencies and the set developed currencies,
respectively. All returns are excess returns in USD, annualized and expressed in percent. HMLC ,
HMLC−ALL and HMLC−DEV denote the long-short portfolios that invest in the high correlation beta
currencies (Pf3 or Pf4, respectively) and short the low correlation beta currencies (Pf1) for the different
sets of currencies. Data is monthly and runs from January 1984 through December 2013.

Panel A: G10 countries

Pf1 Pf2 Pf3 HMLC

Mean 4.37 1.58 0.65 -3.72
StDev 9.62 9.44 8.87 8.37
Skewness -0.43 -0.24 -0.26 0.06
Kurtosis 6.09 3.73 3.96 3.71
Sharpe Ratio 0.45 0.17 0.07 -0.44

Panel B: All countries

Pf1 Pf2 Pf3 Pf4 HMLC−ALL

Mean 3.93 3.16 2.24 1.77 -2.16
StDev 9.35 8.58 8.27 7.82 9.14
Skewness -0.79 -0.43 -0.33 -0.58 0.15
Kurtosis 6.68 4.78 3.79 5.34 4.31
Sharpe Ratio 0.42 0.37 0.27 0.23 -0.24

Panel C: Developed countries

Pf1 Pf2 Pf3 Pf4 HMLC−DEV

Mean 4.43 3.06 2.37 1.34 -3.10
StDev 10.15 10.38 9.94 9.17 8.60
Skewness -0.46 -0.27 -0.32 -0.17 0.52
Kurtosis 6.74 3.59 3.63 4.13 6.66
Sharpe Ratio 0.44 0.29 0.24 0.15 -0.36
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Table OA-2

Summary statistics for correlation portfolios before the credit crisis

Panel A reports summary statistics for G10 currency portfolios sorted on exposure to the corre-
lation risk factor FXC observed in period t. The exposure is measured by regressing currency
excess returns on innovations in the correlation risk factor over the preceding 36 months. Port-
folio 1 (Pf1) contains the three currencies with the lowest pre-sort correlation betas whereas
Portfolio 3 (Pf3) contains the three currencies with the highest pre-sort correlation betas. Pan-
els B and C report the summary statistics for the four correlation sorted portfolios using full
set of currencies and the set developed currencies, respectively. All returns are excess returns
in USD, annualized and expressed in percent. HMLC , HMLC−ALL and HMLC−DEV denote
the long-short portfolios that invest in the high correlation beta currencies (Pf3 or Pf4, respec-
tively) and short the low correlation beta currencies (Pf1) for the different sets of currencies.
Data is monthly and runs from January 1996 through July 2007.

Panel A: G10 countries

Pf1 Pf2 Pf3 HMLC

Mean 3.84 0.74 -3.51 -7.35
StDev 7.34 8.07 7.56 6.68
Skewness 0.17 0.49 0.11 -0.01
Kurtosis 3.35 3.10 2.76 2.92
Sharpe Ratio 0.52 0.09 -0.46 -1.10

Panel B: All countries

Pf1 Pf2 Pf3 Pf4 HMLC−ALL

Mean 4.77 2.44 -0.61 -0.77 -5.54
StDev 8.26 6.43 5.99 5.94 7.90
Skewness -0.30 0.36 0.03 -0.30 0.16
Kurtosis 4.07 3.01 3.24 3.22 3.80
Sharpe Ratio 0.58 0.38 -0.10 -0.13 -0.70

Panel C: Developed countries

Pf1 Pf2 Pf3 Pf4 HMLC−DEV

Mean 4.07 1.63 -0.41 -3.16 -7.22
StDev 7.88 8.74 8.08 7.62 7.41
Skewness 0.00 0.18 0.17 0.02 0.25
Kurtosis 3.41 2.83 2.97 2.61 3.37
Sharpe Ratio 0.52 0.19 -0.05 -0.41 -0.97
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Table OA-3

The price of correlation risk

This table reports estimates for the price of correlation risk using two sets of test assets for
various subsamples. The test assets are the four correlation and carry portfolios for the full
set of countries and the set of developed countries, respectively. Panel A reports the factor
prices using the HMLC portfolio as a risk factor whereas Panel B uses innovations to the
original FXC factor. The second stage betas are estimated using the Fama and MacBeth
(1973) procedure. Standard errors are reported in parentheses. Data is monthly.

Panel A: Factor prices HMLC

Sample Countries DOL HMLC R2

1996–2013 All 0.15 (0.14) -0.67 (0.22) 0.81
Developed 0.13 (0.15) -0.51 (0.17) 0.90

1984–2013 All 0.26 (0.11) -0.27 (0.17) 0.85
Developed 0.25 (0.12) -0.34 (0.15) 0.94

1996–2007 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 FXC

Sample Countries DOL FXC R2

1996–2013 All 0.17 (0.14) -0.13 (0.04) 0.78
Developed 0.14 (0.15) -0.08 (0.04) 0.58

1984–2013 All 0.27 (0.11) -0.10 (0.04) 0.89
Developed 0.27 (0.12) -0.12 (0.05) 0.96

1996–2007 All 0.16 (0.14) -0.12 (0.03) 0.76
Developed 0.14 (0.16) -0.10 (0.03) 0.54
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Table OA-4

G10 currencies: excess returns and betas

Panel A reports excess returns and forward discounts for the G10 currencies as well as beta
estimates for the G10 currencies with respect to theHML returns from Lustig, Roussanov, and
Verdelhan (2011), the HMLC returns and innovations in the FXC factor, respectively. Panels
B and C report portfolio excess returns for the carry portfolios as well as the corresponding beta
estimates for all and developed countries, respectively. Betas are from a time series regression
where currency or portfolio excess returns are regressed on the HML or correlation factor as
well as a constant and the DOL factor. Data is monthly and runs from January 1996 through
December 2013.

Panel A: G10 countries

JPY CHF EUR SEK CAD GBP NOK AUD NZD

ft − st 2.12 -0.04 -2.00 -0.60 0.91 -3.01 0.98 2.70 -0.10
Mean 3.01 1.12 -0.39 -0.46 1.37 -2.74 1.17 3.73 0.22
HML 0.19 0.08 -0.63 -0.43 -0.17 -0.63 -0.28 0.11 -0.39
HMLC -0.52 -0.20 0.31 0.07 0.08 0.57 0.02 -0.39 -0.05
FXC -2.10 -1.37 1.52 -0.64 -0.34 5.11 -0.26 -0.97 0.21

Panel B: All countries Panel C: Developed countries

Pf1 Pf2 Pf3 Pf4 Pf1 Pf2 Pf3 Pf4

Mean -1.76 0.83 2.51 4.32 Mean -1.30 0.29 1.39 4.07
HML -0.43 -0.13 -0.02 0.56 HML -0.63 -0.31 -0.14 -0.06
HMLC 0.18 0.00 -0.10 -0.07 HMLC 0.39 0.07 -0.15 -0.17
FXC 1.22 -0.66 0.93 -1.08 FXC 2.25 -0.45 -0.82 0.28
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8 Figures
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Figure OA-1. G10 realized correlation risk premia and realized correlations

This figure plots the average correlation risk premia for all 36 G10 currency pairs against
the average realized correlations is in Figure 1 in the main paper. Panel A plots ex ante
correlation risk premia measured at time t. Unlike the benchmark case where past realized
correlation is measured over a three month period, the realized correlation is only measured
over a one month interval. Panel B plots the realized correlation risk premia. This means that
instead of taking the difference between the implied and realized correlations measured at time
t we take the difference between the implied correlation measured at time t and the realized
correlation measured over the one month time interval from t to t+1. Correlation risk premia
and correlations are expressed in percent. Data is monthly and runs from January 1996 (EUR
since January 1999) to December 2013.
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Figure OA-2. Alternative correlation factors and portfolio sorts

Panel A plots the correlation risk factor FXC calculated as the difference between the average
high and low correlation currency pairs (solid line). The two groups consist of the highest
and lowest decile of realized correlations across all 36 G10 currency pairs. The deciles are
rebalanced every month. In addition, we plot two alternative versions of the correlation factor,
FXCQuintile and FXCQuartile. The level of the alternative factors is still calculated as the
difference between the high and the low FX correlations but instead of using deciles, we use
quintiles and quartiles, respectively. Panels B and C present the average excess returns for the
G10 correlation portfolios for various subsamples, where currencies are sorted at time t into
portfolios based on exposure to correlation risk at the end of period t − 1. The exposure is
measured by regressing currency excess returns on innovations in the correlation risk factor
over the preceding 36 months. Portfolio 1 (Pf1) contains the currencies with the lowest pre-
sort correlation beta whereas Portfolio 3 (Pf3) contains the currencies with the highest pre-sort
correlation beta. The average portfolio excess returns are calculated for the various sample
periods starting either in January 1984 or January 1996 and ending in December 2013 or July
2007 (i.e., excluding the financial crisis). Panels B and C presents the results for the three G10
currency portfolios sorted based on the exposure to innovations in the correlation risk factors
FXCQuintile and FXCQuartile, respectively.
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Figure OA-3. Model performance with various test assets (FXC)

The figure plots the actual annualized mean excess returns in percent versus the predicted
excess returns for various test assets using a linear pricing model that includes the dollar factor
DOL and the FXC correlation factor. Panel A displays the results for the nine G10 currencies
and Panels B and C display the results for the four carry (Pf1F to Pf4F) and correlation (Pf1C

to Pf4C) portfolios constructed using all or only developed currencies, respectively. Data is
monthly and runs from January 1996 to December 2013.
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Figure OA-4. Model-implied FX correlations without comovement in local
pricing factors

The figure displays the properties of conditional real FX correlation in the full model, assuming that the loading of all
SDFs to the second global shock ug is zero (δ = 0). Panels A, C and E plot conditional FX correlation as a function of the
global pricing factor zw, holding all the local pricing factors constant: Panel A refers to the conditional FX correlation of
the similar FX pair (1,2), Panel C refers to the conditional FX correlation of the dissimilar FX pair (1,3) and Panel E refers
to difference in the conditional FX correlation between the two pairs. In each panel, the circles, solid line and squares
plot the conditional FX correlation conditional on the domestic local pricing factor z0 being equal to 0.2, 1, and 5 times
its steady-state value z̄, respectively, and all the foreign local pricing factors being equal to their common steady-state
value z̄. Panels B, D and F plot conditional FX correlation as a function of the local pricing factor zw, holding the global
pricing factor zw constant: Panel B refers to the conditional FX correlation of the similar FX pair (1,2), Panel D refers to
the conditional FX correlation of the dissimilar FX pair (1,3) and Panel F refers to the difference in the conditional FX
correlation between the two pairs. In each panel, the circles, solid line and squares plot the conditional FX correlation
conditional on the global pricing factor zw being equal to 0.2, 1, and 5 times its steady-state value z̄w, respectively, and
all the foreign local pricing factors being equal to their steady-state value steady-state value z̄. To plot the figures, we set
the relevant model parameters equal to their calibrated values in Table 8 in the paper, with the exception of δ, which is
set equal to zero.
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