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This appendix first presents the general case of the model and the associated proofs (Appendix A),
and then turns to robustness checks and extensions of the empirical results reported in the paper, notably
on pairwise exchange rate regressions (Appendix B), on subsamples (pre-crisis and pre- and post-euro)
and on rolling windows (Appendix C). Appendix D compares currency factors to principal components
using pseudo-predictability tests. Appendix E studies other potential factors (like momentum), while
Appendix F focuses on the dynamics of bid-ask spreads. Appendix G reports robustness checks on the
length of the rolling windows used to build dollar-beta portfolios. Appendix H reports the correlation
among the different currency factors, as well as among their volatilities. Appendix I reports the bench-
mark tests using different base currencies. Finally, I check that the carry and dollar factors are priced in
country-level excess returns (Appendix J), and that the same shocks that drive exchange rate levels affect
exchange rate volatilities (Appendix K).

Appendix A Model and Proofs

The model presented in the main text is a special case of the full model presented in this Appendix. I first
present the full model and then define the parameter restriction that leads to the special case. For the
Appendix to be self-contained, some elements already presented in the main text are mentioned again
here.

Appendix A.1 General Case

Model In the model, the log nominal SDF in each country i evolves as:??

_ 2 2 > 2 2 2 22 2 2
—Mipp1 = &+ Xi0jp + Ti0 + Yiliphipe1 + /070y + ATOT i1 + /1707, + K707 g 141, (23)

where the shocks 1/, 114411, and 1y, 1 are i.i.d Gaussian, with zero mean and unit variance. The country-

specific and world state variables are governed by autoregressive Gamma processes:

) )
Cipp1 = Pi0ip + Vipy1, (24)

Uoi = Pula;+ Vit (25)

2In Lustig et al. (2014), the SDF is a real variable, and inflation in each country is defined as ni 1 =0 +10z¢ +
el ;. Since inflation risk is not priced, the model can be as well defined in terms of nominal SDFs as above.
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where the shocks v; ;11 and vy ;41 are drawn in a Gamma distribution, such that E(v;) = 62(1 — ¢),
var(V;) = 0'1-2, E(vy) = 02(1 — ¢y), var(Vy) = 02. The unconditional mean of the country-specific and
world state volatilities are thus E(c?) = 67 and E(02) = 62, The Gamma distributions ensure that the
volatilities remain positive. Each Gamma distribution is characterized by its shape, k > 0, and its scale,
¢ > 0. The parameters k; and {; that govern the shocks v; ;.1 are equal to k; = [91.2(1 — (pi)] 2 / U'iz and {; =
0?/ [62(1 — ¢1)]. A similar choice defines the distribution of the v, ;41 shocks: ki, = [62(1 — ¢o)] /o2
and {y = 05,/ [950(1 - (Pw)]

Interest Rates Since the shocks to the log SDF are Gaussian, the risk-free rate in country i is:

1
tir = —logE;(Mjs11) = —E¢(mips1) — S0art (misi1),
1
= o+ Xz“Tgt + Tiagj,t ) (’)’z’z‘Tiz,t + 5i2‘7z2u,t + /\z'z‘fiz,t + 771’2‘7;» + KiZCrz'z,t) ’
1 1
= a+ <X1- — 5(%2 +AZ + K%)> o7+ (rl- — 5(51'2 + n?)) Oa - (26)

The average interest rate difference between the foreign and U.S. interest rates, also known as average

forward discount, is:

1 _ _ 1
AFD; = Ni(n,t—n)=ri,t—rt=uci—a+<xi—2(v%+A%+K%)><f§t
1
1 2 2 2 2 = 1 2 2 1 2 2 2
= (=5 (P +ATE ) o + (T =T =5 (6 + 1) + 5 (07 +17) | o 27)

where a bar superscript (x) denotes the average of any variable or parameter x across all countries. We

drop the subscript i = U.S. for any variable or parameter that corresponds to the home country.

Bilateral Exchange Rates The log change in bilateral exchange rates is the difference in log SDFs:

i
ASipr1 = Mg — My, (28)
COM?Zt?’]/ i—spec.shocks u_S.—spgc,shocks
2 2 2 T —
= & —a+ X0 —X0p + (T —T) 0y +Yi0islhipr1  — YOt

2,2 202 _ 5202 242 2,2 202 _ 1202 202
+ <\/(SZ. O+ A07 \/(S Ty T A (Tt> Up,+1 + (\/’71‘ O T K707 \/;7 Tt T K (Tt> Ug i1,

Global shocks

where the second line presents the global components of exchange rates. If the parameters x;, x, 7 — T

are all zero, then the exchange rate is a random walk and the U.L.P slope coefficient is zero.
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The conditional variance of the exchange rate changes, E; (Asi R Et(Asi +1))2, is:

2
Var, (As§+1> = Yo+t + (\/51‘2‘730,t +AZ07 — /8205, + /\zat2>
2

+ <\/171-2(7§U,t + K207 — \/Wzai,t + K20't2> : (29)

The exchange rate volatility is driven by three state variables, 07, 07, and 03 ,. Exchange rate volatilities
thus exhibit a common factor structure. Changes in exchange rate volatilities are described by the carry
and dollar factors only if the shocks to the log SDF (u; 41, 11, thw,+1, and ug;11) are correlated to the

volatility shocks (v; 141, Ut+1, and vy ¢41).

Dollar Risk Factor The dollar risk factor is the average of all exchange rates defined in terms of U.S.

dollars, and thus corresponds to:

1 ,
Dollary 1 = N ZASLH, (30)
1

where N denotes the number of currencies in the sample. The Dollar factor is thus:

— oy ) |
Dollaryyy = & —a+ Xi(Tiz,t — X0t + YiOitli+1 — YOtUp41
+ (\/51'2‘%20,t + AZo7 — \/52(75,,t + A2at2> Ui 41
+ W 1202+ K30% — 2ol + KZUE) g 1. (31)

The volatility of the dollar factor is:

o 2
Vari(Dollaryy1) = 202, — %07 + <\/51-20'z%’t + A2o?, — \/6205” + A%f)

2
+ W 1202, + 1007, — \1P0?  + K2o,?) : (32)
The conditional slope coefficient on the dollar factor, or dollar beta, is equal to:

covt(Asiﬂ, Dollar 1)

i _
Potar vary(Dollars 1)
covt (Yilll 1, Vil il e41)
vari(Dollar;yq)
Y2o? + (\/‘51'2‘75;,t + AZof — \/(52(75,,t + Azotz) <\/(5i2(7§,,t + 707, — \/(52(75,,t + /\2@2)
vary(Dollar;,q)
(\/W?Uz%;,t + K%Uft - \/17205” + Kzotz) <\/17i20§,,t + Kizoft — \/;72ag,,t + K20't2>
33
+ vary(Dollaryq) 33)
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Carry Risk Factor The carry risk factor is the average exchange rate of high- versus low-interest rate

currencies:

Carrypyr = Z ASH_1 Z AstH, (34)
HjcH LijeL

where Ny (Nr) denotes the number of high (low) interest rate currencies in the sample. The Carry factor

is thus:

——H ——=1L
_ H L 2 2 H L
Carryppn = & —a; + Xi07y XiOip + Vi i1 YiTi Ui 41

L
+ <\/51 wt+A2 2 _\/51 wt+/\12 zt ) Uw,t+1
+ <\/’71 wt z z t \/771 wt + Kz 0'1 t ) ”g,t—i—l (35)

—H —L —H - —L
where x'  and x' denote the average of any variable inside each portfolio (x! = NLH Yiegx', xt =
NLL Yicr x'). The volatility of the Carry factor is then:

i7it

2
<\/;71 + K?Ulzt \/771 wt + K120~12t ) : (36)

Formally, the conditional slope coefficient on the carry factor or beta is equal to:

H
——H ——L
Var((Carryi1) = 7i0f, — 770} +< 5705+ AF0E, — [ 6705+ AFo? >

covi(Asy, 1, Carrys,q)

i — i
ﬁCurry,t var(Carryiyq) "
_ COUt('YiUi,tui,t+1/'YiUi,tui,t+1H — ')’iUi,tui,t+1L)
vary(Carryii1)
H L
<\/51 wt —+ /\2(72 \/520'2 + /\2(72> <\/5l Wt + /\izaizt o \/512 + Aleth >

var(Carrysi1)

<\/’71 wt T K7 1t \/’7 ‘th"’KZ‘T) (\/’71 wt T K th_\/Wz Tt + 12‘71th>
( )

var(Carryi41)

Global component of the dollar factor A measure of the global component of the dollar factor can
be obtained by going long in a set of high dollar-beta-currencies and short in a set of low dollar-beta-

currencies:

‘ 1 ‘
DOllﬂr Globalt+1 = W Z AS%_H - m Z AS;—}—l’ (38)



where Ny and Nz denote the number of currencies in the high (H) and low (L) dollar beta portfolios.
The global component of the dollar factor is thus:

Hp ——Lp
2 H L
= Xi0ip T Vi0i it P — Yo i

HB Lp
+ <\/ 6705+ A0, — \/ 6705+ AZ07 ) Uapt+1

Dollar Global,,.1 = w;f — &P + Xiaft

HB LB
+ <\/ Nio, + 6707, — \/ N0w + K707, > Ug 11, (39)

where x P N%w YicHp X', X' P _ N%ﬁ Y.icrp X'. The conditional covariance between the global compo-

nent of the dollar factor and the carry factor is:

H L HE ——— |
covy (Dollar Globaly 1, Carrys 1) = covy (’Yitfi,tui,tH — Wi 1 WiT i1 P — YOt ﬁ)

Hp Lp H L
22 22 [52.2 1 2,2 22 1202 [522 1 A2,2
07 O + A7 07, 070 + AT \/ 07 0 + ATOT \/ 07 T T A7 07

Hp LB H I
2,52 2,2 2,2 2,2 2,2 2,2 2,2 2,2
( HiOpy + KOs — /N0y, T K07, ) <\/171- Opp TKO — \/171. O T K707 ) (40)

The volatility of the global component of the dollar factor is:

i w,t 171t 1wt 171,t

HB LB Hp Lp
Var; (Dollar Globaly 1) = 7o}~ — 770, + | \/070n, +Afor, — /o705, + Afo}

1

HpB LB
( P AR — [t K ) | a

Appendix A.2 Special Case

The main text focuses on the case of orthogonal risk factors. In the data, the correlation between the
Carry and the Dollar is not statistically significant, so this is a natural starting point. The special case
presented in the main text corresponds to the following parameter restrictions of the full model: (i)
Xi = 3(7? + A2 +«?) in all countries except the U.S., where x < (72 + A2 +x?); (i) §; = 6; and (iii) 77; = 0
and A; = 0. The first restriction implies that foreign risk-free rates do not depend on the foreign country-
specific volatilities while precautionary savings dominate in the U.S. The second restriction assumes
that the U.S. SDF loads on the world shocks as the average country in the sample. The third restriction
introduces a clear asymmetry between the two global shocks and thus simplifies a lot the exposition:
their volatilities depend either on global or on country-specific shocks. As shown in the main text, these

three restrictions imply that the factors are orthogonal.
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Appendix A.3 Proofs

Conditional Carry Risk Premium Ishow here that in the general version of the model, the assump-
tion that carry betas are constant leads to counterfactual implications on the volatility of the dollar and
carry factors.

For the reader’s convenience, I repeat here the conditional slope coefficient on the carry factor or

carry beta presented in Equation (37):

‘ covs(Ast , ., Carr
By = St CanTYis) (42)
Yr vary(Carryi1)
_ covs (Yilli i1, ’Yi(Ti,tui,tHH - 'YiUi,tui,t+1L)
var(Carrysi1)

<\/51 wt 1 lt \/5202 /\202) <\/51 wt 1 zt \/(Sz wt z zt >

+ vary(Carryssq)

H L
(\/’71‘2‘7z2¢;,t + Kiz‘Tiz,t - \/Wzgz%;,t + k207 > \/’71 1 zt - ’7i2‘7z2¢;,t 12‘712;5
vari(Carrysi1) '

The first term is nonzero only if the beta is estimated for a currency that belongs to either the high or
low interest rate portfolio. The second and third terms are time-varying and depend on the same state
variables that drive the interest rates. Their time-variation justifies using a conditional version of the
carry factor. When describing bilateral exchange rates, I use the carry factor and the same carry factor
multiplied by the difference between the foreign and domestic interest rate because the state variables
are unknown. The interest rate is only an approximation of the true conditioning variable in the model.

——H
Ignoring the first term, the carry betas are constant only when three restrictions are satisfied: 72 2 =

'yl ; t , A = 0 and either x; = 0 or #; = 0. The case of #; = 0 corresponds to the one developed in the
main text, which leads to constant betas as shown in Equation (37).
I start here with the case of x; = 0. In this case, the volatility of the carry factor is proportional to 77 ,,

and so is the covariance between the exchange rate and the carry factor. The carry beta is thus constant.

5H L
The first restriction (')/l o= 'yl.zagt ) appears in line with the data; I did not find evidence that portfolios
of high and low interest rate countries differ in their country-specific volatilities. Going back to the law
of motion of the log SDF, the last two restrictions ( A; = 0 and x; = 0) imply that the volatilities of the

global shocks are driven by the same state variable, o, ;. In this case, the log SDF is:
2 2
—Mjp1 = & + Xi0j + Ti0y p + ViOitUip+1 + 0i0w thw,t+1 + NiOw,tUg t+1,

As we shall see, it implies that the volatility of the carry factor is perfectly correlated to the volatility of
the global component of the dollar factor.
In the special case where A; = 0 and x; = 0, the high and low dollar beta portfolios do not differ in

their amounts of country-specific volatilities because sorting countries by their dollar betas only recovers
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differences in J; and 7#;, as can be seen in Equation (33). These parameters do not govern the amount of

country-specific volatilities. The volatility of the global component of the dollar is thus in this case:

—H —1.8\ 2 . - 2
Vary (Dollar Global;1) = (51' P i ﬁ) G + (UiHﬁ - 171'”5) T - (43)

H L
In the special case where 7?02, = 7?07, A; = 0 and «; = 0, the volatility of the carry factor is then:

—H —I\2 . i\ 2
Vary(Carrypyq) = ((Si —51‘) Ui,t—i— (mH—mL> ‘Tzzv,t' (44)

The volatilities of the global component of the dollar factor is thus perfectly correlated with the volatility
of the carry factor. This is not the case in the data.

H L
Let us now go to the second potential case: v?07, = 7?0 , A; = 0and 7; = 0. In this case, the

currency factors are:

Carryry1 = o —m" + Xz'(TftH - %L + VO — Vi
+ (EH - EL) Ow,tUw,t+1 + (WH — WL) Ug 41 (45)
Dollar;,1 = w;j—a—+ m — )(atz + Yi0 Ui g1 — YO U1
+ (571 - (S) Ow,tUw,t+1 + (W - KUt) Ugtt1, (46)
Dollar Global;,1 = 1P —wth 4 @Hﬁ - X17£712t f + ')’iUi,t”i,t+1Hﬁ - ’)’i‘Ti,tui,t—&-lLﬁ
+ (EHﬁ - ELﬁ> Ow Uy 1 + (WHK} - WLﬁ> Ugti+1, (47)

The volatility of the carry factor and the volatility of the global component of the dollar factor are:

—  H — L —H —L 2 2
Vary(Carrysq) = 'yz.chft —’yfaiz,t + (51‘ —51‘) 02+ (Kl‘O'i/tH—KiO'i,tL> , (48)

H L _ 2 2
Vary (Dollar Globali 1) = 7707, - V707 Py (51-Hﬁ - 51-Lﬁ> o5+ (WHﬁ —Ww) . (49)

For the carry and global component of the dollar factor to be orthogonal, only two cases are possible:
@) o " =5 and Ko = K075, or (ii) 5 =5 and %0 1P = K0,,F. In the first case, the carry
factor depends on the global shocks 1,1, while the global component of the dollar factor depends on
the global shocks ug,1. In the second case, it is the opposite. In each case, these restrictions imply
that the volatilities of the carry factor and the volatility of the global component of the dollar factor are

orthogonal, which is counterfactual. In the first case, these volatilities are:

—H —L 2
Vari(Carrysq) = (51‘ —51‘) 021 (50)

H L 2
Var; (Dollar Globaly 1) = 207, P 72, P+ (Kioq,tHﬁ — Kz-cri,fw) . (51)
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These volatilities are then uncorrelated. In the second case, these volatilities are:

2
Vary(Carrysyq) = (KiO'i,tH—KiUi,tL) i (52)

H L _HE  —1B\2
Var; (Dollar Global;1) = 7707, - VP07 by ((EHﬁ - (51'Lﬁ> Tt (53)

w,

In this case, since ;07 1P = ¥;0;,-F, it must be that sorting by dollar betas recovers only differences in
;. Thus dollar beta portfolios do not differ in their amounts of country-specific volatilities: Toftl{ﬁ =
%Tol?’tw. Again the volatilities of the carry factor and the volatility of the global component of the dollar
factor are orthogonal.

To summarize, assuming that the carry betas are constant and taking into account that the high-
minus-low risk factors are orthogonal always leads to counterfactual implications on the volatilities of

the high-minus-low risk factors in this model.

Number of Global Shocks I show here that the absence of a second global shock leads to counter-

factual implications on the interest rate-sorted and dollar beta-sorted portfolios.

Let us assume that the second set of global shocks does not exist (ug ;.1 = 0. In this case, the dollar

betas differ across countries because of differences in ;, d;, and A; across countries:

Z' e —
COUt(’YiutH, YiTi 1)

i _
ﬁDollar,t Uart(DOllﬂrt+1)
Pop+ (02, + 20— \ [, ) ([, + Wi — [, + 02
,(54
var¢(Dollar;, 1) .
,Bi cov (Y0 1Uj 141, 7i0i,tui,t+1H — ’yz'(Ti,tuz‘,tﬂL)
Carry,t vart(Carrym)
H L
(/202 + 2202, — /0202, + 2207 ) | \[030%, + A20, — \[3F0%, + A2,
55
+ vari(Carrysi1) >

In the data, sorting by carry betas and sorting by dollar betas deliver two different cross-sections of
average currency excess returns with zero correlation between their respective high-minus-low exchange
rates. But in the absence of a second global shock, the implied sorts by carry or dollar betas are the same
because they both recover cross-country differences in é; and A;. The two cross-sections differ if sorting
by dollar betas is the same as sorting countries by their <; parameters. Yet, differences in ; cannot
produce differences in average excess returns because the associated shocks are uncorrelated to the U.S.
SDF:

1 .
E; (r{t - r{ — AstH) + EVart (Asiy1) = —cov; (mt+1,’yicfi,tult+1) =0. (56)
There is thus no way to build two independent cross-section of currency risk premia in the absence of a
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second global shock.

Appendix B Pairwise R’s

The large R?s of the factor regressions can be favorably compared to those of simple pairwise currency
regressions. For each currency i, I regress it on a constant and each currency j available in the sample
(i 7 j):

i j ij
Aspig = o+ PAs; q +e .

Each regression delivers a pair-specific R?, denoted R?’. This is the R? equivalent to the OptionMetrics
correlation coefficient that many practitioners use. Some currencies are highly correlated, and thus lead
to high R%s: the Australian and New Zealand dollars offer one such example. But without knowing ex
ante the intrinsic correlation matrix, one would expect, for each currency i, an R? that corresponds to the
mean of all the estimates that involve currency i. For each currency i, the standard deviation of all the
estimates R’ gives a measure of the uncertainty around its mean R

Figure 3 summarizes the findings, comparing R?s obtained with the carry and dollar factors (vertical
axis) to those obtained from random univariate regressions (horizontal axis). If the carry and dollar
factors are of any help in capturing exchange rate variation, all points in Figure 3 should be above the
45-degree line, which is clearly the case. It turns out that the factors’ R?s are, for all developed countries,
at least one-standard deviation above the mean R? estimated from the pairwise univariate regressions
above. The same is true for all developing countries, except three: Saudi Arabia and the United Arab
Emirates, which are unsurprising outliers since they have pegged their currencies to the U.S dollar, and
Indonesia, which has few observations. For developed currencies, one can always handpick another
developed currency that is highly correlated with the currency under study, and thus will lead to a high
R?. But there is no currency that delivers this feature for all exchange rates. Conversely, the dollar and
the carry factor have the same economic interpretation for all currencies.”®> They deliver R?s that are
large, not only compared to those of UIP tests (arguably, a low bar) and macroeconomic variables, but

also to those of bivariate exchange rate regressions.

[Figure 3 about here.]

Appendix C Sub-Samples and Rolling Windows

I study different sub-samples (pre-crisis and pre- vs. post-euro) before turning to rolling window esti-
mates.
Results obtained on a sample that ends in December 2007 are very similar to those reported in the

paper. Regressions of bilateral exchange rates on the carry and dollar factors on a pre-crisis sample

23The carry and dollar factors only differ across currencies because of the exclusion of the currency under study.
But simple carry and dollar factors that use the whole sample produce similar results.
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lead to similar results as on the full sample. Out of the 13 currencies reported in Table 1, only two
countries exhibit a significantly lower R? over the pre-crisis sample (Australia and Canada). For all the
other countries, the R%s obtained on the two samples are less than one standard deviation away from
each other. Figure 4 presents the time-series of the carry and dollar factors; there is no clear difference

between the pre- and post-crisis samples.

[Figure 4 about here.]

Table 8 reports regression results on a sample that ends in December 1998, while Table 9 reports
similar results on a sample that starts in January 1999. For Australia, Canada, New Zealand, the share of
systematic variation is larger over the second subsample than over the first one. For Denmark, France,
Germany, Italy, the results obtained on the pre-Euro sample are similar to those reported in the main
paper for the whole sample by construction: the euro area countries are excluded after the introduction
of the euro. For Switzerland and the UK, the results are similar across samples. The Japanese Yen is the

only developed currency with a clear decline in the share of systematic risk post 1998.

[Table 8 about here.]

[Table 9 about here.]

In order to study more precisely the time-variation in currency R?s and loadings, the same regressions
as in Table 1 are run but on rolling windows of 60 months (5 years). For the purpose of reporting the
results, this section focuses on six countries: Australia, Canada, Japan, New Zealand, Switzerland, and
the United Kingdom, notably in order to avoid 13 tiny subplots in the following figures.

There is no sign that the full sample corresponds to particularly high R%s — higher values can be at-
tained on shorter subsamples. For Japan, Switzerland, and the United Kingdom, the adjusted R?s remain
significantly above 0 throughout the sample. For Australia and New Zealand, some samples ending in
the second half of the 90s lead to zero or negative adjusted R?s. For Canada, R?s are significantly different
from 0 only over samples ending in the last ten years.

Figure 5 reports the time-varying R?s. The solid lines present the time-varying R%s (R? corresponds
to an estimate over the sample from t — 60 to t). The dotted lines correspond to the estimated R? at
date t plus or minus one standard deviation of the estimate. Standard deviations on R?s are obtained by
bootstrapping the regressions, assuming that changes in exchange rates are i.i.d. Standard deviation thus
take into account the small size of the rolling windows. The dash-dotted line reports the R%s obtained on
the full sample (as in Table 1).

[Figure 5 about here.]
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Appendix D Pseudo-Predictability Tests

The following experiment exploits the persistence of factor loadings. Assume that the carry and dollar
factors are known one period in advance. As noted in the main text, the pseudo-predicted change in

exchange rate is thus:
Asei1 = ar+ Bi(i — iv) +7i(if — ir)Carryyi1 + &Carryy1 + wDollary,

where &y, Bt, v, 6, and T; are estimated on samples that end at date t. Table 10 reports the standard
deviation of log changes in spot exchange rates and the square root of mean squared errors (RMSE) ob-
tained in the experiment above. These RMSE are compared to those obtained by assuming that exchange
rates are random walks with drifts (i.e., when only «; is estimated). Standard deviations and RMSE are
annualized (i.e., multiplied by 1/12) and reported in percentages. Compared to the random walk, the

decrease in RMSE is large: the ratios range from 0.4 to 0.9 for developed countries.
[Table 10 about here.]

A very large literature attempts to predict changes in exchange rates at the bilateral level (see Rossi
(2013) for a survey). The experiment in this paper offers two insights to this literature. First, it gives
a new benchmark. Table 10 shows that models in international economics and finance should seek to
reduce the RMSE by 10% to 70% (depending on the currency) compared to a prediction based on a ran-
dom walk. Additional pseudo-predictability might come from better predictions of the factor loadings
and the discovery of new factors. Second, efforts should be focused on predicting the dollar and carry
components in order to move beyond pseudo-predictability. These two components average out id-
iosyncratic changes in exchange rates and thus constitute better test assets for any model in international
finance than individual exchange rates. Building on this paper, Malone, Gramacy and ter Horst (2013)
report similar predictability results on pseudo-predictability tests but also encouraging results on actual

forecasting exercises.

Appendix E Other Factors

Other factors are potential candidates to describe exchange rate changes. Momentum, for example, ap-
pears as a pervasive phenomenon in equity markets and seems also present in currency markets (see
Menkhoff, Sarno, Schmeling and Schrimpf (2012b) and Asness, Moskowitz, and Pedersen, 2013). The
equity literature has proposed many different ways to pick past winners and losers: for example, mea-
suring returns over 1 to 12 months before sorting stocks, or adding lags of 1 to n months between the
time stocks are sorted and the date portfolios are formed. I do not explore all the potential definitions,
but conduct a simple experiment.

Momentum portfolios are formed by sorting countries on their past currency excess returns (mea-

sured over the previous month). The obtained cross-section of excess returns is only partly explained by
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the carry and dollar factors. But a third potential factor emerges; it corresponds to the third component
of the momentum-sorted portfolios. This momentum factor, however, does not add much explanatory
power beyond the carry and dollar factors. It is significant only for the U.K, but never in the other 12 de-
veloped countries. Similar results appear by sorting countries on their past three-month returns (instead
of one-month returns). These negative results do not rule out the existence of an independent momen-
tum factor in bilateral exchange rates as many other definitions of momentum can be tested. Adding a
momentum factor would improve the description of bilateral exchange rates since the carry and dollar
factors cannot explain the full cross-section of currency momentum portfolios (see Menkhoff et al. 2012).

Focusing on the currency market literature, another potential factor emerges: Ang and Chen (2010)
show that sorting countries on the changes in short term interest rates also leads to a cross-section of
currency excess returns. A potential factor could correspond to the following long-short strategy: long
the last portfolio (larges changes in foreign interest rates) and short the first portfolio (small changes in
foreign interest rates). This strategy delivers positive currency excess returns. As for the carry factor,
the focus is on the exchange rate components of these portfolios. In a similar set of regressions, the
additional factor appears significant for Denmark, Germany, Switzerland, and the U.K. but does not
deliver significant increases in R?s.

Again, these findings do not rule out the existence of other factors that account for bilateral changes
in exchange rates. Future research will certainly uncover some new factors, but this study is limited to

the potential factors already established by previous empirical and theoretical literature.

Appendix F Principal Components of Bid-Ask Spreads

Some authors argue that price pressure or other informational frictions (like moral hazard) are key mech-
anisms on currency markets. There is no formal empirical test of these mechanisms on currency markets,
but the intuition suggests that they should affect the dynamics of bid-ask spreads.

Is there systematic variation in bid-ask spreads? Certainly, and the recent crisis offers a clear example,
as many bid-ask spreads increased at the same time. But these bid-ask spreads are not strongly correlated
with currency factors. In the data, the dollar and carry factors only explain a small fraction of the changes
in bid-asks spreads. The average R is less than 8% across developed countries. The carry, conditional
carry, and dollar factors rarely appear significant. The most significant loadings are on interest rate
differences. Overall, bid-ask spreads exhibit some comovement, but their variations are two orders of

magnitude smaller than the changes in midquotes, and thus cannot infirm the benchmark results in this

paper.

Appendix G Dollar Beta Portfolios

Dollar beta portfolios are obtained by sorting currencies on their dollar betas. Table 11 tests the ro-

bustness of the dollar beta portfolio return characteristics to the length of the rolling windows used to
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compute the dollar betas. While the main text reports results obtained on 60-month rolling windows
(Table 4), Panel I (II) of Table 11 reports summary statistics on portfolio formed using 72 (48)-month
rolling windows. With the 60-month and 72-month rolling windows, the resulting cross-section of av-
erage currency excess returns is monotone, increasing from low to high dollar beta portfolios. With the
48-month rolling windows, the overall pattern is similar but the middle portfolio exhibits slightly higher
average returns than the next one (although the difference is not significant). In all cases, high dollar
beta portfolio exhibit higher average excess returns that low dollar beta portfolios. After conditioning
on the average forward discount, the average return on a long-short strategy is 5.5% per year using 72-
month rolling windows and 5.9% using 48-month rolling windows. These average excess returns are
significantly different from zero and close to the one reported in the main text (5.2%).

Finally Table 12 reports asset pricing experiments on the benchmark dollar beta portfolios using
a simple long-minus-short risk factor (built from the same set of portfolios used as test assets). The
loadings on this long-minus-short risk factor (which captures the global component of the dollar factor)

increase monotonically across portfolios.
[Table 11 about here.]

[Table 12 about here.]

Appendix H Correlations Among Factors

This section studies the correlation between the different risk factors and their volatilities. I consider risk
factors built from portfolios of countries sorted by interest rates, carry betas, and dollar betas.

Table 13 reports the summary statistics of currency portfolios of countries sorted by either their short-
term interest rates or their carry betas. This is a reminder of the results in Lustig, Roussanov, and Verdel-
han (2011). Both sorts deliver a cross-section of average currency excess returns, although the former
sort leads to large carry trade average excess returns than the latter. Sorting by carry betas leads to a

monotonic cross-section of average nominal interest rates across portfolios.
[Table 13 about here.]

Table 14 reports the correlations between three factors: the dollar, the global component of the dollar,

and the carry factor, as well as their respective volatilities.
[Table 14 about here.]

The carry factor is obtained by sorting countries by their short-term interest rates; it corresponds
to the exchange rate changes of the last portfolio minus the exchange rate changes of the first portfolio
(and denoted Carry (HML-IR) in the table. The table reports its correlation with another long-short proxy
obtained by sorting countries by their carry betas; this proxy corresponds to the exchange rate changes of

the last portfolio minus the exchange rate changes of the first portfolio (and denoted Carry (HML-Beta) in
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the table). The carry betas are obtained by regressing each bilateral exchange rate on the carry factor over
rolling windows of three years. Table 13 reports the characteristics of the currencies portfolios built on
carry betas. The dollar factor is the average of all exchange rates defined in U.S. dollars (denoted Dollar).
The global component of the dollar factor corresponds to the difference between the exchange rate of
the last dollar beta-sorted portfolio minus the exchange rate of the first dollar beta-sorted portfolio. All
those factors are obtained on monthly series.

The volatilities are built from daily changes in exchange rates. The volatility of the carry factor (de-
noted Carry (HML-IR) Vol) corresponds to the standard deviation over one month of the daily changes
in exchange rates of the carry factor. To build the carry factor at the daily frequency, countries are sorted
by their one-month interest rates on a daily basis. The volatility of the dollar factor (denoted Dollar
Vol) corresponds to the standard deviation over one month of the daily changes in exchange rates of the
dollar factor. To build the volatility of the global component of the dollar factor (denoted Dollar Global
Vol), I built dollar beta portfolios at the daily frequency. The dollar betas used for each day of the month
corresponds to their value at the monthly frequency. The volatility of the global component of the dollar
factor is then obtained as the standard deviation over one month of the corresponding daily changes of
exchange rates.

Table 14 shows that the carry factor exhibits a large correlation (0.6) with its proxy based on carry-beta
sorted portfolios. The dollar factor appears highly correlated with its global component (0.85): although
the global component captures global shocks that do not necessarily originate in the U.S., I keep the
name “dollar” because of this high correlation. The dollar factor appears marginally correlated with the
carry factor (0.25) but not with the proxy of the carry factor: the correlation is insignificant. Likewise, the
global component of the dollar factor appears uncorrelated to the carry factor and its carry-beta-based
proxy.

The factors’ volatilities appear all significantly correlated to each other: the correlation between the
volatility of the carry factor and the volatility of the global component of the dollar factor is for example
0.4. Those volatilities are significantly correlated to the carry factor but not to the global component of
the dollar factor.

AppendixI Other Base Currencies and Cross-Rates

All regressions so far pertain to exchange rates defined with respect to the U.S. Dollar. Similar re-
sults, however, emerge with other base currencies. I consider exchange rates defined with respect to
the Japanese Yen, U.K. pound, and Swiss Franc. Each time, I keep the same convention: there is no i

subscript for the home country. Regression tests, for example for pound-based exchange rates, are thus:
Asip1 = o+ Bi(rip — 1) + vi(rip — re)Carryegq + 6;Carrye 1 + tPoundsiq + € 411.

where As; ;1 denotes the bilateral exchange rate in foreign currency per U.K. Pound and Pound; 1 corre-

sponds to the average change in exchange rates against the U.K. Pound. The Carry factor is not changed
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much as it is dollar-neutral. The shares of systematic risk range from 39% to 71% for pound-based cur-
rencies, from 65% to 82% for Yen-based currencies, and from 35% to 77% for franc-based currencies. In
each case, a country-specific factor appears necessary to account for exchange rate variation.

The dollar factor is thus a basis factor, linked to the choice of the basis currency. The dollar factor,
however, explains also part of some cross-rates changes (i.e. exchange rates not defined with respect to
the U.S. dollar). Table 6 in the main text and Table 15 in the Appendix reports results for respectively
the Japanese Yen, the UK. pound, the Australian Dollar, and the Swiss Franc. The dollar factor is a
significant factor of cross-rates for currencies that exhibit very different loadings on the dollar factor in
their U.S. dollar based exchange rates in the first place. Going back to Table 1, the Yen/Dollar exchange
rate, for example, has a loading of 0.98 on the dollar factor, whereas the Swiss Franc/Dollar has a loading
of 1.36. As a result, the Swiss Franc/Yen exchange rate exhibits a large and positive loading on the dollar
factor. The reduced-form model presented in the main text provides an intuition for this finding. Recall
that the dollar factor captures U.S.-specific shocks to the U.S. pricing kernel as well as global shocks. In
a no-arbitrage model, the Swiss Franc / Yen exchange rate depends on the Swiss and Japanese SDFs and
there is thus no role for U.S.-specific shocks, but the Swiss Franc / Yen exchange rate also depends on
global shocks that affect the dollar factor as well.

[Table 15 about here.]

To provide some preliminary intuition on this novel global risk factor, Figure 6 presents the 12-month
cumulative returns on a simple investment strategy: long the high dollar beta portfolio and short the
low dollar beta portfolio. This simple long-short strategy focuses on global risk, not U.S.-specific risk.
Figure 6 compares the currency returns with the troughs of the business cycles in the G7 countries, as
determined by the OECD. All low returns tend to happen close to those troughs. With the exception
of the 2003 trough in three European countries, all recorded troughs coincide with low realized excess

returns. The lowest return in the sample happens during the recent global recession.

[Figure 6 about here.]

Appendix] Country-Level Asset Pricing

I run country-level asset pricing tests in order to complement the evidence reported using currency
portfolios and to check that the carry and dollar factors are priced risk factors.

Country-level asset pricing tests follow the Fama and MacBeth’s (1973) procedure. The tests are sim-
ilar to those reported in Lustig et al. (2011), except that the average currency market excess return RX
used in Lustig et al. (2011) is replaced by its conditional counterpart, obtained as the dollar excess return

multiplied by the sign of the average forward discount, (i} — i;)RX. This modification is key: the risk
price of the former is not statistically significant, while the risk price of the latter is. This difference is con-
sistent with the absence of arbitrage. No arbitrage implies that the market price of risk should be equal

to the mean of the risk factor. The average currency market excess return RX is not statistically different
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from zero, while its conditional counterpart (i —i;)RX is. The Fama and MacBeth (1973) procedure is

described in the notes to Table 16. To save space, I focus here on the results.

Unconditional country currency risk premia Panel A of Table 16 reports the market prices of risk
obtained on unconditional currency excess returns. They are positive and less than one standard error
from the means of the risk factors, which are reported in Panel D of Table 16. The RMSE and the mean
absolute pricing error are larger than those obtained on currency portfolios, but the null hypothesis that
all pricing errors are jointly zero cannot be rejected. High beta countries tend to offer high unconditional

currency excess returns.

Conditional country currency risk premia Inow turn to conditional risk premiums, first reporting
results obtained with managed investments and then turning to time-varying factor betas. Investors can
adjust their position in a given currency based on the interest rate at the start of each period to exploit
return predictability. Such managed investment strategies correspond to conditional expected excess re-
turns and complement the raw currency excess returns. For example, investors would invest more in
high interest rate currencies in order to pocket the carry trade risk premium. Likewise, investors would
go long all foreign currencies when the average forward discount is positive in order to pocket the dollar
risk premium. To construct these managed positions, each currency excess return is thus multiplied by
the appropriate beginning-of-month forward discount (normalized by subtracting the average forward
discount across currencies and dividing by the cross-sectional standard deviation of forward discounts
in the given period).

The Fama and MacBeth (1973) procedure applies to the large set of raw and managed currency excess
returns. Panel B of Table 16 shows that the cross-sectional fit improves and the risk prices are more
precisely estimated. Market prices of risk are positive and significant and in line with those obtained on
the unconditional returns. The carry and conditional dollar risk factors are clearly priced in the cross-

section of country-level currency excess returns.

Instead of enlarging the asset space to include managed returns, betas can be modeled as linear func-
tions of the conditioning variables. In particular, it is natural to assume that each country’s loading on
the carry factor is a linear function of the country’s forward discount. Likewise, each country’s loading
on the dollar factor is a linear function of the average forward discount. The results of the estimation
are in Panel C of Table 16. This method produces very similar results to the managed returns approach,
which provides further evidence for the role of forward discounts in capturing the currencies” dynamic

exposures to common sources of risk.

Overall, the country-level results are thus fully consistent with the portfolio-level results and support

the interpretation of the carry and dollar factors as risk factors.

[Table 16 about here.]
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Appendix K Exchange Rate Volatilities
Table 17 reports regression results of changes in exchange rate volatilities on the Carry and Dollar factors:
Aopsip1 = a + B(iy —iy) +y(if —ir)Carrypy1 + 0Carrys 1 + tDollary (1 + p0Oas s + €141,

where 0,141 denotes the change in monthly volatility of the bilateral exchange rate in foreign currency
per U.S. dollar. Likewise, Table 18 reports regression results of changes in exchange rate volatilities on

the changes in volatilities of the Carry and Dollar factors:

AU—Asi,t—H =ua+ ,BAUDollar,t+1 + 'YAO'Carry,H-l + POAs,t + €41,

In both cases, since currency volatilities are persistent, the tests control for the lagged value of country i

exchange rate volatility. The results are commented in the main text.
[Table 17 about here.]

[Table 18 about here.]
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Table 8: Carry and Dollar Factors: Monthly Tests in Developed Countries, Pre-Euro

Country « B Y 0 T R? R% R?, s W N

Australia 056  -1.19 0.62 0.04 0.20 4.77 1.97 3.23 168
(0.31) (0.61) (0.49) (0.12) (0.13) (4.39) [3.49] [4.73]

Canada 020 -1.22  -0.06 0.11 0.07 8.11 4.63 700 = 168
(0.11)  (0.51) (0.18) (0.04) (0.04) (4.30) [3.41] [4.12]

Denmark -0.16 0.03 0.61  -0.12 144 91.06 8867 15.09 *** 168
(0.08) (0.44) (0.15) (0.04) (0.04) (1.49) [2.15] [5.34]

France -0.15  -0.10 0.80  -0.13 138 9097 8758 1230 ** 181
(0.07) (0.34) (0.14) (0.03) (0.04) (1.53) [1.96] [5.82]

Germany -0.21  -0.03 079  -0.03 142 9100 8835 2283 ** 181
(0.09) (0.34) (0.17) (0.04) (0.04) (1.38) [1.81] [6.10]

Italy -0.03 0.26 0.68  -0.07 124 6897  64.59 216 177
(0.22)  (0.69) (0.20) (0.11) (0.10) (5.23) [6.81] [6.09]

Japan -0.55  -130  -0.19  -0.32 1.06 4285 40.20 459 = 181
(0.26) (1.11) (0.42) (0.10) (0.11) (5.62) [4.98] [4.84]

New Zealand 054  -1.20 056  -0.12 048 1373 1175 4.06 168
(0.23) (0.37) (0.42) (0.13) (0.10) (5.74) [6.73] [4.48]

Norway -0.11 0.47 0.43 0.01 129 80.61 7819 4.05 ** 168
(0.15)  (0.45) (0.13) (0.06) (0.07) (2.98) [3.33] [5.55]

Sweden 011  -0.35 1.00  -0.03 120 7214 63.64 11.65 *** 168
(0.19)  (0.60) (0.19) (0.07) (0.07) (458) [5.53] [6.20]

Switzerland -0.16  -0.04 0.95 0.04 148 8271 7927 1683 ** 181

(0.13)  (0.40) (0.18) (0.06) (0.07) (2.34) [257] [5.56]
United Kingdom  -0.19 041 083 -0.02 116 5833 5608 674  * 181
(0.23) (0.85) (0.61) (0.15) (0.10) (4.87) [5.13] [5.26]

Notes: This table reports country-level results from the following regression:
Asipir = a; + Bi(rip — 1) + 7i(rip — re)Carrypiq + 6iCarrypyr + GDollary g + €441

where As;;,1 denotes the bilateral exchange rate in foreign currency per U.S. dollar, and r;; — r; is the interest
rate difference between the foreign country and the U.S., Carry;;1 denotes the dollar-neutral average change in
exchange rates obtained by going long a basket of high interest rate currencies and short a basket of low interest
rate currencies, and Dollary 1 corresponds to the average change in exchange rates against the U.S. dollar. The
table reports the constant «, the slope coefficients 8, vy, , and 7, as well as the adjusted R? of this regression
(in percentage points) and the number of observations N. Standard errors in parentheses are Newey andWest
(1987) standard errors computed with the optimal number of lags according to Andrews (1991). The standard
errors for the R?s are reported in brackets; they are obtained by bootstrapping. Ré denotes the adjusted R? of
a similar regression with only the Dollar factor (i.e., without the conditional and unconditional Carry factors).
R2 . denotes the adjusted R? of a similar regression without the Dollar factor. W denotes the result of a Wald
test: the null hypothesis is that the loadings 7y and ¢ on the conditional and unconditional carry factors are jointly
zero. Three asterisks (***) correspond to a rejection of the null hypothesis at the 1% confidence level; two asterisks
and one asterisk correspond to the 5% and 10% confidence levels. Data are monthly, from Barclays and Reuters
(Datastream). All variables are in percentage points. The sample period is 11/1983-12/1998.
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Table 9: Carry and Dollar Factors: Monthly Tests in Developed Countries, Post-Euro

Country o B 0% o T R? Ré R% s W N

Australia -0.28 0.06 0.20 0.27 1.71 72.03 69.21 1623  ** 144
0.28) (1.26) (0.60) (0.14) (0.10) (5.45) [5.96] [7.70]

Canada -0.29 019  -1.65 0.19 0.76 38.11 34.08 12.58 * 144
0.15) (2350 (1.32) (0.09) (0.11) (10.65) [8.34] [10.66]

Denmark 0.08  -1.29 0.01  -0.28 1.62 81.59 77.40 148 144
(0.12)  (0.92) (0.21) (0.05) (0.08) (3.62) [3.99] [5.81]

Euro Area 0.07  -0.52 010  -0.28 1.62 80.60 76.22 -0.05 ¥ 143
(0.11)  (0.86) (0.23) (0.05) (0.08) (3.81) [4.09] [4.66]

Japan -034  -071 0.04 -043 0.45 12.66 3.44 562 144
(042) (1.36) (0.96) (0.27) (0.22) (6.90) [5.76] [5.01]

New Zealand -0.48 1.44 0.09 0.04 1.71 58.21 58.68 5.77 144
0.41) (1.49) (0.61) (0.17) (0.11) (6.37) [6.22] [5.54]

Norway -0.01  -0.39 042 015 1.48 62.23 61.94 1.49 144
(0.16) (0.85) (0.42) (0.09) (0.19) (7.56) [7.67] [5.46]

Sweden 0.04 -0.76 057 -0.20 1.75 77.65 75.59 206 144
(0.11)  (0.46) (0.28) (0.06) (0.08) (3.80) [3.87] [4.04]

Switzerland -030 -1.25 050 -0.41 1.52 64.39 52.97 262 144
(0.20) (1.05) (0.64) (0.15) (0.10) (4.41) [5.20] [3.88]

United Kingdom 0.11 0.05 -0.83 0.01 0.86 39.23 38.94 4.30 144

(0.19) (1.35) (0.51) (0.12) (0.18) (10.95) [11.11] [7.38]

Notes: This table reports country-level results from the following regression:
Asipir = a; + Bi(rip — i) + 7i(rip — re)Carrypiq + 6iCarryyq + GDollary g + €441

where As; ;1 denotes the bilateral exchange rate in foreign currency per U.S. dollar, and r;; — r; is the interest
rate difference between the foreign country and the U.S., Carry;;1 denotes the dollar-neutral average change in
exchange rates obtained by going long a basket of high interest rate currencies and short a basket of low interest
rate currencies, and Dollar; 1 corresponds to the average change in exchange rates against the U.S. dollar. The
table reports the constant a, the slope coefficients B, v, J, and T, as well as the adjusted R? of this regression
(in percentage points) and the number of observations N. Standard errors in parentheses are Newey andWest
(1987) standard errors computed with the optimal number of lags according to Andrews (1991). The standard
errors for the R?s are reported in brackets; they are obtained by bootstrapping. R% denotes the adjusted R? of
a similar regression with only the Dollar factor (i.e., without the conditional and unconditional Carry factors).
R2, ¢ denotes the adjusted R? of a similar regression without the Dollar factor. W denotes the result of a Wald
test: the null hypothesis is that the loadings y and 6 on the conditional and unconditional carry factors are jointly
zero. Three asterisks (***) correspond to a rejection of the null hypothesis at the 1% confidence level; two asterisks
and one asterisk correspond to the 5% and 10% confidence levels. Data are monthly, from Barclays and Reuters
(Datastream). All variables are in percentage points. The sample period is 1/1999-12/2010.

73



Table 10: Pseudo-Predictability: Risk Factors vs Random Walk vs Principal Components

Country s RMSE  RMSEgw  gM4E. RMSEpc  gimeris
Panel A: Developed Countries
Australia 12.01 10.09 11.48 0.88 12.29 1.07
Canada 7.04 6.72 7.39 0.91 7.76 1.05
Denmark 11.06 4.47 10.76 0.42 10.86 1.01
Euro Area 10.73 4.66 11.05 0.42 11.32 1.02
France 11.20 3.81 10.66 0.36 10.74 1.01
Germany 11.72 3.98 10.90 0.36 10.89 1.00
Italy 11.30 7.58 11.14 0.68 10.87 0.98
Japan 11.50 10.28 11.30 0.91 11.74 1.04
New Zealand 12.18 9.41 11.26 0.84 11.98 1.06
Norway 10.99 6.14 10.88 0.56 11.04 1.02
Sweden 11.47 6.59 11.82 0.56 11.45 0.97
Switzerland 11.91 6.49 11.31 0.57 11.47 1.01
United Kingdom 10.52 7.48 9.89 0.76 10.01 1.01
Panel B: Developing Countries
Hong Kong 0.54 0.48 0.47 1.03 0.47 1.00
Czech Republic 13.13 8.20 13.17 0.62 13.49 1.02
Hungary 13.73 8.70 14.91 0.58 14.54 0.98
India 5.91 5.36 6.10 0.88 6.04 0.99
Indonesia 30.79 28.88 18.38 1.57 17.41 0.95
Kuwait 2.69 2.23 2.88 0.77 3.13 1.09
Malaysia 10.57 7.77 11.30 0.69 11.35 1.00
Mexico 9.36 7.90 9.02 0.88 9.50 1.05
Philippines 9.68 6.83 7.13 0.96 7.39 1.04
Poland 13.82 8.34 16.58 0.50 14.39 0.87
Saudi Arabia 0.35 1.35 0.39 3.49 0.68 1.77
Singapore 5.30 3.86 5.32 0.73 5.31 1.00
South Korea 15.47 12.19 13.97 0.87 13.97 1.00
South Africa 17.56 10.55 14.11 0.75 12.32 0.87
Taiwan 5.88 4.22 4.73 0.89 4.89 1.03
Thailand 12.85 8.69 7.00 1.24 7.21 1.03
Turkey 18.01 22.83 19.22 1.19 20.18 1.05
United Arab Emirates 0.18 1.53 0.27 5.62 0.84 3.06

Notes: This table reports the standard deviation of log changes in spot exchange rates (denoted oy;), as well as
the square root of mean squared errors (RMSE) obtained with the carry and dollar factors and with the first three
principal components (RMSEpc). These RMSE use the carry and dollar slope coefficients obtained in the previous
period. These RMSE do not correspond to out-of-sample predictions because the carry and dollar factors and the
principal components are assumed to be known one period in advance. The table also reports the RMSE obtained
by assuming that exchange rates are random walk with drifts (denoted RMSERry), as well as the ratio of RMSE
obtained with factors or principal components to the random walk benchmark RMSEgyy. Data are monthly, from
Barclays and Reuters (Datastream). Standard deviations and RMSEs are annualized (i.e multiplied by v/12) and
reported in percentages. The sample period is 11/1983-12/2010.
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Table 11: Portfolios of Countries Sorted By Dollar Exposures: Robustness Checks

Panel I: 72-month Rolling Windows

Portfolio 1 2 3 4 5 6
Spot change: As
Mean —0.82 —2.86 —2.84 —-3.16 —4.87 —5.18
Std 2.98 5.79 6.08 7.82 10.24 10.39
Forward Discount: f —s
Mean 0.40 0.74 1.08 1.43 1.81 2.15
Std 0.51 1.16 1.19 1.43 0.66 0.50
Excess Return: rx
Mean 121 3.60 3.92 4.59 6.68 7.33
[0.63] [1.28] [1.28] [1.68] [2.23] [2.25]
Std 3.03 5.88 6.10 7.65 10.22 10.35
SR 0.40 0.61 0.64 0.60 0.65 0.71
Excess Return: rx (with bid-ask spreads)
Mean 0.50 2.19 2.19 3.14 543 6.06
[0.63] [1.26] [1.33] [1.66] [2.25] [2.23]

Panel II: 48-month Rolling Windows

Portfolio 1 2 3 4 5 6
Spot change: As
Mean —0.34 —2.37 —4.67 —2.66 —2.42 —5.38
Std 2.79 5.51 6.47 7.89 10.53 10.63
Forward Discount: f —s
Mean 0.57 0.70 1.07 0.99 222 2.04
Std 0.75 1.07 1.11 1.43 0.69 0.56
Excess Return: rx
Mean 0.91 3.07 5.75 3.65 4.64 7.42
[0.61] [1.14] [1.33] [1.66] [2.20] [2.36]
Std 2.95 5.42 6.40 7.92 10.51 10.59
0.31 0.57 0.90 0.46 0.44 0.70
Excess Return: rx (with bid-ask spreads)
Mean 0.14 1.69 4.04 222 3.37 6.09
[0.61] [1.14] [1.34] [1.69] [2.11] [2.29]

Notes: This table reports summary statistics on portfolios of currencies sorted on their exposure to the dollar
factor. See Section 3 for details on the construction of these portfolios. The table reports, for each portfolio, the mean
and standard deviations of the average change in log spot exchange rates As, the average log forward discount
f —s, and the average log excess return rx without bid-ask spreads. All moments are annualized and reported in
percentage points. For excess returns, the table also reports Sharpe ratios, computed as ratios of annualized means
to annualized standard deviations and the mean excess returns net of bid-ask spreads. Panel I reports results
obtained when sorting countries by their dollar betas estimated over 72-month rolling windows. Panel II reports
reports results obtained when sorting countries by their dollar betas estimated over 48-month rolling windows.
Data are monthly, from Barclays and Reuters in Datastream. The sample period is 12/1988-12/2010.
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Table 12: Portfolios of Countries Sorted By Dollar Exposures: Long-Minus-Short Factor

Panel I: Summary Statistics

Port folio 1 2 3 4 5 6
Spot change: As
Mean —-0.97 —2.12 —2.88 —3.66 —-2.99 —5.07
Std 3.29 5.31 6.70 7.72 10.19 10.68
Forward Discount: f —s
Mean 0.34 0.74 0.99 147 2.00 2.07
Std 0.54 1.11 1.24 1.44 0.70 0.55
Excess Return: rx
Mean 1.31 2.86 3.87 5.13 4.99 7.14
[0.70] [1.17] [1.41] [1.61] [2.16] [2.18]
Std 3.34 5.38 6.68 7.62 10.20 10.64
SR 0.39 0.53 0.58 0.67 0.49 0.67
Excess Return: rx (with bid-ask spreads)
Mean 0.58 1.43 2.11 3.73 3.73 5.84
[0.72] [1.11] [1.40] [1.61] [2.05] [2.37]
Panel II: Risk Prices
AHML$Beta bHML$Beta S RMSE Xz
GMM; 8.47 0.60 48.09 1.40
[2.74] [0.20] 45.36
GMM, 6.55 0.47 19.77 1.75
[2.31] [0.16] 54.84
FMB 8.47 0.60 66.42 1.40
[2.57] [0.18] 7.03
[2.58] [0.18] 8.46
Mean 6.12
Panel III: Factor Betas
Portfolio 1 2 3 4 5 6
o 1.74 2.04 2.22 2.40 0.73 1.74
[1.06] [1.13] [1.31] [1.27] [1.30] [1.06]
B —0.07 0.14 0.28 0.48 0.74 0.93
[0.03] [0.04] [0.04] [0.04] [0.05] [0.03]
R? 5.40 8.36 20.42 46.92 62.05 90.54

Notes: Panel I reports summary statistics on portfolios of currencies sorted on their exposure to the dollar factor.
See Section 3 for details on the construction of these portfolios. The table reports, for each portfolio, the mean
and standard deviations of the average change in log spot exchange rates As, the average log forward discount
f — s, and the average log excess return rx without bid-ask spreads. All moments are annualized and reported in
percentage points. For excess returns, the table also reports Sharpe ratios, computed as ratios of annualized means
to annualized standard deviations and the mean excess returns net of bid-ask spreads. Panel II reports results
from GMM and Fama-McBeth asset pricing procedures. The risk factor is the difference between the return on the
last portfolio minus the return on the first portfolio. The market price of risk A, the adjusted R?, the square-root
of mean-squared errors RMSE and the p-values of x? tests on pricing errors are reported in percentage points.
b denotes the vector of factor loadings (1,11 = 1 — bCond.Dollar;,1). The last row reports the mean of the risk
factor. Excess returns used as test assets and risk factors do not take into account bid-ask spreads. All excess
returns are multiplied by 12 (annualized). Shanken (1992)-corrected standard errors are reported in parentheses.
The second step of the FMB procedure does not include a constant. Panel III reports OLS estimates of the factor
betas. R?s and p-values are reported in percentage points. The standard errors in brackets are Newey and West
(1987) standard errors computed with the optimal number of lags according to Andrews (1991). The alphas are
annualized and in percentage points. Data are monthly, from Barclays and Reuters in Datastream. The sample
period is 12/1988-12/2010. 76



Table 13: Portfolios of Countries Sorted By Interest Rates and Carry Betas

Panel I: Interest Rates Sorts

Portfolio 1 2 3 4 5 6
Spot change: As
Mean —0.87 —0.92 -1.12 —2.44 —-0.92 2.74
Std 8.06 7.39 7.66 7.55 8.72 9.79
Forward Discount: f —s
Mean —2.90 -1.19 —0.08 0.99 2.66 8.87
Std 0.54 0.48 0.46 0.51 0.63 1.87
Excess Return: rx
Mean —2.03 —0.27 1.04 3.43 3.58 6.13
Std 8.15 7.46 7.70 7.64 8.78 9.80
S.R. —0.25 —0.04 0.14 0.45 0.41 0.63

Panel II: Carry Beta Sorts

Port folio 1 2 3 4 5 6
Spot change: As

Mean —1.34 —1.63 —-1.32 —2.16 —0.44 0.40

Std 8.66 7.74 8.13 7.85 8.83 8.75

Forward Discount: f —s

Mean -1.35 —0.36 0.76 1.04 1.54 3.74

Std 0.65 0.65 0.76 0.65 0.72 0.58
Excess Return: rx

Mean —0.01 1.28 2.07 3.19 1.98 3.34

Std 8.77 7.77 8.16 7.88 8.79 8.73

S.R. —0.00 0.16 0.25 0.41 0.23 0.38

Notes: This table reports summary statistics on portfolios of currencies sorted by their short-term interest rates
(Panel I) or by their exposure to the carry factor (Panel II). The table reports, for each portfolio, the mean and
standard deviations of the average change in log spot exchange rates As, the average log forward discount f —
s, and the average log excess return rx without bid-ask spreads. All moments are annualized and reported in
percentage points. For excess returns, the table also reports Sharpe ratios, computed as ratios of annualized means
to annualized standard deviations. Carry betas estimated over 36-month rolling windows. Data are monthly, from
Barclays and Reuters in Datastream. The sample period is 12/1988-12/2010.
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Table 14: Correlations between Dollar, Dollar Global, and Carry Factors: Levels and Volatilities

Carry Carry  Dollar Dollar Global Carry Vol Dollar Vol Dollar Global Vol
(HML-IR) (HML-Beta) (HML-Beta) (HML-IR)
Carry (HML-IR) 1.00
Carry (HML-Beta) 0.62 1.00
[ 0.04]
Dollar 0.25 0.12 1.00
[ 0.08] [ 0.09]
Dollar Global (HML-Beta) 0.09 0.06 0.85 1.00
[ 0.09] [0.11] [0.03]
Carry (HML-IR) Vol 0.38 0.28 0.23 0.14 1.00
[ 0.09] [0.10] [0.10] [0.10]
Dollar Vol 0.28 0.18 0.16 0.14 0.53 1.00
[0.07] [0.10] [0.11] [0.10] [0.07]
Dollar Global Vol 0.23 0.12 0.15 0.16 0.37 0.62 1.00
[0.07] [0.11] [0.11] [0.11] [ 0.09] [0.07]

Notes: The table reports the correlations between three factors: the dollar, the global component of the dollar,
and the carry factor, as well as their respective volatilities. The carry factor is obtained by sorting countries by
their short-term interest rates; it corresponds to the exchange rate changes of the last portfolio minus the exchange
rate changes of the first portfolio (and denoted Carry (HML-IR) in the table. The table reports its correlation with
another long-short proxy obtained by sorting countries by their carry betas; this proxy corresponds to the exchange
rate changes of the last portfolio minus the exchange rate changes of the first portfolio (and denoted Carry (HML-
Beta) in the table). The carry betas are obtained by regressing each bilateral exchange rate on the carry factor over
rolling windows of three years. Table 13 reports the characteristics of the currencies portfolios built on carry betas.
The dollar factor is the average of all exchange rates defined in U.S. dollars (denoted Dollar). The global component
of the dollar factor corresponds to the difference between the exchange rate of the last dollar beta-sorted portfolio
minus the exchange rate of the first dollar beta-sorted portfolio. All those factors are obtained on monthly series.
The volatilities are built from daily changes in exchange rates. The volatility of the carry factor (denoted Carry
(HML-IR) Vol) corresponds to the standard deviation over one month of the daily changes in exchange rates of
the carry factor. To build the carry factor at the daily frequency, countries are sorted by their one-month interest
rates on a daily basis. The volatility of the dollar factor (denoted Dollar Vol) corresponds to the standard deviation
over one month of the daily changes in exchange rates of the dollar factor. To build the volatility of the global
component of the dollar factor (denoted Dollar Global Vol), dollar beta portfolios are built at the daily frequency.
The dollar betas used for each day of the month corresponds to their value at the monthly frequency. The volatility
of the global component of the dollar factor is then obtained as the standard deviation over one month of the
corresponding daily changes of exchange rates. The standard errors in brackets are obtained by boostrapping.
Data are daily and monthly, from Barclays and Reuters in Datastream. The sample period is 12/1988-12/2010.
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Table 15: Other Base Currencies and Cross Exchange Rates: Australian Dollar and Swiss Franc

Country w 0% ) T R? o 0% ) T R? N
Australian Dollar-based Exchange Rates Swiss Franc-based Exchange Rates

Switzerland/Australia 010 0.83 -031 -0.33 24.81 -0.05 298 -034 -039 44.15 266
(0.18) (0.57) (0.12) (0.10) (7.00) (0.18) (0.42) (0.14) [0.10] [4.93]

Canada -001 133 -002 -0.16 1091 -0.15 021 035 -0.67 39.51 266
(0.14) (0.64) (0.09) (0.06) (5.41) (0.16) (0.44) (0.12) [0.10] [6.62]

Denmark 013 162 -022 045 40.24 0.07 -120 043 0.01 19.37 266
(0.17) (0.37) (0.09) (0.08) (5.46) (0.08) (0.22) (0.07) [0.03] [5.78]

Euro Area 037 129 -0.34 011 26.08 015 -039 035 0.07 22.28 143
(0.20) (0.67) (0.18) (0.07) (7.06) (0.10) (0.62) (0.13) [0.04] [8.12]

France -012 078 -012 099 73.96 -0.03 -071 022 -0.07 6.84 122
(0.18) (0.42) (0.08) (0.07) (4.16) (0.12) (0.23) (0.08) [0.04] [4.84]

Germany -0.10 091 -005 1.01 75.09 -0.02 003 005 -0.06 1.31 122
(0.19) (0.37) (0.09) (0.07) (4.27) (0.13) (0.36) (0.06) [0.04] [4.42]

Italy 012 151 -016 0.88 64.76 021 109 -016 -0.15 25.73 122
(0.21) (0.37) (0.11) (0.08) (5.93) (0.21) (0.25) (0.14) [0.08] [7.20]

Japan 011 257 028 -0.02 30.96 -0.00 039 -023 -045 23.67 266
(0.23) (0.72) (0.30) (0.13) (7.06) (0.17) (0.65) (0.12) [0.07] [6.02]

New Zealand 007 171 -036 017 13.55 -0.03 199 -042 -026 28.92 266
(0.13) (0.80) (0.12) (0.07) (8.42) (0.18) (0.37) (0.16) [0.08] [5.36]

Norway 0.09 122 -022 037 24.76 -0.00 044 021 -0.08 13.56 266
(0.18) (0.35) (0.08) (0.10) (6.23) (0.12) (0.48) (0.13) [0.07] [5.39]

Sweden 014 218 -010 041 40.22 0.09 053 024 -0.02 14.87 266
(0.16) (0.41) (0.08) (0.07) (5.60) (0.12) (0.37) (0.12) [0.06] [4.92]

Switzerland/Australia 0.05 298 034 039 44.15 -0.05 027 011 -0.84 69.03 266
(0.18) (0.42) (0.14) (0.10) (5.36) (0.10) (0.29) (0.07) [0.05] [3.70]

United Kingdom 018 223 -019 024 13.38 003 -1.07 070 -0.36 23.15 266
(0.19) (0.60) (0.10) (0.10) (6.45) (0.14) (0.53) (0.20) [0.08] [4.61]

Notes: This table reports country-level results from the following regression:

lobal
Asipir = a;+ Bi(rip — i) + vi(rig — r1)Carryyq + 8iCarryp 1 4+ Dollar 7" + €441,

where As; ;1 denotes the bilateral exchange rate in foreign currency per Australian Dollar (left panel) or per
Swiss Franc (right panel), and 7;; — ; is the interest rate difference between the foreign country and Australia
(left panel) or Switzerland (right panel), Carry;;1 denotes the dollar-neutral average change in exchange rates
obtained by going long a basket of high interest rate currencies and short a basket of low interest rate currencies,

and Doll arf_lflb o corresponds to the change in exchange rates in a high dollar-beta portfolio minus the change in
exchange rates in a low dollar-beta portfolio. See the caption of Table 5 for the definition of the variables and the list
of parameters reported. Note that, as in Table 5 but unlike in the previous tables, the currency on the left-hand side
of these regressions is not excluded from the portfolios on the right-hand side. In the left panel (where exchange
rates are defined in units of foreign currency per Australian Dollar), regression results for Australia are replaced
by those for Switzerland (Swiss Franc per Australian Dollar). Likewise, in the right panel (where exchange rates
are defined in units of foreign currency per Swiss Franc), regression results for Switzerland are replaced by those
for Australia (Australian Dollar per Swiss Franc). Data are monthly, from Barclays and Reuters (Datastream). All

variables are in percentage points. The sample period is 11/1983-12/2010.
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Table 16: Country-Level Asset Pricing

AHMLpy ACond.RX buMLEy beond.rx R? RMSE MAPE X
Panel A: Unconditional Betas
4.02 3.99 4.59 7.83 28.89 3.15 2.13
[2.35] [2.76] [2.86] [5.65] 40.67
Panel B: Raw and Managed Currency Excess Returns
493 5.88 5.55 11.64 50.32 3.47 1.83
[2.43] [1.41] [2.98] [2.91] 45.43
Panel C: Dynamic Betas using Forward Discounts
6.37 6.43 7.27 12.63 41.05 2.62 1.77
[2.27] [1.35] [2.78] [2.75] 70.19
Panel D: Risk Factors’ Expected Excess Returns
4.82 5.51
[1.95] [1.36]

Notes: The table reports results from Fama-MacBeth asset pricing procedure using individual currency excess
returns. The Fama and MacBeth procedure has two steps. In the first step, time-series regressions of each country
i’s currency excess return are run on a constant, the carry trade excess return HMLFry, and the conditional dollar
excess return (obtained as the dollar excess return multiplied by the sign of the average forward discount, i.e.
Cond.RX = Sign (7;; — ) x RX):

Rty = + Bypmr HMLEx 141 + BoojayCond.RX 1 + €441, for a given i, Vt.

The second step runs cross-sectional regressions of all currency excess returns on betas:
Rx; = Apmr B + Arx tBrx + Ct, for a given t, Vi.

The market price of risk is the mean of all these slope coefficients: A, = % YL, At for ¢ = HML, Cond.RX. Panel
A reports the results of the Fama-MacBeth procedure on raw currency excess returns at the country-level. Panel
B uses both raw and managed excess currency returns. Managed excess returns are obtained by multiplying the
raw returns by the country-specific forward discounts (normalized by subtracting the average forward discount
across currencies and dividing by the cross-sectional standard deviation of forward discounts in the given period)
and the average forward discount. Panel C focuses on raw returns but considers conditional betas. The estimation

—_~ e/~

assumes that B, , = h + Kt (r;; — r¢), where (r;; — ) is the country-specific forward discount, standardized as
described above, and Biy ;, = di) + d (r;; — 1), where (r;; — r;) is the sign of the average forward discount. The
parameters hé, hil, df), and dﬁ can be estimated from the linear regression:

Rx},q = c +hyHMLpx 41+ h (rip — 1)) HMLpx 141 + dgRX; 41 +di (riy — 1) RXp1 + €541, for a given i.

The factor risk prices Agpr + and Arx ; can then be estimated by running a second-stage cross-sectional regressions
on the fitted conditional betas:

Rxj 1 = AuMLBHML T ARX,:BRx ¢ + Ct41, for a given t, Vi,

Panel D simply reports the mean of the risk factors. Market prices of risk A, the adjusted R?, the square-root of
mean-squared errors RMSE, the mean absolute pricing error MAPE, and the p-values of x? tests on pricing errors
are reported in percentage points. b denotes the vector of factor loadings (m;,1 = 1 — bf;11, where m denotes the
SDF and f the risk factors). Excess returns used as test assets do not take into account bid-ask spreads because one
does not know a priori whether investors should take a short or a long position on each particular currency. Risk
factors HML and Cond.RX come from portfolios of currency excess returns that take into account bid-ask spreads.
All excess returns are multiplied by 12 (annualized). There is no constant in the second step of the FMB procedure.
The standard errors in brackets are Newey and West (1987) standard errors computed with the optimal number of
lags according to Andrews (1991). Data are monthly, from Barclays and Reuters in Datastream. The sample period
is 11/1983-12/2010. 80



Table 17: Changes in Volatilities: Monthly Tests in Developed Countries — Carry and Dollar
Factors

n B v 6 T 0 R? W N

Australia 25.93 7.16 1.53 3.17 2.79 -043 2930 312
(4.09) (711) (3.53) (1.65) (1.91) (0.07) [9.88]

Canada 6.61 -3.24 -392 1.32 0.61 -0.17 1451 312
(1.62) (4.09) (3.99) (0.53) (0.68) (0.04) [5.34]

Denmark 31.93 8.77 0.05 1.79 0.23 -054 2926 312
(3.83) (3.21) (1.50) (0.46) (0.65) (0.06) [5.82]

Euro Area 24.86 9.61 0.57 1.66 1.12 -040 2361 ** 143
(5.27) (841) (2.38) (0.66) (1.00) (0.09) [7.79]

France 4440 19.61 3.17 1.72 -048  -077 3777 ** 181
(5.27) (6.69) (2.83) (0.60) (0.83) (0.08) [6.77]

Germany 41.79 3.97 2.43 1.36 -099  -0.65 3149 181
(4.99) (548) (248) (0.72) (0.83) (0.07) [6.91]

Italy 3023 1741 0.39 1.72 -066  -0.61  31.95 * 177
(4.80) (9.81) (2.34) (0.83) (0.85) (0.06) [6.07]

Japan 3547 269  -1.53 1.72 0.60 -058 3270 ** 325
(5.26) (5.91) (3.05) (0.86) (0.88) (0.08) [6.31]

New Zealand 23.11  14.20 3.73 1.83 1.42 -042 2784 312
(4.36) (744) (.75 (1.02) (1.32) (0.08) [5.77]

Norway 26.50 2.45 0.47 2.24 1.74 -043  27.08 ** 312
(5.66) (4.25) (1.91) (0.77) (0.94) (0.10) [5.96]

Sweden 2294  -1.73 1.80 1.25 1.14 -0.36 2042 312
(5.21) (3.61) (1.61) (0.62) (0.67) (0.09) [6.38]

Switzerland 42.18 9.47 2.23 2.59 -147  -060 3427 ¥ 325

(3.68) (472) (173) (0.66) (0.71) (0.05) [5.67]
United Kingdom 2215 1477 -1.72 225 129  -043 2654 ** 325
3.78) (551) (450) (1.03) (0.61) (0.08) [6.45]

Notes: This table reports country-level results from the following regression:
Aops41 = &+ B(if — i) +y(iff —ir)Carrysq + 6Carrysq + tDollary 1 + p0ps + €141,

where 04 ;11 denotes the change in monthly volatility of the bilateral exchange rate in foreign currency per U.S.
dollar, i} — i; is the interest rate difference between the foreign country and the U.S., Carry,; denotes the dollar-
neutral average change in exchange rates obtained by going long a basket of high interest rate currencies and
short a basket of low interest rate currencies, and Dollar;; corresponds to the average change in exchange rates
against the U.S. dollar. The monthly volatility of the exchange rate is obtained as the standard deviation of the
daily changes in exchange rates. The table reports the constant «, the slope coefficients 8, v, J, T, and p, as well
as the adjusted R? of this regression (in percentage points) and the number of observations N. Standard errors
in parentheses are Newey and West (1987) standard errors computed with the optimal number of lags according
to Andrews (1991). The standard errors for the R%s are reported in brackets; they are obtained by bootstrapping.
W denotes the result of a Wald test: the null hypothesis is that the loadings o and 4 on the conditional and un-
conditional carry factors are jointly zero. Three asterisks (***) correspond to a rejection of the null hypothesis at
the 1% confidence level; two asterisks and one asterisk correspond to the 5% and 10% confidence levels. Data are
monthly, from Barclays and Reuters (Datastream). All variables are in percentage points. The sample period is
11/1983-12/2010.
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Table 18: Changes in Volatilities: Monthly Tests in Developed Countries — Carry and Dollar
Volatilities

o B 0% 0 R? W N

Australia 21.07 0.76 0.30 -0.32 37.88 o 312
(6.88) (0.28) (0.21) (0.11) [6.67]

Canada 4.68 0.33 0.13 -0.12 29.39 b 312
(1.62) (0.07) (0.05) (0.05) [5.82]

Denmark 10.17 1.19 -0.03 -0.16 71.01 e 312
(2.04) (0.08) (0.06) (0.03) [4.29]

Euro Area 14.30 0.93 -0.12 -0.24 43.08 o 143
(4.28) (0.15) (0.09) (0.07) [6.73]

France 8.63 1.37 0.08 -0.14 78.56 i 183
(2.64) (0.09) (0.05) (0.04) [3.96]

Germany 7.06 1.34 0.06 -0.11 83.38 b 183
(2.27) (0.08) (0.03) (0.04) [2.74]

Italy 12.41 1.21 0.13 -0.20 69.52 i 183
(2.52) (0.11) (0.07) (0.04) [5.01]

Japan 26.54 0.66 0.16 -0.42 45.86 o 326
(3.89) (0.12) (0.08) (0.06) [6.15]

New Zealand 22.25 0.35 0.32 -0.32 28.13 * 312
(5.24) (0.21) (0.16) (0.08) [6.50]

Norway 14.44 1.13 0.02 -0.22 53.08 i 312
(6.12) (0.12) (0.04) (0.10) [6.80]

Sweden 11.29 1.09 -0.00 -0.18 53.08 ot 312
(4.22) (0.11) (0.07) (0.07) [5.71]

Switzerland 21.83 1.05 -0.06 -0.32 57.10 o 326
(3.53) (0.11) (0.07) (0.05) [6.41]

United Kingdom 11.47 1.01 0.03 -0.20 57.96 ok 326

(2.48)  (0.09)  (0.05)  (0.05) [6.03]

Notes: This table reports country-level results from the following regression:

A‘TAsi,t+1 =a+ :BAUDollar,tJrl =+ 'YAUCarry,t+1 + P0As,t + €441,

where Aoy, 1 denotes the change in the monthly volatility of the bilateral exchange rate in foreign currency i
per U.S. dollar. Carry;;q denotes the dollar-neutral average change in exchange rates obtained by going long a
basket of high interest rate currencies and short a basket of low interest rate currencies, and Dollar; 1 corresponds
to the average change in exchange rates against the U.S. dollar. Aopgjjay11 and Aocary,t+1 denote the change in
the monthly volatility of the corresponding exchange rate series. The monthly volatility of the exchange rate is
obtained as the standard deviation of the daily changes in exchange rates. The table reports the constant «, the
slope coefficients B, 7, and p, as well as the adjusted R? of this regression (in percentage points) and the number
of observations N. Standard errors in parentheses are Newey and West (1987) standard errors computed with the
optimal number of lags according to Andrews (1991). The standard errors for the R?s are reported in brackets;
they are obtained by bootstrapping. W denotes the result of a Wald test: the null hypothesis is that the loadings
and v on the dollar and carry volatilities are jointly zero. Three asterisks (***) correspond to a rejection of the null
hypothesis at the 1% confidence level; two asterisks and one asterisk correspond to the 5% and 10% confidence
levels. Data are monthly, from Barclays and Reuters (Datastream). All variables are in percentage points. The
sample period is 11/1983-12/2010.
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Figure 3: Measuring Systematic Risk with Factors vs. Individual Exchange Rates

The figure compares R?s obtained with the carry and dollar factors (vertical axis) to those obtained from random univariate regressions of one
exchange rate changes on others (horizontal axis).
Adjusted R?s on the vertical axis correspond to the following regressions:

Asppq = o+ B(iy — i) + y(if — i) Carrypyq + 6Carryq + tDollare g + €441,

where As;, 1 denotes the bilateral exchange rate in foreign currency per U.S. dollar, if — i; denotes the interest rate difference, Carry;,1 denotes
the dollar-neutral average change in exchange rates obtained by going long a basket of high interest rate currencies and short a basket of low
interest rate currencies, and Dollar;,; corresponds to the average change in exchange rates against the U.S. dollar. Dots correspond to point
estimates, while dotted lines represent confidence intervals (defined as one-standard error above and below the point estimates). Standard
errors are obtained by bootstrapping.

Adjusted R%s on the horizontal axis correspond to the following experiment. Each currency i is regressed (in log changes) on a constant and
another currency j (i # j):

ASLrl =a—+ ‘BAs]tJrl + elt’ﬂrl.
Each regression delivers a pair-specific adjusted R-square, denoted R2”. For each currency i, the figure reports the mean of all R? for j# ).

Dots correspond to the mean estimates, while dotted lines represent confidence intervals (defined as one-standard deviation above and below
the mean estimates). Data are monthly. The sample period is 11,/1983-12/2010.
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Figure 4: Carry and Dollar Factors at the Monthly Frequency

The figure presents the time-series of the carry and dollar factors. Data are monthly. The sample period is 11/1983-12/2010.
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Figure 5: Adjusted R?s Estimated on Rolling Windows

The figure plots the adjusted R? in the following regression:
Asii1 = o+ Be(if —ir) + ve(if — i) Carryreq + 8eCarryyq + wDollary 1 + €p41,

where As; 1 denotes the bilateral exchange rate in foreign currency per U.S. dollar, and i} — i#; is the interest rate difference, Carry,;;1 denotes
the dollar-neutral average change in exchange rates obtained by going long a basket of high interest rate currencies and short a basket of low
interest rate currencies, and Dollar;q corresponds to the average change in exchange rates against the U.S. dollar. Data are monthly and
estimates are obtained on rolling windows of 60 months. . The solid line presents the time-varying R?s (R? corresponds to an estimate over
the sample from t — 60 to t). The dotted line corresponds to the estimated value plus or minus one standard deviation of the estimate. This
standard deviation is obtained by bootstrapping the regression above assuming that changes in exchange rates are i.i.d. The dash-dotted line
reports the R? obtained on the full sample. The full sample period is 1/1983-12/2010.
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Figure 6: Twelve-month Returns on Dollar-beta Portfolios and G7 Troughs

The figure presents the cumulative 12-month returns obtained by going long the high dollar beta portfolio and short the low dollar beta
portfolio. The long-short strategy focuses on the global component of the dollar risk factor. The figure also presents the trough dates of the G7
countries’ business cycles established by the OECD. Data are monthly. The sample period is 11/1983-12/2010.
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