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moved against world equity markets. Thus, these currencies should be attractive
to risk-minimizing global equity investors despite their low average returns. The
risk-minimizing currency strategy for a global bond investor is close to a full currency
hedge, with a modest long position in the U.S. dollar. There is little evidence that risk-
minimizing investors should adjust their currency positions in response to movements

in interest differentials.



Internet Appendix for “Global Currency Hedging”*

A. Hedged Portfolio Return

Let R.;+1 denote the gross return in currency c from holding country c stocks
from the beginning to the end of period ¢+ 1, and let S.;;; denote the spot exchange
rate in dollars per foreign currency c¢ at the end of period ¢ 4+ 1. By convention, we
index the domestic country by ¢ = 1 and the n foreign countries by ¢ = 2,...,n+1. Of
course, the domestic exchange rate is constant over time and equal to one: Sy 441 =1

for all ¢.

At time ¢, the investor exchanges a dollar for 1/S.; units of currency ¢ in the
spot market, which she then invests in the stock market of country c. After one
period, stocks from country c return R. 1, which the U.S. investor can exchange for
Sei+1 dollars, to earn an unhedged gross return of R, ;415 41/S.:. For an arbitrarily

weighted portfolio, the unhedged gross portfolio return is given by

Ruh

Dit+

1= th+1wt (St41+Sy),

where w; = diag (w14, wat, ...,wn11¢) 18 the (n+1 x n+ 1) diagonal matrix of weights
on domestic and foreign stocks at time ¢, Ry, 1 is the (n+1 x 1) vector of gross nominal

stock returns in local currencies, Sy is the (n+ 1 x 1) vector of spot exchange rates,



and =+ denotes the element-by-element ratio operator, so that the c-th element of

(St41 +S¢) is Sep41/Sc+- The weights add up to one in each period t:

%1 Wer =1 Vt. (IA.1)

=1
We next consider the hedged portfolio. Let F,; denote the one-period forward
exchange rate in dollars per foreign currency c, and 6., the dollar value of the amount
of forward exchange rate contracts for currency c the investor enters into at time ¢ per
dollar invested in her stock portfolio.! At the end of period ¢ + 1, the investor gets to
exchange 6. /S, units of the foreign currency-denominated return R, ;1w ./ S.+ back
into dollars at an exchange rate F.;. She then exchanges the rest, which amounts to
(Ret41weit/Set — 0ct/Ser) units of foreign currency c at the spot exchange rate S ;41.

Collecting returns for all countries leads to a hedged portfolio return Rﬁt 4 of
Rl =Ry wi (Sip1+S) — O (Sps1 + Sy) + O (Fy + Sy), (IA.2)

where F, is the (n+1x1) vector of forward exchange rates and ®; = (014,024, ..., Ont, Ont1t)
Of course, since Sy; = Fi¢ = 1 for all ¢, the choice of domestic hedge ratio 6, ; is ar-

bitrary. For convenience, we set it so that all hedge ratios add up to one:

n+1

Ql,t - ]. - Z 00715. (IA3)
c=2

Under covered interest parity, the forward contract for currency c trades at F,; =

2
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Set(1+ I14)/(1 + I.:), where I, denotes the domestic nominal short-term riskless
interest rate available at the end of period ¢, and I.; is the corresponding country c
nominal short-term interest rate. Thus, the hedged dollar portfolio return (IA.2) can

be written as
Rl =Ry wi(Sip1+S) — O (Spy1+8) + O, [(1+I) =~ (1+1L)], (IA4)

where I, = (114, Io4..., Int1,) is the (n + 1 x 1) vector of nominal short-term interest

rates and I¢ = 17 ,1.

Equation (IA.4) shows that selling currency forward—that is, setting 6., > 0—is
analogous to a strategy of shorting foreign bonds and holding domestic bonds, that

is, borrowing in foreign currency and lending in domestic currency.?

To capture the fact that the investor can alter the currency exposure implicit in
her foreign stock position using forward contracts or lending and borrowing, we now
define a new variable ¢, as ¥., = wey — 0. A fully hedged portfolio, in which
the investor does not hold any exposure to currency ¢, corresponds to ¢, = 0. A
positive value of 1., means that the investor wants to hold exposure to currency c,
or equivalently that the investor does not want to fully hedge the currency exposure
implicit in her stock position in country c. Of course, a completely unhedged portfolio
corresponds to ¢, = we,. Thus, 9., is a measure of currency demand or currency
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exposure. Accordingly, we refer to 1., as currency demand or currency exposure

indistinctly.
For convenience, we now rewrite equation (IA.4) in terms of currency demands:

Rﬁ,m = Ry w(Sip1+S) — Vew [(Se1 +S) — (1+I)) + (1+1)]

W [(Si1 +S) — (1+TH = (1+1,)], (IA.5)
where ¥, = (wl,t’ Vogseees ¢n+1,t)/-

Note that ¥; = w;1—©;. Given the definition of 1, ,, equations (IA.1) and (IA.3)
imply that

n+1

¢1,t - = ;2 ¢c,ta (IA-G)

or Wil =0, so that v, indeed represents the domestic currency exposure. That
currency demands must add to zero is intuitive. Since the investor is fully invested in
stocks, she can achieve a long position in a particular currency c only by borrowing—
or equivalently, by shorting bonds—in her own domestic currency, and investing the
proceeds in bonds denominated in that currency. Thus, the currency portfolio is a

zero investment portfolio.
B. Log Portfolio Returns Over Short Time Intervals

Assuming log-normality of the hedge returns, the derivation of the optimal ¥
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requires an expression for the log-return on the hedged portfolio, rﬁiﬂlff . We com-

pute this log hedged return as a discrete-time approximation to its continuous-time
counterpart. In order to do this, we need to specify, in continuous time, the return
processes for stocks F.;, currencies X.; and interest rates B.;.We assume that they

all follow geometric brownian motions:

dP.;

P = ppdt+ (op), dWl=,  c=1l.n+1 (IA.7)
dB.
B—’t = ppdt, c=1.n+1 (IA.8)
c,t
dX.
X—: = px.dt+(ox,),dW X, c=1l.n+1, (IA.9)
where W/, WP, and W;* are diffusion processes. }])ZC‘: represents the stock return,

dBe ¢

5. the nominal return to holding a riskless bond from country, and ‘%XX—; the return

to holding foreign currency c.

For notational simplicity, in what follows, we momentarily drop time subscripts

for the standard deviations.

Using Ito’s lemma, the log returns on each asset are given by

dP.; 1

leg Pc,t = T,t — §U?gcdt
dB.; 1

dlog B.; = B 502&6&
dX.; 1

dlog Xoy = — tt - S0kt



Note that, because country 1 is the domestic country, which has a fixed exchange rate

of one, we have dlog X;; = 0. This implies piy, = ox, = 0.

ch,tXc,t

s ot To derive

The domestic currency return on foreign stock is then given by
an expression for this return, we note that the return dynamics above, by standard

calculations, imply

1 1
log Pc,tXc,t = log Pc,OXc,O + (IUPC +px, — 50% - 50?5(6) t

+op, (W= Wie) +ox, (Wi — W5).

Differentiating, and then applying Ito’s lemma, yields

chtXct dpct cht

— = : : dt IA.10
Pc,tXc,t Pc,t + Xc,t + OPCO_XCIOPC’XC ( )
dP.; X. 1
—otel dlog P,y 4 dlog Xo; + = Var, (pes + Tey) dt, (IA.11)
Pc,tXc,t ’ ’ 2 ’ ’

where z.; = dlog X.; and p.; = dlogPF,;. Note that for c=1, the formula does yield

. dP1 X1+ _ dPig dX1,t _ dP1y
the simple stock return as P, = P T, T TP Ox,Pp x,dt = P

A similar calculation yields the following dynamics for the return of the strategy

consisting of holding the domestic bond and shorting the foreign one:

d (Bl,t/Bc,t)

= dlog By — dlog B..;. TA.12
BLt/BC’t g l,t g ,t ( )



The log return on the portfolio, by Ito’s lemma, is

dVi 1 [dV;\?
dlogV, = — — = [ =%
og Vi % (‘/t>’

where we use V; to denote the value of the portfolio.

We can now derive each of the right-hand side terms:

th U APy Xey\ o d(Biy/B.;) <~ dX.,
c —_— 90 We, - 90 etV
CZW ! ctXct CZ ""Bi/Be; Blt/Bct CZ W,t

which follows from our convention regarding the domestic country.

Using expressions (IA.9), (IA.11), and (IA.12) to substitute and moving to matrix

notation, we get

= 1w (P11 +xi41) — O} (xe41 — b + by)

[T'w,diag (Var, (pir1 + X411)) — Ojdiag (Var, x441)] dt

N | —

where py+1 = (dlog P14, dlog Pay...,dlog Pn+17t)/ X1 = (dlog X4, dlog Xoy..., dlog Xn+17t)/,
b? = (dlog Bi4) 1, by = (dlog By, dlog Bay...,dlog B,,11+)', and diag (X) denotes,

for a symmetric (n x n) matrix X, the (n x 1) vector of its diagonal terms.



Then,

dv 2 / /
<—t) = Var, [T'w; (Pry1 + Xe1) — Of (xe1 — b +by) ] dt + o (dt)

1w, Var, (Pt + Xeq1) Wil
= —21'w; covy (Prs1 + Xet1, Xe1 — bY + by) O, dt + o (dt).

+®/wt Vart (Xt+1 — bg + bt) ®t

So, finally,
dlogV; = 1'w; (P41 +Xe41) — O (Xt+1 —bf+ bt) (IA.13)
1 . .
+§ [1'widiag (Var; (pe1 + Xe11)) — ©jdiag (Vary xq11)] dt

1
—5 Var, [V'w; (Pre1 + Xe41) — O] (x¢1 — bY +by)] dt + o (dt)

We can now get the approximation for 7}};,1; 41 by computing the previous expression
for dt = 1, replacing dlog X.; = Asc41, dlogP.; = 7411, and dlogB.; = i.;, and
neglecting the higher-order terms. Noting, for any variable, z;, the (n + 1 x 1) vector
(214, 22,4--Zn+1,t) , this is equivalent to replacing in equation (1 A.13) peiq by rei1, Xesq

by AS,H_l, b;i by ig, a.nd bt by it:

d . 1
rﬁytﬂ ~ 1w (ri + Asiy) — O] (Ast+1 — il + 1t) + 52?,



where X', | is equal to

yh = 1wdiag (Var, (vie1 + Asyyy)) — Oldiag (Var, As,y;)
— Var, [1/wt (tiy1 + Asyy) — O <A5t+1 - i? + it)} 5
where, for any variable z, z, denotes the vector of country observations (2 , z27t...zn+17t)’

and small case letters denote logs in the following fashion: r.:v1 = log (Rei11),

sir1 = log (Sit1) , 14 = log (1 + Ii;)1 and iy = log (1 + I.;) .

We can now rewrite the portfolio return as a function of ¥, by substituting for

®,. This yields

; : . . 1
Tz,t-&-l = 1w, (I't+1 +id — lt) + W, (Astﬂ — il lt) + 521’;
' : . . 1
= if, + Vo, (rpg1 — 1) + O} (Asyyq — 1) +1y) + 52?’

where

E? = ]_/wt dlag (Vart (rt+1 + ASt+1)) — (—‘I’t =+ wt]_)/ dlag (Vart (ASH_1®A14)

— Vart (1/wt (rt+1 =+ ig — it) =+ ‘I’; (Ast+1 — ig —+ it)) .



C. Equivalence Between Forward Contracts and Foreign Currency Borrowing and

Lending

With the same notation and assumptions as above, when the investor uses forward

contracts to hedge currency risk, the portfolio return is
Rypin = Ripwi (Si1 +8)) = O [(Se1 + 81) = (1+T)) + (1+ 1)

Another natural view is one in which the investor borrows in foreign currency and

lends in domestic currency to hedge currency risk. Then, the portfolio return is then
RP L =Ry wi(Sip1+S) — O (Sir1 = S) (1+ 1) + 0 (1 + 1))

Thus, with V;2L the value of the portfolio with borrowing and lending, we have in

continuous time:

dv,B- G dPuXet\ =, dXeiBor <~ dBu
%BL - ZWCt ctXct CZ@Ct ctht CZ@Ct

n+1
1
= ) wes <log Pey +log Xy + 5 Vary (pe + 2ce) dt>

c=1
n+1

— Z Oct <log (Xet) +log (Bey) + = Vart (wer) dt)

c=1
n+1

+ Z @c,t log (Bl,t)

c=2
1 .
= ]-/wt (pt+1 —+ Xt+1) — @/ (Xt+1 + bt — bf) + Ellwt dlag Vart (pt+1 + Xt+1> dt

1
_56’ diag Var; (x441) dt,
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and

dv,Ph\?
< VtBL ) = Var, (@} (Pe1 +Xi41) — ©' (X1 + by — bY)) dt + o (dt).
t

Therefore,

d‘/;BL 1 (d‘/;BL > 2

dlog VPt = —— -~ —L—
3 V;BL 2 VtBL

1 .
= W (Prr1 +X41) — © (Xt+1 + b — b?) + 5‘*’2 diag Var (pey1 + Xeq1) dt
1
—56' diag Var; (x;41) dt

1
—5 Vart ((.0:5 (pt+1 + Xt—l—l) - 9/ (Xt+1 + bt - b?)) dt +o0 (dt) .

We now go to the limit of dt =1 and get

. 1
TpB7tL+1 ~ ]_/Ldt (I't+1 + ASH_1> — @l (Ast+l + 1 — l;l) + 52?

h
Tpt+1-
D. Mean-Variance Optimization

D.1. Unconstrained Hedge Ratio

In the general case, 7!, | —if , = Vw, (rp41 — i) + V) (Asyq — if + i) + 357, and
the Lagrangian is

£<\Tz> -

(1 — /\) Vart |:]_/wt (rt+1 — it) =+ \I}; (Ast+1 — i;i + it):|

DN | —

. ) . 1
+A [MH — B (Vwy (rp01 — 1) + 0 (Aspq — i + 1)) — 521’} .
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Substituting for ¥ using equation (IA.14), this expression is equivalent to

- 1
£(¥) = 5 Var (Vo (rn =) + W) (A — if +i0))
+/\ [,UH — B (]—/wt (I‘H_l — it> — \I/; (Ast—i-l — i;l + it))i|

A . .
-3 [1’wt diag (Var, (ri1q + Asiq)) — (w1 — U,) diag (Var, (Astﬂ))}

£(¥) = %Vart (W) (Asiy — i +10)) = AE (V) (Asiy — i + 1))
—%\I/; diag (Var; (As;11))
+covy (Vw (rpsn — 1), W) (Aspyr — if +1))
% Var, (Tw; (ts1 — 1) = AEy (Tw; (rpsy — 1)
—|—%1’wt [diag (Var, (As.y1)) — diag (Var, (re1 + Asgyr))]

+A\g

o N rem
£ (\IJ) = 5\112 VaI't (ASH_l — lf + lt) \I}t - /\\Ij;

+% dlag (Vart (Ast+1>>

+ covy (1’wt (rep1 — 1), (Ast+1 —id 4 it)) v,
+K (N,
where
K = g+ %Vart (Ywi (1 —1r)) = AE: (Vwy (41 — 1))
+%1’wt [diag (Var; (As;y1)) — diag (Var; (ryq1 + Asipr))]
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Note that K ()) is independent of W,.

Now we need to solve only for \Ift, as ¥y, the demand for domestic currency, is
given once the other currency demands are determined. We rewrite the Lagrangian

in terms of \Ift:

~ 1N/ — ~d ~\ =~ =, Et (Kst+1 _’i/g +i>
£ <\I}> = E\Ijt Vart <ASt+1 — L + lt> \Ijt — /\\Ijt
—i—% diag <Vart <Ast+1>>
+ covy (1/4% (Tep1 —iy), <Kst+1 —ii +i>> U,

+K (V).

The F.O.C. gives the following expression for the optimal U,

0 = cov <1/wt (T —1y), <Kst+1 —ii +L>>

— o N~ — - 1 —
+ Var, <Ast+1 iy it> T: -\ {Et (Ast+1 — i it> + 5 diag <Vart <Ast+1>>] .
Finally, the optimal vector of currency demands is

~ — o~ — ~ 1 —
T:(\) = AVar! (Asm—i;l +it> [Et <Ast+1—if +it>—i—§diag (VartAstH)]

—Vart_l <K5t+1 _fi/;i +i> |:COVt <1/wt (rt+1 — it) y <Kst+1 —fi/;l +i>>] .

13



D.2. Constrained Hedge Ratio

In the case where W, = 1,1 (where 1 denotes an n x 1 vector of ones), we let ¢}

be the optimal scalar constrained hedge ratio and we have

1 o, —~ 5 T\~ ~, Ex (Xst+1 —Tfl +Tt>
£(,) = 5%1 Var, <A5t+1 -1 + 1t> 1-— 1 N
+% dlag <Vart <ASt+1>>

+1), covy <1/wt (rep1 —1p), <K5t+1 —ii +i>> 1

+K (N)

and

AT [Et (Kst+1 Y +i) + 1 diag (Vart (Xst+1))]
’]\.// Vart <KSH_1 —fi/gl +i> I
Covy <1’wt (T — 1p) (Kst-H —if +Tt>> 1

I/ Vart <Kst+1 _Tgl +Tt> EIV-

vy =

In this case, 1y can equivalently be written in terms of the full matrices:

A [E; (Aspyr —if +1i;) + 5 diag (Var, (Asiq))]
1’ Vart (Ast—l-l — i;i + it) 1
1 COV¢ (Wt (rt+1 — it) y (Ast+1 — ig + it)) 1
1’ Var; (AstH —i¢ + it) 1 '

14



This case corresponds to a domestic investor hedging the same ratio of his foreign

stock holdings for all foreign currencies.
E. Invariance of Optimal Currency Demand With Respect to Base Country

In the system of n? bilateral exchange rates, there are really only n free parameters
as all exchange rates can be backed out of the n bilateral rates for one base domestic
country. We use this fact to show that, for a portfolio of stocks from the n + 1
countries in our model, the optimal hedge ratios on stocks from country ¢, ¥7*, is the
same for any base country j. Let us now use the subscript j to index the domestic

country.

We assume for this derivation that weights on international stocks are the same
for investors from all countries so that w{ = wy. In terms of our empirical tests, this
result will hence apply to the cases of an equally weighted or a value weighted world
portfolio, in which weights do not vary with the base country. They do not hold for

a home biased porftolio, in which weights vary with base country by definition.

Let us think of country 1 as our base country, and write the optimal vector of

foreign currency demand assuming that A\’ = 0 for all values of j. We have

15



~ —~1 ~ ~\ —1 —~1 ~
1% .17d 1 / . ".‘17d 1
v, = — Var (A5t+1 — ;" 4 zt) [covt (1 wy (repr — 1) , Asyy — 4" + ztﬂ

= — Var (5,51“)_1 [COVt (y;ﬁp 51:1+1)] )

1 1 ld o1 W q :
where z;,; = As; — i, +ip and y/ = Vw, (v — i)

Now, let us consider exchange rates from the perspective of country 2. By defini-

tion of the exchange rate between countries 1 and 2, it follows that s7,, ; = —s/,,,.

Also, by definition of the exchange rates, S7,; 5 units of currency 2 can be ex-
changed into one unit of currency 3. And one unit of currency 3 is equivalent to
Sty15 units of currency 1, which is equivalent to S}, 3/S/,,, units of currency 2.
So, the absence of arbitrage implies the equality: S7,,35 = S};3/S} 1, In logs,
S7113 = St11.3 — St11.2- More generally, the following equality can be derived from the

absence of arbitrage:

2 .1 1 .
St+1,c = St+1,c T St+1,2 c=3..n+1.

~2 ~1
In matrix notation, this amounts to a linear relationship between As, ; and As,_;:

—~2 —1
Asy = Ay Asyy,
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where

-1 0 0
-1 1 0
Ar=1 101 0
-1 0 0 0
-1 0 0 1
Given our notation,
“1.d 1 . . . . . /
L, -1, = (Zt,z — 1,03 — U1, - Unt+l Z1:,1)
and
“2.d By s . . . . . /
1, —1; = (Zt,l 0,2, %3 7 1,2y -5 btpt1l — Zt,2)

It follows that ¢ — 12 = A (ii’d - i%) .
Similarly, we have the following linear relationship between X7, and X} ;:
X7 = A%}, . (IA.15)

Let us substitute equation (IA.15), the formula for X7, into the formula for the

optimal hedge ratio given in the article. We use the properties of matrix second
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moments, that is, Var (AX) = AVar (X) A, and cov(AX,Y) = Acov (X,Y), and
the property of inverse matrices, that is, (AB)_1 = B 'A-'. Also, we note that

Ay = (Ay)7" and (A4,) " = A}. Substitution yields
= 0 ~9 -1 ~
‘I'%M = — Var, (X?H) [COVt (ytVKp X?+1)}

= - (Aé)_l Var, <§1}+1)_1 (A2>_1 [A2 Covy <§t1+1v YK/H”

\TI%*M ()\2) = — (/1’2)_1 Var, (iiﬂ)_l CoVvy <§t1+17 yf_VH)

U = AW,

We write out the vector W%, :

~ n+1
2% __ 1% 1x 1x 1%
l];’RM - (_ Z \ch J\Ij?) 7\114 7"7\Ijn+1) :

c=2
ntl nt1 -
Given the property that > W/* =1 for j = 1.n+1, ¥{* = — > Ul* 50 that ¥%,, =
=1 =2
c c it
(Ui, Wi, W), .., ¥, ). Applying this same property twice, U3 = — Y ¥ =
c#£2

n+1
— 3 Ul = Wl so that W%, = (U1, Wl Wi Ul Wl ) = Uk Finally, the
c#£2

vector of optimal currency positions is the same for investors based in country 2 as

that for country 1 investors.
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Similar results hold for j = 3..n + 1, where

1 -1 0
0 -1 0

As=1|[0 -1 1 0 ,
0 0 0
0 -1 0 1

A= 00 -1 0 .|

etc.

This analysis justifies dropping the base-country subscript j and interpreting the
n+1 !
(n+1 x 1) vector ¥* = (— STOUle Wl gl \II}LL) as a common vector of foreign
c=2

currency demands that is independent of the country of origin.

A situation in which investors from all countries are hedged perfectly corresponds

to ¥* = (0,0, ..,0)".

A situation in which investors from country 1 are not hedged at all corresponds

19



to ¥* = (—1,w},wh..,wl ;). That is, investors from country i undo the hedge of the
fully hedged portfolio by taking long positions in each foreign currency proportional
to the weight of each foreign country in their stock portfolio. (The perfectly hedged
portfolio obtains by shorting each foreign currency by that same amount.) They need

to borrow one unit of domestic currency to finance that.

Finally, note that this proof relies on the fact that all relevant exchange rates for
an investor in a given base country are linear combinations of the relevant exchange
rates for each other base country. In other words, the assumption is that all investors

optimize over the same set of currencies.
F. Computation of Sharpe Ratios

Table A14 reports in-sample Sharpe ratios generated by the set of currency hedging
strategies for global portfolios of stocks and bonds considered in the paper. The
denominator of the Sharpe ratio is given by the standard deviations of log portfolio

returns reported in Table VII of the main text.

The numerator of the Sharpe ratio is given by the log of the mean gross return
on each of the portfolios. We compute a time series of gross returns for each strategy
using equation (IA.5), where ¥, is resplaced by the vector of fixed or time-varying
currency demands that corresponds to each currency hedging strategy—for example,

20



W, is a vector of zeroes for the “Full Hedge”strategy. Next, we average the time series

of gross returns, and take the natural log of the arithmetic mean.

Thus, our Sharpe ratio is computed as

log (E [RZ,HJ )

Var (rgt +1)

Y

which under high frequency returns or under lognormality is equivalent to

E [Tziol,tﬂ} + %Var (T;}vl,tﬂ)

Var (rﬁt 1)

21



Internet Appendix Endnotes

* Internet Appendix for Campbell, John Y., Karine Serfaty-de Medeiros, and Luis
M. Viceira, Global currency hedging, Journal of Finance [-volume-|, [-pages-], Inter-
net Appendix http://www.afajof.org/IA/[year|.asp. Please note: Wiley-Blackwell is
not responsible for the content or functionality of any supporting information sup-
plied by the authors. Any queries (other than missing material) should be directed

to the authors of the article.

1. That is, at the end of month ¢, the investor can enter into a forward contract
to sell one unit of currency c at the end of month ¢ + 1 for a forward price of F,,

dollars.

2. Note, however, that the two strategies are not completely equivalent except in
the continuous time limit. We show in Internet Appendix B that, in continuous time,

the two strategies are exactly equivalent.
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Table Al
Currency return correlations

Euroland Australia Canada  Japan  Switzerland UK us
Base country: Euroland
Euroland .
Australia . 1.00
Canada . 0.70 1.00
Japan . 0.35 0.35 1.00
Switzerland . -0.09 -0.11 0.20 1.00
UK . 0.31 0.34 0.24 -0.02 1.00
us . 0.63 0.87 0.40 -0.07 0.38 1.00
Base country: Australia
Euroland 1.00
Australia . .
Canada 0.53 . 1.00
Japan 0.67 . 0.46 1.00
Switzerland 0.92 . 0.47 0.69 1.00
UK 0.78 . 0.51 0.59 0.72 1.00
us 0.59 . 0.85 0.55 0.54 0.58 1.00
Base country: Canada
Euroland 1.00
Australia 0.23 1.00
Canada . . .
Japan 0.59 0.25 . 1.00
Switzerland 0.91 0.20 . 0.62 1.00
UK 0.71 0.24 . 0.50 0.65 1.00
uUs 0.32 0.11 . 0.35 0.31 0.34 1.00
Base Country: Japan
Euroland 1.00
Australia 0.46 1.00
Canada 0.55 0.74 1.00
Japan . . . .
Switzerland 0.87 0.33 0.39 . 1.00
UK 0.72 0.49 0.56 . 0.60 1.00
us 0.55 0.67 0.90 . 0.41 0.58 1.00
Base Country: Switzerland
Euroland 1.00
Australia 0.47 1.00
Canada 0.52 0.77 1.00
Japan 0.31 0.46 0.47 1.00
Switzerland . . . . .
UK 0.56 0.49 0.53 0.37 . 1.00
us 0.51 0.71 0.91 0.51 . 0.55 1.00
Base Country: UK
Euroland 1.00
Australia 0.35 1.00
Canada 0.42 0.71 1.00
Japan 0.50 0.42 0.44 1.00
Switzerland 0.84 0.25 0.30 0.52 1.00
UK . . . . . .
uUs 0.42 0.64 0.88 0.48 0.32 . 1.00
Base Country: US
Euroland 1.00
Australia 0.26 1.00
Canada 0.18 0.43 1.00
Japan 0.55 0.25 0.10 1.00
Switzerland 0.90 0.21 0.12 0.58 1.00
UK 0.69 0.25 0.14 0.44 0.61 1.00

uUs

Note. This table presents cross-country correlations of foreign currency log excess returns s +ic.-ig;, Where d indexes the base
country. Correlations are presented separately for investors from each base country. They are computed using monthly returns.



Table A2
Optimal currency exposure for an equally-weighted global equity portfolio: single-
currency case

Currency
Base country - -
Euroland Australia Canada Japan Switzerland UK us
Euroland -0.37*** -0.45%** -0.25%** 0.28* -0.30*** -0.33***
(0.09) (0.10) (0.07) (0.15) (0.09) (0.11)
Australia 0.37*** 0.02 0.14* 0.33*** 0.21** 0.16**
(0.09) (0.08) (0.07) (0.07) (0.09) (0.08)
Canada 0.45*** -0.02 0.15* 0.38*** 0.25** 0.55%**
(0.10) (0.08) (0.09) (0.09) (0.11) (0.16)
Japan 0.25%** -0.14* -0.15* 0.32%** 0.05 -0.06
(0.07) (0.07) (0.09) (0.08) (0.06) (0.09)
Switzerland -0.28* -0.33*** -0.38*** -0.32%** -0.29%** -0.30***
(0.15) (0.07) (0.09) (0.08) (0.07) (0.09)
UK 0.30*** -0.21** -0.25** -0.05 0.29*** -0.13
(0.09) (0.09) (0.11) (0.06) (0.07) (0.11)
us 0.33*** -0.16** -0.55%** 0.06 0.30*** 0.13
(0.11) (0.08) (0.16) (0.09) (0.09) (0.11)

Note. This table considers an investor holding a portfolio composed of stocks from all countries, with equal weights, who
chooses a position in one foreign currency at a time to minimize the variance of his portfolio. Rows indicate the base
country of the investor, columns the currencies used to manage risk.

Cells of Panel A are obtained by regressing the excess return to the global equity portfolio onto the excess return of the
column country currency to an investor based in the row country. All regressions include an intercept.

Reported currency positions are the amount of dollars invested in foreign currency per dollar in the portfolio.

We run monthly regressions on overlapping quarterly returns. Standard errors are corrected for auto-correlation due to
overlapping intervals using the Newey-West procedure.



Table A3

Optimal currency exposure for an equally-weighted global equity portfolio: multiple-
currency case

. . Currency
Time horizon - -
Euroland Australia Canada Japan Switzerland UK us
Panel A : 7 country optimization
1 month 0.17 -0.16 -0.61* -0.11 0.23 -0.11 0.60*
(0.15) (0.11) (0.14) (0.07) (0.12) (0.08) (0.15)
2 months 0.29 -0.13 -0.63* -0.19* 0.26 -0.11 0.51*
(0.15) (0.09) (0.15) (0.07) (0.13) (0.09) (0.15)
3 months 0.32 -0.11 -0.61* -0.17 0.27 -0.10 0.40*
(0.17) (0.09) (0.16) (0.09) (0.15) (0.12) (0.18)
6 months 0.20 -0.05 -0.38 -0.25* 0.35 -0.06 0.19
(0.26) (0.14) (0.25) (0.12) (0.20) (0.16) (0.28)
12 months -0.20 0.21 -0.22 -0.41* 0.67* -0.20 0.15
(0.40) (0.20) (0.36) (0.17) (0.30) (0.21) (0.37)
Panel B : 5 country optimization
1 month 0.37* -0.29* -0.08 -0.10 0.11
(0.11) (0.12) (0.07) (0.08) (0.08)
2 months 0.50* -0.27* -0.15* -0.09 0.01
(0.11) (0.09) (0.07) (0.09) (0.12)
3 months 0.56* -0.27* -0.14 -0.09 -0.06
(0.11) (0.10) (0.08) (0.11) (0.14)
6 months 0.53* -0.21 -0.21* -0.02 -0.09
(0.14) (0.13) (0.10) (0.15) (0.18)
12 months 0.44* 0.05 -0.34* -0.16 0.01
(0.19) (0.17) (0.15) (0.19) (0.22)

Note. This table considers an investor holding a portfolio composed of stocks from all countries, with equal weights,
who chooses a vector of positions in all available foreign currencies to minimize the variance of his portfolio. In this
case, the optimal currency positions do not depend on the investor's base country.

Rows indicate the time-horizon T of the investor, columns the currencies used to manage risk.

Rows are obtained by regressing the excess return on the global equity portfolio onto the vector of all foreign currency
excess returns. All regressions include an intercept. All returns considered are at the row time-horizon.

Reported currency positions are the amount of dollars invested in foreign currency per dollar in the portfolio.

We run monthly regressions on overlapping T-months returns, T varying from 1 month to 12 months. Standard errors
are corrected for auto-correlation due to overlapping intervals using the Newey-West procedure.



Table A4
Subperiod analysis
Equally-weighted global equity portfolio: multiple-currency case

. ) Currency
Time horizon - -
Euroland Australia Canada  Japan  Switzerland UK us

Panel A : 7 country optimization

Subperiod I : 1975-1989

1 month 0.15 -0.11 -0.73%** -0.06 0.08 -0.06 0.73***
(0.20) (0.16) (0.23) (0.12) (0.13) (0.12) (0.24)

3 months 0.14 -0.05 -0.63** -0.20 0.22 -0.09 0.62*
(0.21) (0.12) (0.26) (0.14) (0.18) (0.15) (0.35)

12 months -0.62 0.23 -0.15 -0.31 0.57* -0.04 0.33
(0.45) (0.22) (0.61) (0.23) (0.33) (0.23) (0.61)

Suberiod Il : 1990-2005

1 month 0.10 -0.25** -0.49%** -0.15 0.51* -0.20 0.48**
(0.27) (0.12) (0.18) (0.09) (0.23) (0.13) (0.18)

3 months 0.44 -0.17 -0.65*** -0.08 0.37 -0.12 0.22
(0.28) (0.14) (0.21) (0.10) (0.23) (0.14) (0.19)

12 months 0.56 -0.17 -0.31 -0.23 0.47 -0.22 -0.11
(0.52) (0.29) (0.37) (0.23) (0.49) (0.25) (0.37)

Panel B : 5 country optimization

Subperiod | : 1975-1989

1 month 0.21 -0.22 -0.06 -0.06 0.13
(0.19) (0.16) (0.12) (0.12) (0.10)

3 months 0.35** -0.15 -0.15 -0.10 0.05
(0.17) (0.11) (0.11) (0.15) (0.20)

12 months -0.10 0.14 -0.20 -0.02 0.18
(0.22) (0.20) (0.15) (0.21) (0.24)

Suberiod Il : 1990-2005

1 month 0.56*** -0.40%** -0.08 -0.20* 0.12
(0.12) (0.12) (0.08) (0.11) (0.13)

3 months 0.79*** -0.47%** -0.06 -0.11 -0.15
(0.13) (0.12) (0.11) (0.13) (0.17)

12 months 1.02%** -0.40* -0.22 -0.20 -0.20
(0.21) (0.23) (0.19) (0.25) (0.32)

Note. This table replicates Table 5 for two subperiods, respectively extending from 1975:7 to 1989:12 and from
1990:1 to 2005:12. Time horizons include 1, 3 and 12 months only.



Table A5

Optimal currency exposure for a value-weighted global equity portfolio: multiple-
currency case

) . Currency
Time horizon - .
Euroland Australia Canada Japan  Switzerland UK us
Panel A : 7 country optimization
1 month 0.13 -0.09 -0.70*** -0.13* 0.22* -0.09 0.66***
(0.17) (0.10) (0.15) (0.08) (0.13) (0.08) (0.15)
2 months 0.22 -0.07 -0.73*** -0.22%** 0.26* -0.06 0.60***
(0.16) (0.09) (0.15) (0.08) (0.13) (0.09) (0.16)
3 months 0.22 -0.04 -0.76%** -0.23** 0.30** -0.03 0.55%**
(0.17) (0.09) (0.17) (0.10) (0.15) (0.11) (0.19)
6 months 0.11 0.01 -0.60*** -0.32** 0.39** 0.03 0.39
(0.24) (0.14) (0.22) (0.12) (0.19) (0.15) (0.26)
12 months -0.29 0.25 -0.49 -0.46** 0.72*%* -0.09 0.36
(0.39) (0.22) (0.36) (0.18) (0.30) (0.21) (0.37)
Panel B : 5 country optimization
1 month 0.29*** -0.25%** -0.08 -0.08 0.12
(0.11) (0.09) (0.07) (0.08) (0.09)
2 months 0.42%** -0.25** -0.16** -0.05 0.04
(0.11) (0.10) (0.08) (0.09) (0.11)
3 months 0.46*** -0.24** -0.17* -0.03 -0.03
(0.11) (0.10) (0.09) (0.11) (0.14)
6 months 0.45*** -0.20 -0.24** 0.06 -0.07
(0.13) (0.13) (0.12) (0.15) (0.18)
12 months 0.39* 0.01 -0.32** -0.08 0.00
(0.20) (0.20) (0.16) (0.21) (0.23)

Note. This table considers an investor holding a portfolio composed of stocks from all countries, with constant value
weights (reflecting the end-of-period 2005:12 weights as reported in Table 7), who chooses a vector of positions in all
available foreign currencies to minimize the variance of his portfolio. In this case, the optimal currency positions do not

depend on the investor's base country.

Rows indicate the time-horizon T of the investor, columns the currencies used to manage risk.
Rows are obtained by regressing the excess return on the global equity portfolio onto the vector of all foreign currency

excess returns. All regressions include an intercept. All returns considered are at the row time-horizon.

Reported currency positions are the amount of dollars invested in foreign currency per dollar in the portfolio.
We run monthly regressions on overlapping T -months returns, T varying from 1 month to 12 months. Standard errors are

corrected for auto-correlation due to overlapping intervals using the Newey-West procedure.



Table A6
Optimal currency exposure for a home-biased global equity portfolio: single and
multiple currency cases

Currency
Base country X -
Euroland Australia Canada Japan  Switzerland UK us
PANEL A : Single currency
Euroland -0.40%** -0.52%** -0.31%x* 0.34* -0.32%** -0.45%**
(0.10) (0.12) (0.08) (0.18) (0.11) (0.13)
Australia 0.37*** 0.09 0.16* 0.31*** 0.17 0.25**
(0.10) (0.11) (0.09) (0.09) (0.12) (0.10)
Canada 0.42%** -0.01 0.12 0.35*** 0.17 0.88***
(0.10) (0.10) (0.09) (0.09) (0.12) (0.19)
Japan 0.31*** -0.09 -0.08 0.35*** 0.15* 0.02
(0.10) (0.09) (0.10) (0.10) (0.08) (0.11)
Switzerland -0.45%+* -0.35%** -0.42%+* -0.29%** -0.29%** -0.38***
(0.15) (0.08) (0.09) (0.09) (0.08) (0.10)
UK 0.25** -0.24* -0.30*** -0.10 0.25%** -0.21*
(0.11) (0.10) (0.12) (0.07) (0.09) (0.12)
usS 0.23** -0.14* -0.71%x* -0.01 0.22** 0.11
(0.12) (0.08) (0.16) (0.09) (0.09) (0.12)
Panel B : Multiple currencies at once
Euroland 0.36 -0.08 -0.50** -0.20* 0.33* -0.08 0.17
(0.23) (0.12) (0.21) (0.12) (0.18) (0.13) (0.22)
Australia 0.47** -0.16 -0.68*** -0.14 0.15 -0.24* 0.60***
(0.20) (0.12) (0.17) (0.11) (0.19) (0.15) (0.22)
Canada 0.30 -0.05 -0.94xx* -0.22** 0.31 -0.23* 0.83***
(0.20) (0.10) (0.21) (0.10) (0.20) (0.13) (0.21)
Japan 0.34* -0.14 -0.63*** -0.25** 0.20 0.01 0.48**
(0.17) (0.13) (0.21) (0.12) (0.16) (0.12) (0.21)
Switzerland 0.14 -0.12 -0.35* -0.07 0.37** -0.02 0.04
(0.21) (0.09) (0.19) (0.12) (0.17) (0.13) (0.21)
UK 0.30 -0.11 -0.56*** -0.20** 0.28 -0.02 0.30
(0.21) (0.10) (0.19) (0.09) (0.18) (0.13) (0.20)
us 0.15 0.00 -0.83%** -0.22** 0.30* -0.03 0.62***
(0.18) (0.09) (0.17) (0.09) (0.15) (0.11) (0.19)

Note. This table considers an investor holding a home-biased portfolio of global equity. The portfolio is constructed
by assigning a 75% weight to the home country of the investor, and distributing the remaining 25% over the four other
countries according to their value weights. The investor chooses a foreign currency position to minimize the variance
of his portfolio. Panel A allows the investor to use only one foreign currency. Panel B allows her to choose a vector of
positions in all available foreign currencies. Rows indicate the base country of the investor, columns the currencies
used to manage risk.

Cells of Panel A are obtained by regressing the excess return on the row country home biased global equity portfolio
onto the excess return on the column country currency. Rows of Panel B (excluding diagonal terms) are obtained by
regressing the excess return on the row country portfolio on the vector of all foreign currency excess returns. All
regressions include an intercept. Diagonal terms in Panel B are obtained by computing the opposite of the sum of
other terms and the corresponding standard deviation.

Reported currency positions are the amount of dollars invested in foreign currency per dollar in the portfolio.

We run monthly regressions on overlapping quarterly returns. Standard errors are corrected for auto-correlation due
to overlapping intervals using the Newey-West procedure.



Table A7
Optimal currency exposure for single-country bond portfolios: single and multiple
currency cases

Currency
Bond market - -
Euroland Australia Canada Japan  Switzerland UK us
Panel A : Single currency
Euroland 0.04 0.05 -0.03 -0.02 0.09** 0.06*
(0.03) (0.03) (0.04) (0.06) (0.04) (0.04)
Australia -0.02 0.04 0.00 -0.01 0.02 0.06
(0.05) (0.07) (0.05) (0.05) (0.04) (0.05)
Canada -0.07 0.12** -0.07 -0.08* -0.07 0.24***
(0.05) (0.05) (0.05) (0.04) (0.06) (0.08)
Japan 0.05 0.09** 0.14*** 0.01 0.10** 0.16***
(0.05) (0.04) (0.05) (0.05) (0.05) (0.05)
Switzerland 0.08 0.02 0.05 -0.02 0.09** 0.05
(0.07) (0.02) (0.03) (0.04) (0.04) (0.03)
UK 0.22%** 0.07** 0.11** 0.02 0.13*** 0.12%**
(0.05) (0.04) (0.05) (0.04) (0.05) (0.04)
us -0.21%** 0.03 -0.21** -0.15%** -0.18*** -0.09*
(0.05) (0.05) (0.09) (0.05) (0.04) (0.05)
Panel B : Multiple currencies
Euroland -0.10 0.01 -0.01 -0.07* 0.03 0.08* 0.07
(0.08) (0.03) (0.07) (0.04) (0.07) (0.05) (0.06)
Australia -0.13 -0.02 -0.07 0.00 0.03 0.06 0.14
(0.15) (0.08) (0.13) (0.06) (0.12) (0.07) (0.10)
Canada 0.03 0.18*** -0.35*** -0.08 -0.08 -0.07 0.36%**
(0.12) (0.05) (0.11) (0.06) (0.12) (0.08) (0.08)
Japan -0.05 -0.02 0.00 -0.12* -0.07 0.07 0.18*
(0.10) (0.05) (0.10) (0.06) (0.08) (0.05) (0.09)
Switzerland -0.03 -0.03 0.05 -0.06 -0.04 0.10** 0.01
(0.08) (0.04) (0.08) (0.05) (0.08) (0.05) (0.07)
UK 0.28** 0.01 -0.05 -0.10 -0.04 -0.23%** 0.13
(0.13) (0.06) (0.14) (0.06) (0.12) (0.06) (0.10)
us -0.22* 0.19%** -0.30* -0.10 -0.02 0.09 0.36***
(0.11) (0.06) (0.12) (0.06) (0.09) (0.07) (0.09)

Note. This table considers an investor holding a portfolio composed of long-term bonds from his own country, who
chooses a foreign currency position to minimize the variance of his portfolio. Panel A allows the investor to use only
one foreign currency. Panel B allows her to choose a vector of positions in all available foreign currencies. Rows
indicate the bond being held (as well as the base country), columns the currencies used to manage risk.

Cells of Panel A are obtained by regressing the hedged excess return to the row country bond onto the excess return
on the column country currency. Rows of Panel B (excluding diagonal terms) are obtained by regressing the excess
return to the row country stock bond onto the vector of all foreign currency excess returns. All regressions include an
intercept. Diagonal terms in Panel B are obtained by computing the opposite of the sum of other terms in the same row
and the corresponding standard deviation.

Reported currency positions are the amount of dollars invested in foreign currency per dollar in the portfolio.

We run monthly regressions on overlapping quarterly returns. Standard errors are corrected for auto-correlation due to
overlapping intervals using the Newey-West procedure.



Table A8

Optimal currency exposure for an equally-weighted global bond portfolio: multiple-
currency case

. . Currency
Time horizon
Euroland Australia Canada  Japan Switzerland UK us
Panel A : 7 country optimization
1 month 0.02 0.00 -0.12* -0.06* -0.04 -0.01 0.22*
(0.05) (0.02) (0.05) (0.03) (0.04) (0.03) (0.05)
2 months -0.01 0.03 -0.14* -0.08* -0.03 0.00 0.23*
(0.07) (0.03) (0.06) (0.03) (0.05) (0.04) (0.05)
3 months -0.03 0.04 -0.10 -0.07 -0.03 0.01 0.18*
(0.07) (0.04) (0.08) (0.04) (0.07) (0.05) (0.06)
6 months -0.08 0.13* -0.05 -0.10 0.00 0.06 0.05
(0.11) (0.05) (0.10) (0.06) (0.10) (0.07) (0.08)
12 months -0.26 0.17 0.03 -0.11 0.11 0.14 -0.08
(0.17) (0.09) (0.16) (0.08) (0.13) (0.11) (0.11)
Panel B : 5 country optimization
1 month -0.02 -0.03 -0.07* -0.01 0.13*
(0.03) (0.02) (0.03) (0.03) (0.03)
2 months -0.04 -0.01 -0.09* -0.01 0.15*
(0.04) (0.03) (0.03) (0.03) (0.04)
3 months -0.06 0.01 -0.08 0.01 0.11*
(0.05) (0.03) (0.04) (0.05) (0.04)
6 months -0.08 0.11* -0.10 0.06 0.01
(0.08) (0.04) (0.06) (0.07) (0.06)
12 months -0.14 0.18* -0.10 0.12 -0.06
(0.12) (0.06) (0.07) (0.11) (0.07)

Note. This table considers an investor holding a portfolio composed of bonds from all countries, with equal weights,
who chooses a vector of positions in all available foreign currencies to minimize the variance of his portfolio. In this
case, the optimal currency positions do not depend on the investor's base country.

Rows indicate the time-horizon T of the investor, columns the currencies used to manage risk.

Rows are obtained by regressing the excess return on the global bond portfolio onto the vector of all foreign currency
excess returns. All regressions include an intercept. All returns considered are at the row time-horizon.

Reported currency positions are the amount of dollars invested in foreign currency per dollar in the portfolio.

We run monthly regressions on overlapping T -months returns, T varying from 1 month to 12 months. Standard errors
are corrected for auto-correlation due to overlapping intervals using the Newey-West procedure.



Table A9- Subperiod analysis
Optimal currency exposure for an equally-weighted global bond portfolio: multiple-

currency case

. . Currency
Time horizon
Euroland Australia Canada Japan Switzerland UK us

Panel A : 7 country optimization

Subperiod I: 1975-1989

1 month 0.08 0.01 -0.24** -0.11%** -0.06 0.00 0.33***
(0.07) (0.04) (0.10) (0.04) (0.05) (0.03) (0.09)

3 months -0.02 0.04 -0.30** -0.16*** -0.01 0.02 0.43***
(0.10) (0.05) (0.14) (0.06) (0.08) (0.06) (0.12)

12 months -0.29* 0.24** -0.14 -0.25%** 0.12 0.20** 0.13
(0.16) (0.11) (0.19) (0.08) (0.10) (0.09) (0.14)

Subperiod 2: 1990-2005

1 month -0.07 0.00 -0.05 -0.04 0.04 0.00 0.12**
(0.09) (0.03) (0.06) (0.03) (0.07) (0.04) (0.06)

3 months -0.17 0.13** -0.08 -0.01 0.06 0.04 0.04
(0.12) (0.06) (0.12) (0.05) (0.11) (0.06) (0.06)

12 months -0.42** 0.24** -0.14 0.04 0.25* 0.12 -0.10
(0.21) (0.12) (0.22) (0.09) (0.15) (0.12) (0.10)

Panel B : 5 country optimization

Subperiod I: 1975-1989

1 month 0.02 -0.04 -0.11* -0.01 0.15%**
(0.06) (0.03) (0.04) (0.03) (0.04)

3 months -0.03 -0.04 -0.14** 0.01 0.20***
(0.08) (0.04) (0.07) (0.05) (0.06)

12 months -0.18 0.16* -0.21%** 0.20** 0.03
(0.12) (0.09) (0.07) (0.09) (0.11)

Subperiod 2: 1990-2005

1 month -0.05 -0.01 -0.04 0.00 0.10**
(0.04) (0.03) (0.03) (0.04) (0.04)

3 months -0.13** 0.12%** 0.00 0.03 -0.02
(0.06) (0.04) (0.05) (0.06) (0.05)

12 months -0.16 0.20*** 0.04 0.08 -0.16*
(0.13) (0.05) (0.08) (0.11) (0.10)

Note. This table considers an investor holding a portfolio composed of bonds from all countries, with equal weights,
who chooses a vector of positions in all available foreign currencies to minimize the variance of his portfolio. In this

case, the optimal currency positions do not depend on the investor's base country.

Rows indicate the time-horizon T of the investor, columns the currencies used to manage risk.

Rows are obtained by regressing the excess return on the global equity portfolio onto the vector of all foreign currency

excess returns. All regressions include an intercept. All returns considered are at the row time-horizon.

Reported currency positions are the amount of dollars invested in foreign currency per dollar in the portfolio.

We run monthly regressions on overlapping T-months returns, T varying from 1 month to 12 months. Standard errors

are corrected for auto-correlation due to overlapping intervals using the Newey-West procedure.



Table A10 - Subperiod |

Optimal conditional currency exposure for an equally-weighted global portfolio:
single and multiple - currency case

Equity Bonds

Base

Currency Single Currency Multiple Currencies Single Currency Multiple Currencies
Slope P-Value Slope P-Value Slope P-Value Slope P-Value

Euroland -0.10 1.00 -7.57 0.11 0.10 0.99 1.92 0.00
(0.94) (7.55) (0.34) (3.62)

Australia -0.08 1.00 4.19 0.32 0.01 1.00 2.75%+* 0.61
(0.51) (2.58) (0.28) (0.84)

Canada -0.02 1.00 5.72 0.83 0.04 1.00 3.22 0.54
(0.49) (3.83) (0.36) (2.92)

Japan 0.00 1.00 2.20 0.07 0.05 1.00 -0.07 0.03
(0.07) (4.81) (0.44) (2.07)

Switz. 0.24 1.00 -8.22 0.04 0.11 1.00 1.74 0.03
(0.87) (5.53) (0.35) (2.92)

UK -0.05 1.00 2.77 0.11 0.12 1.00 -1.21 0.06
(0.38) (3.75) (0.32) (1.90)

us 0.02 1.00 -1.88 0.21 0.07 1.00 -0.69 0.09
(0.34) (4.48) (0.57) (1.99)

Note. This table reports optimal currency exposure conditional on interest rate. For each base country-currency pair, we
now let the optimal currency position vary with the log interest rate differential (interest rate of the foreign country minus
that of

The "Single Currency” columns consider the case of an investor using one currency at a time to manage risk, but still
constrain the slopes to be the same across foreign currencies. Resulting slope coefficients from a SUR estimation are
reported for each b

The "Multiple Currency” columns consider the case of an investor using all foreign currencies simultaenously to manage
risk, but still constrain the slopes to be the same across foreign currencies. Resulting slope coefficients are reported for
each base c



Table A10 - Subperiod Il

Optimal conditional currency exposure for an equally-weighted global portfolio:
single and multiple - currency case

Equity Bonds

Base

Currency Single Currency Multiple Currencies Single Currency Multiple Currencies
Slope P-Value Slope P-Value Slope P-Value Slope P-Value

Euroland -1.24 0.99 8.48** 0.23 0.04 1.00 -3.32* 0.58
(2.90) (3.62) (0.39) (1.95)

Australia -0.71 1.00 8.96** 0.91 0.00 1.00 0.42 0.41
(1.79) (3.81) (0.30) (1.50)

Canada -1.37 0.95 15.96** 0.42 0.04 1.00 -0.79 0.14
(3.19) (6.44) (0.21) (2.79)

Japan 0.10 1.00 3.59 0.52 -0.01 1.00 -0.03 0.89
(1.31) (4.53) (0.15) (2.48)

Switz. -1.49 0.97 8.40%** 0.11 0.00 1.00 -0.37 0.41
(2.56) (2.70) (0.24) (1.08)

UK -0.71 0.99 8.14 0.03 0.06 1.00 -0.89 0.16
(2.34) (7.16) (0.20) (3.27)

us -0.77 0.98 1.90 0.19 0.03 1.00 -1.84 0.42
(1.78) (4.46) (0.20) (1.74)

Note. This table reports optimal currency exposure conditional on interest rate. For each base country-currency pair, we
now let the optimal currency position vary with the log interest rate differential (interest rate of the foreign country minus
that of

The "Single Currency” columns consider the case of an investor using one currency at a time to manage risk, but still
constrain the slopes to be the same across foreign currencies. Resulting slope coefficients from a SUR estimation are
reported for each b

The "Multiple Currency” columns consider the case of an investor using all foreign currencies simultaenously to manage
risk, but still constrain the slopes to be the same across foreign currencies. Resulting slope coefficients are reported for
each base c



Table A11

Optimal synthetic carry-trade currency exposure for equally-weighted global equity and bond portfolios

Multiple Currencies

Single currency

Euroland Australia Canada Japan Switz. UK us Synthetic Synthetic
Panel A: Stocks
Full period 0.33** -0.17* -0.68*** -0.08 0.34** -0.18 0.27* 0.27* -0.23*
(0.16) (0.09) (0.17) (0.10) (0.15) (0.13) (0.14) (0.14) (0.12)
Subperiod | 0.22 -0.25 -0.91%** 0.00 0.48** -0.23 0.69** 0.73* -0.13
(0.21) (0.18) (0.22) (0.20) (0.22) (0.14) (0.33) (0.38) (0.14)
Subperiod Il 0.36 -0.14 -0.57x** -0.17* 0.38* 0.02 0.12 -0.26 -0.37*
(0.30) (0.14) (0.21) (0.10) (0.23) (0.20) (0.21) (0.17) (0.20)
Panel B: Bonds
Full period -0.02 0.02 -0.14 -0.04 0.00 -0.02 0.20*** 0.11 0.13***
(0.07) (0.04) (0.09) (0.05) (0.07) (0.06) (0.07) (0.08) (0.05)
Subperiod | 0.00 -0.02 -0.39%** -0.10 0.08 -0.03 0.45%** 0.24* 0.19%**
(0.09) (0.07) (0.15) (0.07) (0.09) (0.07) (0.12) (0.14) (0.07)
Subperiod Il -0.16 0.12** -0.10 0.02 0.07 0.00 0.06 0.07 0.07
(0.12) (0.06) (0.13) (0.06) (0.11) (0.08) (0.08) (0.09) (0.06)

Note: The first eight columns of this table consider an investor holding a global, equally weighted, stock (Panel A) or bond portfolio (Panel B)
who chooses a vector of positions in available currencies to minimize the variance of his portfolio. Available currencies include all foreign
currencies as well as a synthetic currency. At each point in time, the synthetic currency return is the average of the return of holding the
currencies of the three highest interest rates countries and financing the position using the currencies of the three lowest interest rate countries.
The time t return is based on currencies chosen using time t-1 interest rates.

The last column considers the same investor now choosing an optimal position in only one currency: the synthetic currency to minimize the

variance of his portfolio.



Table Al12
Standard deviations of hedged global equity and bond portfolios

Optimal hedge Tests of significance
Base No hedge Half hedge Full hedge _ Condm_onal Synthetic Baseline vs. full Baseline vs. no Cond|t|or_1al VS.
country Baseline hedging hedge hedge Baseline
. currency
(constrained)

F-Stat P-value F-Stat P-value F-Stat P-value

Panel A: Full period

Equity

Euroland 17.67 15.47 13.86 12,51 12.45 12.43 7.98 0.00 33.36 0.00 3.55 6.05
Australia 15.00 13.52 13.86 12.51 12.51 12.43 7.98 0.00 20.09 0.00 0.04 84.37
Canada 13.74 13.22 13.86 12.51 12.50 12.43 7.98 0.00 6.49 0.00 0.44 50.85
Japan 17.08 14.67 13.86 12,51 12.50 12.43 7.98 0.00 31.32 0.00 0.10 74.89
Switzerland 19.19 16.09 13.86 12,51 12.40 12.43 7.98 0.00 41.75 0.00 5.54 191
UK 16.78 14.74 13.86 12,51 12.50 12.43 7.98 0.00 25.47 0.00 0.15 69.90
us 15.05 13.91 13.86 12.51 12.45 12.43 7.98 0.00 15.20 0.00 3.67 5.63
Bonds

Euroland 8.39 6.10 5.40 5.21 5.21 5.19 2.76 1.23 54.14 0.00 0.42 51.99
Australia 12.08 7.85 5.40 5.21 5.19 5.19 2.76 1.23 210.02 0.00 6.57 1.08
Canada 10.18 7.12 5.40 5.21 5.21 5.19 2.76 1.23 85.17 0.00 0.03 86.00
Japan 10.86 6.85 5.40 5.21 5.21 5.19 2.76 1.23 87.07 0.00 0.30 58.52
Switzerland 9.93 6.52 5.40 5.21 5.21 5.19 2.76 1.23 85.62 0.00 0.40 52.89
UK 10.35 6.98 5.40 5.21 5.19 5.19 2.76 1.23 87.03 0.00 2.53 11.23
us 10.53 7.36 5.40 5.21 5.20 5.19 2.76 1.23 127.73 0.00 1.68 19.53

Note. This table reports the standard deviation of portfolios featuring different uses of currency for risk-management.

We present results for equally-weighted global portfolios, for equity and bonds as respectively described in Table 4 and Table 6. Within each panel, rows represent base countries and
columns represent the risk-management strategy.

"No hedge" refers to the simple equity portfolio. "Half hedge" refers to a portfolio in which half of the implicit currency risk is neutralized. "Full hedge" refers to a portfolio in which all of the
implicit currency risk is neutralized. "Optimal hedge"

Reported standard deviations are annualized, and measured in percentage points.
All results presented are computed considering returns at a quarterly horizon.



Table A12 (continued)
Standard deviations of hedged global equity and bond portfolios

Optimal hedge Tests of significance
Base No hedge Half hedge Full hedge _ Conditi_onal Synthetic Baseline vs. full Baseline vs. no Conditional vs.
country Baseline hedging hedge hedge Baseline
. currency
(constrained)
F-Stat P-value F-Stat P-value F-Stat P-value

Panel B: Subperiod |
Equity
Euroland 16.79 14.89 13.74 13.12 13.08 12.85 2.84 1.18 14.87 0.00 1.00 31.76
Australia 16.49 14.09 13.74 13.12 13.03 12.85 2.84 1.18 14.33 0.00 2.64 10.63
Canada 15.31 13.90 13.74 13.12 13.07 12.85 2.84 1.18 6.14 0.00 2.23 13.74
Japan 16.53 14.42 13.74 13.12 13.11 12.85 2.84 1.18 16.94 0.00 0.21 64.78
Switzerland 18.46 15.47 13.74 13.12 13.04 12.85 2.84 1.18 20.15 0.00 2.21 13.94
UK 16.85 1451 13.74 13.12 13.09 12.85 2.84 1.18 11.63 0.00 0.55 46.13
us 16.16 14.40 13.74 13.12 13.11 12.85 2.84 1.18 8.04 0.00 0.18 67.56
Bonds
Euroland 8.84 6.48 5.76 5.20 5.19 5.13 3.51 0.27 34.23 0.00 0.28 59.67
Australia 13.15 8.45 5.76 5.20 5.10 5.13 3.51 0.27 104.09 0.00 10.58 0.14
Canada 11.27 7.85 5.76 5.20 5.16 5.13 3.51 0.27 48.74 0.00 1.22 27.08
Japan 9.77 6.40 5.76 5.20 5.20 5.13 3.51 0.27 38.76 0.00 0.00 97.45
Switzerland 10.50 6.80 5.76 5.20 5.19 5.13 3.51 0.27 50.64 0.00 0.35 55.31
UK 11.63 7.65 5.76 5.20 5.19 5.13 3.51 0.27 68.36 0.00 0.41 52.45
us 11.75 8.23 5.76 5.20 5.20 5.13 3.51 0.27 67.75 0.00 0.12 72.89
Panel C: Subperiod Il
Equity
Euroland 18.38 15.94 13.92 11.25 11.16 11.14 10.70 0.00 37.18 0.00 5.49 2.02
Australia 13.46 12.92 13.92 11.25 11.12 11.14 10.70 0.00 9.92 0.00 5.54 1.97
Canada 12.07 12.50 13.92 11.25 11.04 11.14 10.70 0.00 3.34 0.38 6.15 1.41
Japan 17.72 15.02 13.92 11.25 11.24 11.14 10.70 0.00 32.12 0.00 0.63 42.94
Switzerland 19.71 16.54 13.92 11.25 11.09 11.14 10.70 0.00 44.78 0.00 9.66 0.22
UK 16.46 14.80 13.92 11.25 11.21 11.14 10.70 0.00 28.00 0.00 1.29 25.69
us 13.94 13.41 13.92 11.25 11.25 11.14 10.70 0.00 9.98 0.00 0.18 67.05
Bonds
Euroland 7.69 5.42 4.82 4.67 4.64 4.66 1.88 8.58 45.10 0.00 291 8.98
Australia 11.07 7.23 4.82 4.67 4.67 4.66 1.88 8.58 159.78 0.00 0.08 77.85
Canada 9.03 6.24 4.82 4.67 4.67 4.66 1.88 8.58 67.75 0.00 0.08 77.78
Japan 11.54 7.06 4.82 4.67 4.67 4.66 1.88 8.58 78.46 0.00 0.00 99.12
Switzerland 9.07 5.93 4.82 4.67 4.67 4.66 1.88 8.58 75.94 0.00 0.12 73.43
UK 8.68 6.00 4.82 4.67 4.67 4.66 1.88 8.58 74.16 0.00 0.07 78.60
us 9.21 6.32 4.82 4.67 4.66 4.66 1.88 8.58 100.90 0.00 111 29.25

Note. This table reports the standard deviation of portfolios featuring different uses of currency for risk-management.

We present results for equally-weighted global portfolios, for equity and bonds as respectively described in Table 4 and Table 6. Within each panel, rows represent base countries and
columns represent the risk-management strategy.

"No hedge" refers to the simple equity portfolio. "Half hedge” refers to a portfolio in which half of the implicit currency risk is neutralized. "Full hedge" refers to a portfolio in which all of the

implicit currency risk is neutralized. "Optimal hedge"

Reported standard deviations are annualized, and measured in percentage points.
All results presented are computed considering returns at a quarterly horizon.



Table A13

Optimal conditional currency exposure for an equally-weighted global portfolio:
single and multiple - currency case using the real interest rate differential

Equity Bonds

Base

Currency Single Currency Multiple Currencies Single Currency Multiple Currencies
Slope P-Value Slope P-Value Slope P-Value Slope P-Value

Euroland -0.23 1.00 0.73 0.38 0.02 1.00 -0.24 0.09
(0.62) (2.22) 0.11 0.94

Australia 0.00 1.00 0.41 0.10 0.00 1.00 -0.21 0.20
(0.33) (0.68) 0.07 0.28

Canada 0.03 1.00 -2.60 0.06 -0.02 1.00 -1.55 0.19
(0.37) (1.98) 0.12 0.88

Japan -0.05 0.99 -0.64 0.06 -0.02 1.00 -0.27 0.00
(0.17) (1.45) 0.09 0.49

Switz. -0.09 1.00 0.48 0.37 0.00 1.00 -1.01 0.66
(0.48) (1.86) 0.10 0.73

UK 0.01 1.00 2.59%x* 0.63 0.02 1.00 0.17 0.00
(0.36) (0.97) 0.07 0.43

us 0.05 1.00 2.17 0.18 0.00 1.00 0.56 0.49
(0.34) (2.22) 0.11 0.98

Note. This table reports optimal currency exposure conditional on real interest rate. For each base country-currency pair,
we now let the optimal currency position vary with the log real interest rate differential (ex-post real interest rate of the
foreign country minus that of the base country). Yet, we impose the constraints that the slopes of the optimal positions
with respect to the interest rate differential be equal across foreign currencies.

The "Single Currency" columns consider the case of an investor using one currency at a time to manage risk, but still
constrain the slopes to be the same across foreign currencies. Resulting slope coefficients from a SUR estimation are
reported for each base country, followed by the P-value of a test of the constraint. A P-value of x% indicates that the
constraint can be rejected at the x% level.

The "Multiple Currency” columns consider the case of an investor using all foreign currencies simultaenously to manage
risk, but still constrain the slopes to be the same across foreign currencies. Resulting slope coefficients are reported for
each base country, followed by the P-value of a test of the constraint. A P-value of x% indicates that the constraint can be
rejected at the x% level.



Table A14

Sharpe ratios

Optimal hedge

Base Conditional .
country No hedge Half hedge Full hedge Baseline hedging Synthetic
. currency
(constrained)

Panel A: Full period

Equity

Euroland 0.41 0.46 0.51 0.47 0.51 0.54
Australia 0.47 0.50 0.47 0.47 0.47 0.54
Canada 0.48 0.50 0.47 0.47 0.49 0.54
Japan 0.42 0.47 0.48 0.47 0.49 0.54
Switzerland 0.45 0.49 0.52 0.47 0.53 0.54
UK 0.38 0.45 0.49 0.47 0.48 0.54
us 0.53 0.52 0.48 0.48 0.55 0.54
Bonds

Euroland 0.31 0.41 0.44 0.43 0.45 0.50
Australia 0.25 0.35 0.46 0.44 0.41 0.50
Canada 0.26 0.36 0.45 0.43 0.44 0.50
Japan 0.26 0.38 0.43 0.43 0.46 0.50
Switzerland 0.39 0.48 0.44 0.44 0.45 0.50
UK 0.20 0.32 0.45 0.43 0.51 0.50
usS 0.36 0.43 0.46 0.44 0.49 0.50

Note. Table 10 reports Sharpe ratios of portfolios featuring different uses of currency for risk-management.
Please refer to Table 9 for a detailed description of these portfolios.

The Sharpe Ratio of each portfolio is calculated as the ratio of the log mean gross return on the portfolio divided
by the standard deviation of the log return on the portfolio. Please see Appendix for a detailed description of the

calculation of the Sharpe Ratio.

All results presented are computed considering returns at a quarterly horizon.



Table 14 (continued)
Sharpe ratios

Optimal hedge

Base Conditional .
country No hedge Half hedge Full hedge Baseline hedging Synthetic
. currency
(constrained)

Panel B: Subperiod |

Equity

Euroland 0.51 0.57 0.61 0.53 0.49 0.73
Australia 0.61 0.64 0.59 0.54 0.56 0.73
Canada 0.54 0.59 0.59 0.53 0.63 0.73
Japan 0.41 0.52 0.59 0.53 0.58 0.72
Switzerland 0.55 0.60 0.62 0.54 0.41 0.73
UK 0.52 0.59 0.60 0.53 0.59 0.73
us 0.60 0.62 0.61 0.54 0.50 0.73
Bonds

Euroland 0.14 0.18 0.19 0.05 0.08 0.20
Australia 0.23 0.25 0.20 0.06 0.08 0.21
Canada 0.12 0.16 0.20 0.05 0.19 0.20
Japan -0.04 0.04 0.16 0.04 0.04 0.19
Switzerland 0.25 0.27 0.18 0.06 0.13 0.21
UK 0.14 0.18 0.19 0.06 -0.01 0.21
us 0.22 0.23 0.22 0.05 0.02 0.20
Panel C: Subperiod I

Equity

Euroland 0.32 0.37 0.41 0.39 0.46 0.34
Australia 0.32 0.36 0.35 0.39 0.51 0.33
Canada 0.42 0.40 0.35 0.39 0.50 0.34
Japan 0.43 0.43 0.39 0.40 0.44 0.34
Switzerland 0.37 0.40 0.42 0.40 0.48 0.34
UK 0.26 0.33 0.39 0.39 0.45 0.33
us 0.45 0.43 0.37 0.40 0.43 0.34
Bonds

Euroland 0.50 0.68 0.74 0.80 0.74 0.84
Australia 0.27 0.47 0.77 0.80 0.81 0.84
Canada 0.42 0.60 0.76 0.80 0.79 0.84
Japan 0.50 0.67 0.75 0.81 0.80 0.85
Switzerland 0.55 0.72 0.75 0.81 0.79 0.84
UK 0.28 0.50 0.75 0.79 0.78 0.84

us 0.53 0.68 0.76 0.81 0.73 0.85






