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Section A discusses alternative modeling approaches without mutual funds. It shows that both
risky assets and constraints on safe asset holdings are needed for a hedging motive in the forward
market. Section B derives the analytical results behind the Propositions in Section 5 of the paper.
Section C considers an extension with partial hedging. Section D discusses the goods market

equilibrium and Section E shows the scatter plots corresponding to Table 1.

A Alternative Modeling Approaches

It is clear that households in the model should not be given unconstrained access to all the assets
as it would allow them to conduct CIP arbitrage themselves. But in this section we show that
it is not enough to introduce frictions that limit CIP arbitrage by households if the objective is
to account for the negative cross-country relationship between CIP deviations and interest rates.
In the model in the paper, demand and supply of forward dollars come from CIP arbitrageurs,
hedge funds, and households/mutual funds. In what follows, we keep the demand for forward
dollars by CIP arbitrageurs and hedge funds the same as in the paper, but consider alternatives
for households/mutual funds. In most of the analysis, we abstract from mutual funds. We discuss

mutual funds only towards the end of this section.

A.1 Households hold no forward market positions
If we do not allow households to have forward market positions, directly or through mutual funds,
the forward market clearing condition is BEF + H; = 0, which implies

C(ri+ fi—rs) +Tnfi=0 (1)

Writing cip; = r; + f; — rg as the CIP deviation, we have f; = cip; — r; +rg. Substituting, we have
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This either implies that there is a counterfactual positive relationship between CIP deviations and
interest rates (when I';, > 0) or there is no relationship (the CIP deviation is the same for all

countries). The latter occurs when I';, = 0.

A.2 Frictions in the forward market

Now assume that households do take positions in the forward market. For simplicity we only

model small country households. Adding US households makes no difference. In addition to the

forward market, households also hold positions in the safe domestic and dollar asset. To prevent

them from conducting perfect CIP arbitrage, assume that country i households face a quadratic

cost 0.5Az? on a forward market position of z;. The portfolio return of households in country i is
1
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Here x; are dollars bought forward. Log-linearized around returns and exchange rates equal to 1,
we have
R,i=1+ri+a;irs—ri —si2) +xi(fi — si2) — 0-5)\%2 (4)

Assume that households maximize E'R,,; — 0.5yvar(R, ;). The expectation and variance of the

exchange rate s; 9 are 0 and o2. Households then maximize
ai(rg — ;) + 2 fi — 0.57(q; + 25)%0% — 0.5 27 (5)

Maximizing with respect to z; and «; gives

g = HSTT (6)
1 1 1
Q; = (X—FW) (7“$_7'i)_xfi (7)

The forward market position x; is proportional to that of CIP arbitrageurs. This therefore changes
nothing relative to the case where households do not hold any forward market position. We could
introduce wealth heterogeneity, so that the forward market equilibrium is T'cip; +cip;W; /A +T'}, f; =
0. But wealth heterogeneity would have a second-order effect on the CIP deviation. This is
immediate if we start from an equilibrium where CIP deviations are zero and then introduce

marginal wealth heterogeneity as in Section 5 of the paper.



A.3 Frictions in foreign bond market

Next assume that instead of the friction in the forward market, households face a cost 0.5\a?
associated with positions in the foreign bond market. They then maximize

ai(r$ — ’I”Z') + .Tlfl — 057(&1 + LCZ')2O'2 — 05)\0612 (8)
The first-order conditions yield
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Introducing US households again does not change anything qualitatively. Forward market
equilibrium is now
B 4 xW + Hy =0 (11)

where W is the wealth of households. This implies

(F + ?) Cipi + <Fh + %) fz = 0 (12)

Substituting f; = cip; — r; + rg, this again implies a positive relationship between CIP deviations
and interest rates, in this case even when I';, = 0 as households adopt a speculative forward market
position themselves. Notice that the case where the investors have no access to the foreign bond
market corresponds to A = co. We could introduce wealth heterogeneity across households, but

it again has a second-order effect on the CIP deviation.

A.4 Corporate bonds

Go back to the case where households face a cost 0.5A\z? in the forward market, but now allow
households to hold both domestic and foreign safe assets and corporate bonds. The portfolio

return is

R . Rs., 1 1
Rp,i = (1 — 041 — Qo — Oéi73)Ri + &i71§i + ai72Ri,c + Q53 S;$’2 + ZT; (@ — E) — 05>\ZE12 (13)

)

Here o ; is the fraction invested in the dollar safe asset, o o the fraction invested in the domestic

corporate bond and «; 3 the fraction invested in the US corporate dollar bond. The rest is invested



in the domestic safe asset.
Following the same procedure as in Appendix B of the paper, we can write the expectation
and variance of the log-linearized portfolio return as

ERPJ =1 +r; + 0751 (7’55 — Ti) + Q; 9 (ri,c —Tr; — 7T) -+ ;3 (7”$,c —Tr; — ﬁ) -+ Z'Zfl — 05)\.1’12

var(Ry;) = (041 + a3 + xi)Q o + vozi2 + 6&?73

N
Now assume that households maximize ER,; — 0.5yvar(R,;). The first-order conditions are

2

rg — 1 =y (i1 + iz +xi)0 (14)
Tiec =T =T = YVQ;2 (15)
N 1. 2
Tse =TI T T = pUis (ig + iz +ai)o (16)
fi=7 (i1 + iz + x;) 0% + A (17)
From the last equation we have
2
g i
T; = ! (i1 + aiz) + J (18)

RS yo? + A

This is the type of solution derived in the partial equilibrium literature that takes portfolio allo-
cation as given. It appears at first that there is a hedge term (the first term) and a speculative
term (second term). The hedge ratio is yo?/(yo? + \). But this is misleading. The forward

market position is in fact not at all driven by the hedging motive. After solving the portfolios

from —, we have

T = % (ri + fi —s) (19)
Q9 = 7%—7# (20)
Qi = % (21)
Qi1 = —Q;3 — T + T$7;2Ti (22)

Notice that the forward market position x; remains a CIP arbitrage position, so that nothing
changes relative to the case without corporate bonds. Also note that the position in the safe
dollar bond now has three parts. The first part perfectly hedges exchange rate risk associated
with the corporate dollar bond. The second part is associated with the CIP arbitrage position.



The third part is a standard UIP arbitrage position. This is quite different from what is happening
in the paper, where the forward market position is chosen to hedge exchange rate risk associated

with the dollar safe asset and the dollar corporate bond.

A.5 Restricted Access to Safe Assets

In order to introduce a genuine hedging motive, we need to restrict access to safe assets, whereby
households from country ¢ either cannot hold the dollar safe asset or the country ¢ safe asset. First
consider what happens when they cannot hold the dollar safe asset. We can do this by setting
a; 1 = 0. We then have

ERPJ =1 + T; + Oéz‘72 (ri,c —T; — 7T) + 047;’3 (7“370 — T — ’ﬂ') + C(]Zfz — 05)\%22

1
var(Ry;) = (a3 + :ci)Q o + 1)04?72 + Nﬁaig

The first-order conditions are then

Tie —Ti — T = YUy 2 (23)
1

Tge—Ti— T = VN@@@:; + v (g + x;) 0° (24)

fi =" (a3 + ;) o + \z; (25)

From the last equation we can write the position in the forward market as the sum of a hedge

position and a speculative position:

702 fi

S L o Ji 9
702+)\a’3+702+/\ (26)

xTr; =
Now this can no longer be rewritten as a CIP arbitrage position by substituting the solution for
a; 3. The reason is that CIP arbitrage is no longer feasible without taking a position in the safe
dollar asset. The solution for «; 3 is:

e = 210+ A A7) (rse = 1i = 7)
1,3

= 27
’ Ayo2 + Mo /N + 2020 /N (27)

Clearly, substituting this back into does not deliver a CIP arbitrage position. In this case the
forward market position includes, in the first term of , a true hedge position. The value of
a; 3 will generally be positive because of a positive premium r¢ . —r; — 7. This leads to a negative

value of z; to hedge it.



The forward market equilibrium condition then becomes
Lcip; + ;Wi + T fi =0 (28)

Here we allow for wealth differences. Since o; 3 will generally be positive, ; will be negative. A
country with high wealth will then have a high CIP deviation, as in the paper.
Now consider the alternative where households cannot hold the country i safe asset. Then

Q0 = 1-— ;1 — Q43 We have

ERp,i =1+ a1y + (1 — Q1 — Oéz‘,s) (Ti,c - 7T) + a3 (T$,c - ﬁ) +xifi — 0-5/\%2

1
var(R,;) = (a1 + a3 + xi)2 o +o(l — Qg — ai,3)2 + N@aig

The first-order conditions are

rs — i+ T =7 (1 + iz +x) 0 —yw(l — g — ;) (29)
. 1

r$70 — Ti,c +7T -7 = ’}/NUCYL?, + Y (061'71 —+ Oéi,3 -+ LE,) O'2 — ’}/U(l — CYZ'J — Oéi,g) (30)

fi = (i + ig + 1:) 0 + Ay (31)

From the last equation

2
o Ji

T, =————(;1 + —_— 32
WQJF/\( 1t ,3)+702+)\ (32)

This is the sum of a hedge portfolio and a speculative portfolio. This again cannot be written
as including a CIP arbitrage position after substituting the solution for a;; + «; 3. This is again

because CIP arbitrage is not possible without access to the country ¢ safe asset. We have

—0’fi+ A +y0") (v s —ric +7)
Ayo? + A\yv + yolqw

(33)

a1+ Q3=

A.6 Mutual Funds
A.6.1 Optimal Hedging

In the paper, we assumed that mutual funds either perfectly hedge their foreign currency exposure
or they adopt a given hedge ratio of less than 1. To see how this could follow from an optimal
forward market position by mutual funds, consider first the country ¢ mutual fund that invest in

the US. Assume that it sells x; dollars forward. Also, allow for a quadratic cost 0.5\z? in the



forward market. The portfolio return of the mutual fund is then

1
Rm,i = (1 - Mi,m)R$

. 11
o HimBs e+ (— - ) — 0.5\z2 (34)
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Si,2 E Si,?

Following the procedure in Appendix B of the paper, we have

ERpi =1+ (1= im)rs + tim (rsc — ) — 2 f; — 0.5A\27 (35)
var(Ry,;) = (1 — z;)20% + uimv (36)

With the mean-variance objective E(R,,;) — 0.57,var(R,,;), the optimal portfolio share p;,,

remains the same as in the paper. The optimal forward market position becomes

Ym0 1

:”ym02+/\_’yma2+)\

T fi (37)
The last term is a speculative position. This is analogous to the speculative position of hedge
funds, which is also proportional to f;. As discussed in the paper, we simplify by allocating all
the speculative positions to the hedge funds. The first term is equal to 1 when A = 0. This is
the baseline case in the paper, with perfect hedging. When A > 0, this term is less than 1. This
motivates the partial hedge ratio 6 considered in the paper. The hedge ratio is 7,02/ (Vmo? + \).
Next consider the mutual fund used by US households to invest in country ¢. Assuming that
the fund buys x; dollars forward, its portfolio return (in dollars) is
5 Sz 2 2
Riyai= (1= ¢im)RiSia+ GimBRsic+ri | 1— ? — 0.5)K; (38)
Again following Appendix B of the paper, we can write the expectation and variance of the return
as

ERpgi =14 (1= ¢im)ri + Gim(rsic — 7) + Kifi — 0.5\k7

var(Rp, q:) = ?mv + (1 — ¢im — Ki)2o?

The fund maximizes the mean variance objective ER,, 4; — 0.5v,var(Ry, ;). The first-order

condition with respect to x; is

Ym0 1

i=———1=ip) + ———=
" ’yma2+>\( 2 >+’ym02+)\

fi (39)



We again abstract from the speculative second term. The hedge ratio implied by the first term is

again 7,02/ (1mo? + A). Tt is again 1 when ) is zero and less than 1 when A\ > 0.

A.6.2 Alternative mutual fund assumptions

The paper assumes that mutual funds invest in the foreign safe asset and corporate bond. We
could alternatively introduce mutual funds that only invest in the safe foreign asset, while hedging
exchange rate risk. This clearly does not work as households in country ¢ could then take a position
in the safe domestic asset and hedged safe dollar asset. They would be able to conduct perfect
CIP arbitrage. It is therefore important that the mutual funds in the paper also invest in a risky
asset.

As alluded to in the text, what also does not work is to have a single mutual fund that US
households can invest in, which holds a diversified portfolio of all assets in all of the N countries.
The hedged return in dollars is then r; + f; when investing in country ¢. The mutual fund could
arbitrage these hedged returns across the N countries, so that r; + f; is the same for all 7. But that
means that the CIP deviation cip; = f; + r; — rg is also the same for all ¢, which goes against the
objective of the paper to understand differences in CIP deviations. More generally, there must be

some friction to prevent such perfect cross-currency CIP arbitrage.

B Analytical Results Section 5

This section derives the analytical results in Section 5 of the paper. Section linearizes the
market clearing conditions of country ¢ and reduces them to three equations in the safe interest
rate, the corporate spread and the CIP deviation. Sections solve for each of these three
variables, and Section proves Propositions 1-4. Throughout, we assume that US variables are
unaffected by the heterogeneity, which Section confirms.

B.1 Linearization

Heterogeneity and symmetric equilibrium. We consider asymmetries across countries in

wealth, productivity and safe asset supply,
Wi =W + €, A=A+ €y, do; = do + €4

with Y . €. =, €ia =264 =0. We linearize around the symmetric equilibrium described in

Appendix C of the paper. In that equilibrium all small countries are identical, Wy = NW  interest



rates are equal across countries, and CIP deviations and forward rates are zero. The capital stock

of each small country is K = c¢W, and the portfolio shares are
Him = ¢i7m =C, Qe = Wec = hC, Ojm = NwLm =1—-h

This requires 7, = h~y and a perceived default probability 7 that satisfies # — 7+ (1 —h)cy9/N =
~vyvhe. A hat denotes the derivative of a variable with respect to the heterogeneity, evaluated at
the symmetric equilibrium. Section shows that 7g = 7g . = 0.

Firms. Firm arbitrage gives fg;. = 7. + f;. Linearizing the first-order condition A;vK}™' =
1+ 7. gives

K 1

(1— A’ hy = Av(l — v)Kv2 (40)

K; = klﬁi,a - k‘zﬁ‘,c, ki =

Market clearing. The safe asset, corporate bond and forward market conditions are

(1= tie — Qi) Wi + Wi (1 — ¢in )Wy + BE'P + BYIP = D, (41)
K; = a; Wi + @i mwim Wy (42)
BiCIP + w@de — ai,mWi + HZ =0 (43)

Adding and and subtracting gives an aggregate condition, which we use in place of

(A1):
W; — D; — K; = H; — BY'* (44)

We substitute D; = do; — dyri, H; = U fi, BYY = T,(r; — rg) and BEF = T cip;, and write the
solution in terms of the safe rate, the corporate spread 51 = 7;. — 7; and the CIP deviation, using

fi = cip; —7; and 7; . = 0; + ;.
Aggregate condition. Linearizing (44) and using (40| gives
Ti = Qo€i,q — Q1€ + Q1€ g — 20; + ascip;

where ag = ki/a, a1 = 1/a, as = ko/a and a3 =T’y /a, with a = p+ T, + ko and p =d; + [,. All

a; are nonnegative, with a3 = 0 when I';, = 0.



Portfolio shares. Differentiating the portfolio shares in Section 3 of the paper at the symmetric

equilibrium gives

A

N —~ ~ 0;
"GP i =
Ye2D V¥

Wim = -

~YOC? Neymv

. 0; .
Qje = —, Xym = —
Yv

Corporate bond market. Linearizing , with the supply of capital from , gives
A R R R 1—h~
]{3161‘711 — szsz — ]{327“1' = Oé@cW + he €iw + CWim + T¢i,m NW
Substituting the portfolio shares, and using v,, = hv,

W /1 N\ . NW
— -+ = 6+ —
v \v v yoe

CZ/%z’ + he €i,w + k28z + k272@ — k1€i,a =0 (45)

or

T = bOEi,a - b1€z‘,w — bad; — bscip;

with by = ky /ka, by = he/ky, by = [% 1+ + 1@} /ky and by = NW/(vyick,).

v

Forward market. Linearizing and substituting the portfolio shares gives

NW —~ W /(N 1—=h1)\:
<F—|—2 _ 2+Fh)cz’pl-+—<7———> 0 — (L =h)€iw —Tpiy =0
YOC ye \ U h v ’

Summary. The three equations in 7;, ¢; and cip, are

i = Qo€ q — Q1€ + Q1619 — a25i + agcfpi (46)
7; = bo€iq — b1€0w — b28i - bgcipi )
NW . W (N 1—h1)\ 2
Pt2—— 4Ty |ap+— | = ———= )0~ (L= h)ejp — Iy =0 (48)
v vye \ h v ’

We solve them by first solving two of the equations and substituting the result into the third. We
solve in turn for the CIP deviation, the safe interest rate and the corporate spread.
The coefficient on ; in is positive:

N 1—-h1
N 49
v h v> (49)

10



To see this, write the condition on 7 above as @ — m = ~vcov [h/0 — (1 — h)/(Nwv)]. Then (49)
holds as long as m > , so that the perceived default risk of foreign firms exceeds that of domestic

firms, which we assume.

B.2 Solving CIP deviation
First solve #; and §; from —. The solution is

€iw
721‘ . 1 —a1b2 + blag CLon — bo&g CL1b2 b2a3 + &ng €ia (50>
0; by — as a; — by —ap+by  —a; —(bs+as) €i,d
Cipi
We can substitute this back into . This then becomes
zlcgpi + 29€i 0 — 23€i 4+ 24€iqa =0 (51)
where
NW W (N 1—hl\as3+b baaz + asb
a=T+2——+T)—— (= - ) PR P R (52)
Y2 ye \ v h v) by — a9 by — ao
W (N 1-~h1 a; — b1 —a1b2 + blCLQ
=—1-h)+—=- - -T 53
2 ( )+fyc<17 h 'U)bQ—(ZQ " by — a (53)
W (N 1-h1 —b —apbs + b
m=— = — I) % O_Fhw (54)
ye \ 0 h v) by—ay by — as
W (N 1-hl I'nab
= — [ = = 1 a1 pa103 (55)
ye \ 0 h v)by—ay by—as
It follows that
CZApZ = —QEi’w + ﬁEi,a — ﬁEl'7d (56)
1 21 Z1

It is immediate that z; < 0. For the others, redefine z; after multiplying them by (by —as)ksa >

11



0. then still holds. We have

NW W /(N 1-hl
AR (bg — CLQ) ( ) — % <g — T—) kQCL(CLg + bg)
—Fhkz (b2a3 + CLng) (57)
W (N 1-—hl
Z9 = ( h)(bg — ag)k’QCL + 7 (; — T;) kgd((h - bl)
+Fhkga(a1b2 - b1&2) (58)
W N 1-hl
Z3 = ~e (T — T;) kga,(ao — b()) + FthC_L(aon — bo(lg) (59)

We now need to substitute the a;, b; and a terms. This gives

Wi/l N NW
zZ1 = (—(—+T)+k2)(p+Fh+k2)< o )
vy \v vC20

N N 1-hl
—k3 (F+2 M2+Fh> —%(5——0 ko,

W (N 1—hl\ NW
AT
v h wv) ~vc

W (1l N NW
-I? (7 (— + 5) + k:g) [ko

yoc

It is easy to check that z; > 0. The easiest way to do this is first checking that z; > 0 when I';, =0
and then checking that the sum of the terms multiplying I'; is positive as well. Since z4 < 0, it is
immediate that a country with a low supply of the safe asset (¢; 4 is low) has a relatively low CIP
deviation.

Next, consider zo. After substituting the expressions for a;, b; and a, we have

w1 N
29 = —(1—h)(7(;+5)+k2)(p+rh+k2)+<1_h)kg

W (N 1-hl W N 1-hl
+—(==——=)k FT he(p+Tn + k2)
e h v e h v

w1l N
+T (— <_+T)+k2>_rhk2hc

vy \v

12



First extract the terms that depend on I';,. The coefficient on I'j, of these terms is equal to

1 N N 1—-hl
(L)) (e,
vy \v 0 ye \ v h wv
Wi/l N
+ (— (— + T) + k2> — kahe
vy \v 0
Collecting terms, this is equal to
w
% + hks(1 —¢) (60)

This is clearly positive. We can conclude that when I', becomes very large, zo will definitely be
positive, so the the CIP deviation is lower in a country with high household wealth.

Now consider the terms of zo that do not depend on I'j,. These are

W /(1 N
—(1=-h)|—(-+—= k k 1 — h)k3
=) (T (32 k) (o 1= 108
W /(N 1-hl W (N 1—-hl
— =)k =————- |1 k
+vc(f} h v> 2 70(27 h ) c(p+ ko)
Collecting terms, this is
W ( N 1—h)k WN (1
—(1 = h)kop — — <pT + Q) +——= (— — 1) ko (61)
v v chv vy v \c

This can be positive or negative as the first two terms are negative, while the last term is positive.
Multiplying by ¢y/(Wks), we can write this as

—(l—h)fy 1N (1—h)+%

Lep—cp——— 1— 2
WL T o (1—c¢) (62)

This is negative when c is sufficiently large. Other factors contributing to this being negative are
a large p and small k3. When the overall term is negative, a country with high household wealth
has a high CIP deviation. A low value of ¢, especially in combination with a low value of p and a
large value of ks, can make this term positive. In that case, a country with high household wealth

has a low CIP deviation.

13



Next, consider z3. We have

W (N 1-hl W (N 1-hl
z3 = _(T_—_>k1k2__(T_—_)kl(p+rh+k2>
v v h v

This is equal to

W /(N 1—h1l w1 N
fe W e (1Y)
h v 7 o\V

(% v

When we set ', = 0, so abstracting from speculative forward demand, this becomes

W /N 1—-h1
= -_—— —_—— ————— 4
Z3 ~C (f; h v) kip (6 )

This is negative. So without speculative forward demand, a country with low productivity will
have a high CIP deviation.
To see how this conclusion may be modified with speculative forward demand, the terms in

the expression for z3 that are proportional to I';, are

W (N 1-hl W /1 N
h wv ~y

v

The first term is negative, while the second term is positive. When ¢ is sufficiently small, the
first term will dominate. In that case, speculative forward demand only amplifies the increase in
the CIP deviation. When c is sufficiently large, the second term will dominate. In that case, the
CIP deviation will be negative in a low productivity country with very strong speculative forward
demand.

B.3 Solving safe interest rate

First, solve 4; and cip; from -. The solution is

S

i B —1 bsay +azby  —bzag —asby —bsar b3+ as €ia (66)
C?jpZ n a2b3 + b2a3 —b2a1 + a2b1 bQ(ZQ — agbo b2a1 Qa9 — bg ei,d

14



Now substitute this result into
. W /(N 1—-hl1
(F + ) cip; + — (— - ——) O —(L—h)€w —Tpr; =0 (67)
ye

v h v
and multiply by —(agbs + baag). This gives

Mt + Ma€jyy — M3€jq + Mu€iqg =0 (68)
where
NW N
my = (F +2——=+ Fh) (ag —bg) + — (T — > (b3 + a3) + I'y(a2bs + baas)
Y20 U
NW W (N 1-hl
Mo = ( ) ( bgal + agbl) e (— — ——) (b3a1 + agbl) + (1 — h)(azbg + bg&g)
ye h v
N W (N 1—-hl
msg = (F + o~ ) (—b2a0 + agbo) —+ — (T - ——) (b3ao + agbo)
Y2 ye \ U h wv
W /(N 1—-hl 2NW
my=——|—=————|bsar + = baay
ye \ U h v v
We have
Ty = _@Ei,w + @Ei,a — %Gi,d (69)
my my my

It is easy to quickly check that m4 > 0. For the others, rescale m; by multiplying each of them
by ksa. For m; this gives

NW
my = (F-i- 2 )k%

ve
NW W /(1 N
(F+ ><—(—+T>+k2)(p+rh+k2)
ye? T\v v
W (N 1—h1 NW W (N 1-hl
+— T— - - (p+Fh+k2)+— - — Fhk’z
ye h v/ ~vc ye h wv
NW Wi/l N
+nko +P2( (_+T)+k2)
yoc vy \v O

It is easy to check that m; < 0. The easiest way to do this is first checking that m; < 0 when
I';, = 0 and then checking that the sum of the terms multiplying 'y, is negative as well. It follows

that a country with a low safe asset supply (¢;4 < 0) has a low safe rate.

15



After mutiplying by ksa, ms becomes

NW 1 N NW
my = —(F—|—2 2~+Fh>< <— T>+k2>+(r+2 2~+Fh)k2h0
Y20 v 20
W (N 1-hl W N 1-hl
+— T - — | == ——— | hhe
ye h v) ~vc vc v h v

NW W /1 N
—F(l—h)k’g — +(1—h)Fh (— (——l—T) +k32>
yoe v \v

First, consider the terms that do not depend on I';,. These are

NW w1 N NW
—TH2—= ) [ —(=+= ) +k )+ — | kahe
ve20 vy \v 0 ~ve2

W N 1—-h1\ NW NW
— + (1 — h)ky
ye YUC ~YOC

h v

It is easy to check that this is negative. This means that in the absence of speculative forward
demand for dollars, the safe interest rate will be lower in countries with high household wealth.

Now consider the terms that depend on I', The coefficient on I'}, is

1 N N 1-hl
-—GK(l+7)+@>+@mwly(7———ﬁ—)m
vy \v 0 ye \ U h v

+u—m(¥(%+%)+@)

w
—h(l —c)ky — — 70
(1=~ (70)
This is also negative. Therefore, the safe interest rate will always be lower in countries with high
household wealth.

After mutiplying by ksa, mg becomes

This is equal to

NW Wi/l N
ms = —(F+2 2~+Fh)k31<—(—+7)+/€2)+( >k1k2
yc? vy \v v
W (N 1-hl1\KNW W/ N 1-hl
St ) e S (S - R Tk
ye h v YoC ye \ U h
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The terms not involving I';, are

NW w1 N NW
P +2—= k| — -+ =) th)+ | +2—= ) kike
~ve20 vy \v D ~ve2

E E_l—hl kiNW
ye

0] h v yoc

This is equal to
=)

BW (1 N\ BNW? (N 1+hl
(%) S () ™

v \v T 72?0

This is negative, so that a country with low productivity has a low interest rate in the absence of

v U ? h v

speculative forward positions.

The terms proportional to I'y, are

w1 N W (N 1-hl
(T (Y ) en W (Y 20, .
vy \v 0 ye \ U h wv
This is equal to
k 1—hl EWN (1
W (1+——> . (——1) (73)
YU h ¢ YU c

The first term is negative, while the second term is positive. When c is large enough, the first
term will dominate and the interest rate will be lower in low productivity countries, no matter the
degree of speculative forward trade. But when c is small enough, the second term will dominate.
In that case, the interest rate will be higher in a low productivity country for sufficiently large
speculative forward trade.

B.4 Solving corporate spread

First solve #; and cip; from —. The solution is

€iw
7 -1 bsay + azby —bzag —azby —bzay bzaz + asby €ia (74)
cgpi as + bs b1 —aq ag — by a by — an €id
0;
Now substitute this result into
NW A W (N 1—h1)\
P+2——+4T) )cipj+ — | ———=)0i—(1—=h)ej, — Tp7; =0 (75)
v ye \ U h v ’
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and multiply by —(as + b3). This gives

hid; + ho€iw — h3€igq + ha€iqg =0 (76)
where
NW W /(N 1—-hl1
hy =T +2—=+T) ) (ba —a2) — — | — — ——— ) (a3 + bs) — I'y(bsas + baas)
V20 ye \ U h v
NW
hg = (T + 2’}/0217 + Fh (bl — al) + (1 — h)(a3 + b3) — Fh(bgal + agbl)
NW
hg = (F +2 o~ + Fh) (bo — Clo) — Fh(bgao + (Zgbo)
otey
NW
hy = (F +2 o -+ Fh) a1 + I'ybsay
oty
It follows that h h h
52‘ = — 2 3 4€i,d (77)

h_lei,w + h_lei,a T
It is immediate that hy > 0. For the others, rescale all h; by multiplying each of them by ksa.
For hy this gives

=
I
PR
=
+
\ewz
[
S
_l_
—
=
-

w1 N
p+Fh+/€2) (— <—+T) +l€2>
vy \v 0
N N 1—-hl1
(e ) (YA,
0] U h v

NW

NW w1 N
(50 )
Yyoc

vy \v 0

Collecting terms, it is easy to show that h; > 0 by first setting ', = 0 and then focusing on the
terms in I'y,. Since hy > 0, it follows that a country with a low safe asset supply (€;4 < 0) has a
high corporate spread.

After mutiplying by kea, he becomes

NW NW
hey = (F+2 2~—|—Fh)(p+rh—|—k2)hc—(l—‘+2 2~+Fh)k2
ycev ycev
NW NW
+(1 = h)Thka + (1 = h)—— (p+ Th + k) = Th—— — T} he
yvc yvc
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When I', = 0, this becomes

N N
(F+2 W> (p + k2) he — (F+2 W) ko

ve2 ~ve2

+(1— h)% (p + k)

This is equal to

NW

~ve2

ycu

_ ((1—hc)F+ (2—hc—c)> k2+p(th+NW(h+1)) (78)
The first term is negative, while the second term is positive. Overall, this term is negative when
ko is large and p is small. In that case the corporate spread is higher in a country with high
household wealth wealth. The corporate spread is lower in a country with high household wealth
when k5 is small, ¢ is large and p is large.

Since hy > 0, it follows that with I';, = 0 the corporate spread is lower in a country with higher

household wealth if and only if ks < ks, where

hel + (1 + h)22L

ycu 79
1—hc)F+(2—hc—c)iVCg% (79)

/;?220(

This is the cutoff used in Proposition 1 of the paper.

The coefficient on I'j, in the expression for hy add up to

NW  NW

Yyoc Yyoe

NW
he (F +2 (80)

v

)+hc(p+k2)—k2+(1—h)k2+(l—h)

This is equal to

N
hc(p—l—F—l— W

71702) — h(1 — )k (81)
The first term is positive, while the second term is negative. The same conclusion applies as when
', = 0. Overall this term is negative when ks is large and p is small. The term is positive when
ko is small and p is large.

After multiplying by ksa, hs becomes

NW NW
hg = (F—|—2 2~+Fh>(p+Fh+k2)k1—(F+2 2~+Fh>l€1k2
)] )]
NW
— Tk — T3k
yoe
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It is easy to check that this is always positive. It follows that the corporate spread is lower in a

country with low productivity.

B.5 Proofs of Propositions 1-4

The proofs use the following notation, which Section [C] also uses:

NW

ve2p’

v (Y

T=cQ, L=I+420, SZE(E—FE)
Y

By,X>O.

Capital stock. Propositions 1-3 assume I';, = 0. The supply of capital is & = k1€i7a—k2(7’Ai+(§i),
so that can be written as

With I'y, = 0, the forward market condition 1’ is ch/ﬂ» + X6; = (1 —h)e; . Substituting for 0/2}92

in ,

- 1—h)T M
i (het BTN M sy (83)
L ’ L
We have M > 0. Since S > %% =c2Q, X < %% = cQ and L > 2Q, we have TX < ?Q* < 1LS.

Proposition 1. By Section 7; < 0 in a country with higher wealth. By Section B.4 6, < 0
if and only if ky < ko, with ks in . Since X > 0, the forward market condition implies that
6; < 0 is sufficient for C/ZE% > 0, so that ky < ks also implies a higher CIP deviation. More precisely,
by Section with I'y, = 0, the CIP deviation is higher if and only if

W N W (1—-hl N
p—— + ko {(1—h)p+—(———(1—0)7)} >0
v v ye h v v

This holds for all ky if the term in square brackets is nonnegative. Otherwise it holds if and only

if ko is below
p

(=¥ - 52T — (1- hy

ye

w
v
1

===

.cp __
kst =

°]

Since the CIP deviation is higher whenever ko < ko, we have l%gip > ky. This is the second cutoff

referred to in the paper.
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For the capital stock, if 5, > 0 then IA(Z > 0 by . If SZ < 0, then 7; + SZ < 0 and
K; = —ky (f, + Sl) > (0. The capital stock is therefore higher for all parameter values.

Proposition 2. By Sections[B.2HB.4with I';, = 0, lower productivity lowers the safe interest rate
and the corporate spread and raises the CIP deviation. With ¢; ,, = 0, gives K; = (M) L)&-,
so the capital stock is lower as well.

Proposition 3. By Sections with T';, = 0, a smaller safe asset supply lowers the safe
interest rate and the CIP deviation and raises the corporate spread. With ¢, = 0, gives
K; = (M/L)é;, so the capital stock is higher.

Proposition 4. Now let I';, > 0. Sections show that z; > 0, m; <0 and hy > 0 for all
I'y, > 0. The signs of the responses therefore follow from the signs of z;, m; and h;, 7 = 2,3, 4.
Define

N _1-h1
= v%—i_h%v
By 70<E<1. Using the definitions of S and X,
N 1 —c
S—X:E<T+—>C ¢ (84)
vy \? w c

which is positive if and only if ¢ > ¢.

(i) Wealth. Section shows that mq < 0 for all I'y, so that a country with higher wealth
has a lower safe interest rate. Section shows that z, is linear in I'j,, with a positive coefficient
W/ (vv) 4+ h(1—c)ks. Since cip; = —(22/21)€i.0, the CIP deviation is lower in a country with higher
wealth if and only if 2, > 0, which is the case if and only if 'y, > T, with

The numerator is positive if and only if the CIP deviation is higher when I';, = 0, which by
Proposition 1 holds when ky < k. Otherwise I';, < 0, and the CIP deviation is lower for all T),.
In both cases it is lower when I'j, is sufficiently large.

(i) Productivity. Using , the expressions for z3 and mgz in Sections and can be
written as

Z3:k1[(S—X)Fh—pX]7 mgz—k:l[P—i—(S—X)Fh]
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where P =T'S + Q% (X + 421y > 0. Since cip, = (23/71)€iq and 7; = (mg/my)€; 4, a country
with lower productivity (e;, < 0) has a lower CIP deviation if and only if z3 > 0, and a lower safe
interest rate if and only if msz < 0.

If ¢ > ¢, then S > X. In that case m3 < 0 for all I, so that the safe interest rate is lower.

The CIP deviation is higher when I'y, < pX/(S — X)) and lower when I';, > pX/(S — X). Using

, the cutoff is
pX c

S—x ¢
For sufficiently large 'y, both the safe interest rate and the CIP deviation are lower.
If c < ¢, then S < X. In that case z3 < 0 for all I'j,, so that the CIP deviation is higher. The
safe interest rate is lower when I', < P/(X — S) and higher when I', > P/(X — S), where

P _c
X-S ¢—-c¢

e
SHE

I'+@Q

+

1+h
+
N
B

ISE

For sufficiently large I'y,, both the safe interest rate and the CIP deviation are higher.

(7ii) Safe asset supply. Sections B.2 show that z4 < 0, my > 0 and hy > 0 for all I';, > 0.
Since c/z}% = —(z4/21)€i4, Ti = —(Mmy/m1)€; 4 and 5 = —(ha/h1)é€; 4, & country with a smaller safe
asset supply (€; 4 < 0) has a lower CIP deviation, a lower safe interest rate and a higher corporate
spread for all T'j,.

B.6 Hedging of dollar assets

The net supply of forward dollars associated with hedging rises with the CIP deviation under any
source of heterogeneity. The evidence in Du and Huber (2024) refers instead to the gross hedging
of dollar assets by investors in country ¢, which in the model is «;,,W;. Using «;,, = 1 — h in the

symmetric equilibrium and the expression for é;,, in Section [B.I]

mi = (1 - h)ﬁz’,w -

cip; 85
g O (85)
Under productivity or safe asset supply heterogeneity €; ,, = 0, so gross hedging of dollar assets
moves opposite to the CIP deviation. Under wealth heterogeneity with I';, = 0, substituting the
forward market condition gives

—

v v

S
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which is positive whenever & > 0, and more generally unless the corporate spread falls sharply.
Only wealth heterogeneity can therefore generate a positive cross-country relationship between
gross hedging of dollar assets and the CIP deviation.

B.7 US Variables

It remains to be shown that US interest rates do not change as a result of the heterogeneity among
small countries, so that 7g = 7g . = 0. To this end, we need to differentiate the two market clearing
conditions for the US:

N N N N
(1 — Wy — Zwm) Wa+ Y cim(l = pa)W; =Y B =" B/ = D, (87)
i=1 i=1 i=1 i=1
1N
AdV t=v
(1—|—r$,c) ;O" . T aclha (88)

We assumed that Zf\il €iw =0, le\il €. =0 and le\il €4 = 0. It immediately follows that
Zf\il cfpi = Zfil 7y = Zf\il 0; = 0. From this it is also immediate that Zfil Qi = Zfil Wim = 0.
It is then easy to check that the two market equilibrium conditions can be written as two linear

expressions in 7g and 7' . that are both zero. It follows that 7¢ = 7g . = 0.

C Partial Hedging with a Fixed Capital Stock

This section proves Proposition 5. We set ', = 0 and fix the capital stock at K. Mutual funds
and firms hedge a fraction @ of their currency exposure.

We consider heterogeneity in household wealth (¢;,,) and in safe asset supply (€;4). As in the
rest of the paper, we linearize around the symmetric equilibrium. A hat denotes the deviation
of a variable from its symmetric equilibrium value. We first solve for the responses of the safe
interest rate and the CIP deviation under full hedging. We then compute how these responses
change when the hedge ratio falls slightly below one. This is done by taking the derivative of the
responses with respect to 6 at § = 1.
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C.1 The model

Market equilibrium

The equilibrium conditions for the safe asset market, the corporate bond market and the forward

market of country ¢ are

(1 — ai,c — Oziym)VVi + wi7m(1 — gbz‘,m)Wd + BiC]P + BiUIP == Dz (89)
a; Wi+ @i mwi mWq = K (90)
B 4 0w, Wy — 00 Wi = 0 (91)

where W; = W + €;.4,, Wqg = NW, D; = dy + €;4 — dyr;, BE'P =T cip; and BY'P =T, (r; — rg).
We write p = d; +T',.

Portfolio shares and firms
From Appendix D of the paper (partial hedging), with f; the log forward rate,

Tie =T —T4
e = —————— 92
0 - (92)
org =1 = Ofi 4+ pim(rs. — T —1g)
Y =TT N+ (1 00 ©3)
1 — 0)%02 o —r. —0OF
¢i,m _ ( ) g + T$,i,c A fz (94)
(1—=0)2024v v, (1 —6)202+0)
Wi = Ty —Tg "i: ¢i,m<7a$,i,c — T — T'Z') —+ (1 — ¢1,m)9fz (95)
’ VG 1, + 70 (L = din)?(1 — 0)?

0 = 7nf’b,i,c —Tic— efz + 70-2(]- - 0)2771 (96)

Here pi;m = (rg.—m—1g)/(71mv) is the share of the country ¢ mutual fund invested in US corporate
bonds, is the first order condition of firms and 7; is the share of capital financed in dollars.

Since the expected future spot rate is zero,

fi = cipi — (ri —rs) (97)

We write §; = r; . — r; for the corporate spread.

24



Symmetric equilibrium
In the symmetric equilibrium ¢; = 0, r; = rg, cip; = 0 and therefore f; = 0. We use the

normalizations of Appendix C of the paper, p;», = ¢ = c and 7,, = hy, with ;. = he, @ = 1—h

and w = (1 — h)/N. US returns do not respond to country specific shocks, so i, is constant.

Notation

Q:Ta T:CQa S=— X=—
V20 v e

U=25-—cX, M=ST+QU, V=(1-h)S+hcX

(% (%

" P e

U h v

X >0 by . Since cX:%ﬂ—mﬂ < %% < S, we have U > S > 0. Therefore M > 0 and

? v hv
V > 0. Two of these composites simplify. Substituting the definitions of S and X,

1 N N 1- N
V=(1—h)ﬂ(—+7)+hy(7— h):—WT:C2Q (98)
DN v y v hv oK),

where the last equality uses the definition of Q).

1 N N 1-
UZQK(——FT)—K(T— h>:E
8 Y

(%H;h) (99)

Two further identities are used below:

S = W + 0, X =cQ — (100)
YU

The first follows from ¢*Q = NW/(v0), the second from cQ = NW/(yct) and ~,, = hy.

C.2 Approximation

The hedge ratio enters the forward market condition (91f), where it multiplies the positions of
households and US investors. The hedge ratio also enters the portfolio shares and the first order
condition of firms, -, in two ways. It multiplies the forward rate f;, and it appears in
terms in (1 — 0)%. The latter are

(a) (1 —0)%y0? in the denominator of (93);
(b) the first term of (94), and (1 — §)%0? in its denominator;

(c) v0*(1 = ¢m)*(1 — 6)? in the denominator of (95));
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(d) vo*(1 —60)*n; in .

The linearized responses 2 of the endogenous variables are proportional to €;,, and €; 4. Their
coefficients depend on # through the coefficients of the linearized equilibrium conditions. We
compute the derivatives of these responses with respect to 6 at # = 1. The terms (a)-(d) change
the coefficients of the linearized conditions only by amounts proportional to (1—6)%. The derivative
of such amounts with respect to 6 at § = 1 is zero, so dropping (a)-(d) does not affect the derivatives

we compute.

After dropping (a)-(d), (93)—(96) become

rg —r; —O0fi +c(rg. — 7 —1¢)

iwm = = 101
i, 5N (101)
e =T =1 —0f;
b = ST TN (102)
V¥
, — (s — T — 1) + (1 — ¢im)0 i
- ri — T + Pim(Ts., ~7T2 7i) + (1 — ¢im)0f (103)
7 7U¢i,m
T$ic — Tic + sz (104)

C.3 Linearized portfolio shares

By @), as. = (6 — m)/(70), 50 A

0i

YU
By (97), rs — r; — 0f; = —0 cip; — (1 — 0)(r; — rg). The remaining terms of (101)) are constant.

Therefore &; ,, = [—9 c/z}% —(1- 9)72] N/(~vc*0). Multiplying by W, we have

(105)

A
ai,c -

Wéim = —Q [9 cip; + (1 — e)ry} (106)

By " T$ic —Ti — 0f; = Tie — T = d;. So " is ¢z‘,m = (51' - W)/(va) and

) 5,
iym = 107
bim = - (107

Write (103)) as w;,,, = E;/D¥. By (104), r¢;. — 7 —r; = 0; — 7T + 0f;, so

Ei=ri—rs+ ¢im(0i —T) + im0 fi + (L — ¢in)0fi =1ri — 15+ 0fi + i (0; — 7)
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and by (97), r; — rs + 0f; = O cip; + (1 — 0)(r; — rg). Therefore
E; = 0cip;+ (1 = 0)(ri — r§) + dim (0 — 7), DY =507,
In the symmetric equilibrium E = ¢(§ — #) and D¥ = yoc?, so @ = E/D* gives
§ — 7T = yicw (108)

Linearizing, &; , = (E; — @D¥)/D*, with

E; = Ocip,+ (1= 0)fi+ i+ (6 — 7#)bim
= Hc/z’;gi—i—(l—@)fi—kcgi—i—yﬁc@ggi,m
DY = 2yichin,

using 1' Therefore E; —wD¥ = 0 C/ZE)l + (1 = 0)7; + cd; — ~ie @@i,m, and dividing by ~oc?,

~

wi,m -

0 cip; + (1 — 0)f; + ¢, %5
~OC? c M

Multiplying by NW and using NW/(yoc?) = Q and NWa = (1 — h)W,

— A 1 — ~

C.4 Linearized equilibrium conditions
Linearizing , with K and W; = NW fixed,
W&i,c + d/i,cei,w + NW (ngi,m + @ng‘,m> =0

By (109), N ) )
e NW i, = cQ [9 cip; + (1 — 9)@-] Q8 — (1= R)Wym

and NW@;m = (1 — h)W ;. The terms in ¢;,, cancel. With (105) and a; . = he,

(K + CQQ) & + CQ [@ c/@;gl -+ (1 — 9)721] + he €iw = 0
Y
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By (100) and T = ¢@), this gives the corporate spread

T 0cip, + (1 - em] + heein
S
Linearizing (91), using oNW = a;,, W = (1 — h)W,

51‘:—

T cip; + 0 [NW i — Waim — (1= h)ery] =0

By (T06)—(T09) and (T00),

— 1— )WY -
NW i — Weim = 2Q [9 cip; + (1 — 9)72] + (CQ - Q) 5;

CYm?

— 20 [9 cip; + (1 — 0)@] + X6,
Substituting 1} for 6; and collecting terms, using

l—h+ =

20 S S S S

CXT 205 -eQX QU Xhe V
N - S

we obtain

- . QU 1, —~ . V
NWCUZ"m — WOéi’m — (1 — h)ei,w = ? [9 cip; + (1 — 9)’/“7,] — EEZ"w

Multiplying the forward market condition by .S,
ST cip; + 0 QU [e cip + (1 — 9)@] — Ve
Adding and ,
Wi — ai Wi + wimWa + BY" + BY'" = D+ K

By , Qi mWi — wi Wy = BETP /6. Substituting,

Wi— D, — i = L=V per _ guir _
(3 7 9 1 7

I cip; — Ta(r; — rs)

Linearizing, the left hand side is €., — €; 4 + di7;, s0

1-0_ —~
7 I' cip,

PTi = €q— €uwt+
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Equations 1} and 1' determine 7; and C/Z;?Z

C.5 Solution near full hedging

Equations and determine 7; and c/z}az for any 6. We first solve them for § = 1, which
gives the responses under full hedging. We then differentiate (111)) and with respect to 6
and evaluate the result at # = 1. In what follows, 7, c/zzol and their derivatives all refer to their
values at # = 1. A fall in the hedge ratio lowers 6, so it moves each response in the direction
opposite to the sign of its derivative.

Full hedging. Setting § = 1 in and gives (ST + QU) 0/2;92 = Ve and pr; =

€i,d — €w, SO

- V i,d — CLw
cp; = 77 G T = % (113)
We also write fz = c/z;)l — 7, for the forward rate under full hedging.
Derivative of the CIP deviation. Differentiating (L11]) with respect to 6, for any 6,
aC/Z}% -0 A~
ST+ QU [9 cip; + (1 — e)n-]
—~  dcip; . o
+0 QU |cip; + 0 50 —n—i—(l—@)ag =Veéiw
Setting 0 = 1, i
SFaCipi QU e U e dcip; v
C1D; ClD; —r;| = iw
20 b RN “
Collecting the terms in dcip;/00 on the left,
86/2;92 -0 ~
(ST + QU) 50 Veiw —2QU cip; + QU 7;
By the definition of M, ST 4+ QU = M, and by (113), Ve, = M cip;. So
85@;72 - -0 N -0 -0 N
M 50— M cip; — 2QU cip, + QU t; = (M — QU) cip, — QU (czpi — ri>
Since M — QU = ST" and C/ZEZ -1 = fi,
dcip, ST eip; — QU f,
aip; _ ClP; Q f (114)

00 M
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Derivative of the interest rate. Differentiating (112]) with respect to 6, for any 6,

OF: I ~ 1-—6_dcip,

I
Po0 ~ P Ty g
Setting 0 = 1,
oi, T —
= —— ) . 1].
=T (115)

C.6 Proof of Proposition 5

Household wealth. Let ¢4 =0 and ¢;,, > 0. By (113) and (98),

02

Cfi})i - WEW >0, T = —Ei;w <0, fz = C/ZI% + Sw
By (115)), . L
Ti — _C—Qﬁiw < 0
00 pM

so a fall in the hedge ratio below one reduces the fall in the interest rate. By 1} M 80/2?91- /00 =
(ST —QU) C/Z;)Z — QUE¢; 4/ p. Substituting C/Z;)Z and multiplying by pM,

dcip,

M2
PE 50

= [p*Q(ST — QU) — QUM] €;,
With M = ST + QU, the term in square brackets equals pc2QST — pc?Q*U — QU ST — Q?U?, so

that
dcip; — QQU (U + pc?) + ST (U — pc?)] .
00 pM? ot
A fall in the hedge ratio below one raises the increase in the CIP deviation if and only if this
derivative is negative. That is the case when QU (U + pc?) + ST (U — pc?) > 0. This holds for all

[ if U > pc?, and otherwise if and only if

2
r . QUU+pc)
S (pc* = U)
Safe asset supply. Let ¢, = 0. By 1' c/zE)Z =0, 7 = €4/p and fi = —€.4/p- By 1)
and (I13).

o, od QU
a0 T
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Under full hedging, safe asset supply does not affect the CIP deviation. For a country with a
smaller safe asset supply (e;4 < 0), Gc/z;)i /00 < 0, so a fall in the hedge ratio below one gives it a

higher CIP deviation, together with its lower interest rate.

D Goods Market Equilibrium

In the paper, we make some assumptions about exchange rates without specifying the goods
market equilibrium in the model. Here, we show that these exchange rate assumptions can be
justified with the right assumptions regarding the goods market. For period 1 we assume that the
bilateral exchange rate of the N currencies relative to the dollar are all 1, while for period 2 we
assume that the log exchange rates s; 5 have a mean 0 and variance o?.

The description of the goods market that follows can be applied to both periods 1 and 2. Let
S; .+ be the exchange rate in period t = 1, 2 (dollars per unit of currency 7). Output and endowments
in the paper are defined in terms of the domestic consumption index, which is a composite basket
of N +1 goods. We will refer to these goods as each being associated with an individual country,
although one needs to keep in mind that country ¢ produces a basket of goods, not just country ¢
goods.

The consumption index is defined the same for all agents within a country. For respectively

small country ¢ and the US, these indices are

_ _ 0/(60-1)
Cio = (L= @) Cy V0 + @0 ) (116)
N 0/(6-1)
Cyy = ((1 —w)VeCEI Z(w/N)l/ecéf;””) (117)
=1

Here Cj; + is consumption of the country ¢ good by country 7 agents. Similarly, Cyq, is consumption
of the US good by US agents. (4, is consumption of the US good by country 7 agents and Cy; ; is
consumption of the country ¢ good by US agents. The same indices apply to investment K; and
K, in period 1.

Central banks target a price index of 1 in each country during both periods. C;; is then total
consumption spending as well. For simplicity, we will think of C, as aggregate spending by all
agents in country ¢, including investment spending by firms in period 1 as well. C;; follows from
the solution described in the paper, which depends on exchange rates as well. We will take C;; as
given.

The supply of goods is associated with endowments and production. Households and safe

asset suppliers receive endowments. Firms produce output in period 2, which generally varies
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across countries as productivity differs. Let Z;, and Z;; be the real value of all endowments plus
production in country ¢ and the US. These are also the nominal values in terms of the currencies
of these countries as central banks target a price index of 1 in each country. Let p;, be the price
of the good of country 7 in the country ¢ currency and pg the price of the US good in dollars. Z;,
is a bundle that consists of Z;;; country ¢ goods and Z;q+ US goods. Similarly, Z;; is a bundle
that consists of Z44; US goods and Zg; ; country ¢ goods of each of the N small countries. We then

have
DPd
Ziy = Pitliiy + S_Zid,t (118)
it
N
Zit = patLdds + Zpi,tsi,tzdi,t (119)
i=1

The goods market equilibrium for the small country ¢ good is
Ciit +Cair = Ziix + Zai (120)

We can ignore the goods market equilibrium for the US good by Walras’ Law.

The price indices for agents in country ¢ and the US can be written as

_ _ _ _ _ 1/(1-6
Py = ((1 - W)Pil,te + Wptli,tesze,t 1) /=0 (121)
N 1/(1-6)
Puy = ((1 —wpi’+ Y _(w/N )@;951.{;9) (122)
=1

Since central banks target these price indices to be 1, we can use them to solve for prices p;; and
pa: as a function of the exchange rates.

Country 7 agents allocate total spending across country ¢ and US goods as follows:

Ciig = (1 - @)p;fci,t (123)
Ciar = a)(pd,t/si,t)_aci,t (124)

This uses that the overall price index is 1. Similarly, for US agents

Cagr = (1 — W)p;’fcd,t (125)
Cair = (W/N) (pi,tsi,t>_90d,t (126)
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After substituting these into the goods market equilibrium for country 7 goods, we have
(1 — w)p;f(]i,t + (CU/N) (pi7tSi7t)_eC’d7t = Zz‘z‘,t + Zdi,t (127)

Combine this with (118])-(119)), which are repeated below for convenience

Ziy = PitLiiy + %Zid,t (128)
it
N

Zit = Patlddt + Zpi,tsi,tzdi,t (129)
i1

Now consider given values of S;;, either 1 for period 1 or based on draws from the exogenous
distribution for the log exchange rates in period 2. We have seen that these values of S;; also
determine p;; and pg;. Normally, we would solve for the N exchange rates from the N goods
market equilibrium conditions , taking Zii¢, Ziat, Zadr and Zg;; as given. But here we
reverse engineer. — give us 2N + 1 equations. For given values of the exchange rates,
we pick the 3N + 1 values of Zj;;, Ziat, Zaar and Zg;; such that the 2NV + 1 equations —
are satisfied. We even have N degrees of freedom to achieve this. The point is that for any set of
exchange rates (and therefore goods prices), we can always decompose output and production of
each country into bundles of the right amount of goods of each country such that goods market
equilibrium is satisfied and the nominal and real values of output plus production corresponds to

Z; ¢ in country ¢ and Z;, in the US.

E Scatter Plots

This section shows the scatter plots that correspond to the correlations in Table 1. The variable

definitions are given in Appendix A of the paper.
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Figure 1: Net Foreign Assets, Private Saving, Investment, and Wealth
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Notes: Eight currency-area averages over 2007-2020. All explanatory variables are in percent of GDP. Left:
CIP deviations; right: three-month Libor rates. Red lines are OLS fits.
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