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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 discusses the goods

market equilibrium.

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 BE'F + H; = 0, which
implies

C(ri+ fi—rs) +0nfi=0 (1)
Writing cip; = r; + f; — rg as the CIP deviation, we have f; = cip; — r; + rs.

Substituting, we have
Iy ry

. 2
T+T,  T+r, " (2)

cip; =
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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 sim-
plicity 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 ¢ households face a quadratic cost 0.5\07 on

a forward market position of ;. The portfolio return of households in country ¢ is

Rg 1 1 9
4o L (1—)R 40, [ — — =) — 0.5\
Rpﬂ + Q; Si,Q + ( az)Rz + ? (Si,Q E) 0.5 7 (3>

Here 6; are dollars bought forward. Log-linearized around returns and exchange

rates equal to 1, we have
Rpﬂ‘ = 1 + r; + O./Z'(T‘$ —Tr; — SZ"Q) + ez(fz — 8%2) — 05)\912 (4)

Assume that households maximize ER,,; —0.5yvar(R, ;). The expectation and

variance of the exchange rate s; 5 are 0 and o?. Households then maximize
ai(T’$ — ?”1') + (91‘]['1 — 057(&1 + 6@)20'2 — 05)\93 (5)

Maximizing with respect to 6; and «; gives

6 = —”“;_m (6)
1 1 1
O‘i:<x+ﬁ> (7’$—7"i)—xfz' (7)

The forward market position 6; 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 Tcip; + cip;W; /A 4+ Ty f; = 0. But wealth hetero-
geneity 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.
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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(rg — ;) + 0if; — 0.5y (a; + 6;)%0* — 0.5)\0412 (8)

The first-order conditions yield

cip;
i = 9
o === (9)
cip; Ji
N oo (10)

Introducing US households again does not change anything qualitatively. For-

ward market equilibrium is now
BE'Y 4 9W + H; =0 (11)

where W is the wealth of households. This implies

Wy . w
(F —|- 7) Cip; —I— (Fh + W) 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 = 00. 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 0.5\0? in the forward market, but
now allow households to hold both domestic and foreign safe assets and corporate
bonds. The portfolio return is

Rg R$ c 1

' - 1
(I—ain—aip—ais) Rita ’1Si,2 Tsaftict i3 Si2 * (Sm Fz) '
(13)



Here «;; is the fraction invested in the dollar safe asset, oo 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 A of the paper, we can write the

expectation and variance of the log-linearized portfolio return as

ER,;=14ri+a;1(rs—1i) + o (ric—1r — )+ i3 (rse—1 — )+ 0; fi — 0.5007

var(Ry;) = (a1 + a3 + Qi)z o? + vozf’2 + 17042-2,3

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

conditions are

T$_Ti:7(ai,1+@i,3+0i)a2

Tie =Ty — T = YU 2

)

- 1.
T$e —Ti — T = yﬁvai,g +’Y<C¥i’1 + Q.3 —|—¢91) 0'2

fi=v(vi1+a;3+0;) o + N,

From the last equation we have

___
R\

fi

(Oéi,l + 067;73) + m

This is the type of solution derived in the partial equilibrium literature that takes
portfolio allocation 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? + A).
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

Qizi("’i‘i‘fi_r@ (19)
Qi = % (20)
Qi3 = % (21)
Qi1 = —a;3—0; + r$,y;2ri (22)

Notice that the forward market position 6; remains a CIP arbitrage position, so

that nothing changes relative to the case without corporate bonds. Also note that
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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 i safe asset. First consider what happens when they cannot hold

the dollar safe asset. We can do this by setting a; ; = 0. We then have

ERp,i = 1 + r; —+ Oéz"g (ri,c — T, — 7T> + Oé,'73 (T$,c —Tr; — ﬁ) + ezfz — 05)\912

1
var(R,;) = (ay 3 + 902 o + vaiQ + —170@2,3

N
The first-order conditions are then
Tie—Ti — T = YUQ; 2 (23)
1
Tge—Ti— T = VN@OQ,:; + 5 (a3 + 6;) 0? (24)
fi =7 (ai’g + 91) O'2 + )\9Z (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

702+)\a’3+702+)\ (26)

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 o 3 is:

S0 A0 — 1= )
1,3

= 2
’ Ayo? + Mo /N + y20%0 /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 «; 3 will generally be positive because of a positive
premium rg . — r; — 7. This leads to negative value of ¢; to hedge it.

The forward market equilibrium condition then becomes

Here we allow for wealth differences. Since o3 will generally be positive, 0; 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 a; 2 =1 —a; 1 — a; 3. We have

ERp’i =1 + O[Z"17“$ + (1 — Ozi71 — O[Z"g) (Ti,c — 7'(') + Oéi73 (’f‘$7c — 7~T) + Hzfz — 05)\€z2

1
UCL’/’(RP’Z') = (061,1 + Q5 3 + (91)2 0'2 + U(l — 0y — 057;73)2 + N@aig

The first-order conditions are
r$ — Tie + T =7y (1 + a3+ 06;) o? — (1l — a1 — ay3) (29)
1.
T§c—Tic+T—T = yﬁva@g + v (a1 + a3+ 6;) o? —yvu(l — a1 —a;3) (30)
fi=7 (i1 + iz +0;) 0% + N0; (31)

From the last equation

fi
yo? + A

yo?

Y 2
yo? + A (32)

(i1 + ays) +

i =

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;1 + ;3. This is again because CIP arbitrage is not possible without access to

the country i safe asset. We have

—vo?fi+ (A +y0%)(yv 41§ —Tic + )
Ayo? + A\yv + yo2yw

Qi1+ ;3 = (33)

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
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this could follow from an optimal forward market position by hedge funds, consider
first the country ¢ hedge fund that invest in the US. Assume that it sells #; dollars
forward. Also, allow for a quadratic cost 0.5A0? in the forward market. The

portfolio return of the mutual fund is then

1 . 1 1 1
Roi = (1= pim)Rs—— + pimRseo— +0; | — — — 0.5)\07 34
i= (= )R+ B+ (F S) 2 (3

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

ERpi =14 (1= pim)rs + fhim (rsc — 7) — 0;f; — 0.5067 (35)
var(Ry) = (1 — 6;)%0% + v (36)

With the mean-variance objective E(R,, ;) —0.5v,,var(R,,;), the optimal portfolio
share pi;,, remains the same as in the paper. The optimal forward market position
becomes

g, — —m” L (37)
Ao+ A o2+ A

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 in Section 7 of the paper. The hedge ratio is V,02/(ymo? + ).

Next consider the mutual fund used by US households to invest in country 1.

Assuming that the fund buys «; dollars forward, its portfolio return (in dollars) is

i s,
Riydi= (1= ¢im)RiSi2+ ¢imBsic+ K (1 — Fz) — 0.5k} (38)

Again following Appendix A of the paper, we can write the expectation and vari-

ance of the return as

ERpai =1+ (1= ¢im)ri + dim(rsic — 7) + ki fi — 0.5AK;

var(Rp.ai) = imv + (1 — ¢im — Ki)2o?

The fund maximizes the mean variance objective ER,, 4; — 0.5v,var (R, ;). The

first-order condition with respect to x; is

V2 1

fmeQ—i-)\( o )+’ym02+)\f (39)
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We again abstract from the speculative second term. The hedge ratio implied by
the first term is again 7,,0%/(7,,02 + ). It 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 7, 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 4

In this section, we derive the analytical results discussed in Section 4 of the paper.
In Section we first linearize the three market clearing conditions for each of
the N countries (safe asset market equilibrium, corporate bond market equilibrium
and forward market equilibrium). In Sections to [B.4] we use these to derive
the impact of the three types of cross-country heterogeneity on the CIP deviation,
safe interest rate and corporate spread for each country. In doing so we assume
that the US variables are unaffected by the heterogeneity. Section confirms
that this is indeed the case.



B.1 Linearization

We will simultaneously consider asymmetries across countries in wealth, produc-

tivity and safe asset supply:

Ai = A + Ei,a (41)
doi = do + €4 (42)

We assume that Zf\il €iw =0, Zfil €io =0 and Zf\il €4 = 0. In Section we
will verify that under these assumptions there will be no change to US variables for
marginal heterogeneity (taking derivatives with respect to these epsilons). Changes
in the small countries relative to the symmetric case will cancel each other out. So
Ps =g, = Kg=0.

We will focus on a particular country 7 in what follows. There are 5 variables
for country 7 that we need to solve: 7, 7, 7g.c, fz and K;. Two of these can be

immediately solved as a function of the others. First, from firm arbitrage we have
T$ic = Tict+ fi (43)
Second, linearizing the firm first-order condition

AvK! ™ =141, (44)

and evaluating at the symmetric equilibrium, we have

Av(v = 1)K 2K, + vK" YA, = 74, (45)
Therefore
f(i = klﬁi,a - szi,c (46)
where
K
by — ——— 4
T 1-v)A 47
1
ko = _ 48
2 Av(l —v)Kv—2 48)

Here K = cW is the capital stock in the symmetric equilibrium.



This leaves us with the three market equilibrium conditions, the safe asset mar-
ket equilibrium, the corporate bond market equilibrium and the forward market

equilibrium. These equilibrum conditions are
(1 — Oé,‘7c — Oéi7m)Wi + wi,m(l — ¢i,m)Wd + B,L-CIP + BZ»UIP = Dz (49)
Ki = a; Wi+ ¢imwi mWa (50)
BiCIP + wi,de — Oéi’mVVi + Hz =0 (51)
We replace the safe asset market equilibrium condition with an aggregate asset

market equilibrium condition that we get by adding the first two equations and

subtracting the last one. This gives
W; — D; — K; = H; — BY'* (52)

Replacing the safe asset market clearing condition with , and using D; =

dio — diri, H; = 'y, f;, the system of equations becomes

Wi — K; =do+ € — diry + I fi — BiUIP (53)
Ki = ai,cVVi + ¢i,mwi,de (54)
BiCIP + Wz’,de - ai,mWi + Fhfz =0 (55>

We need to linearize —. is already in linear form.

It is useful to make two substitutions. The first one is fz = cipi —T;, as we are
ultimately interested in the CIP deviation. The second substitution is meant to
focus on the corporate spread b = 7. —T; as opposed to the corporate yield itself.
To that end we make the substitution 7; . = 51 + 7;. We can then solve for cipi, T
and 31

implies

721' = (loei’a — alem} + a1€i7d — aggi + agcfpi (56)
where ag = k1/a, a1 = 1/a, as = ko/a and a3 = 'y, /a, with
a=p+I,+ ke (57)

Here p = dy + T'y. All a; are positive.
Before making the two substitutions, linearizing — gives

1 R
ki€iq — kot c = & W + hee, + (C@i,m + N(l - h)¢zm) NW  (58)
D(7; + fi) + @i NW — Qi W — (1 = h)es + Tnfi = 0 (59)
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With the substitutions, these become
. 1 .
ki€ia — Koy — Koty = G JW + hcej o + (C(':)i,m + N(l - h)¢zm> NW (60)
Tcip; + Gim NW — @i W — (1 = h) € + Deip; — T = 0 (61)

This involves changes in four portfolio shares. Substitute 7#%%¢ = Tie + ﬁ-,
ﬁ = czA'pi —7; and 7. = 51 + 7; into the portfolio shares. Differentiating the

portfolio shares, using that vy = v then delivers

di

Aic - 62
e = 2 (62)
. N -

i = =g, (63)

. . 1—h »

b=~ (e 4 cin) - o
“ ~OC? (C tap Ncv,,v (64)
. 5;

bim == (65

Then becomes

Wi/1 N\. NW . .
— (— -+ T) 51 + = cipz- + hCGLw + ]f25l + kQ?% — klﬁiﬂ = O (66)
Y v v yvc

This implies

i = bo€iaq — b1€iw — bad; — bscip; (67)
where
k1
by = —
-~ (68)
he
p e 69
= (69)
1 /W /(1 N
by = — (— (— + T) + ka) (70)
ko v o\v U
NW
be 71
3 7176]?2 ( )

Finally, gives

1—h)W NW . .

( ) Oi+ ——cip; — (1 = h)€i + Tpeip; — Ty = 0
CYmU yoc

(72)

A NW / 4 A
Leip;+ —— (c& + cipi) —
yoc
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We can write this as

N 5 N 1—-h1)\:
(F +2 j/z + Fh) cip; + W (T — ——) O —(L—=h)ew —Tpr; =0 (73)
yue ye v

U h

To summarize, we have a system of three equations in the variables 7;, §; and

cip;:

i = Qo€iq — Q1€ + Q1654 — a251’ + a3czA'pl- (74)
P = bo€ia — bi€iw — bad; — bscip; (7%)
NW R W (N 1—h1\ .
P+2—— 4Ty ap;+— | = ———— )0 — (L —h)ein —Tpiy =0 (76)
Y20 7\ h v ’

We can solve all three variables by inverting a three by three matrix. Instead
we follow the approach of first solving the first two equations and then substituting
the result into . We will first solve for the CIP deviation this way, then the
safe interest rate and then the corporate spread.

Before applying this, it is useful to point out that
—— —X>0 (77)

To see that, use that in the symmetric equilibrium in Section 3.1 of the paper we
impose
1
T —m = yvhc — N(l —h)eyw(1 —7)
From here it follows immediately that holds as long as @ > 7. This implies

that there is a larger perceived default risk of foreign than domestic firms, which

we will assume.

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

Ei,w
T’Ai . 1 —albg + b1a2 CLon — bgag a162 62&3 + agbg €ia
o; by — ay a; — by —ag+by —ar —(bs+as) €id
CZpZ
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We can substitute this back into (76]). This then becomes

zlcfpi + 29€i 4 — 23€iq + 24619 = 0 (79)
where
N N 1-hl b b b
Zl—F+2 mf—i‘rh—ﬂ - — - a3+3—Fh 2a3+a23(80)
~vc? ~ve \ 0 h v/ by—as by — as
W (N 1-h1 ay — bl —Cllbg + blag
=—(1—-h)+—[—=—— - -T 1
2 ( >+yc<f} h ’U)bg—ag 4 by — aq (81)
W (N 1-hl —b —agby + b
z3=— = — 2% "% Fhw (82)
ye \ 0 h v) by—ay by — as
W /(N 1-hl I'yab
= —— (2= L ar 1 h102 (83)
ye \ 0 h by —ay by —ay
It follows that
cip; = _éei,w + ﬁei,a - ﬁ‘fz‘,d (84)
<1 <1 <1

It is immediate that z4 < 0. For the others, redefine z; after multiplying them
by (by — as)kqea > 0. then still holds. We have

NW W (N 1—-hl
zZ1 = (bQ—CLQ) (F+2 o~ +Fh) __(T_—_) k’gd(ag—i—bg,)
Y2 ye \ U h wv
—Fhk (b2a3 + Clgbg) (85>
W (N 1-hl1
Z9 = ( h)(bg — CLQ)/CQCL + % <; - T;) kga(al — bl)
+Fhk’2&(albg - blag) (86)
W (N 1-hl
z3 = ~e (T — T;) kg@(&o — b[)) -+ Fhk‘gc_l(dobg — boag) (87)

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

W (1 N NW
SANCEC yc<v

NW W (N 1—-hl
—k3 (F~|— 5= ) - — (T - ——) ko',
el ye \ v h v

W (N 1—hl\ NW
NI EIE AN
ye \ U h wv) ~oc
Wi/l N NW
(Y () )
vy \v v Yo
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It is easy to check that z; > 0. The easiest way to do this is first checking that
z1 > 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

W /(1 N
29 = —(1—h) <7 (;‘FE)+k2)(p+rh+/€2)+(1—h)k§
W /(N 1-hl W (N 1-hl
AR E T AT ST TR
ye \ v h v ye \ v h v

W (1 N
+I'y, (— (— + T) + k‘z) — I'pkohce
vy \v @

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

1 N N 1-hl
(T () e) E (Y,
vy \v 0 ye \ U h wv

W (1 N
+ (— (—+ T) +k:2) — kohe
Y \V v

Collecting terms, this is equal to

equal to

w
b + hky(1 —¢) (88)

This is clearly positive. We can conclude that when I';, becomes very large, z,
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

—(1—h) (g (% +%) +k2> (p+ ko) + (1 —h)k3

W (N 1-hl1 W (N 1-hl
g A LTI PR
ye ye h v

v h wv v
Collecting terms, this is
W ( N 1—h)k WN (1
—(1 = h)kop — — (pf%-g) +——= (——1) ko (89)
v v chv v 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

—(1—h)lcp— 1N—M+¥(1—

w Cpk_gg hv v ) (90)
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This is negative when c is sufficiently large. Other factors contributing to this
being negative are a large p and small k;. 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 k5, can make
this term positive. In that case, a country with high household wealth has a low
CIP deviation.

Next, consider z3. We have

W (N 1-hl1 N 1-hl
zZ3 = — - klkg—— —_— — = kl(p—i-Fh—i—kg)
ye \ v h wv ye \ U h v

w1 N
+Fhk1 <7 <_ "’ ?) "’ kz) - Fhklkg

v

This is equal to

W (N 1—hl W /(1 N
23 = —— (T_—_) ki (p+Th) + Tpky— (-—1-7) (91)
ye \ U h wv vy \v 0
When we set I', = 0, so abstracting from speculative forward demand, this
becomes WIN 1-h1
= ([ - ="k 2
= ye <17 h U) 1P (92)

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'j, are

w (ﬁ—ﬂ1> k1+klg (1+£) (93)

v h v v

The first term is negative, while the second term is positive. When c 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.
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B.3 Solving safe interest rate

First, solve &; and cgpi from —. The solution is

< Sl ) —1 < b3a1 + CL3b1 —bgao — Cbgbo —b3a1 b3 + as ) €ia

cipz - a2b3 + b2a3 —bgCLl -+ CLle b2a0 — a2b0 b2a1 ay — b2

Now substitute this result into

NW A W (N 1—h1)\ 2
P42 4Ty )eip+ — (= — ——= )8 — (1 — h)erw — Thiv =0 (95)
Y20 ye \ U h v ’

and multiply by —(asbs + boag). This gives

M1Ti + Ma€iw — M3€iq + My€ig =0 (96)
where
w W (N 1-—hl
my = (F —+ 2 Y + Fh) (CLQ — bg) + — (T — ——) (bg —+ ag) + Fh(a2b3 + bgag)
yc2o ye \ U h v
NW W (N 1-hl
mo = (F +2 Y + Fh) (-bgal -+ a2b1> + — (T — ——) (b3a1 -+ a3b1) -+ (1 — h)(a2b3 -+ bg@g)
Yo ye \ U h wv
NW W (N 1-hl
ms = (F + 2 5= T Fh> (—bgag + azbg) + — (T — ——) (bgao + agbo)
v ye \ U h wv
W (N 1-hl 2NW
My = —— (T———) bsa, + (F—i— 5= +Fh> baay
ye \ U h wv Y20
We have
fl' = _@ei,w + @Eiﬂ — @Gi,d (97)
my my my

It is easy to quickly check that m, > 0. For the others, rescale m; by multiplying

each of them by ksa. For m; this gives

NW
m; = <r+2 2~+Fh>k§
yc2o
NW w1 N
—(F—l—? 2~+Fh> (—<—+T)+k2>(p+rh+k2)
vc20 vy \v 0
W (N 1—hl1\ NW W (N 1-hl
e (5 ) B T k) (= — ) Tk,
ye \ U h wv) ~oc ye \ U h v
NW Wi/l N
+Thko—— + T} (— (—+T>+k2)
~YUC vy \v 0
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It is easy to check that m; < 0. The easiest way to do this is first checking that
my < 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 (e; 4 < 0)
has a low safe rate.

After mutiplying by ksa, ms becomes

NW Wi/l N NW
my = —(F+2 2~+Fh) (—(—+T)+k2)+(F+27+Fh)k‘zhc

yc*o vy \v v ole)]

W (N 1—h1I\NW W /(N 1-hl

T e R e

ye \ U h v/) yoec  ~ve \ 0 h wv
NW Wi/l N

—F(l—h)kg = —i—(l—h)Fh (- (—+T)+k2)
Yo vy \v v

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

N 1 N N
—(I'+2 V‘f K —+ = +k |+ (T +2 Mf kahe
vC20 vy \v 0 v

W (N 1—hl\ NW NW
+— ( —> — + (1 — h)ky—
ye yoc yoc

v h wv
It is easy to check that this is negative. This means that in the absence of specu-
lative 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'j, is

1 N N 1-hl
—(K (—+T)+k2)+k2h6+w(7———> hc
vy \v 0 ye \ U h wv

+(1—h) <¥ <%+%> +k2)

This is equal to
—h(1 —c)ky — K (98)
2 "

This is also negative. Therefore, the safe interest rate will always be lower in
countries with high household wealth.
After mutiplying by kea, ms becomes

NW w1 N NW
msg = —(P+2 2~+Ph>k1(—(—+7>+k2)+<r+2 2~+Fh)]€1]€2
ol v \v 0 ol
W (N 1-h1\ENW W/ /N 1-hl1
ye \ 0 h v) ~vc ye \ h v
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The terms not involving I, are

NW w1 N NW
(T +2—= k| — |-+ =)+ k) + | T +2—= | kike
v vy \v 0 ~ve20

W(N 1—h1) kFyNW

+_
ye

This is equal to

v h wv YoC

-T -

kW (1 N) _ ki NW? (N 1—|—h1) (99)

v v V220 b h v
This is negative, so that a country with low productivity has a low interest rate in

the absence of speculative forward positions.

The terms proportional to I'j, are

Wi/l N W (N 1-hl
h (_ (- + T) + k:) ik + — (7 - ——) ko (100)
vy \v 0 ye \ U h v
This is equal to
kW (1 n ﬂl) n /{:1W{N (1 B 1) (101)
Y 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 ¢ 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 7; and cip; from —. The solution is

€iw
T -1 bsay + azby —bsag — asby —bsa, bsas + azby €ia
cip; " as+bs by — aq ap — by aq by — as €id
0;

(102)

Now substitute this result into

NW . W [(N 1-h1)\-
(F+2 — +rh) cip, + — (T - —-) 8; — (1 = W)€ — This = 0 (103)
YCc4v ye



and multiply by —(agz + b3). This gives

hl& + hgﬁ@w — h3€i7a + h4€i,d =0 (104)
where
NW W (N 1-hl
hl = (F -+ 2 o~ + Fh> (bg — CZQ) - — (T — ——) (ag + bg) — Fh(bgag + bgag)
ye ye \ U h v
NW
h2 = (T + 2’)/0217 + Fh (bl — al) + (1 — h)(a3 + bg) — Fh(bgal -+ agbl)
|44
hg = (F + 2 5~ + Fh> (bo — ao) — Fh<b3a0 + a3b0>
YCcév
NW
h4 = (F + 2 o~ + Fh) ay + thgal
YCcAv
It follows that h " "
b = —— > i (105)

h—1€i,w + h—léz‘,a T
It is immediate that Ay > 0. For the others, rescale all h; by multiplying each
of them by ksa. For hy this gives

NW W (1 N
hy = (F_'_Q 2~+Fh>(p+rh+k2)(—(—+T)+k2)
yetv ¥y \v 0

N N 1-hl
—(r+2 LU kg—K<T———)Fhk2
ye

20 ve \ O h v
W (N 1-hl NW
- (T_—_) (p+Th+ke) —
ye \ U h wv YoC
NW W /(1 N
() )
~yUe vy \v 0

Collecting terms, it is easy to show that h; > 0 by first setting I', = 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
hzZ(F—I—Q —i—Fh)(p—i-Fh—l—kg)hc—(F—i—Q +Fh)k2

v v
NW NW
+(1 = h)Thky + (1 = h)—— (p+ T + k2) = Th—— — T} he
yuc yvc
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When I';, = 0, this becomes

N N
<F+2 W) (p+ ko) he — <F+2 W) ko

v v

This is equal to

(- nor+ 25

NW
2 — — '+ —(h+1 106
702@( he c)) ko +p (hc + o (h+ )) (106)

The first term is negative, while the second term is positive. Overall, this term
is negative when ks 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.

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

NW NW NW
hC<F+2 QN)+hC(p+k’2)—k2+(1—h)/{32+(1—h) — — — (107)
o teal] Yyoc yoC
This is equal to
NW
hc (p—i—F—l— — 2) — h(1 — )k (108)
YOC

The first term is positive, while the second term is negative. The same conclusion
applies as when I';, = 0. Overall this term is negative when k£, is large and p is
small. The term is positive when ks is small and p is large.

After multiplying by kea, hs becomes

W NW
hs = (F+2 2~+Th>(p+Fh+k:2)k1—<T+2 2~+Fh)k1k:2
yerv oleall
N
— thkl—rikl
yvc

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 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 7 = 7. = 0. To this end, we need
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to differentiate the two market clearing conditions for the US:

N N
(1 — Wy — Zwi,m> W, + Zam( — fim) Wi — ZBCIP ZBU“D D(109)

1 N
Ady 1—v
- Qim imWi+w CW 110
<1+T$,c> ; ;m i, dcWVd (110)

We assumed that Zfil €iw =0, Zfil €. = 0and Zfil €;.q = 0. It immediately
follows that SN cip; = SN 7 = SN 6 = 0. From this it is also immediate
that Zf\;l Qi = ZZJ\LI Wim = 0. It is then easy to check that the two market
equilibrium conditions can be written as two linear expressions in 7g and 7g . that

are both zero. It follows that 7g = 7g . = 0.

C 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; 2 have a mean 0 and variance a?.

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
i). 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
1 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/(6-1)
Cia = ((1=@) 7 C 0 ot lPc ) (111)

N 0/(60-1)
cd,t:(a W)y’ Z(w/ml”q&i’f) (112)

=1
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Here Cj;; is consumption of the country ¢ good by country i agents. Similarly,
Caaz is consumption of the US good by US agents. Cj4, is consumption of the US
good by country ¢ 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. House-
holds and safe asset suppliers receive endowments. Firms produce output in period
2, which generally varies across countries as productivity differs. Let Z;, and Zgy;,
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 ¢ in the country ¢ currency and pg; the price of the US good in dollars.
Z; 1s a bundle that consists of Z;;; country ¢ goods and Z,;; US goods. Similarly,
Zqy is a bundle that consists of Zgq; US goods and Zg4; country ¢ goods of each

of the N small countries. We then have

Ziy = PisLiiy + %Zid,t (113)
it
N

Zat = Patlddr + Zpi,tsi,tZdi,t (114)

i=1

The goods market equilibrium for the small country 7 good is
Out + Cdzt mt + Zdzt (115>

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
P= (1 —@)ply? +opl,tst ) (116)

1/(1-6)
Pyy = (( pdt "’ZW/N pzteszlt0> (117)

Since central banks target these price indices to be 1, we can use them to solve for

prices p;; and pg; as a function of the exchange rates.
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Country 7 agents allocate total spending across country ¢ and US goods as
follows:

Ciip = (1 - @)p;teci,t (118)
Cid,t = @(Pd,t/sz‘,t)_eci,t (119)

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

Caay = (1 —w)pg{Cay (120)
Cai = (W/N)(pipSie) " Cay (121)

After substituting these into the goods market equilibrium for country ¢ goods,
we have
(1— a’)p;teci,t + (W/N)(pisSit) "Cas = Ziss + Zaiy (122)

Combine this with (113])-(114)), which are repeated below for convenience

Ziy = DigZiiy + %Zid,t (123)
it
N

Zat = PatLdds + Zpi,tsi,tzdi,t (124)

i=1

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 pq:. Normally, we would solve for
the N exchange rates from the N goods market equilibrium conditions , taking
Ziit, Zidt, Laar and Zg;y 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; 4, Ziqs, 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 7 and Z4,

in the US.
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