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A Online Appendix
The Appendix contains additional material:

e Section A.l reviews the frictionless model.

Section A.2 discusses exchange rate disconnect.

Section A.3 discusses crash risk.

Section A.4 provides an alternative foundation for intermediation frictions based on

portfolio constraints.

Section A.5 contains proofs of all results.

A.1 Frictionless Economy

In this section, we solve for the equilibrium in the special case when there are no inter-
mediation frictions and customers can freely trade with each other. This analysis serves
as an important benchmark for the analysis in the main text. In this case, market com-
pleteness implies that all local nominal pricing kernels are linked through the state-by-state

relationship with the US dollar pricing kernel:
M, = Mg Ei/Eio.

Furthermore, local nominal pricing kernels are determined by the cash-in-advance constraint,
> CloWia (MG5,) " 0iaiv = M.

so that

leo,t = (Mk,t)fl Ok, (A.1)



while the exchange rates are then given by
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where we have defined
@k,t = Z&',oci,o‘l%,t Hi,k, k=1--- N

to be the international wealth-weighted discount factor for goods of country k.

Money is super-neutral® in the frictionless economy, and both goods prices and nominal
stock prices are proportional to the money supply. That money super-neutrality holds in
frictionless cash-in-advance economies is well known: Money simply serves as a numraire
and has no impact on real asset prices. Similar arguments concern the other phenomena:
Exchange rates exhibit trivial behavior and simply reflect preferences for local goods, with
the parameters 0y, being the primitive drivers of exchange rate dynamics. Furthermore,
exchange rates perfectly perform their role of shock absorbers: Flexible exchange rates and
capital flows guarantee monetary policy independence, as in Obstfeld and Taylor (2004) and
in complete agreement with the Mundellian trilemma.

These simplistic features of the benchmark frictionless model are useful for analysis of the
model with intermediation frictions: Indeed, they immediately imply that any interesting
dynamic properties of prices and exchange rates are due solely to the intermediation frictions.

We summarize these observations in the following proposition.

Proposition 1 (Frictionless economy) The following is true in a frictionless economy

wn which customers can freely trade all securities with each other:

(1) Money is super-neutral: The nominal pricing kernels (A.1) are inversely proportional

'Money is said to be super-neutral when neither the current money supply nor the expectations about
the future monetary policy have any impact on real (inflation-adjusted) asset prices.



to the money supply, while the nominal prices of real goods as well as stock prices are

proportional to the money supply:
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In particular, domestic inflation, stock prices, and the domestic pricing kernel are

independent of foreign monetary policy shocks.

(8) Exchange rates are given by (A.2).

The following corollary summarizes the basic properties of exchange rates in the friction-

less economy.

Corollary 2 In a frictionless economy,

o The exchange rate & ; always scales inversely with the relative money supply. In
particular, if country i expands the monetary base more than the US, then its currency

always depreciates relative to the US dollar.

e [Expectations about future monetary policy (forward guidance) have no impact on ex-

change rates: They depend only on the current money supply.

o Monetary shocks outside the US and country i have no impact on &; ;.

A.2 The disconnect of exchange rates and consumption

As in Gabaix and Maggiori (2015), in our model, intermediaries are marginal investors in the

international financial markets and, hence, exchange rates are determined by their marginal



utilities, which can be quite different from those of households. Specifically, we have

Mz’{t,t—l—l - \Iji,t,tJrl(Cz‘I,tH/CiI,t)_l 7é ‘yi,t,t+1(cﬁ+1/cﬁ)_l7

Hence,
£ /5 . MzItt—i-l o qji,t,ﬂrl( zIt-l-l/CzIt)_l \Ili,t,tJrl( £+1/C£)_1
it+1/Cit = = -
M$I,t,t+1 \Ij$7t,t+1( $t+1/0${) ! \IJ$7t,t+1( $t+1/C$Ht)

Thus, our model is naturally able to generate deviations from the one-to-one relationship
between exchange rates and consumption, known as the Backus and Smith (1993) puzzle.

Consider a simplified setup in which two countries, ¢ and j, have identical discount factors

\IJ = vl

;1 and, hence, their only differences stem from monetary policies. By the cash-in-

advance constraint, aggregate nominal consumption C;; = C{t + CH + coincides with the
money supply and, hence, C;+1/Ciy = Niiy1. As a result, in the frictionless model, the
correlation of exchange rates with relative consumption growth equals one, in stark contrast
to the empirical evidence where this correlation is almost always negative (see, e.g., Backus
and Kehoe (1992)). Here, we note that our model is also able to generate a zero or negative
correlation. For example, if the countries have identical monetary policies, so that N; 11 =
Nsi11, then (Ci41/Cit)/(Cs141/Cs¢) = 1 and, hence, its correlation with exchange rates is
zero. At the same time, if intermediaries in the two countries are different, then exchange

rates will exhibit non-trivial dynamics, unrelated to relative consumption.

A.3 Crash risk

As explained above, the state-contingent intermediation markups represent the cost of insur-
ance in the D2C market segment: When this cost is high, customers reduce their consumption
in those states, driving down the value of the local currency. This fact has an important

link with the empirical regularity known as the negative currency skew: That is, for many



currencies, implied volatilities for out-of-the-money put options tend to be higher than
those for out-of-the-money calls (see, e.g., Farhi et al. (2015) and Chernov et al. (2017)),
implying that the costs of insurance against currency depreciation are high relative to those
for currency appreciation. Indeed, in our model, states with low shadow costs A;; are costly
to insure against and correspond to states with depressed exchange rates.

Thus, customers that want to buy insurance against currency depreciation states using
out-of-the-money put options in the D2C markets will observe highly skewed quotes. We

have

Mz{t,t—i—l = (Wit Di,t,t+1)_1 (Mﬁ,tﬂ)z (Nt (Sier1/Sie) + i) ,

and therefore

(Wit+1 Di,t,t+1)_1 (Mﬁ,m)z (Nit(Sit41/Sie) + i)
(Vs 41 Dstp1) 7" (M$I?t,t+1)2 (Ast(Ss441/Sit) + pse)

gi,t,t—l-l =

Thus, we arrive at the following result:

Corollary 3 Suppose that Mﬁ’tﬂ stays bounded. If time t expectations lead customers into
a risk-on regime so that Ny > 0 > p;, then a large enough drop in the country i stock

market price S; i1 at time t + 1 always leads to a currency crash.

Corollary 3 highlights an important boom and bust feature of currency crashes in the
model. A “boom” that leads to a buildup of optimistic expectations and drives customers
into a “risk-on” regime leads to an endogenous buildup of risk in intermediaries’ balance
sheets. In such episodes, strong drops in asset prices go hand in hand with currency crashes.
This finding suggests that it may make sense to differentiate between “good” and “bad”

crashes: A good crash (e.g., like the one following a dot com bubble) hits only customers



but has no systemic implications; a bad crash hits intermediaries and, therefore, comes with

“systemic” implications.

A.4 Market Power Versus Collateral Constrains

Suppose that each trading round ¢ is split into two sub-periods. At time t—, customers con-
tact intermediaries and trade state-contingent claims with them in a centralized competitive
market. However, this market is subject to collateral constraints for intermediaries: They
need to hold enough of liquid assets (stocks and bonds in this example) to cover their trades
and incur a regulatory cost at time ¢+ 1 (through, e.g., capital requirements or leverage ratio
constraints), that are given by —K; ;log(al + B/S;+1 — Yii1). Here, the cost factor K; 4
accounts for the fact that regulatory requirements and/or the impact of these requirements
in the intermediary balance sheets can be time varying. We also assume that these firms are

short-lived. Then, the maximization problem is given by

Xof BLYiq g1

max (Et[(Mfz{H - MtI,tH)(YtH - atI - 5tISt+1>]
+ By M Yi] + EM] Keplog(af + B8{ S — Yiga)]

— Et[MtI,tHYtJr,tH] + E, [Mtl,tHY%Jr,tH])

where of, Bl are arbitrary and satisfy that the market price of the claim, E; [Mg H(a{ +
B1Si41)] < W/, where W/ is intermediary wealth. Note that we assume that the time ¢+
market is free from any collateral constraints and, hence, the choice of collateral o, 3! has
no impact on the choice of the claim Y;; ;4; traded in the D2D market. Also, we assume
that this claim imposes no regulatory costs on the firm. Thus, its choice is irrelevant. In
addition, we assume that the I agents can also trade stocks and bonds at both time t—
and t, but they incur no regulatory cost and, thus, can perfectly arbitrage away any price

discrepancies. As a result, stocks and bonds are priced fairly across the two markets and the

7



maximization problem takes the form

Xof Bl Yiq 1

max (Et [Mt§+1 Vi)

+ EM/, K log(af + 8/ Si — Vi)l — EM] Vg an] + Et[MtI,tJrlY;f+,t+1]) :

Clearly, the optimal choice always satisfies F [Mg (od + B]Si1)] = W] The first-order

condition gives
Mgﬂ = Mtl,t+1Kt+1(atI + 5tISt+1 - Y;Hrl)il?

while we know that Y, = WtH\IfMHDt’tH(MﬂH)_l . Substituting, we get
M = ML K (of + 8] See — W Dyl (M, )77

which gives

o T
ME WiV i1 Degr + My K

41 T T
a; + B¢ Si1

Importantly, as in the markups case, the D2C pricing kernel explodes when af + 3!.5;,1 goes
to zero because the intermediary is not willing to provide insurance against states in which

the value of collateral deteriorates.

A.5 Proofs

Proof of Lemma 1. The customer rationally anticipates that he will be consuming as

follows: Given the time ¢ + 1 wealth W; 1, the agent will consume according to

Wi

Ci,t—l-ﬂ' - D
3,141

\I}i,t+1,t+T(Mg1’t+T>_1, rell,-- T —1.



Therefore, the agent’s future value function is given by

T—t
Uis1(Wies1) = Eun Z‘I’i,t+1,t+710gci,t+f = Dip1logWipn + Constiggy .

T=1

Thus, the optimization problem of the customer as a function of the quoted pricing kernel

M 441 takes the form

Ui,t(w/i,taMH,t,tJrl) = Inax (10g(VVi,t - Et[MH,t,t+1Wi,t+1]) + Et[‘pi,t,tHUtH(m,tH)])

it+1

and the first-order condition implies
CijthH,t,t—i-l = \I’i,t,t+1Di,t+1W[tlH
Hence,
Wity = \Ili,t,t—&—lDi,t—i—lci,tM];ig’t_H = ‘I/z‘,t,t+1Di,t+1Wi,tD;t1Mﬁit+1 .

Q.E.D.

Proof of Proposition 2. Substituting the identity

My = M OV )T N (Siern /Sie) + i) -

into the system, we get a linear system for the Lagrange multipliers which we solve explicitly.

Q.E.D.

Proof of Proposition 3. The proof follows directly because we can rewrite the markup as

MI
H i, t,t+1
E, [Mi,t,tJrl ME ] M!
ss L By (M Y] - B ML Y]
B (MH Tt itt+11t+1 t H it t+11t+1] -
t[ i7t,t+1] it t+1



Q.E.D.

Proof of Lemma 4, Proposition 5 and Theorem 6. Denote
Cip = Ui (Cf} (Mﬁ),t)_l + CiI,O (Mz{O,t)_l) Eit-
Then, we get the linear system
(1= B)Cre + Ok Zﬂi@,t = M &y
Multiplying by (1 — £x) "3 and summing, we get
> BiCri + BY BiCiy = Y (1= B) " BiMisErs = —(1+ B)Dollar,,
k i

k

where

B =Y (1-5) " Bty

k

Thus, we get

Zﬂkék,t = —Dollar; .

k

Hence,

Crt = (1= 81) " (MpiEre + OrDollary).
Substituting the expressions for pricing kernels, we get

(M tr1Ek 1 + OpDollarer) = (1—Be) Wt (let(Mlgt,t+l)il+Cl£,t<MI£,t,t+1)71)gk,t+l-

10



This completes the proof.

Substituting the expression for M, lft,t 41, We get

Wit e41 (let(MIg,t,t+l)71/2<)‘k,t5’k,t,t+1 + 1) (W41 D) 2+ Clg,t<Ml£,t,t+1>71>

= (1 — 5k>_l(Mk,t+1 + OkDollartHE,;}H) .

This is a quadratic equation for (M}, ,,,)~"/?, which gives

(le,t,t+1)_1/2

= ‘I’llg,/ftﬂ ( — O (Mt Skar + 111) (D g 1) 2

+ \/( O (Mt Sk + Nk,t)1/2(Dk,t,t+l>_1/2)2 +4CL (1= Br) "t (M1 + QkDOUGTtHg;;tlH))

X (Qng,t\I/k,t,tH)_l :

Using the identity

b— a?
b2 4 a

—a+ b7 =

(Mk,t—l-l + 9kDOllCLTt+1g];tl+1)
Vierr + ) (Vier1)” + CL (1= B (Mussn + OuDollar & }y)

_ gLz
- \Ijk,t,t+1

and the claim follows.

11



The first claim of the Theorem follows then directly from the identity

1
£ o Mk,t,tJrl
ktit+1 — M[
$,t,t41

The fact that the solution g, to the fixed point equation is unique follows because the right-
hand side is clearly monotone decreasing in z for z < 0. The last claim follows directly from
the definition of the dollar index.

Q.E.D.

Proof of Proposition 7. We have

(L= B (Cly e + Chpy)Eriar+ O+ B) Y (1= B8) " BiMisrEivnr = MigrrEriir

J

Multiplying by Mé and taking expectations and summing over 7, we get

tt+1

(1= B)WE + W& + 0,1+ B) > (1—5)7'8:88, = Si,,

%

where we have defined W,ﬂ to be the present value of household consumption under the

intermediary pricing kernel. The claim now stems from the following lemma.

Lemma 4
Wi = Wi — PVi(Markupsy) .

Proof. We prove the result by backward induction. For simplicity, we omit the index k. For
t =T, we have CH = W  and, hence, the result holds for t = T — 1. Suppose now we have

proven the result for ¢ 4 1, so that

/I/Iv/tlfrl = W[, — PV (Markupsy,).

12



and let us prove it for ¢. We have

ngt = Cf—i_Et[MtI,tJertI:IH)]
= WtH_Et[MtZHWtZl]‘l'Et[MtI,tH(WtI-{H — PVip(Markups))]
= WtH + Et[<MtI,t+1 _M£+1)M/ﬁ1] - Et[MtI,tHPWH(MWkUPS)]

= WH — PVi(Markups;),
and the claim follows. Q.E.D.

Q.E.D.

A.6 Proofs for Substantial Consumption Home Bias

Theorem 5 Equilibrium domestic stock prices are given by
_ [ S8 Dollar,
Siam S |1+ 0| 4+——]],
,t it ( (S?t Mi,t 5;;))
while the country i D2D pricing kernel is given by

T ~ —1
Mi,t,t+1 ~ it+1 qji,t,t-&-l

- Dollar, ( Dollary 1 1)

1 -1
e (e S )
(211);k +1 \( ot H 7t( ’t’t+1) )4 Ml‘,tgift M,t+1gi>tt,t+l

TV
Shadow Cost of Intermediation ~ -

Dollaer actor
n a Q8
" 0; S_? St,t+1 1
2w:< + 1 S’it Sgt,t—‘rl

Global Trade—Weighted Stock Market Portfolio

while exchange rates changes are given by

T

5i,t+1 . Mz‘,t,tﬂ
] - T

Eit M$7 tirl

13



Proof of Theorem 5. We can rewrite market clearing as

(1= Br) Oy Wi (M )7 4+ (1= Br) Cig Wroa (M) )Ery

T é"f Zﬂﬂ (CxHOqjij»t (Mﬁ)vt)_l + Cj{O\PJ,O,t (Mlio,t)_l) 5j,t = 5k,th,t-
J
Thus,

M, = (ExeMiy) M, (((1 — Br) il Wroa (M0 )70 + (1= Br) Cio Whot(Myo,) ™ )Eky
+ 0 > B (CHT 00 (MG )™ + CloWj0, (Mf,o,t)_l)gj,t>
7

= M1 = 8) Gl Wnou + (1= 80) Clg Wou(MEh /ML,))

+ (EnaMia) MO DB (CH500 (M) + CloWi00 (Mg,)™") €.

J

Let us make an ansatz
J ~ J,x J,(1
My, = M1+ M)

and recall that

I

Mo, (1)
Eiw = —— = &E,(1+&))
! M${,0,t ! ’

with

1 I,(1 I,(1
e = Ml — Ml

J,t $,0,t

14



Recall that
I,* * —_
Mkz,O,t = Mk,o,t = Ck,O\I’kyo,th,;
Thus,

Mo, (14 MG+ M)

~ Mit (1= ) Cffy Wrog

(1= B) Clo Whoa (1 MG = M)+ MIGD = Ml + (M)
+ (&5 M) 7 My, (1+ M, — €0

*\ — H, * o\ — *
x 3 8 (CHWs00 (MIE) (1= MIGP) + CloWioe (Mfg) (1= MED) ) €, + L))
J

_ 1 1 H,(2 1,02 11
~ Mké\pk,O,t((l — Br) szo + (1 — Br) Ciﬁ,o( + My o ( )~ Mk(gt) + Mk,Oft) - Mk,é,t) + (Mk,é,t))2)>
* I’I7 1 \p
+ My o (1 + M, O(t) - 51§,t))9k

H H,(1) I 1,(1) Cio¥jo. ()
X Z@a 7,0 (C] ol = M;g:") + Cjol — My, )) 5j,om(1 +&7)

Dividing by M, ,, we get

H,(1) H,(2)
Mo, + Moy
_ H,(1 I,(1 H,(2 I,(2 I,(1
~ Ck,é( - 5k Olgo - Clio + (1 - ﬁk) C’,io (1 + Mk,OEt) - Mk,é,t) + Mk,OEt) - Mk,(g,t) + (Mk,é,t))2)>
1)
+(1+ My, — &.)0

C.: .
H,(1) 1,1 oYt
X E B;C 5.0 ( ]0 1_Mj,0(t ) + CIO(I_M]',O(,t))> &j —

1+&0
’Ock,oq’k,o,t( &)

15



First, we write down the system for the first-order corrections:

H,(1 - 1 1,(1) 0Wj0.
Mk,Oft) - Ck,é( ﬂkOkO"‘Cko( kO(t)_ k(()t ) + HkZB] Jom (A.3)

Denote
J
Then,
H —~ —1 H,(1 I,(1) 1 = a1

Mk,t,T ~ t,T \Ijkﬂt,f <(Mk,t,(7’) Mk t(T) + ek(HT\I’k 0,7 Ht\pk,o,t))
Note that

ACHI = 2w~z
At the same time,

Mlﬁ,t,t-ﬁ-l = (Mli,tH)Q(‘Ijk,t,tJrl Dk,t,tH)il()‘k,t(sk,tH/Sk,t) + ,Uk,t)

_ H,(1 2 H,(1 _
~ N t2+1(1 + 2<Mk t(t+)1 + M, t(tll) + (Mkt(tll)z)qjk,t,t—i—l(Dk,t,t-i-l) !
(1)

2

x ((1+ )‘kt + /\kt)th+1Dktt+1(1 + SkttJrl + Sktt+1) + Hyp t+ /~L( ))
~ I H,(1) ,(2) H,(1)
~ Mk,t,t+1(1 + 2<Mk,t,t+1 + Mkztt—l—l) + (Mk,t,t+1)2)

1+ (g W (NG, 11D 4+ 8+ ASY 5 Niys1 D L
X (14 (Apy + Skt T :U’k,t( ki1 Drger1) ) + (A tttrl T Oktee1 T th( ktr1Drtr1) )
1% H, 1

~ Mkz,t,t+1 (1 + 2(Mk t(t+1 + ()‘Emz + Sk:tt+1 + Mkzt(Nk t+1Dktt+1) 1)

1 2 _
+ Ak,i + /\kz,zsli,t),t-&-l + Sktt—H + M( )(Nk,t+1Dk,t,t+1) !

H,(1 1 1 1 — H,2 H,(1
20 O + S8 i Wi Dien) ™) + 204502+ <Mk,t,&+>1>2) .

16



(A4)

Now, using that Sj, is priced correctly under both the D2C and D2D kernels and iterating

the identity
Skt = M + Et[MtIi_HSk,t—i—l] ;
we get
Skt & My Diey (14 0 (W5 — (0, /0,.,)))

where we have defined

Wy = Zﬁjcj,ogj,o Vi0eDje = MiiC&O\D&O,t Zﬁjgj,tszt
J J

and
t pr—
Wi 0, Dkt Skt
Hence,
Mli,t,t—i—l . k_,t1+1‘1’k,t,t+1
x (14 2ME ) = O ACHE + 0 AWE + A + a1 D) ™)
Therefore,

H,(1 R H,1 a = AH/ ko
Mk,t,(t-i)-l = Ck,éckp(Mk,t,(t—&)—l _Mk,t(,t)ﬂ) + ekACt,t{&-l

= Cl;(l)clg,o(_Mii,(tlJL + ékAC_ftT{* - ékAWtZ-/&-kl’* - Al(elt) — 1ot N1 Dppon) ")+ ékACftfi*
(A.5)

17



Hence,

_ Cl
s H/k,x k,0 H/k,* 1 _
M;€H¢7(t1421 = 0,AC, t/+1 - W(ekAW til + A;ﬁf + ptet(Nigt41 Dot 441) .
0ot Cho
Therefore,

MO = 25— 0 A+ 0 AW+ AN 4 (N Dign) ™!
H/k,x* C’Igo H/k,x* (1) -1
= 29kAC ti+1 T ﬁ(ekAWt t41 T Akt + Mk,t(Nk,t+1Dk,t,t+1) )
QCk ot Ck,o ’
— O A + 0 AW+ N + (N1 D) ™

CcH
H/k,* k,0 H/k,x*
= DG + 5o S BAWLL + L+ e D) ™)

and

H,(1 I,(1)
Mk,t,(t—l)-l - Mktt+1

= Mk )t t+1 + HkACthkl* QkAWIﬁkl* - A;(clt) - Nk,t(Nk,Hle,t,tJrl)_l
‘ Cro ‘ -
= _(ekACIZZ - W(%Awlﬂi + )\i(clt) + et (N1 Dt 41) 1)) (A.6)
ko T Cho

+ QkAC’h;fl* — QkAWIiﬁ* Aft) — kN1 Di ) ™

cl,+Cl .
= 201 C’ ‘(ekAngﬂ + )\;(Clt) + bt (N1 Dpg 1) )
ko T

Therefore, the equations for the Lagrange multipliers are

. H,(1 H,(2 . (1 1,02
Ey[Mp, (1T + Mt,t+(1) + Mt,t+(1))] = Ei[My, (14 M, t(+i + Mtt(d)]
. H,(1 H,(2 1
E; [Mk,t,t+1(1 + Mt,tJEl) + Mt,til))Mk,tJrle,tJrl(l + Slg,t)-&-l + Sk t+1)] (A'7)

* I,(1 1,02 1 (2)
= BiM (U MEY + MU My gia Dipan (1 + S8+ S8),0)].

18



To the first order, this gives

* H,(1 " I(1
Et[Mk,t,t+1Mt,t-|(-1)] = Et[Mk,t,tJrlMt,t(-i-i]

% H,(1 1 % I,(1 1
Et[Mk,t,tHMk,tHDk,tH(Mt,tJ(rl) + Slg,t)ﬂ)] = Et[Mk,t,t+1Mk7t+1Dk,t+1(Mt,tg-% + Sl(ﬂ,t)+1)} )
which can be rewritten as

. H,(1 I,(1
Et[Mk,t,tH(Mt,H(l) - Mtt(ﬁ)] =0

N H,(1 1,1
E; [Mk,t,t+1Mk,t+1Dk,t+1(Mt,tJ(rl) - Mttg,—%)] =0.

Substituting the expression for the difference in pricing kernel corrections, we get

By k_,tl—i-l\Ijk,t,tJrl(ékAWtZ-/&-kl’* + ASZ + ot N1 Diges1) ™)) = 0

Ey k_,tlJrl\Ijk,t,t-l—lNk,t—i-le,t,t—i-l (ékAWﬁﬂ* + >\;(€12 + ﬂk,t(Nki—&-le,mt—&-l)_l)] =0.
and the claim follows in complete analogy with formula (A.8). Q.E.D.

The equations for the Lagrange multipliers are

* H7 1 * I, ].
Et[Mk,t,t+1(1 + Mt,t—f(—l))] = Et[Mk,t,t—f—l(l + Mtt(jt%)]
E[M (14 MY My i1 Dy (14 S )]

1 k41 tt+1 kt+1kt+1 kt+1

* I,(1 1
= ByM; o (1+ MMy Dy (1S40 )]

To the first order, this gives

* ILI7 1 * I, 1
Et[Mlc,t,t+1Mt,tJ(r1)] = Et[Mk,t,tJrlMt,t(Jri]

* H,(1 1 * 1,1 1
Et[Mk,t,tHMk,tHDk,tH(Mt,til) + Slg,t)+1)] = Et[Mk,t,tHMk,tHDk,tH(Mt,t(Jrj)L + Slg:,t)-‘,-lﬂ )
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which can be rewritten as

* H,(1 I,(1
Et[Mk,t,t+1<Mt,tJ(r1) - Mtt(Jr})] =0
H,(1 I,(1
E [ ktt+1Mkt+1Dk t+1(Mt,t+(1) - Mttgr%)] =0.

Substituting the expression for the difference in pricing kernel corrections, we get

BN Ol (AW 4 A + b WNis1 Digsn) ™)) = 0 s

_ JI/H 1 -
Et[ k,t1+1 k:tt+1Nk t+1Dktt+1(AWl:,t,1{+1 + )\l(cz + Mk,t(Nk,tJrle,t,tH) 1)] =0,
and solving this system we arrive at the required result.

Proposition 6 Suppose that the variance of all shocks is small. The following is true if and
only if either (a) the stabilization policy in country i is mild and country i has low sensitivity
to global shocks or (b) the stabilization policy in country i is strong and country i has high

sensitivity to global shocks.
(1) The exchange rate E;; “overshoots” in response to country i monetary shocks.

(2) The total country i US dollar wealth, (Wi, + W/, )& 1, decreases in country i

monetary shocks.

The strength of these effects is decreasing in country v intermediation capacity, w

Proof of Proposition 6. The total dollar wealth of country & (normalized by the time zero

level of exchange rates) equals (using the assumed normalization Cf + C,io =1 as well as
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formula (A.6))

(W + W) Erou
= (C \IjkOt(Mk},IO,t)il + Clg,O\Ijk,U,t(MkOt> YDy 1Ers

* — (1 I,(1 * I,(1
~ Dy (CH 00 (Miig ) 11— MDY + CLo g0, (Mig ) 7ML — MUSI)ER o e (1 + MY

H,(1 1,1 \Ikat I,(1 1,1
= D (CH (1= MG + Oy (1= M) 22 (1 + MSY) — M)

‘Il$,0 Vg0t 501
V0.t 0 H(1 1,1
= Dk,t\P— 1+ C ( két) - Mk,Oft)) - M$,(§,t)
$,0,t/Vg 0.t

Therefore, total return on wealth is given by

(ngt-s-l + Wig,t+1)gk,0,t+1
Wi+ W )Ekos

Wi 41 1,1) H,(1) 1,(1)
~ Dyt T — 1+ Cy 0( krier — Myiiin) — Mgy
8,tt+17/Vg ¢ 141

Wt i1

- Dk,t,t—‘rlqj 1
$,,t+1/Vg 1 141

01510 H/k
x (1 —’QAW/* AWM N D 1
( * 20T, + C}fo( KAWL+ Ay + ke Neep1 Digen) )

_ cl _

$,% 3, $,% _

- (%ACH/H sor—r OAWIET A+ s i (Vs D) ))) ,
8,0 $,0

Hence, the sign of the response to domestic monetary shocks N ;11 coincides with that of

— 4t The proof is complete.

Q.E.D.

Proof of Proposition 11. Theorem 5 implies that the appreciation rate of the foreign
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currency is equal to

Eitr '/V’i_t}&-l 1 1
Eiger1 = = & 14— —
’t7t+1 gi,t $_7t1<l>1 2w:+1 ;t 2wj§—|—1 $,t
. 1 _ 1
(D)™ (g piinhih = g pmeled) (A.9)

+§( L )ﬁ Sﬁt“—l
2w +1  2wi+1 sgt Sit’tﬂ

_ N
Suppose first that w; = wg. Then, absent monetary shocks, we have ’i,t-li-l = e w1

whereas Dj,; ~ ¢+, Thus,

5,' 1 aN— w
ét+1 ~ <1 + m ()\M — >\$,t + 6( Ddwity (Nz‘,t - ,u$7t)>> . (AlO)

By assumption, both countries have low sensitivity to global shocks and, hence, the sign of
pi¢ coincides with that of 1 — oV If stabilization policies are mild (o < 1), we get that the
US dollar is a safe haven relative to currency 7 if and only if 0 < ;4 < pg, : Indeed, in this

&, ~¢~= is monotone increasing in w;1, implying that the US

case, formula (A.10) implies that
dollar value is decreasing in w. In contrast, if o > 1, then the dollar is a safe haven if and
only if 0 > g1 > pgy.
Recall that
i t—li-l — N owrn—eli,
Since all expressions are homogeneous of degree zero in E; [esﬁftﬂ], we can impose the nor-

malization £, [eaﬁtﬂ] = 1. Under the independence assumption and the identical discount
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factors assumption, the solution to (A.8) is given by

_ 5%,
Ey| i,til‘I’z;tH]Et[SgHDi,t+1‘I’i,t+1] Ey 1t+1\1[zt+1s$ ]Et[Di,tH‘I’i,tH]
Et[‘l’i,t+1Dz‘,t+1]Et[\Pz‘,tﬂ(Dz‘t+1)_1 Zt+1] (Et[ it—f—l-/\/;_ll])Q
D;1V,141] — Eile” 5wt+1‘1’z +1 ]Et[Di,t+1\I’z‘,t+1]

$
Et [eaNéwt+1 \Iji,t—i-l]Et[;;Hl
it41
N
Ey[e*e1 ) By W41 Dy 1] By Wy 041 (Djpq) Le2e0wen] — (Et[\Iji,t+1€aN5wt“])2
a

Var, [esﬁftﬂ] B+~

it =

for some constants 3,y > 0 that are independent of the country identity, while the sign of «

depends on whether the policy is mild. At the same time,

S Covy' (S; 1t+15$ 1/ ri1)
’ Sz":t Covi (S5, .1, 1/Si’jt+1)

1y

_ S8 _ _ _
By i,t«lkllpi,t-ﬁ-l]Et[ﬁ i,t1+1‘1’i,t+1]—Et[th+1‘I’zt+1S$ ]Et[‘l’i,tH(Di,tH) N2

By, 11D B Wi g1 (Digya) TN 3] — (E[ iertNGD)?

+

Suppose now that the two countries only differ in intermediation capacity. Then, using
formula (A.11) below, modified for the effect of monetary policy uncertainty, we get that,
with strictly positive monetary policy uncertainty, the effect of the second term in (A.9) is

always stronger than that of the first term.

Q.E.D.
Define an auxiliary object?

0.50;(w} + 2)

@= =i

Proof of Proposition 12. We prove the following result:

2(Clearly, Q; is monotone decreasing in w}, the intermediation capacity of country i.
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Proposition 7 Suppose that the variances of all shocks are small. Then, we have®

. S8 Se
Basis;, =~ O.E)Sfé5 (55@1%(55 — &MY = 05 Qs (05 — (%\/)) E[(Awig1)?].
$,t it

If 67 (07 — 5,/;/) >0, k=1,%, then a positive basis emerges if countries differ in only one of

the following:
(1) Country i has smaller intermediation capacity than the US.
(2) The US has a higher market capitalization than country i.

Furthermore, the basis is monotone increasing in the aggressiveness aé\/ of the US monetary

policy if and only if the US has low sensitivity to global shocks.*

3Note that, by definition, Sg , = Sg, because stock prices S;; are in the domestic currency.
4That is, when §$S < 0.
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Indeed,

— e +e " = _Et[MzttJrl( Eir/Eir1)] + Et[Méf’t,tH]

M
$,t,t+1 I,(1 I,(1
~ —E M (0 M) o (1+z\4$7;¢)+1 M)+ Et[M$tt+1(1+M$t§+>1)]
it t+1

—~ H H,(1) H,(1) I,(1) I,(1)
~ Et[M$,t,t+1(M$,t,t+1 - Mi,t,tJrl - (M$,t,t+1 - Mi,t,t+1))]

[
=

$,t,t+1 $,t,t+1 $,t,t+1

. H,(1 H,(1 1,1 1,(1) H/$ H/i
MH <M 1 Mi,t,£+)1 _ 2(M n Ml t(t+1) + 0$AC t{&—l 6 AC tﬁ—l)]

30T, + OF,

- ol
H/$,x* $,0 H/$,* _
= FE M$7t’t+1 <‘9$AC t{',-l - —(9$AW t{|—1 + Aélt) + ﬂ$,t(N$,t+1Dgt,t+1) 1)

I

Clo

H/i,% H/i,* 1 _

— 6:AC, t{i-l W(Q AW, t/+1 + Ag,t) + it (Nie1 D 1))
z'O 2,0

_ CH B
$,% $, $,x _
—2[ BACT + s (B AW/ + A + p15e (N5 01 DE 1))
20&0 + C&O
H

clh
H/i* H/i,% _
— 0:AC, t{i-l - W(Q AW, t—/l—l + )\z(,lt) + Mz’,t(M,t+1Dﬁ7t+1> 1))

+0sACHS — Mcff/il)]
Cly+2CH,
! 20! +ch

Cl, + 208
“ach, v o

H/i%x _
D GAWE A ¢ (N DR )7

H/$,*

Os AW, t—/+-l + >\$t + pg. (N, t+1D$ 1) 1)]

Suppose first that there is no noise in monetary policy. Using the approximation
E[X] — E[elogX] ~ eE[logX}—l—O.BVar[logX} ~ eE[logX](l + 05Var[log X])

that holds in the limit of small variance, we get

Sin

6—6;Swt+1 — e—éf/éz log Di,t+1
$
Sz',t+1

~
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Hence, defining af = —67/6;, we get

_ 5%
1 Et[ i’tilqji,tJrl]Et[Sg;tt:l Di,t,t+1\1ji,t+1] Et[ i t+1 2 Jt+1 S$ ]Et [Di,t,t+1\1ji,t+1]
0; pig = = - -
' Ey[Wi 41 Dip01) B[ Wi g1 (Digen) N3] — (B[ z,t+1/\[t+11])2
_ g_f Et[ewm{v 4] Et[edm{dw] _ Et[eagvd+w+a{d] By Jet]
S?,t Ey[e¥+d] Et[e¢—d+2ag\/ d] — Et[6¢+a£/ d]2
B g_fVart[w + aNd] + Var,[(1 4 ol )d + o] — Var,[(aN 4 ol )d + 1] — Var,[d + 1/]
Sfft Var[1) + d] + Var[t) + (2a2¥ — 1)d] — 2Var,[¢) + oV d]
_ S @)+t (e a1 S o
- o5 N N - s N
Sgt 1+ (20 —1)2 —2(ay¥)? Sf’t 1 —a
(A.11)
Similarly,

Covi! (SthSg » ,1/5544)
COVtH(Si,H_l, 1/S5141)
E,| i,_t}H\Ijz',t-i-l]Et[%-: i Ve = Bi[Dipin ¥ t+15$
Et[\Iji,t-i-iDLt-l-l]Et[\I]i,t-i-l(Diﬂf"‘l) Nl = (E[\IJ”HM“D

N S¥ Var, [y + aVd] + Vart[(afv +al)d + ] — Var[(1 + ol )d + o] — Vary[(2a) — 1)d + ]
~ ﬁ Var[1) + d] + Var:[t) + (2a¥ — 1)d] — 2Var, [y + oV d]

SP(a)?+ (@ +af) =+ =2 =1  Sfa] —a) +1

G 2(aN —1)2 S5 oV -1

]Et (W41 (Ds, t+1)_1/\/z':eil]

Hence,

I Cov{! (Sz*t—i-l S5, 1/Sz*t+l)
t

)\2'715% 1 +0, — ”
Sf;t Covt (SLHD 1/Si,t+1>
S8 al =N +1 S8 ol
=1 +60,=L(1++— ") =1 +6,— b+
+ ft( + ozfv—l ) + Sftozfv—l
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If C{/CJ" is the same across the two countries, then

_ILH
— e st + e T8

_ Cy+20y
T 20l 4+l

S; aof N SP og N1
+ (_ (1= (Digg1)™ ") = (1= (Dgp.041)" ~ )) :
Sz$,t oG — 1 Sg,t g — 1

0F,

_ * H/i *«,H/$
N& 1+1\IJ$,t,t+1 ((AWt,t—i—{ o AWt,t—i—{ )

If Diy141 = Dgyit1, then we get

I,H
— e s + e TSt
Cct+ 208

~ 2“0 4p
200 +CfF™"

Nsvi1 Vs e (Wt*’H/iOéI(F(Oé% Dysy1) — F(ag', Dt,t+1)))] :

with F(a,z) = (1 —2*!)/(a — 1) and the claim follows because F' is monotone decreasing

in o for  close to one.” More generally, substituting

3
S

3
Si,t

5¢Awt+1’ (S§t+1 )

— 66;9 Awt+1
g8
t+1

Di,t,t+1 =€ s

and denoting

_Cl,+2CH,

Qi = Ui 7~ >
2C{O+C{g

5Since D; + ++1 has a small variance and takes a finite number of values, it is close to one with a probability
that is close to one.
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we get

_I,H
—e T8t 4 e THt

_ « H/1 * H/$
~ L N$’t1+1\11$,t,t+1 ((QiAWt,tiI{ - Q$AWt,tf{ )

S¥ OéZ-I N — * o aN—
+ (—thN—(l — (Dig41)™ 1) - W, ’H/$Q$ N $_ 1 (1 = (Ds 1) 1))

g [ S "
= —S§ E; N$,1+1‘Ij$,t,t+1 <QI_S$7: (6 02 Awr1 1) . Q$(€ 65 Awirr _ 1))
7t 1,
S8 I I
S 8 Awp g1 (o 1) Y S5 Awpy1(ad —1) >
( 11— I — 1 — efsBwit1lag _
+ <SZ$tQO[Z/\/'_1( € ) Q$a'£[_1( e )
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We can rewrite this as

L ILH
— e st + e T8t

Ny s ((@AWQE{Z Qs AW, 1%

3 aiI N H/S ol o
+ (S_;th (1 B (Di’t’tH) i 1) - W o Q$N—$(1 - (D$,t,t+1> $ 1)>

o =1 of —1

S’$ S$ AL e

- %Ef N$t+1\11$tt+1 Qi—= $ ( 07 Awigr 1) — Q$(€ 35 Awepr 1))
S$,t S”
S8 I ,

$,t az EZAw (aN—l) O[$ 5 Awt 1(0/\/’_1) >

- i 1 — t+1 i _ 1 N 5 n A

+ (S?tQafv—l( € ) Q$04£/—1( e )
57 S5 556,

- %Eﬁ N$t+1\11$tt+1 Qi—s 3 (e_‘siSA‘”tﬂ —-1) + N / L1 — SiBwer (o - 1)>
S$,t Si,t -1

—65/6
_ Q$ ((6_5$Awt+l — 1) + N$/ i(l i 66$Awt+1(a$"—1))>)]

St$ S$ —05 Awii1 559/51 8i Awir1 (¥ —1
= S$’tEt N$t+l\:[}$tt+l (Ql S:‘St (6 + 1) + OQN— — 1(1 + ( i ))
—55 0.
— Qg ((6—5§Awt+1 _ 1) + /\/ / i( 65$sz+1(a§f—1))>)]
S S5, s N
= =B N Ysia | 6,Qi— | — F(=07) + F(bi(er’ — 1))
S$,t Sz,t

—55Q$<—F(—5f) + F(os(ad — 1))))]

$
~ 0. 557 <5SQz Sﬁ;t (55 + 0; ( )) - 5§?Q$(5$(O‘§[ - 1) + 55)) > Et[(AWt+1)2] )
8t it

where we have used the Taylor approximation

A(A}t_;'_lOé + O.5(AW,§+1O{)2
«

F(a) = (eA1e — 1) o ~ = Awpir + 0.50(Awiyr)? .
Q.E.D.
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Proposition 8 Ceteris paribus, the sensitivity of a recipient country (a) nominal bond prices

and (b) customer net worth to a US monetary shock is monotone increasing in
(1) Country’s intermediation capacity, w

(2) Country’s stock market capitalization, Sgt.

Proof of Proposition 8. We now go to the second order. In this case, we get from (A.5)

that

My
H 2 1,02 I, I,(1
~ Cko (Ck 0( kO(t) - Mk(gt) + (Mk(()t) ) ﬂkoko (1 + Mk O(t) - Mk,(g,t))>

Cio¥
1 7,0 ¥5,0,t
+9k25] ]OgjOCkO\DkOt

1 1) H,(1 1 1 I,(1
x(Oﬁ)w“ Mo+ MY — )+l - &) + &) - M)

2 1,02 I Hl 1,01
= Cia (CLogie? = M) + (LN = BCLy (MU - MED))

C: oW
+9k25] CroEo it

Cko k,0,t
I,(1 I,(1 I,(1 I,(1
(C ( jOt)_Mk,é,t)_MJO(t)+Mk0t) +CI( ko(t)+M " Mk,é,t)_M' (,t))>
(2 1,02 I H 1 I,(1
C <Ck0( kOt)_Mk,(g,t)+(Mk(§t)) ﬂcko( kO(t)_Mk,é,t)))

C’0‘1/ 0,t
9 18 Ve Js
02 ACEG, Ty

H,l I,(1 H,(1 I,(1 (1 I,(1
x (Ch(=ys = M) + g = MED) + Clani? = M)
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Rewriting, we get
H,(2)
Mo
= CiClo(MD — M8 + e ()2
k:O( k0.t rot) T Cro kO( kOt)
1%
H,(1 0Yj0.t
+(Mk,0$t)_Mk(§t)< /Bkck Ck0+9k253 30020@10)
= _ Cio%¥o0. H(l) (1)
7 5,0,15 30750t ~H AL s
kz]: j~4,0<3,0 OkO\IjkOt ]0( ],O,t)
H,(2 11
= O, Cko( kO(t)_MkOt)+Ok Olg,O(Mk,((),t))Q
i) - i - szl s 2

+ 6,2/

where we have defined

v
=l = S0 e O — i)

Ocko‘lfkm 30 sl
Ci0¥500 i Cro+ Cio Hiie | N (D) H oy
- - Z ﬂi gJ OC’,: 0‘112; OtCJ, 2010 Chge AW S Z </\j,‘r + Mj,T(N},THDj,T,TH) )
s 75 =0

Therefore,
. H,(2 H,(2 H,(1
M~ My (L M+ (MEGE = My + (Mig)))
Hence,

2 H,(2 H,(2 H,(1
Mlg,t),tJrl = Mk,OStJ)rl - Mk,o?t) + (Mk,oft))z (A-12)
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Now, the second-order correction in equations (A.13) can be rewritten as

. H,(2 1,2
Et[Mk,t,t+1(Mt,t-i(-1) - Mttgr%)] =0 (A.13)

" H,(1 H,(2 I,(2
My iNiea D (MY = MUEDSEL + (0D = a2 = 0.

Thus, we have, using the second of the identities (A.13), that

* 1 2) (1
Sk,t = Sk,t(l“‘slg,t)) + Et[ ktt+1Skt+1SIgt+1]+Et[ kttllsktJrl] + Et[MkttHMkttHSktJrﬂ

1 2) H(1) o
= Skt(1+s( )) + By ktt+15kt+151(ct+1]+Et[Mk,t,(thl’S’l(c,t)+l]

+ E;

H,(1 (1 1,1 1
((Mk,ofh —CaCt (M — S
o C’ (1) 2 M[’(l) 2
+ CraCLo((MS) ) — (M)

k,0,t+1

+ (M) —M;f;éim( BiCrs Okowkwﬂ/’”) <M£’a§3>—M5é1>< Bt 0k0+9kWH/’”)

7 A—/k
+ ekA:{,tH) Mk,t,t+1sk t+1]

Define
_ H,(1 1
Ay = BMSE SO
H,(1 H, 1 1,(1 1
‘5 (<Mk,oft>>2 CoACT (D — 2 sE,,

e 1,01
+ CrdClol (Mg )" = (M5)))
H,(1 1,1 _ = = H/kx
+ (Mk‘,OStj-l - Mk,(g,t)ﬂ) ( - ﬁkaﬁC’,io + 9kWt+/1 )
H,(1 I,( H ks Ho
- (Mk,OEt) - MkOt ) ( BrkCho Cko + 0, W, / ))Mktt+lsk,t+1]

and note that Ay, only depends on the domestic monetary policy in country & (though in a
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quite complicated fashion). Then, we can rewrite the equation for S, as
* 2 H,* * 2 n —/k
Sk,tsl(mf) = Et[Mk,t,t+1Sk,t+1SI£:,t)+1] + Apr + B GkA_{tH Mktt+1sk t+1 | >

which defines S,gzg . Thus,
2 a —/k —/k *
Sl(ct) = _Qk:{ Et[ ktt+1Sk t+1]/Skt - 9k =/ (1 - Mk,t/sk,t) + Zk,t

where Zj; only depends on the domestic monetary policy as well as expectations about

future policy. Now, from (A.4), we get that
1,2) H,(2 2
Mk,t(,tJrl = 2Mktt+)1 + Sl(s,t),tJrl + Qk 41

where Qpt++1 is a (complicated) expression that depends only on the domestic monetary

policy.
Substituting into (A.15), we get

H,(2 A 1,(2 5 5 A—/k
Mkt(t—i)-l = Ckcl)ok 0( kt(t-i)-l Mk,t(t)ﬂ) +Z+0kA_’t/t+1

(A.14)
2)
Ck 0( kzt(t—H - 2Mktt+1 l(ctt—i—l thtﬂ) + Z + GkA_t 10

where Z does not depend on foreign monetary shocks. Hence,

H,(2 - - - 2 A oA—/k ;
Mk,t,(tll = (1+Ck,éclio) 1(_Ck,éCI£,OSIi,t),t+l +0kA:7{,t+1) +Z

33



Substituting, we get

MEP = (14 O L) (O CLo(SE) — SE) + (SUH?) + G A, ) + Z
= (14 CpiCL ) (—CrdCl (0 EE (1 — Myyir /S 1) + OZ (1 — My /Siy)) + 0AZ]S ) +Q
= (1 + Cl;éclg,o)ilek:{il <1 + Cl;(l)clg,o(l - Mk,tJrl/S;,tH))

— (L4 CryClo) B (1+ CoaClol = Mui/S))) + Q.
(A.15)

where none of the () and Z terms depends on the foreign shocks, but rather they only depend

on their expectations. Thus,

let(arl = 2Mktt+1 + Sl(ft)t—i-l + Q1

= 21+ CaClo) Ol (1+ CraClo(l = Muan/Sion)

— 21+ CrgClo) O (1+ CRiClo(1 = Mua/ 1)
—OE (1= Mg /Sie) + 0:Z0 (1= M /SE) +Q

= (14 GG 0 (2 (1= CLiClo) (1 = Mui1 /S

— 21+ CgCl) TBE (2 - (1= GGl (L = Mui/Siy)) + @™
Thus, the shock to the exchange rate & 11/ is given by

1

((1 + CioCio) 0k (2 — (1= CyCio)(1 - Mk,t+1/51}k,t+1)) ST
k,0 ¥ k,0,t+1

) 1
- "5 (2 — (1 — CgyCi ) (1 — s Cs.0Us 0141
(1+C50Cs0)” $< (1= C50Cs0)( M$vt+1/s$’t+1>> C$,o‘1’$,o,t+1)
Cio+Clo -

XY B,C;0€;0C50%50, tCJHOWQJMj,T(A/},TH D)™
j 7,0 7,0

Similarly, the sensitivity of the relative net worth of customers in countries 7 and 7, Wﬁ 1/ VVﬁ 1
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to US monetary policy shocks /\/’Z_tfrl is given by

i et 1 (14 o ; 1
o ((1 +CLyCly) 11+ COCl(1 = D) ) g
I 1, 2,U,

) 1
s 11 —1
— (14 G Cho) 5 (14 Cpo o1 = D)) m)

I H
Cs0+ Cso -

x BsCl Ospis s (Nsr1 DI 1) Es0Ws0,

*02Ci, + Clf)
QE.D.

The following auxiliary lemma shows that stock prices inherit the one-factor structure of

discount rates.

Lemma 9 Suppose that the transition density of w; has the monotone likelihood property:

9

B log p(wy, wyy1) is strictly monotone increasing in wyyq for almost every (wy, dp1+1). Then,

o There exist strictly monotone increasing functions d;(w, t) such thatlog D;; = d;(wy,t).

o 58,/S5, is monotone increasing in w, if and only if 67 > 4.

The proof is straightforward and follows by standard arguments.
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