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This Online Appendix has 6 sections. Section A derives the optimal portfolios
of borrowers and lenders. Section B derives the spot market equilibrium. Section
C shows that the FX market equilibrium (current account=net capital outflows)
follows both from the spot market equilibrium and from equating relative money
demand to relative money supply. Section D derives the linearized spot and swap
market equilibria when there is a portfolio shift from US lenders to Europe to
US lenders to the US. Section E considers an extension with UIP Arbitrageurs.

Finally, Section F discusses convenience yield shocks.

A Derivation Optimal Portfolios

A.1 Home Agents j =1,2
Period 2 consumption of Home agents j = 1,2 is
P,Crjo = YH,j,2+HH,2+M}$é[7j71+SQM§7j71+WH,j,1+(S2<1+Z.?H)_81)32’751 (A1)

Period 2 consumption is equal to period 2 income Y ;2 + Il 2 plus the period 2
value of period 1 money balances, plus period 1 financial wealth, plus the excess

return on period 1 euro asset holdings. Period 2 income is

YH,j,2 = CLj@HHéSQ (AZ)
Using the approximation sz = —if’F and linearization p, = 0.5s9, log-

linearizing (A.1) around Cp jo = Cp ;2 and sy = s; = 0, we have

Crjo+ Crjalcujz — Crja) = aj + prjse + g

$ € € € H $F
TMp g1+ My o+ My 52+ Whjn — By, (21 + 81— 82)

where py; = KH%'@_ - 0-5CH,J',2-

Agents maximize the mean-variance objective:

Ecy jo — 0.5vvar(cm o) (A.3)
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This implies that agents maximize

1
(aj + HH,2 + Mg{,j,l + Mg,j,l + WH,J} B?{? (Zf’F + 31))
H,j,2
v 2
_().5CY2 (pH] + Mg, + BH] 1) var(ss)
H,j,2

The first-order condition with respect to Bgfl gives

+ s
€H € ~ 1
B —pPH; — MS ., — CH g

H,j, 1= 5J Hj,1 5J5 '}/UQT(SQ)
We have

Bﬁi;g{ = Wrga — S8yt (A.5)

A.2 Home Agent j =3

In this subsection the subscript j always refers to j = 3. Period 2 consumption of

Home agent j = 3 is

P,Crjo = YH,j,2+HH,2+M}$},j,1+S2M§,j,1+(1+i§7F)WHJ,1+(S2_Sl(1+i§7F))Bi:il
(A.6)

The last term captures the excess return on euro assets, measured in dollars.
Again use that Yy ;o = aje“Hé”. Using the linearization py = 0.5s5, log-

linearizing (A.6) around Chy o = C_'ijvg, sz =0 and sy, = 57 = 0, we have

Crje+ Crje(cmje — Crj2) = aj + prjse + U
€ € $,F er ($F
+M§I,j,1 + Mg 1+ My 152+ (L+47 )Wa i — By <Z1 + 51— 52)
where py; = /iHan_ — 0.5C_'H7j72.

Agents maximize the mean-variance objective Ecy jo — 0.5vvar(cmj2). The

objective is therefore

1 _ .
<aj + o + Mfl,j,l + Mg,ﬂ + 1+ 7fif’F)I/VH,j,l - B?{fl(ﬁF + 31))
H,j2
2
—0.5 <pH,J + MH] s BH] 1> var(ss)
OH] 2
The first-order condition with respect to Bifl gives
F
+ S
BSY = —pu — Mg, — j9————— AT
H,j1 PH,j H,j1 H,j,2 "}/UCLT(52> ( )
We have
$,F €F
B, = Wiga — $iBSY, (A8)
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A.3 Foreign Agents j = 1,2

From the period 2 budget constraint we have

. 1 1+ 1
PyCrj2 = YF,j,2+HF,2+S—Mg,j,ﬁMfmﬁWFu%ﬁ ( 3 — - g) B%,il (A.9)
2 2 1

Period 2 consumption is equal to period 2 income Y ;2 + IIF2 plus the period 2
value of period 1 money balances, plus period 1 financial wealth, plus the excess

return on period 1 dollar asset holdings. Period 2 income is
Yp’j’g = (IjeinFe_SQ (Al())

Using that p; = —0.5ss, log-linearizing (A.9) around Cr o = Cr 2, 2 = s1 = 0

$,F
and z?’ = 0, we have

Crjo+ Crjalcrje — Crja) = a; — prpjse+ pg + Mﬁjjl +(1- 32)M1§’j’1 +
Wrja+ (i7" = 52+ 1) By}, (A.11)

where pp; = fiFaje_ - 0-5CF,j,2'

Agents maximize the following mean-variance objective:
ECFJ‘Q - 0.5’71}0/7"(0}7‘7]'72) (A12)

This is
1

C <aj Mg + My + Mpjo + Wi + By, (07 + 81)>
F.5,2

2
—0.5—63 (pFJ + M}S}JJ + Bf;fl> var(ss)
F

7.j72

The first-order condition with respect to B;s;’fl gives

$ ’L'$’F “+ S1
¥ $ = 1
BF,j,l = —pFj — MFJ‘,l + CF’j’Q—’yvaT(sz) (A.13)
We also have '
€F $,F
BF’jal = WF7j71 - _BF’j’l (A14>
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A.4 Foreign Agents j =3

In this subsection the subscript j always refers to j = 3. From the period 2 budget
constraint we have

« 1 €.H 1 14ip" $.H

Py Cp 2 = YF,j,2+HF,2+EM}%,ﬁMﬁmﬁ(Hh IWrji+ (5 - 5—11 Bgia

(A.15)

The last term is the excess return, in euros, of dollar holdings in the Home country.

€H _ S$F

—rrfs2 - Also use the approximation i = —i)

Now again use that Yz ;2 = aje
and ps = —0.5sy. Log-linearizing (A.15) around Cr o = Cp 9, $5 = 51 = 0 and
z'f’F = 0, we have
Crjo+ Crjaolcrje —Crja) = a; —prpjse+pa + Mﬁjg + (1= 52>M§,j,1 +

(145 Wejn + (i7" — s+ s0)BR, (A.16)

where pp; = kpa;0 — 0.5Ck; ;.

The objective Ecp o — 0.5yvar(cp,2) implies that these agents maximize

1 _ .
> (aj + Mg + Mgy + M + (140" Wi + B, (077 + 31))
F,j,2
2
—0.5 7;/ (IOF,j + Mgﬂ + B%fl) UGT(SQ)
OF,j,Q * e
The first-order condition with respect to B%ﬁ gives
.$,F
S,H _ $ 5 U ts
BF,j,l = —pPFj — MF,j,l + CF,j,2WT(82) (A.17)
We also have )
€ H $.H
BijJ = WF7j71 - _BF’j’l (A18>

S

B Spot Market Equilibrium

In order to derive the spot market equilibrium, we need to track changes in foreign
currency positions of all borrowers and lenders. After discussing each set of agents

individually, we derive the spot market equilibrium.



B.1 European Borrowers (j =1)

For the discussion in this subsection we set j = 1 as we consider European borrow-
ers. They enter period 1 with Mfﬂ’j,o dollar balances, while at the end of period 1
they have Mfi ;1 dollar balances. During period 1 these dollar balances change due
to dollar invoiced income, dollar invoiced consumption, new dollar debt incurred
in period 1, payments on period 0 dollar debt and spot market purchases of dol-
lars in period 1. All dollar borrowing will be treated the same, whether direct or
synthetic as it leads to the same amount of dollars going in and out.

With regard to income, all European agents receive the same dollar income

from exports to the US that is invoiced in dollars. This is equal to

3
Ylf,l = Z O‘jC?{F,jJ (B.1)

j=1
Their spending in dollars on goods imported from the US that are invoiced in
dollars is C%H,j,l' European agents (borrowers and lenders) receive half of the
dollar profits of CIP arbitrageurs, so 0.5I1y. These add to their dollar balances.
Finally, Qiﬂsjp " denotes dollars that are purchased on the spot market in period 1

in exchange for euros.
We then have

$,F $,F\ S, F $,spo
Mz%,j,l = Ml%j,o + 0.5I1; + YF$,1 - Cl%H,j,l BFJ (I +ip7 ) BE Fjo T QFj],Dlt (B.2)

The explanation is as follows. Foreign borrowers start with M f“,j,o dollar money
balances from period 0. Then they receive the dollar profits of CIP arbitrageurs
and dollar income from exports. They need to make a dollar payment of C%,, i1 for
buying US goods invoiced in dollars. T hey receive —BY: Fi 1 from dollar borrowing in

period 1 and need to pay —(1+ 14, ;0 on period 0 dollar borrowing (principal

plus interest). Finally, Qiﬂfﬁ ft are dollars are purchased in the spot market in
period 1.

It follows that the spot market purchases by European borrowers are (dX =
X; — Xo)

$,spot $ $ $. F $,F
Qy Y =dMp;, —0.511; — YFl + Cpujn + BF] 1 — (L+ig" )BE; o (B.3)
we can also write this as
$,spot $ $ $ $,F $.F %, F
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B.2 European Lenders

First consider European domestic lenders (j = 2). Following the same reasoning

as for borrowers, we have

$ $ $ $ $.F $. N\ %, F $,spot

It follows that the purchases of dollars in the spot market by European domestic

lenders are
$,spot _ $ $ $ $,F $ F $,F
Fia = dMp;, = 0.51L = Yi, + Cpy jy +dBgj, — 10" Brj (B.6)

Similarly, for European foreign lenders (j = 3), who receive no interest on their

dollar investments from period 0, we have

$,spo $,.H
F};flt =dMj},;, — 051 — Y2, + Chp iy + dBy; (B.7)

B.3 US Borrowers

For all US agents we need to keep track of their euro balances. They receive euro

income for exports to Europe that are invoiced in euros equal to

3
Ylil = Z O‘jC?H,j,l (B.8)
j=1
We denote purchases of euros in exchange for dollars by US agents as Qfﬁf o

For US borrowers (j = 1) we have

e _ 1€ € € €H €, H\ €, H €,spot
Mg ;1= M0+ Yg: —Chrpji — Brj,+ (14147 )Byio+ Qpia (B.9)

Therefore

€,spot € € € € H £ H € H
Hi1 =AMy =Yg+ Chpga +dBgj, — 10" B (B.10)

B.4 US Lenders
For US domestic lenders (j = 2) we have
My

€ € € eH € H\ € H €,spot
=Moo+ Yy —Chpjn — B+ (147 ) Byjo+ QH,f1 (B.11)



Therefore
€, spo € H np€,H
G =AMy — Y+ Oy +dByY — i B, (B.12)

Similarly, for US foreign lenders (j = 3), who receive no euro interest on euro

holdings in Europe, we have

Qf{sjpft = dMEI,ﬂ YHl + CHF] 1t dBH], (B.13)

B.5 Equilibrium

Spot market equilibrium is
3
$.spo $,syn $,.H £€,5p0
Z O‘JQFjp1t + 1 - (Fl/sl)) (DF,ly - DCIP,I) =51 Z anH,f1t (B'14>
j=1

The second term on the left hand side relates to small spot market transactions
associated with synthetic dollar borrowing and lending, discussed in Appendix A

of the paper. From the swap market equilibrium, we have

S

$,syn $.H €, syn
DF,ly - DCIP,1 SlDH,ly (B-15>

so that

S
$,syn 3, 1 ,8YN syn
(1= (F/$1) (D3 = Défh ) = (F - 1) SIDGY" =i SDFY" (B.16)

Substituting the expressions for Q° Pl " and Qij{” " of Home and Foreign agents

into the spot market equilibrium, we have
3 3 2
$ 3 3 $,F
Z adeF,j,l — 05H1 — YF,I + Z ajCFH,j,l + Z Oédeth’l
j=1 j=1 j=1
+a5dBF31 —zOFZaJBf;fO+Z Hg Dgsly" =

7=1

SlZaJdMHjl 51YH1+51206]CHFJ1

7=1

+S Z a;dByY + asS1dByy  — Siig™ Z ;B

Jj=1 Jj=0



The US trade account is equal to

3
TAY, = Yuy — Z o PrCh ;1 (B.17)
j=1
where
3
YH71 = Z Qy (CHH,j,l + C;si“H,j,l + SlCﬁH’jgl) (Blg)
j=1
PiCuj1 = Cumji+ Chpja + S1C5p 1 (B.19)
Therefore
3
TAjy =Y a5 (Chuya + $1CFm0 — Clirga — S1Cir1) (B.20)
j=1
It follows that
3 3
_YI§,1 + Z O‘J'O}S:“H,j,l + SlYI?,l - 51 Z O‘JCI€1F,]‘,1 = (B.21)
j=1 j=1
3 3 3 3
- Z ajC}SiIF,j,l + Z O‘jC}si“H,jJ + 51 Z ajcﬁH,j,l -5 Z aij[F,j,l = TA%,I
j=1 j=1 j=1 j=1

We can then write the spot market equilibrium as

3 3
> apdMp i, — 81> aydMg , + TAY, — 0510 + i1 8 D"

7j=1 7j=1

2 2
S, F $,F €, H € H
—ig E a; BE ;o + St E a;Bgo (B.22)
j=1 7=0

2 2
+> aydByt) + asdBRg, — 81 a;dByl, — asSidBjg, =0

j=1 j=1

C Foreign Exchange Market Equilibrium

In this section we first show that by combining the spot and swap market equilib-
rium we obtain the FX market equilibrium, whereby the current account is equal to
net capital outflows. After that we show that the same FX market equilibrium can

be derived by setting the relative money supply equal to relative money demand.
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C.1 FX Market Equilibrium Derived from Spot and Swap
Market Equilibrium

Consider the term
$,swa $, swa $,swa; $,swa; $,swa; $,swa
(@ Qi+ Qi) — 2 (@ Q- Qi) ()

where Q$ swap — 3 =1 JQ$FS;‘;W Q$ swap — 3 =1 ]Q%S;ftap . This term is clearly
zero as swap market equilibrium in both periods implies that the terms in brackets

add to zero. Using Appendix A of the paper, we can write (C.1) as

$,syn Sl € syn $,H $,syn SO €,syn
DF,1y - SlDH,ly _DCIP,I _DF,oy +FOSOD y +DCIP0 (C‘2>

Write this as
$.F $,F $.F $,H
_aldBF,l,l - 0‘2dBF,2,1 - a3dBH,3,1 - dDCIP,l
€,H € €0 €
—(1+a ") D" + (1414577 )So D™
or

$,F $,F $,F $,H
_aldBF,l,l - OQdBF,Zl - O‘3dBH,3,1 - dDCIP,l
£ H €, syn £ H €, syn
—iy S Dy Y A i So D
€H €,H €,H

eH eH
_SoalBH,l,O - SOO‘ZBH,z 0 SOaSBFs 0

Since this term is equal to zero, we can add it to the spot market equilibrium
(B.22):

3 3
> aidMp i, — 81> agdMy , + TAY, — 0511

j=1 j=1

0" Z a;Brjo+ Siig ™ Z B0

+a3dBFz3 | — a3S1dBy  — azdByy dD%g;J
+ig " So D" + S103d By

+(51 = So) Z a; By + (S1 — So)as By =0
j=1

9



Re-ordering the terms, we can write this as

3 3
$ €
— Z CdeMijJ + Sl Z adeH,j,l
i=1 i=1

$.H €.F $.F €H $H

—agdBF’&l -+ OégSldBH’g’l + OégdBH:)?l — SlOégdBF:),l + dDCIP,l =
2 2
$ $F $,F £ H €H £ H <€,
j=1 Jj=0

2
+(S1 = S0) Y Byl + (S1— So)as B (C.3)

j=1
We can write the right hand side as
2
TA%J — 0.5I1; + iﬁ’Fang{jg’o + Sﬂf’H Z ajBf{:fO
j=0
iy D" + 5" oDy — (S1 = So) D" (C.4)
Consider the period 0 swap market equilibrium, which can be written as
$.F $,syn € syn $F $,.H
(I +4dy" ) DEg™ — SoDgy™ = (1 +1i5" ) Dérpg (C.5)
Multiply by i& /(1 4 i$") and note that this is equal to —i&™. We then have
$ F ~$,syn € H~Esyn __ 3 F ~$.H
io” DEy" +Soig Dyy =1y Derpo =1 (C.6)
Substituting this back into (C.4), we have
2
T A, + 0500 + iy as By o + Siig™ > ey Bt
=0
€, syn
—(S1 = 50) Dy

. €,syn 2 € H €H . .
Using that D" = =5, ;B ;o — as B, We can write the last equation

as

$ -$,F $,F € H € H € H ~€,syn
TAH,l + O5H1 -+ 19 OégBH’&O — Q31 SlBF,S,O — S()ZO DH,O

—(S1 = So) 1 +ig "Dy
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Replace the right hand side of (C.3) with this expression. This gives

3 3
B Z adegjvl +51 Z a;dMp 1 + (S1— So)(1+ i?’H)Dg%y"

Jj=1 Jj=1
$,H € F $,F € H $,H
—Oé3dBF7371 + C(gsldBH’g’l + Od3dBH,3,1 — SlagdBF’&l + dDCIP,l =
$ $,F $,F £ H € H £ H €,

We can finally rewrite this as

3 3
— Z adefﬂ,j,l + 51 Z Oédeij,l + (51— SU)D%BW

=1 j=1
$.H € F $.F € H $.H
—OégdBF’&l —+ Oé3SldBH73,1 -+ OégdBH’&l — SlagdBF’&l + d‘DCIP,l =
$ $ F $.F £ H € H £ H E€,syn
TAy, +05IL +ig" azByy s — asip™ S1Briso — Siig™ Dy (C.8)

This says that US net capital outflows (left hand side) is equal to the US current
account (right hand side), which is the standard FX market equilibrium condition.
To see this, first ignore the terms involving Dfl”f)y" on both sides of the equation.
The terms on the first line are associated with US capital outflows minus inflows
involving money balances. These are purchases of euro money balances by the US
agents minus purchases of dollar money balances by European agents. The terms
on the second line involve US capital outflows minus inflows of the other assets.
The first four terms measure purchases by US lenders of dollar and euro assets in
Europe (capital outflows) minus purchases by European lenders of dollar and euro
assets in the US (capital inflows). The last term on the second line measures the
activity by CIP arbitrageurs, who borrow dDgZD’l dollars in the US and lend it to
Europe, also a net capital outflow.

The last line is equal to the current account, which is the trade account plus
net US investment income abroad. The latter first includes the US share of the
profits by CIP arbitrageurs. It also includes the interest on dollar assets in Europe
held by US lenders and subtracts the interests on euro assets in the US held by
European lenders.

Finally consider the two terms involving ij}%y”. This is net synthetic euro
borrowing by the US. It requires a swap transaction, selling SODfI”%y" dollar swaps
at time 0. At time 1 this swap involves receiving SODfI’f)y" dollars in exchange for

(So/ Fo)Dgf)y” euros. In terms of dollars, the time 1 market value of this exchange

11



18
(so - sjﬁ—) D (C9)
0

We can also write this as
(S - S0 +i§") DEY" = ~Si§ " DEY" — (S~ S)DFF"™  (C.10)

Following the BPM6 IMF Balance of Payments manual, the interest term —Slif’HDf]’%y"
is included in the current account, while the capital gains term (S; — SO)DfI’By” is

included in net capital flows. These are respectively the last term of the last line
of (C.8) and the last term of the first line of (C.8).

C.2 FX Market Equilibrium Derived from Relative Money
Market Equilibrium

We now show that the foreign exchange market equilibrium can also be derived

from relative money market equilibrium. The two money market equilibrium equa-

tions are
3 3
M} = ZaiM?fJJ + Zang,j,l (C.11)
J=1 j=1
3 3
M = Z aj My 1 + Z a; Mg, (C.12)
Jj=1 Jj=1

From the central bank balance sheets and bonds market clearing we have

M} = By, (C.13)
MF = By, (C.14)

We next need to impose onshore dollar and euro bond market equilibrium. Some of
the demand for onshore bonds is associated with synthetic assets. For example, net

synthetic borrowing of dollars of D%Sly" in Europe implies first borrowing Diljyn /51

euros. Similarly, net synthetic euro borrowing of D%jy” in the US implies first
borrowing Sng’iy” dollars.
Using the expressions in the text for synthetic dollar and euro borrowing, the

onshore US dollar bond market equilibrium and onshore European euro bond mar-
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ket equilibrium are then

$,H $,H € syn
Bég, +ZQJBH]1 +&3BF31 SlDH,1y +DCIP1 (C.15)
Jj=1
€F €F 1 $.H 1 $,syn
Belpa + Z o; B FJ 1 FasBys, + o S < Dérp1 = S_IDF,I (C.16)

7j=1

From this we can write the central bank bond holdings as a function of all the

other bond holdings. The money supplies are then

2
$.H $.H € syn
My = _ZO‘J‘BH,J‘,1_Q3BF,3,1+SIDH,1y +D01P1 (C.17)
ME = BEF per — Lpsu 1D$Sy" C.18
1= _Z% Fj1 a3 H31 S CIP1+S (C.18)
7j=1

Total financial wealth of both countries at the start of period 1 is (in domestic

currency)

Who = Z%Bigo"’slzay H]0+QBBH30+SWSB§Z§,0+
7j=1
+5,i5" Z a; B! + iy a3 By (C.19)

$,F €H
Wgo = 3 Z ;B + ZO‘JBFJO + O‘3BF30 +asBpjs

2
$7
FZQJBF,iO +ZO CV33F30 (CZO)
j=1

Adding non-asset income to the financial wealth at the start of period 1, and

13



subtracting consumption and changes in money balances, we can write

$,H €.H €,F T
ZajBH,j,l SlZ&JBHjl OégBHgl 810533]-1’371 + WH,O +YH71 "‘HH,l

3 3
—P Y a;Chga+ Z aj (M 0= My 1)+ S10) oy (Mg ;o — Mf,,)C.21)

J=1 j*1 J=1

$,H € H x
E a; By = E o;B ,], 1a3BF,3,1 —a3Bp3y + Wpeo+ Up1 + Ye

13
—Pr Z a;Crja + Z Q; (M§j70 - Mﬁj,l) + 5_1 Z Q (M?i“,j,o - Mﬁ,j,l)(CQQ)
j=1

J=1 Jj=1

This gives

$,F eF 5
My = 5 Z a; Byt + asBysy + SiasBihy — Wao — Y — g

3
+P Z a;Chj1 — Z Q; (Mg,j,o - Mf],j, — 51 Z O‘J H_] 0 MH,], )

j=1 j=1
$.H €,syn $,.H
«Q BF31+SID +DCIP,1

€ _ $,F $,H € H 7
My = 51 Z a;BE; + a3Bps, + asBpsy — Wro — g1 — Yi,

1 3
+Py Z%CF,J'J - ZO‘J' (M0 = Mpj1) = Sy D5 (Mo = M)
j=1 j=1 i=1

1

Si

1

D$ syn
S1

$,H
O‘SBH31 DCIPl + 5

Setting these money supplies equal to money demand and using that the trade

US trade account is TA%L1 =Yu1— P Z i1 O Ch j1, and the euro trade account

14



in Europe is TAS, =Yg, — P Z] 10;Crj1, we have

2
€ H $,F € F T $
= 81> ;B +asBys, + Si0sBg 5, — Wio — TAY, — iy

M;
j=1
3
+ Z Qj (Mg,j,o - Ml%’,j,l) - Sl Z Q (Mﬁ,j,o - Mfl,j,l)
Jj=1 J=1

«Q 3%511 + SlDasyn + DCIPI

e $,F $,H eH = €
My 51 Z aJBFjl + BF,3,1 + O‘SBF,3,1 — Wpo — g1 — TAF,1

3
1
+ Z Q (Mg,j,o - Mg,j,l) - 5_1 Z Qi (Mg,j,o - Mfij,l)
j=1 j=1
1 $,H 1 $,syn
a3BH31 S DCIPl + S D e
Multiplying the second equation with S; and subtracting from the first, using
that SlTA%l = —TA}SLM and Il = Si1lg;, we have

2
€,H $,F €,F T $
— SlM() = Sl Z ajBH,j,l + OngH7371 + SlagBHﬁ’l — WH,O — QTAHJ

j=1
3 3
12 Z aj (Mo — Mp,,) — 25 Z a; (M ;0— M ;)

Jj=1 Jj=1

$,H €, $,H
aQ BF3 L+ SIDEY" + 2DCIP,1

§ $,F € H T
- OZJBF] 1 O[gBFg 1 SlOf3BF,371 + SlWFI)
j=1

€F $,syn
+510‘3BH,3,1 - DF,1

Now substitute the expressions for synthetic borrowing: D$ Y= alBFl | —
0‘23272,1 — angg,l and Dfljy" = —alBng — O‘2B§,2,1 — agBﬁ’fl. Collecting
terms, this gives
— SIME + WH,O — S1WF,0 =
203 B}/ | + 2510585, — 2T Af)
3 3
$ $ € €
+2) ag (Mo = Mia) =280 ) oy (Mg — M)
=1 =1
: (C.23)

$,H €H $,H
—2a3Bps, — 20351 B3y + 2D¢py

15



Using the expressions for Wy o and Wrp, and using that M§ = BCBO and
ME = BS 0> We can write out the first line of (C.23) as

7j=1

€ H €H
+517p” § :O‘JBH30+@0 O‘3BH30
$,F F
_E :O‘JBFJO S E :aJBFJO O‘SBF:so SlO‘SBF:so
Jj=1 Jj=1

5.F ,
E:Oé]BFJO Suig: O‘3BF30

From the period 0 version of the onshore bond market equilibria (C.15)-(C.16),

we have
$,H $,H € syn
Z a]B 7] 0 - BCB 0 BF’37() + SODHj)y —l— DCIPO (C25>
7j=1

1 1
€ F € F $,syn
ZO‘JB Fj0 = BCBO 3By — S DCIP0+ SODF,oy (C.26)
Jj=1

Substitute these into (C.24), which then becomes

BCBO SlBCBO (C-27)
2
BCB 0 B%go + SOD%,%W DCIPO + 51 Z %Bﬁfo + 0433%,0 + 51&3BI€{§,0
=1
S $ syn
+518 CBO + 510‘3BH3 ot o S, DC’IPO Z aJBF] 0 O‘3BF3 0 Sla3BF30

$,F $, €,H
—ig E :a]BF]O Siig: a3BF30
7=1
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Collecting terms, this is

—QOégBFg o T SOD%’%yn CIPO + 5 Z OéjBfI?O + a3BH3 ot 2Sl&3B§:§0

€,H $,F

Sl $.H Sl $,syn 3,
+S Déipy — SDFoy Za]BFjO SlO‘SBFso
7j=1
$,F $,F €H
—ig Za]BFJO Sy a3 Brisy (C.28)
7=1

Using again the definitions for synthetic borrowing, this can be written as

—203BRY + (So — S1)Dg" + Dy + 28103 B 5 (C.29)

S S n
+Sl DCIPO + (1 S;) Di’%y + 2‘)‘33?}1;0 2310‘332’50

2
$,F $.F $,F €H
+Slz0 ZO[]BHJO_'_ZO 3By 50— 4o ZO‘J'BF,J‘,O_S” a3 Brisy
Jj=1 j=1
We have now shown that the first line in (C.23) is equal to (C.29). Making this

replacement, (C.23) becomes

_2a3BF3 o+ (So — Sl)Dg%yn + D%{P,o + 251@331?50
S S sun
+Sl DCIPO + (1 - S_l) D%,Oy —+ QOégBiig,O — 281&33?:50
0
2
H $,F $,F $.F eH
+S1ig’ Z O‘JBH] ot iy 043BH3 0~ % Z o;Bgo— Svig"! 3By =
=1
$,F $
2043BH31 +251063BH31 2TA

+QZO‘J Mggo ngl 25120‘3 HJO MH’J’)

7=1

—203 B3y, — 20351 BEy, + QD%ZJJ (C.30)
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After dividing by 2, and collecting terms, we can rewrite this as

agdBffg L+ SlozgdBf{’g | — azdBRY, — a3SidBRi’ + dDgh,
- Zoz]dMFﬂ + 51 Zozdef,]l

j=1

2
TAY  + 058,45 Z o; Byl + 0500  as By o — 055" " a; By, — 0585 "
7=1 Jj=1

S S
+0.5(So — S1) D™ + 0.5 (SO 1) Dy +0.5 (1 —~ S—;) D"

Using the period 0 expressions for synthetic borrowing, we can write
0.5 " a3 Byy'y o + 0.5S0i5" Z a; B!,
7=1

—0.5i5" Z a; Byt — 0585 as Byl =
7j=1

o FasByY o — Soig M as Bk — 0.5S0is " D™ + 0.5i " D™ (C.32)
Multiplying the time 0 swap market equilibrium by zf’H, we have
0.5iy " Dy = gy — 0.5Si5 " D" (C.33)

so that
0.5i5 " as Bl o + 0.5S0i5 " Z a; By,

7j=1

2
—0.5ig" Y "By, — 0.58i5" a5 By =
7j=1

i a3 By o — Soig M as By — Soig ' DE " + I (C.34)

This implies that we can write the right hand side of (C.31) as

TAS + Iy + iy as By o — Sois " s Bay — Soig " D™ (C.35)

Sl $,syn €, syn Sl $,H
+0.5 (1 - §0> D3y = 05(S1 = o)D" +05 (5 —1) Dify

2
+0.5(S, — So)ig ™ (Z OéjB?fo - a331€:§{0>

Jj=1
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We need to rewrite the last two lines. It is equal to 0.5(57 — Sp) times
1 1 2
$,syn € syn $,H £ H €H €H
_S_ODRoy - DH,oy + §ODCIP70 + 19 (Z CYJ‘BH,]',O - a3BF,3,O>
j=1

Use that from the period 0 swap market equilibrium we have
i = 088D + Dl
Then (C.36) becomes
2
2D (D5 Y- i)
j=1
This is equal to
a5 — 208" (DS + auBE)
Then (C.35) becomes
TAS + Ty + iy a3 By — Soig ™ asBEsy — Seig " D"
—(S1 = So) Digg™ — (S — So)ig ™! <D§’,sdyn + 0433?,’50)
This is equal to
Dy $7 ) ) >y )
TAY, + Ty + 5" as By o — Siig " as By — Soig ™ D"
€ €
—(S1 = So)(1 + ZO’H)DIJ,%W
Then (C.31) becomes
€ €
asdBy | + Siasd By — asdByY | — asS1dBES, + dDgr,

3 3

=1 j=1
$ $,F $,F € H eH €,H €,
—(S1 = So)(1 + iy ) D™
We can finally rewrite this as

$,F €,F $,H €H $,H
OégdBH73’1 + Sl&3dBH’3’1 — OégdBF’&l — OégSldBE&I + dDCIP,l

3 3
j=1

=1

$ $F $.F £ H € H € H ~€,syn
TAH,I + U + 1 QSBH,:s,o — Siig a3BF,3,0 — Siig DH,o

(C.36)

(C.37)

(C.38)

(C.39)

(C.40)

(C.41)

(C.44)

This is exactly the same as the FX market equilibrium (C.8) derived from the spot

and swap market equilibria.

19



D US Lender Portfolio Shift

Here we consider the shock in Section 4.4 of the paper, which involves an increase
in A for US investors, which we refer to as Ay. We will derive the linearized spot
and swap market equilibria, extending the derivation in Appendix D of the paper
to introduce shocks to Ag.

The swap market equilibrium is
(1+37) D = DGy = (1+4") Défy =0 (D.1)

This is linearized as (recall we start from zero pre-shock excess demand in offshore

markets)
B B bl 2

We have

$,syn € syn $,F $,F $.F € H € H € H
DF,l _DH,l —_@1BF,1,1_042BF,2,1_”(1_)‘US)BH,g,l"’O‘lBH,1,1+n)‘UsBH,2,1+043BF,3,1

(D.3)

We defined oy = 1—n, as = nX and a3 = n(1—X\). We now allow X to be different

between US and European agents. The pre-shock A levels remain the same for the

US and Europe, but we consider an increase in A for the US. This is made explicit
above.

After substituting the portfolio expressions in (D.3), Appendix D derives an

expression for ﬁ%jyn — ﬁisly" This is still correct, but we now need to add an

additional term associated with a change in A\yg. This term is equal to
n (BS + Bih.) A (D.4)
Adding this term to the swap market equilibrium in Appendix D, it becomes

-$,F

-2
r2 ~yvar(ss)

1. </ _
— 20314181 — azf’F +ng (B?LIF31 + B?;Il) =0 (D.5)

We have
Byo, + B =1—a—y =Wy (D.6)

so that the swap market equilibrium then becomes

$F
: 1 .
WS sy =~ WAy = 0 (D.7)

-2
25t yvar(ss) o
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Next consider the spot market equilibrium (B.14), repeated here for conve-

nience:
3
$,spo $,syn $.H € spo
Z a]QFjplt + 1 - (FI/SI)) <DF,1y - DCIP,1> =51 ZanH,jz,)lt (D-8>
j=1

The only thing that needs to change to the derivation of the spot market equilib-
rium in Appendix B is that as and a3 on the right hand side, for US lenders, will
change to nAy and n(1 — Ag). A shock to A\pg adds an additional term on the

right hand side of the linearized spot market equilibrium of
~E,spot A€, spot \
n ( H,21?1 - H,3I,Jl ) Aus (D.9)

Using the expressions for Q?{Zp " and Qflsgp " in Appendix D, their pre-shock

levels are
~E,spot E ~E
Hot =Yg, +Chpay (D.10)
~E,spot E ~E
Ha1 =Yg, +Chpa, (D.11)

But these are identical as C’?{F’j,l = wa$C_*H,j,1 and C_’HJJ = 1 for all j (see Appendix
C of the paper). It then follows that the additional term in the spot market
equilibrium is zero, so that the spot market equilibrium remains the same as derived

in Appendix D of the paper.

E UIP Arbitrageurs

This section introduces UIP arbitrageurs to the model. They arbitrage between
onshore dollar bonds and onshore euro bonds. UIP arbitrageurs enter period 1
with zero wealth. Let BU 7p1 be their onshore dollar bond position and Bﬁ}?l their

H F : .
onshore euro bond position, so that B?j 1p1t SlBﬁ’I p1 = 0. Since onshore interest

rates are zero, this portfolio yields a period 2 return of my;p = Bg’f;1 (1 %)

Linearized, this is my;p = B%ﬁ71(51 — S3). Assume that they choose a mean-
variance portfolio that maximizes E(my;p) — 0.59var(myrp), where 74 represents

their risk aversion. Using that E;(ss) = 0, the optimal portfolio is

S1

pSH
UIP,1 ’S/UCLT(SQ)

(E.1)
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The transaction by UIP arbitrageurs does not affect the swap market as they
only hold positions in the onshore markets. If s; > 0, they borrow euros and
exchange them for Bg’ﬁn dollars on the spot market. Adding this to the spot
market schedule, the spot and swap market equilibrium schedules in equations

(36)-(37) in the text (related to liquidity preference shocks) become

if’F + S1 S1
yvar(sg) — Avar(ssz)
Z?’F + 81 1 $.F A $ €
(20&31/1 — V2)81 + 271}7(82) + g_bll - ww[a —a ] =0 (E?))
The only change is that the spot market schedule becomes a bit steeper than it

V181 + 2 =0 (E2>

already was. The shock @/A) has the same qualitative effect as discussed in the text.

F Convenience Yield Shock

This section considers the effect of a rise in the US convenience yield. Assume that
the onshore US asset has a convenience benefit (e.g., liquidity) that is equivalent
to an increase in the return by 7. The portfolios of borrowers and lenders in the
model are not affected by this convenience benefit. Borrowers and lenders in the
European market choose between offshore dollar assets and euro assets. Borrowers
and lenders in the US market choose between onshore dollar assets and offshore
euro assets. But we can think of them as only buying (or borrowing) onshore
dollar assets, while swapping part of it into euros. Whether they hedge or not, in
both cases they hold (or borrow) US onshore assets, so that the relative return is
unaffected by whether the onshore dollar asset has a convenience yield. We will
also assume that this convenience benefit does not apply to CIP arbitrageurs, who
borrow and lend in similar types of assets in the wholesale market.

We introduce the UIP arbitrageurs from Section E. They arbitrage between
onshore dollar assets and onshore euro assets. Different from Section E though, we
now assume that the onshore dollar assets have a convenience yield. As in Section
E, the linearized profit of UIP arbitrageurs is nyrp = B?jﬁ;ﬂSl — $3). But now
they maximize F(myrp) — 0.59var(myrp) + UB%EH. The last term, not present
in Section E, captures the non-pecuniary convenience benefit from holding the
onshore dollar bond. The optimal portfolio is then
51171

BSH
UIP1 Fvar(ss)

(F.1)
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The convenience benefit leads to a greater demand for the onshore dollar bond.
Consider again the swap and spot market equilibrium schedules (36)-(37) in
the text. We now set 1& = 0. UIP arbitrageurs borrow euros, which they exchange
for Bg’ﬁ,’l dollars on the spot market. Adding this to the spot market schedule,
the equilibrium schedules become
mﬁ+fW+ﬁ+,&+”:0 (F.2)
yvar(se) — Avar(ss)

$.F §,F
7 + S 2
@%m—wkﬁﬂi——i+i;

=0 (F.3)

When n = 0, the pre-shock equilibrium with if’F = 51 = 0 still holds. Now
consider a rise in the convenience yield 7. This shifts the spot market schedule
downward. Chart A of Figure 5 in the paper shows the case of imperfect CIP
arbitrage (post 2007), while Chart B shows the case of perfect CIP arbitrage (pre-
2007) where ¢ — 0 and the swap market schedule is horizontal. In both cases
the dollar appreciates (s; drops), while under imperfect CIP arbitrage the CIP
deviation rises.

As discussed in the text, there are two problems with this shock as an explana-
tion for the empirical evidence in Table 1 of the paper. First, the dollar appreciates
even under perfect CIP arbitrage. Table 1 in the paper shows that increased finan-
cial stress does not lead to a dollar appreciation prior to 2007. Second, Diamond
and Van Tassel (2023) show that while convenience yields rise during financial
crises, the difference between the US and foreign convenience yields generally does
not. Table A1l provides further evidence. It regresses the change in the relative
US convenience yield on the change in the risk measures in Table 1 of the paper.
The convenience yield is computed as the 3m Libor rate minus the 3m Treasury
rate. The trade-weighted average convenience yield in non-US advanced countries
is subtracted from the US convenience yield. Table A1l shows that a change in risk
does not affect the change in the relative US convenience yield for any of the risk
measures prior to 2007, while the effect is insignificant for 6 of the 8 risk measures
since 2007.

23



Table A-1: Regression of convenience yield on measures of risk

Dependent Variable: ACYys ¢

(0) (1) 2) 3) (4) (5) (6) (7 (8)
VIX MOVE  BEX (1) BEX (2) HKM (1) HKM (2) GZ (1) GZ (2)
1999-2006
CY;_1  -0.320%%%  _0.324%%%  _0315%Fk 032200k _0.327FFF  _0.323%FF  Q311%FF  _0.316%FF  -0.323%%*
(0.099) (0.096) (0.105) (0.099) (0.102) (0.102) (0.101) (0.100) (0.098)
ARisk; -0.021 0.039 -0.155 -0.060 -0.013 -0.003 0.145 0.011
(0.060) (0.102) (0.109) (0.104) (0.013) (0.013) (0.100) (0.015)
Risk,_1 0.023 0.000 -0.021 -0.008 0.006 -0.015 -0.003 0.004
(0.029) (0.041) (0.050) (0.052) (0.016) (0.014) (0.030) (0.008)
R? 0.143 0.130 0.125 0.135 0.125 0.136 0.143 0.135 0.127
2007-2021
CYi1 -0.169 -0.184%  -0.206** -0.184* -0.196* -0.177* 0176 -0.206%*  -0.214%*
(0.112) (0.100) (0.102) (0.096) (0.104) (0.107) (0.108) (0.100) (0.094)
ARisk; 0.177%* 0.236 0.121 0.213 -0.006 -0.007 0.327%  0.111%%*
(0.090) (0.167) (0.183) (0.200) (0.015) (0.014) (0.199) (0.042)
Risk;_1 0.029 0.053 0.041 0.080 -0.014 -0.015 0.033 0.013
(0.042) (0.037) (0.098) (0.082) (0.019) (0.019) (0.040) (0.016)
R? 0.073 0.114 0.110 0.072 0.083 0.082 0.088 0.111 0.169

Notes: CYy s, is the convenience yield on dollar assets relative to the convenience yield on foreign assets,
computed as the difference between the US 3m Libor and the US 3m treasury minus the difference between the
foreign 3m Libor and the foreign 3m government bond yield. The foreign interest rates are a trade-weighted
average of rates from advanced countries, using the same trade weights as the variables in Table 1 in the text.
Risky is the level of one of eight risk measures: (1) the log of the VIX, (2) the log of the MOVE index, (3) the
log of the risk aversion index from Bekaert et al. (2021), (4) the log of the uncertainty index from Bekaert et al.
(2021), (5) the normalized intermediary capital risk factor from He et al. (2017), (6) the normalized
intermediary value weighted investment return from He et al. (2017), (7) the log of the bond spread on senior
unsecured debt of nonfinancial firms from Gilchrist and Zakrajsek (2012) , (8) the normalized excess bond
premium from Gilchrist and Zakrajsek (2012). The operator A is the month-over-month change. For scaling, all
risk variables in the regression are divided by 100. All regressions include a constant and robust standard errors
are written in parentheses, ***/** /* denotes significance at the 1/5/10% level.
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