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1 Model Details

This Appendix shows derivations for Section 2.

1.1 Derivation of price indices, demand for goods, and real exchange rate

First, we derive the price index in the home countryP;. It consists of the price index of
goods produced by home rms in the home country, and price index of goods produced

by foreign rms in the home country, Pg¢. C; is the home consumer's consumption basket



Now, we derive the price index of goods produced by home rms in the home countBy,;.
In this derivation, the home consumer's consumption baskef¢, consists of goods produced
by the home rms z where we integrate from O toa because there ara home rms:
min p¢(z)c¢(z) subject to CHt =1 where Cy¢ = [( )* Ye(z) dz]
L = p(2)ce(z)  Prell(2)” ORCt(Z) fdzl T 1]
st = () Pae—l(D)" Ja() dZ]* MY —ta(m— =0
pi(2) = Prel(2) e “o(z) dz] (Y o) ¢
c(z) © = B2a’
c(z) = L(%2) 2
Substitute this expression intoCpy = 1:
() R;‘(pi’?;&) (1) dz] T =
(D) (&) Wz 1=1

HRt[ Hoky) tdz] T =

op(2)t dz] T = Py,

[ Roa p(z)t dz] T = Py
[% Roa pe(z)? dz]% = Pn¢, Which is the price index of goods produced by home rms (de-

noted by z) in the home country.

We can then write the demand for home rmz output by the representative household in
the home country based on the above as:

ce(z) = %(%f)) Cuyt = é(pﬁf.f)) (PHt ) 'aC, = ( pt(Z)) (pm) Jox)

Since there area home households, the demand for home rrm output by all households in
the home country is: %(Z) (PHt) 'aC;.

Pt

2Note that this expression should be completely written asc; (z) = %(W

) Cxt but we drop Cy; because

we imposedCy; = 1.
3Note that in this expression we should write (C; + G;) to re ect the total demand made by the home

country that comes from home consumers as well as home government. However, for the purpose of this

derivation, we can omit G;.



The demand for home rmz output by all households and government in the home country
is: (%) (PPLI‘) '(aC¢ + aG;) assuming that the government spend&; per capita. Notice:
a(Cy + Gy) is Y4, i.e, demand for consumption basket in the home country. Note that in
contrast to Ghironi, Lee, and Rebucci (2015) (GLR), we do not hav¥. Note: The total

per capita demand for consumption basket in the home country igd = C; + G,

The price index of goods produced by foreign rms in the home country can be derived by
following the same steps. In this derivation, the home consumer's consumption basket;,
consists of goods produced by the foreign rms where we integrate fromato 1 a because
there are 1 a foreign rms:

[1—1a Ral pe(z )t dz ]% = Pg¢ using consumption of goods produced by foreign rms in the

home country, Cg = [( 1—1a)l al c(z)—dz] =T

The derivation of the price index of goods produced in the foreign country (consisting of a
price index of goods produced by home rms in the foreign countrf,,;, and a price index
of goods produced by foreign rms in the foreign countryP.,), P, , yields:

Pe =[aPy; '+(1  a)Pg |7

Note that the expressions folPy;, Pgt, Py, and Pg, (and, hence,P; and P, ) are identical to
GLR. However, since purchasing power parity does not hold in our model, we have to take
the real exchange rateQ, into account.

Q: -5t where", is the nominal exchange rate, antkP, =[a("tPp)? '+ a)("Pg,)? o,

. _ra"tPy )t P a)("tPe)t ! -
Then: Qt = [ '-;PHlt Tl a)PFlt Ft ]1 T

1.2 Household optimization
Start with the home household budget constraint in nominal terms in home currency:
(Ve+ De+ "(De)Xe + ("Ve + D ¢+ "D )X + Wikt = ViXerr + "tVy Xgig + PG + PGy,

where X; denotes shares of the home rmx; denotes shares of the foreign rmy; is the

price of the home rm's sharesy, is the price of the foreign rm's sharespD; is the dividend
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With respect to X1 :

@gllll = ( v+ Eff wa(Ven +dws +dyy)g=0
1 1

Ci vi= EfCuy(Vesr + desa + diyy )0
i _ lVt+1 +di+1 +dl+l 1

Ct - Etf Ct+1 Tg Etf Ct+1 Rt+1 g

where the de nition of Ry, di ers from GLR due to the home rm's dividends coming from

two di erent countries.

With respect to X, :

= t( V)+ Ef wa(Veg +des+dyg)g=0




subject to:
YS(z) = YI(z), which says that output supplied by the home rm in the home country has
to equal this rm's output demanded in the home country,
and
Y¢S (2) = Y& (2), which says that output supplied by the home rm in the foreign country

has to equal this rm's output demanded in the foreign country.

To derive the optimal demand for labor by home rm, z, in the home country, we use
YS(z) = YA(2). Y&(z) comes from the production function, i.e..YS(z) = ZiLi(2). Y&(2)
comes from the demand for home rm's good that was derived in Section 1.1Y%(z) =
(BE)  (B) *(aCi+ aGy) (which is Y(2) = (%2)  (fir) 'Y because C; + aGy) rep-

reseRRYTHR)BERASTRE: BRSH G RBASES OVTU 54831476501 SROETT /B 70D E BN 268 49858BHES]



subject to:
Y



pe(z) = Z—\;"‘i— which is the price charged by the home rm in the foreign country.

For the foreign rm, z , the problem becomes:

1 C, +G
wt(pg,if)) (%) '1—a<°t+z‘f” w(’““’) ( t) g e "")‘Z;* :
Take the derivative with respect top (z ):

= _i—Wl
(1 ) Zi Z pi(z)

piz)= lziwf—z, which is the price charged by the foreign rm in the home country.
Take the derivative with respect top (z ):
- W[
@ )= Zp t(z )
pz)= — z , Which is the price charged by the foreign rm in the foreign country.

In equilibrium, p¢(z) = Px¢, which says that price charged by home rnme in home country
equals the price index for goods produced by home rms. Similarlg,(z) = P, for price
charged by home rms in the foreign country,p «(z ) = Pg for price charged by foreign

rms in the home country, and p (z ) = P, for price charged by foreign rms in the foreign

country.

Therefore:

Phe = _1Vzif for price index of goods produced by home rms in the home country,

Py = —12—‘2’11— for price index of goods produced by home rms in the foreign country,
Pre = 121—2 for price index of goods produced by foreign rms in the home country,
and t

Pey = —1‘2’—: for price index of goods produced by foreign rms in the foreign country.

Then, we can write expressions for relative prices:

RP; = pth—Z) = PPA = o for price charged by a home rm in the home country relative to
t t

the home country's price level in units of the home country consumption,

RP, = p‘P—(Z) = F,;ﬂ = 1ﬁ1— for price charged by a home rm in the foreign country
t t t <t



relative to the foreign country's price level in units of the foreign country consumption,

RP = %f) = PPL; = _1Zth—Zt for price charged by a foreign rm in the home country
relative to the home country's price level in units of the home country consumption, and
RP, = % = PP% = —lvz"—: for price charged by a foreign rm in the foreign country
relative to the foreign country's price level in units of the foreign country consumption.

Note that the small case letter,w, is used to denote real wage as opposed to the large case

letter W that denotes nominal wage.

The optimal labor demands can be rewritten with relative prices as:

Optimal demand for labor by a home rm, z, in the home country becomes:

L(z) = RP, "2 o o



t

Z

Per capita labor demand by all foreign rms in home country is:

1 -1 13(Ci+ Gr)
abe(z)= FPRP o

where we again divide bya because there ara households in the home country.
There area home rms in the foreign country, so the optimal demand for labor by all home

rms in the foreign country is:

aL,(z) = aRP, 'EAC*G) Zf)(sz &)

Per capita labor demand by all home rms in foreign country is:

_ (L a)(C +G)
Tabt(2) = 7gRPy T

where we divide by (1 a) because there are (1 a) households in the home country.
There are (1 a) foreign rms in the foreign country, so the optimal demand for labor by

all foreign rms in the foreign country is:
(1 aL{(z)=@1 aRpP, '&EARIC)
Total per capita labor demand by all foreign rms in the foreign country is:
HI— t(z ) = HRP ; 1(1 a)(zctt"'Gt)
where we again divide by (1 a) because there are (1 a) households in the home country.
1.4 Net foreign assets (NFA) law of motion

Start with the home household budget constraint in units of the home country's consumption

basket from Section 1.2:
(Vt + dt + dt)xt + (Vt +d t+ d t)Xt + WtLt = ViXi+ T+ VtXt+l + Ct + Gt

Then:
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(Ve+ de+ d)Xe+ (v +d o+ d )X + Wike = ViXeer + NfFagg + lTthX 1 + Ce+ Gy

where net foreign asset®)fa.1, is de ned asnfaw; Vi Xy %‘vtx w1, I.e., the value of
home holdings of foreign shares minus the value of foreign holdings of home shares adjusted

for population sizes of home and foreign countries, i.@,and 1 a, respectively, as in GLR.

Vt+d1+dt

We de ned return on holding home equity asR; T

and return on holding foreign

vi+d¢+d
V,

equity asR; L in Section 1.2, so:

(Vt+ d[+ dt )Vt 1
Vt o1

(v +d ¢+d v, 4
Vi1

ViXeer + Nfagg + %Vtx w1+ Ci+ G = Xt + X¢ + Wil

1 —
ViXee1 + NFagq + T""vtx w1 T Ci+ G = Reve 1Xe + Revye X + Wikt

nfat+1 = VX1 %Vtx t+1 T RtVt 11Xt + RtVt 1Xt + th—t Ct Gt
nfau = Vi(Xea + 358X wa) + Rove 12+ Reve 1 X+ Wik Cp Gy
nfat+1 = Vit Reve X + Rt Vi 1 X t+ wily C; Gy

where market clearing conditionaxy; + (1 a)X 1 = a was used to obtainXg, =

1 L2X 1 asin GLR.

Nfawg = Vet Rve X+ Reve 1(1 1Tax o+ wly C¢ Gywhereweuseki=1 X tlTa.
nfat+1 = Vi + RtVt 1X¢ + RtVt 1 RtVt 1lTa‘X t + WtLt Ct Gt

— 1
Nfau: = Vet RV (X + Ve+ de+dp Ryve 172X+ wilke G Gy

nfau: = RV 1% Reve 132X+ Yt G Gy
wherey; d;+ d; + w¢L, which di ers from GLR due to the additional term d,. Note that
we assume that the dividend of the home rm producing in the foreign country,, is a part
of the home country GDP, i.e., we assume that rms repatriate pro ts to their countries of
origin for distribution to domestic and foreign shareholders.
nfan: = Revp 1% Reve X+ RV 1% Reve 1E2xc+ye Cp Gy
De ne excess return from holding foreign equitRy = R; R and portfolio holding
£ = Ve 1 X!
nfas: = RP + Ry 1% Reve 1E2x¢+ye G Gy
nfan, = RP ¢+ Rinfag+y; C¢ Gt
where de nition nfa; v, X, 1T""vt 1X ¢ was used.
This is identical to GLR except the de nitions of Ry and R,, and henceRP, dier as ex-

plained above. This is in units of home consumption.
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Similar derivations can be done to obtain the NFA law of motion for the foreign household:

f _ oDf f f f f f
nfa,, = Ry  + Rinfa, +vy; C;



Derivation of home GDP, vy, i.e., output produced by home and foreign rms in the home
country:

Yo = RPZILH RPZ{ Z L= 8 Zibet 35020 Zo Lo= —(Wiker wil o),
which is in units of home country consumption.

Derivation of foreign GDP,y,, i.e., output produced by home and foreign rms in the foreign
country:

Ye = RP Z,Z* L+ RP ZL = _12t_zvtti_ztztl L, + _1VZL:Zt|— t=

= —g(wely + w L),

which is in units of foreign country consumption.

Expression for;’—::

yi — RPZ(IL+RP Z! Z, Ly _ —gWbetwil o) _ w(Li+L )

Yi RP, Z,Z,' L, +RP.,Z/ L, —sw Lrw L) w (L +Ly)
Note that we should use the real exchange rate in the relative GDP expression but it cancels

wi (Le+ L t)

because it appears on both sides of the equatioe‘E"Tt = Gw (Ll )

Next, expressions fomy, w,, (Lt + L ¢) and (L, + L ;) are obtained. To getw;, home labor

supply and home labor demand are equated. Home labor supply was derived in Section 1.2
1

from home household FOCs ak$ = ( u)’. Home labor demand was derived above from

rm FOCs in Section 1.3 asL¢ = Rp, '2c*C)






1 1a(Z

1

Vi o— ct+c;t] 1 [aZt‘ Lva az! z ) 1] i [ct+Gt].1++'! [azf v az! z ) !
Vi C, + G, a(Z z,b )y @ azt ol C, + G, az, z,' )+ a)z'
=[St ]‘ ¢ o 1) [azg 1J;(l a(zt z )! 11 a "t[ D
C, + G, a(z, z, o+l az
— Ci+ Gy
C, +G;
1.6 More on real exchange rate, Q;
; O, = [Py )t A @)(iPe )t
From Section 1.1:Q¢ = [ T ] T,
QL ! = APyt T a(iPe)t !
t aPy, | +(1 a)PF,
Use expressions for price indices:
wo_ Wy 11 no_ Wii
Ql S = o 121211 : A 12[) _( 1)1 !a(thZ[l )! 1+£1 a)zt! ! =
t a(—l"tht)l L1 a)(ﬁ#)l! az, +(1 a(zl z ) 1
tWt 1 1 t 't 1
( )1 1a(z, z,- ) +1 a)z
= wtp
) 1 az

O o

]






Similarly, foreign GDP vy, i.e., output produced by home and foreign rms in the foreign
country, equalsy, = —(w;L; + w,L ) in units of foreign country consumption. Labor
income, therefore, equals—y,. In units of home country consumption, this is—1y, Q.
The prot of foreign rms, i.e., the prot generated by foreign rms in home and foreign
countries,d ¢+ d , in units of home country consumption is thenty, Q;, which again shows
that the share of rm prots, i.e., the dividend income, in the foreign GDP is a constant

proportion 1,



E«(OR t+1 @P): Et(@tﬂ @t)

2.2 Log-linearize expression from Section 1.6 and nd elasticities of @P

This derivation nds elasticities of OP:

Ct+Gt( )7 _[ t+1 a)(Z Z )!I 11]!1+I

C, + G, a(Z zl ) 1+l )z,

log(Ci+ Gt) log(C, +G )+ ~(log Ct logC,)= M rflogaz{ *+1 a)z' 2z )" Y log(a(z,z,* ) +@ az' M)

dy+ do dCC+th+ —(% d%t): tola(r Ddze+@ a) (! 1@ )dzZe+ dzy) [a(r 1)( dZi+@ )dZ)+

1 a(r 1)dz 1
UseZ = Z , which is true in the symmetric steady state. Normaliz&Z = Z to 1.

CiErdoig O G, gD - I B+ a)(! D@ )R+ 2) [a(t 1 ZB+@ )2+

C+G C+G ol
a(! 12]
el &)+ Sod B+ S0P = Flja(r 1B+ a)(! DA )RZ+@ a(! 1) 2 ar 1) 2

at ne )2 @ a(! 1]
Usey=C+ G. Sincey=1,C+G=1and C=1 G. Then,

@ GG &)+G(6 &)+ - = Foja(r DI HE+I a(! I HE @ a(! I HEB a' 1L )Z
1 GOP+GEP+ 0GP =171 1)1 NB )

(1 G)&P+GE+ BP=1+ 1) )HEP

1 G+ H)EP+=(1+ L )HZ° GEP

Gp= & )po G gD

1 G+ -
&P

lG+

cbzb ?t + cb b @t

If G=0 (i.e,, no scal shocks),®P = &+ ¢ )30

If G=0and ” =0 (i.e., inelastic labor) @tD =1 )EP
fG=0,”=0,and =1, &P =0

fG=0, =0,and =0, ®° = 2P,

If G=0and =1, &P =0 regardless of”.

fG60and =0, &> = & Jp> G &P
fG60, >=0and =1, 6P= S @P.If =0, &P =120 . S.8P.

19



2.3 Find elasticities of ®,

This derivation uses the log-linearized Euler equations from Section 2.1 a®®P from Sec-
tion 2.2 to nd elasticities of @t:

E(®2, ®&P)= E(B., &) from Section 2.1.

Combine with ®° = 0,0 2P + oo GP from 2.2.

E(®uw1 B = E cozo (2‘21 EP) + coer®






Log-linearized: BP°™®"° = P P,

2.6 Log-linearize NFA LOM

This derivation uses the NFA LOM from Section 1.4 to nd the solution fornf’am:

nfaw; = RP ¢+ Rinfac+ (1 a)[(yr Q') (Gt QC.) (Gr QG

dnfan; = dRP + RPd + dRnfa+ Rdnfa,+ (1 a)[dy; (dQuy f+ Qdy,") (dC;
(dQ:C T+ QdC,™) (dG; (dQ:G f+ QdG,N)]

UseRP =0 and nfa=0:

dnfan, = dRP + Rdnfa,+(1  a)[dy, (dQuy T+ Qdy,") (dC, (dQ.C f+ QdC,")
(dG; (dQ:G T+ QdG,")] t

UseQ =1 because it holds in the symmetric st)eady state, and net foreign assets equal O:
dnfan: = dRP + Rdnfac+ (1 a)[(dy: (dQuy T+ dy,") (dC: (dQ.C T+ dC.")
(dGy (dQG T+ dG,")]

Notice that we are subtractingdy; and dy, " that are in units of home consumption and for-
eign consumption, respectively. We can subtract these terms because we already accounted
for the di erent units by including the real exchange rate. This works because in the sym-
metric steady state, the real exchange rate terms drop ou€)X= 1). This is used later on in
other derivations, for example, the derivation of the di erential in equity valuesjaP.

dnfay,; = dRP + Rdnfac+(1  a)(dy? dQy ) (dCP dQ:.CT) (dGP dQ:G M)
Divide by C. UseC =1 G, which comes fromy = C + G combined withy = 1:

dnf _ drRP Rdnf dyP d f dcpP dQiC f dGP dQiG f
s o MR AP PH) (T B (% Y

C
_ drRP R
n-kht+l - 1 tG




npatﬂ = —Ib![)+ln-pat+ %_gth 1 a)@tD @ a)G@P+(1 a) 159_tG+ Qe chH, ba'’

@ G) 16 16 16

o = D

1 G



dl: dE;t Vi+1 + dEtdi+1 + dEthl
\ \' \Y \Y

= Eg+ Edal+ Eb, L
From Section 1.7, the following holdsd; + d, = 1y;. Due to the assumptiony; = 1, it is

possible to write: dy + d, = 1. In steady state, the Euler equation for home shares becomes

v= v+ d+ d,which becomex = v+ 1 whichcan be written asv(1 = -



D
Next, we obtain an expression foﬁm. Here, we take advantage of the useful properties

from Section 1.7. Sincel; = d¢ + d, = Yy andd, = d, + d, = Ly (Q; in units of home

o : cod = derd v i d = »n
country consumption, it is possible to writ 4= drd T Tyo0 which meansg- = o

: iod: 9t = _vea
Roll it forward by one period: s Vi QL

D
Log-linearizing givesﬁt+1 =P By T ©t+1).

Substitute into P:

B = Ed B2 + (1 ) (g + Qua))]

Notice: This combinesE;R2, =0and RP = [ #P+(1 )& (b + Q)]+ 0°, =
= [+ ) O+ 0P,

P = E B2 +(1 )P Bua)]

th Edl bt?-l +(1 ) yb zD 231 *t yoep @31 QzP 251 QGP @31]

bP = Eq b2, +(1 )( yozo 231 + yogp @31 1 o022 1 coe @31]

2= Ef b2, +(1 )(( yozo L cozo)BR +( oo L coer)B]

B0 = oo 2P+ e ®P

wzo PP+ oo @P = B B2+ )( yozo L coz0)BR +( oot coco)BRi]
wzoBP+ 0@ = (oz 2P+ pgo oBP)+(1 )(yozo L cozo) zBP+
( yP GD 1 coGp) G@P]

where we used®®, = 2P+ b, and®2, = 6P+ B,

Match the coe cients:

wze = ypozo z+(1 )(yozo % cozo) 2z
(1 z) wzo =(1 ) yD zD 1 cozo) z

_ @ )z(ypzo L .o,0)
vbzb — 1 2
wep = wep ot (1 ) yooo  * coep) G
(1 c) wer =(1 ) yD GP 1 coep) G

_ @ )elypgp L pgp)
vDGP — 1 G

25



2.8 Show that excess return #?P is a linear function of innovations to relative

productivity and government spending

From Section 2.7:
.= [ B2+ g P



» _ _1. - @ 1 G 1 G
|f G 60, - 0 and - l Ibgl - %szﬁ_l mbGDt+l

2.9 2nd-order approximation of the portfolio part of the model

From household FOCs for :

1

1 1 1
C; = EfCi;Ru10, which can be written as: S = Ef Cuy Re1 0

1

1

1 1
C, = EfC.; R0, Which can be written as:&— = EfC,,; Ry O

1 1
Equating these two expressions gives uU&:(C,,; Ri+1) = E¢«(Ci,; Ris1), Which can be writ-

1 1
ten asE¢(Ciy; Ris1) Ei«(CiRup) =0

Take second-order approximation and evaluate it at steady state:
1 q 1 1 1
Et( lCt+1 dCt+1 Rt+1) + Et(Ct+1 th+1) Et( lCt+1 dCt+1 Rt+1) Et(Ct+1 th+1) +

#3111 1)Cu; ' '@°CraRu + Coi0+2( 1)Cpui 'dCu1dRe ]

U Y1 DCu " '*CeaRes Cur0 2( 1Cu; 'dCuadRy,]=
= E( 1C " 1dCuil)+ E(C “dRu1) Ed 1C © 1dCuil) E(C "dR,,)+
+1 (1 1C "1 2Cu i +2( 1)C T dCuidRu1]

1

[ 1 1 1)C " 2 1d2Cu 2 +2( 1)C * MdCwdR,]=
= Ef(C “dRe) Ef(C “dRyp)+ 2[2( 3)C * *dCuidRua] 3[2( 1)C © 1dCuidRy,]
= Ef(C “dRu1) Ef(C “dRyy)+[ 1C * YdCuidRus] [ 21C © *dCuidRy,]

Divide by C *

NI NI



Log-linearize:R,,; = Gy O+ R,

Using this, simplify: ( 2®u1Ret) ( 10 rbm) 167, Rf, 168, R )=
Oui Ry G R,  [OF, R, @t‘ll RE.]=

CuiRus G pt+1 [@m (Ibt+l O + @t) @+1(pt+1 Ouy + @t)] =0
GuiRer  GuaRy [OL R 6L R, ]=0

Et(@t?1 Ibgl) =0

This results is the same as in GLR.

However, notice that there is no in either expression:

Substitute expressions fo®R, from Section 2.2 (ie. 02, = & )P0 S &b,
1 )(1+ )a )@ G 1 @ ) G(' +1)

- @ tek )
and R2, from Section 2.8 (i.e.RD, = ees by, — T
t+1 t+1 1 z 1 G




Hence,

h i
ahRﬂt+ 20+ L0 v+ a) & +Q )2+ 2.+ Ly ; (4)
1
a @+ 2+(1 )2 +C +(1 o & +2,+( ()

Yt
P

Next, take a population-weighted average of equations (4) and (5), and de ng'"as:

0 age+ (1 a)y =
NTF 18.18 —1.793 TA [OQ]QTI/F24 11.9552 TF 11.9

= a






that this is the same system of equations as in GLR. It follows that the change in production
structure and demand-ful Iment from the one in GLR to the one we are studying in this

paper matters for how world production is allocated between the two countries but not for

the overall amount of world production.
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