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A A New Keynesian Global Economy

There are N countries indexed by n =1, ..., N.

A.1 Households

The representative household in country n has preferences given by

. 147
iﬁt (Ont/Ane) ™ =1 Lng™
= 1—o0, nl—i—nn

Households in country n face the budget constraint,

1 Vii1S 1 1
Pn,tcni + %Et [‘/t-‘rlSn,t-‘rl] + E; |:Pn,tAn,t@n (M + T&n,t>:| + RintBn,t

)

= n,th,t + Hn,t + Sn,t + Bn,tfl - Tn,ta (1)

grn,t
where 1/&,,; denotes the nominal exchange rate that converts the reference currency into local
currency. Thus, if reference country r uses the Euro, say, and country n is the U.S., &, is
expressed in €/8$.!

Household optimization implies the following equations:

— The optimal choice of Sy, ;41 dictates

<Cn,t>_0" Vi, |:1 N @;l < ‘/;I+1S/n/,t+1 " 1£n7t>:| — 3 gn,tPn,tAn,t <Cn,t+1 ) —0on |
An,t gn,tPn,tAn,t T 5n,t+1Pn,t+1An,t+1 An,t+1

— The optimal choice of By, ; implies that

! Anticipating our forthcoming discussion of trade, consider 2 regions, Europe (country r) and the U.S. (country
n). Europe produces cheese and prices it in € while the U.S. produces movies and prices it in $. The regions trade
in cheese and movies. For the purpose of this example, and given our definitions above, the nominal exchange rate,
1/Errn, converts prices in € into prices in $,

prices in $§ = 1/&., X prices in €,

or

P, =1/ % P,

where &£, is expressed in % Therefore, an increase in &, represents an appreciation of the $ or a depreciation of
the reference currency, the €. It also follows that we can define a real exchange rate, e,,, measured in units of cheese

per units of movies, ;};efisez, such that

P,
ern =Em X —.

A
Therefore, an increase in e,, represents a real appreciation of country n’s goods, movies, or a real depreciation of
the reference region’s goods, cheese, (i.e., the reference region has to give up more cheese to watch a given quantity

of movies).



<Cn,t > oo = BRn,tEt <C"’t+1 ) o Pn,tAn,t
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— The optimal choice of (), ; implies that

Cn,t

T = N PrtAn g
(An,t) tntAnt

— Finally, optimal labor supply implies that

(,ULnn < Cn,t > on _ Wn,t
ik An,t An,tPn,t '

Domestic market clearing for bonds requires that B, ; = 0 ¥n and t. The budget constraint

equation then reduces to

Vis1Sng1 1 1
Pn n E An n — —Sn —F n
* (C t+ By [ +© <5n,tpn,tAn,t + T§ t + £ t [Vit1Sn,t41]

1
= n,th,t + Hn,t + gisn,t - Tn,t-
n,t
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A.2 Final Goods

Final goods, Cy,, are assembled by producers using differentiated varieties, y, ((j), with the tech-

nology,

En,t

1 sl V5,1
Cn,t = |:/ yn,t(j) nt d]:| ) €n,t > 1.
0

Final goods firms are competitive and, given the constant-returns-to-scale (CRS) technology, make
zero profits. Their (nominal) unit cost of production is equal to the price of final goods, P, ;. Given

a price P, 4(j) for variety j, cost-minimization implies the demand function,

. Prt(j) e
= —Z C
yn,t (J) < Pn7 t n,t7

where

N
Pn,t = |:/ Pn,t(]) _En’td]:| )
0

such that P, ¢Cp = fol Poi(Dynt(5)dj.
Final goods may be used by households for either consumption proper or to pay for portfolio

re-balancing costs so that

Vit1Sn,e41 1
Cn = Cn An E @n — —Qn .
& ! + A |: <5rn,tPn,tAn,t * Tg !
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A.3 Intermediate Goods

Non-Traded Sticky-Price Intermediate Goods: FEach variety j of sticky-price goods in coun-
try n is produced using the technology,

ynt( ): ntht( ) (2)

where @, +(j) denotes a composite input used by firms in domestic sector j. This input consists
of a bundle of different varieties making up second type of intermediate goods, described below,
potentially purchased from other countries. Let P,?t denote the price of the input bundle, @, +(j).
Producers of sticky-price goods minimize total costs, th +(J), subject to its technology (2). It
follows that

PiQua(j) = MCugyna(5),

pPY . .
, A"’i. Firms operate on the demand function,
n7

] P - —En,t
mati) = () e,
n,t

)

n,t

which implies that their profits are given by

1,.4(5) Pui(G)\ P i)
I — I C 1 9 _
Pn,t Pn,t ot ( + Tn) Pn t mcn’t ’

)

2

where me,; = and 7, is a subsidy given to sticky-price goods producers.” The marginal

Mcn,t
Pn,t
cost of production faced by sticky-price producers in country n, MC), ;, depends on the price of an

input bundle, P~*,, consisting of potentially imported varieties.

nt’

o Note: since P th t(7) = MCy, 1ynt(j), it follows that P tht MC,, Cp 1Ay ¢ where Ay, 4 =

577. ,t
fo (P}; tj )) dj is a measure of price dispersion which, under flexible prices, is just equal

to 1.

In each period, a firm in country n is able to choose or reset its price optimally with probability
(1 —0). Firms that adjust their prices all choose the same price, Py ;, since all firms are identical
within countries. With probability 6, a firm is unable to reset its price optimally. Its nominal price is
then partially indexed to lagged inflation, denoted 1+, ;1 = Py 1—1/ Py 2, and long-run/steady

state inflation, denoted 1 4 7,. In particular, for the latter firms,
Pri(5) = (14 mn-1)2" (1 + 1) "9 Poy1(4), 0n € [0, 1],

where o, and 1 — g, indicate the degree of indexation to lagged inflation and steady state inflation

2This subsidy can be used to eliminate any effects associated with monopolistic pricing distortions in steady state.



respectively in country n. The aggregate price index in country n, therefore, is given by
1 571 t / P 1 —E&n td
n, t ]
—0) (1) 77+ 00U 1)@ (e (14 (1) en ) PL

Alternatively,

*

Pn 1 En,t _ ¢
1=(1-90) <p> + 0 (14 mne-1)2 (1 ) 78 (1 7)) 5

Firms that are able to reset their price optimally choose a price, P}, that satisfies,

k l—en i1k
s Py TT (4 Tnpps—1)2n (14 my) ' 70n
P¥, =argmax B, Y BRI gR (g 4 s=1
ot kz() Ant ( n) Pn,t+k
k —En,t+k7]
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— MCp ik . o Ch itk
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where [ AA”*;:'“ is the discount factor from t to t + k. Alternatively,

En,t+k
E, 5" gtk Antir gk Ptk C
t Zk:o 6 At En,tt+k 3 MCnt+kbn,t+k
1 ’ [T (L7 es—1)¢ (14 ) 1
* — s=1
n,t 1 +7, Ent+k—1
A P,
o0 t+k 2n.tt+k gk n,t+k
Et Zkzo /8 + At 0 (En,t+k - 1) 3 Cn,t+k
IT Q47 eqs—1)e(14mn)t—2
s=1
Substitute for A¢ and multiply the expression by 1/P,; to obtain,
En,+k—1
o0 kpk Pr itk 1
Ey Zk:o B0 Ent+k % = mcn,t+kcn,t+kCn t+kAZ t+k
1 Ppt TT (47 t4s—1)2(1+mn)1—
ko s=1
pt - 1 +Tn 8n,t+k72
P, _
0o knk n,t+k o—1
Et Zk‘:O 18 0 (en,t—f—k; - 1) k Cn,t-i—kcn t+k’An t+k
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*
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P e . : .
where pj, , = ﬁ”; and fi, ¢ = -.=7 is a time-varying markup.




Traded Intermediate Goods: Inputs, @, +(j), in the production of sticky-price goods, yn.+(j),
in country n consist of different varieties of traded goods that are potentially imported from different
countries. In any sticky-price sector, j, Qn+(j) is produced using the same technology. In particular,

abstracting from the j index,

e
y=1 ~y—1

Qn = / <2Qm/,t(z)) L ae@)|

where @y, +(2z) denotes a second layer of intermediate goods of different varieties, z, produced in
country n’, and where the elements of z are jointly drawn from a Fréchet distribution, ®(z), with

shape parameter . Firms that produce inputs for the production of sticky-price goods solve,
max Py?t@mt - Z / Knn’gnn’,tpn’,t(Z)an’,t(z)dq)(z)-
n/

where p,,(z) is the price of traded variety z produced in country n’, quoted in terms of the
local currency, and &, ; is the nominal exchange rate that converts prices in n'’s currency to n’s
currency.® Goods imported by country n from country n’ are subject to iceberg shipping costs such
that only a fraction 1/k,,s < 1 of those goods make it to their destination.

Let Qni(z) = >,/ Qnw +(2) be the total demand for traded variety z in country n. Then, we
have that

Q , ( ) _ Qn,t(z) if Hnn’gnn’,tpn’,t(z) < minn”,n”;ﬁn’ Hnn”gnn”,tpn”,t(z)
et 0 otherwise

Intermediate goods of a given traded variety z are produced in country n with the technology,

dn,t (Z) = Zn,tén,t (Z) ,

where ¢, ;(z) denotes labor used in the production of variety z in country n. The lower-case gy +(2z)
is used to denote the output of intermediate varieties of type z, rather than its demand for it, the

difference being what is lost in transit because of iceberg shipping costs. That is,

Qn,t(z) = Z Kn/nQn/n,t(Z)'

Constant returns to scale and competitive pricing implies that the price of traded variety z in

country n is equal to its marginal cost?,

3Given our definition of nominal exchange rates, no-arbitrage in currency markets implies that Enntp =
gnn”,tgn”n’,t~

4This expression holds up to a scaling constant, 1/(y”(1 — ~)'~7), that is unimportant for our purposes and that
we leave out.



Wit

Zn,t

pn,t(z) =

In units of the local currency, the price paid for traded variety z by country n producers of

inputs used in the production of sticky-price goods is given by,

Rnn/ gnn’,th’,t }

Pn7t(z) - H}]}/n {annlgnnlztpn/vt(z)} - H'rlllln { Zn/,t

Following the derivations described in Eaton and Kortum (2002), it follows that®

Pui(z))
Qn, (Z) = ( - > Qn, y
t Pgt t

where

1

P = U Pmt(z)l_'yd(I)(z)]H

=T (g)ﬁ (Z (’fnn’gnn’,th/,t)(’p> .

TL/

Let X, + denote expenditures by country n on intermediate varieties from country n', X, ; =
[ Enn 4Pt 1(2) Engy Qua +(2)d®(z), and X, 4 country n’s total expenditures on varieties. Then, let-

ting @y, + denote the share of country n’s expenditures on varieties from country n’, we have that

under the maintained assumptions,’

—¢
o Xnn’,t . (K'nn’gnn’,th/,t)
Wnn't = - —

Xn,t Zn” (/{nn//gnn//’th//’t)

It also follows that the value of traded varieties produced by country n (in units of the local

currency) is the sum of its exports to other countries (and to itself), >, Enn + Xon s Moreover,

Zgnn/,tXn’n,t = Z/gnn’,tgn’n,tpn,t(Z)/{n’nQn’n,t(z)dq)(Z)

- / Pro(2) .o (2)d0(2)

— W, / (i (2)dD(2) = Wiy L.

5See Section I for explicit derivations.
5See Section I for explicit derivations.



Said differently, the sum of the demand from various countries for country n’s varieties, in units
of country n’s currency, must equal the revenue of their producers, [ pp(z)gn,(2)d®(z), which in
turn must equal these producers’ input costs (given constant returns and competitive markets),
WytLnt. Hence,

Witlnt = Z Enn! tTnin s Xl t

n
where W, L, ; is then also the total value of intermediate varieties produced in and exported by
country n.
Finally, sticky-price producers sell all of their output as final goods for local use. Therefore,

IL,: = Pn,tcn,t + TnPn,tCn,t - Pfthn,t'

)

Here, Pn%Qn,t represents total expenditures by sticky-price producers on inputs, Qn.+(j) = Qnt V7,
and thus also the revenue of firms producing those inputs. Under competitive markets, this revenue
is exhausted by expenditures on varieties imported from abroad to produce @, ¢, P,thmt =X
Then, it follows that,

Xn,t = Pn,tcn,t - (Hn,t - TnPn,tCn,t) = MCn,tAn,tCn,t

1 Pue(§)) &t . . . . . .

where A, = fo (%@) is a measure of relative price distortions in country n. Market
n,

7

clearing for country n goods may then be expressed as:

Wn,th,t = § gnn/,twn/n,tMCn/,tAn/,tcn’,t
——

!
Total Value of Intermediate Varieties Produced in n n

Total Foreign Demand for Intermediate Varieties from n

Under a balanced government budget, lump-sum taxes exactly finance production subsidies to
firms producing sticky-price goods, T}, + = 7, P, Cr . The household budget constraint, therefore,

reduces to

1 1
MC, 1A 1Cht + =——E4 [Vig1Snt4+1] = WatLnt + =——Snt-
grn,t grn,t
In the remainder of this appendix, we let &, ; = &, for notational convenience and, without
loss of generality, take country 1 to be the reference country, (r = 1). Thus, under no arbitrage in

currency markets, &1 = &y = Eppy = 1.

"Multiplying both sides of the market clearing equation by &, ¢ and summing over n, we recover the world resource
constraint,

E g’rn,th,th,t - 2 grn’,tMCn/,tAn’,tcn’,h
n n’

using the fact that Y @/, = 1.



B Model Summary

The model may be summarized by the following system of equations in Cy ¢, Cn ¢, Snt, Wty Lin g,
Pn,t; P gn,tv Rn,ty MCn,ty Wnn' ts An,tv and An,t-

n,t’

Household Budget Constraint:

1 1
—FEi [Vig1Sni+1) = WhLnt + = Snt.
gn,t gn t

)

MCn,tAn,tCn,t +

Household Optimality Conditions:

International Financial Securities, Sy, t1:

<Cn,t>0" V;H—l |:1 N G)/n ( Vi—i-lSn,H-l X 1€n7t>:| _ B gn,tpn,tAn,t <Cn7t+1 ) —0n |
An,t En,tPn,tAn,t T gn,t+1Pn,t+1An,t+1 An7t+l

— Domestic Bonds, By, ;:

(Cn,t ) —on _ BRn,tEt <Cn,t+1 ) —on Pn,tAn,t

An,t An,t-l—l Pn,t+1An,t+1

— Consumption, Cy, ;:

— Labor Supply, Ly :

Aggregate Price Index:

*

P l—ent -
1 - (1 o 9) (Pni) + 0 ((1 + Fn,t—l)gn(l + Wn)lign(l + Wn’t)il)l Ent .
n7

Optimal Sticky Price:

Enttk—1

0  pkpk Ptk -0 o—1

EyY e o B 0%en 1k % mcn7t+kcnat+kCn,t—&-k:Amt—&—k:
1 Pt H (1+7rn,t+571)g(1+7rn)179
k s=1
pt - 1 _1_7_” 6n,t+k_2

00 Pn itk —o o—1

By plo BROF (enprn — 1) n - Crttk O {1k A ik

Prt T1 (147nt4s—1)2(1+mp)1—0
1

s=

Trade Shares:

(Hnn’ gn’,th’,t) v

Zn” (,‘ﬁ;nn// En//’th//’t) ¥

Wnn!t =
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Trade Flows:
gn,th,th,t = Z gn’,twn’n,tMCn’,tAn’,tCn’,t'

n/

Domestic Absorption:

Vit1Snir1 | 1
Cn = Cn An E @n — —&n .
. 2 S |: (gn,tpn,tAn,t * 7—5 !

Marginal Cost of Production for Sticky Price Goods:

NI

P 1 L En Y\
MCn,t = Tm = An,tr (5) 1=y (Z <Knn/an’,t>

No Arbitrage in Currency Markets:

Definition of A, 4

*

P —En,t _
Apy=(1-10) (Pi> + 0 (14 Te-1) 2 (14 m0) 70 (L4 ) ™)

)

Monetary Policy Rule:

_ 1+ t P, Yn t Oy
R — R,Dn R*l PneVn,t where R* — R -t — .
nt nt—11tnt n,t "\ 14+, Yo

The objective from here on is to deflate this system of equations and express it in detrended
form with a well defined steady state around which it may be linearized. It is straightforward to
show that in a world steady state where inflation in country n is 1 + m,, A, ; = 1. Moreover, in a
linearization around that steady state, An,t = 0 where the ‘hat’ notation denotes ‘percent deviation
from steady state’ Hence, in the remainder of the analysis, the equation defining A, ; is not needed

and, without loss of generality with respect to the model linearization, we set A, ; = 1.

B.1 Deflated system

To deflate the system of equation described in the previous section, we define the following variables:
real wages, wp; = Wy, /Py, real marginal cost, mc,; = MCyp /Py, the quantity of financial
securities held by country n in real terms (i.e., units of country 1 final goods), s, = %, real
exchange rates that convert real final goods in country n into units of country 1’s final goods,
ent = Emt%, and A,y = Ay ¢ Py . In addition, 1 4 7, = P, /Py, -1 as defined above.

The system of equations becomes:

Household Budget Constraint:

11



1 1
mMCntCnt + —Ep [(1 4 m1441)Vig1Snt+1] = WntLnt + —5Sn ¢
n,t n,t

Household Optimality Conditions:

International Financial Securities, Sy, s41:

C o Vi 1 1
( n,t) Vios [14_@%( i 18n 41 (1 + T1441) +T§n,t>]

An,t en,tAn,t
—on
. en,tAn,t <Cn,t+1 )
eni+1(1+ 1 e41)Anir1 \Anit1

Domestic Bonds, B,, ¢:

Cut )™ Cot\ ™™ An
(,v _6&w&< ¢H> ( :

An,t An,t—i—l 1+ 7Tn,t+1)An,t+1

Consumption, Cy, ;:

Labor Supply, Ly, ¢

Aggregate Price Index:
* l—en — — 1- ,
1=1-0)(ph,) ™" +0((1+mne—1)2 (L4 m) "0 (L4 me) ™) ™.

Optimal Sticky Price:
The equation to be deflated is:

Enyttk—1
Ep Y02 B 0% e i 5 Poutth mMCn t4+kCnt+k ;erkAZ_tik
.1 Pt T (1, 1)1 m) 10
Py = 1+, Ent+k—2
By 52 BR0F (e ik — 1) e CotikCod b AT L

Puit T1 (147n,t4s—1)2(1+mp)1—0

s=1

This yields:
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1+7,
Enttk—1
By S BR0 e ik (T (1 + 7))ot 1 men 4 kCrpkC 0 AT
12 k=0 nt+k\l1s=1 nt+s k nt+kbnt+kY n ik t+k
H (1+7Tn,t+sfl)g(1+7rn)179
s=1
5n,t+k_2
00 k n -1 1 —0o o—1
E; Zk:o Bkek(gn,tw%‘ - 1)(1—[3:1(1 + ﬂ—mt-&-S))E itk K Cn’t+k n,t+kAn,t+k
H (1+ﬂ'n7t+371)9(1+ﬂ'n)1_9
s=1

Trade Shares:

(Hnn’ €n/ t W/ ,t) I

SO (e

Wnn!t =

Trade Flows:

en,twn,th,t = § en’,twn’n,tmcn’,tcn’,t‘

n/

Domestic absorption:

Vit15n 1+ 1
C’n,t = Cn,t + An,tEt |:®n ( L1 ’H—l( WLH_I) + Tgn,t>:| .

en,tAn,t

Marginal Cost of Production for Sticky Price Goods:

1 1 En't I
Mmcnt = A, r (5) 1=~ Z Rnn/ awn’,t

No Arbitrage:

Monetary Policy Rule:

_ 1 + T ¢n,7r Y d)n,Y
n *1—pn vy _ b ,t

Rn,t = Rz,t*]-R’H,,t p e’™t where R:(L,t = Rn <]+7:n> <Y:l7t> .
B.2 Detrended System

In each country n, g, = AA"; - Vt defines the rate of technical progress along a non-stochastic

steady state growth path. We assume that each country evolves along its own balanced growth

path in the long-run. Thus, in each country n, consumption, real wages and the real price of

traded intermediate varieties all grow at rate g, along its steady state growth path while, under

the maintained preferences and technologies, labor supply and the real marginal cost of sticky-

13



price goods are constant. In addition, we study the case where no country comes to asymptotically
dominate or become insignificant as a consumer of another country’s output. Said differently, the
world as a whole features balanced growth in the long run.

For any variable x, ; that grows at rate g, along country n’s balanced growth path, we define

n,t

its detrended counterpart as T, ; = Z -
’ n,

For example, detrended wages in country n are defined
as Wnt = Wpt/Apt. These normalized variables will then be constant for each country in their
detrended steady state. Similarly, shadow prices, A, ;, grow at rate g% so that we define Xn,t =
AntAn . As different countries may grow at different rates in the long-run, world balanced growth
requires that the real exchange rate, e, grow at a rate that reflects the difference in technical
progress between country n and the reference country in the long run. Specifically, we define the

en,tAn,t

detrended real exchange rate, €, ; = =

=, which will be constant along each country n’s balanced

growth path.
In detrended form, the system becomes:
Household Budget Constraint:

~ 1 - - 1
men Cnt + ,evat [(1+ 71,641) Vit1Snt+191t41) = WLt + = Snit-
n,t n,t

Household Optimality Conditions:

International Financial Securities, Sy, 141:

~ —on Vii1s, 1 1
<Cn,t) Vi [1+@,n( t415n,04191,641(1 + 71 e41) +T£n7t>]

En,t

gn,t =~ —On
= /B~ (Cn,t—i-l) .
Entr191,e41(1 + T1er1)

— Domestic Bonds, B, :

~ —On ~ —On 1
(C'n,t) = BR,E} (Cn,t+1> T e
n, n,

— Consumption, Cj, s

(5’n,t)_0" - )\n t-

)

— Labor Supply, Ly :
sziéa

o~
n,t — Wn,t-

Aggregate Price Index:

1—5n,t

1=(1-6) (p5) "™ +0((1+muy—1)® (14 7)1 0 (14 700) )

14



Optimal Sticky Price:

1
* JR—
Py = 1+m7,
En,ttk—1
k _ ~ ~
H (1+7Tn,t+sfl)g(1+7rn)1ig
s=1
5n,t+k_2
k _ S—on A
Byt BR0F (enpir — D) ([Temy (1 + mnpss))Tores ™ [ : Crii1Cnttk

H (1+7rn,t+sfl)g(1+ﬂ'n)1_g

s=

Trade Shares:

(/{nn’ En/ t Wy! ,t)

Zn” (%nn” gn//7t@n//7t)

Wnn'!t =

Trade Flows:

en,twn,th,t = E en’,twn/n,tmcn’,tcn’,t-

n/

Domestic Absorption:

5 ~ Vig1s, 1 1
Crt = Crg + By [@n < i n(a B Tfn,t>] '

En,t

Marginal Cost of Production for Sticky Price Goods:

_1
1 _ Eng A
mcént = r (5) 1= Z Rnn/ »éi’wn’,t .

n,t

No Arbitrage:

Monetary Policy Rule:

B 1470\ [ Yy \ O
R,; = R’  R*'Prevnt where R* , = R, [ — "t = .
n,t n,t—11tnt w nt "\ 1+, Yot

C Steady-State

From here on, we omit the ‘tildes’ over the variables for notational convenience under the under-
standing that our final system of equations is expressed in deflated and detrended form.

Our modeling of portfolio adjustment costs does not provide a theory of countries’ long-run net
asset positions. As such, we proceed as in Eaton and Kortum (2002) and adopt as a benchmark
a steady state with balanced trade (one that countries haven’t yet reached). In practice, however,

countries’ net asset positions have switched from positive to negative or vice versa over our sample
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period, 2004Q2-2019Q4. Therefore, to carry out quantitative assessments of the effects of pro-
ductivity or other disturbances, we recover counterfactual steady state allocations corresponding to
balanced trade from a world in which imbalances exist even over long periods. That is, we adapt the
approach first developed in Dekle, Eaton, and Kortum (2007) to the steady state of this dynamic
setting. Specifically, we first write a variant of the economic environment whose steady state can
be matched to observed average regional trade imbalances over our sample. This can be done by
setting &, # 0.° Then, for any implied set of parameters, we calculate counterfactual steady state
allocations and prices consistent with a world without trade imbalances. Put another way, for any
set of parameters, we compute counterfactual steady state allocations consistent with &, = 0 Vn
in which case real net financial assets are zero in every country, s, = %’1‘ = 0 Vn.” The resulting

counterfactual world steady state without imbalances is then used to produce a linearized model

amenable to Bayesian estimation and to assessing the effects of productivity and other disturbances.

C.1 Steady State Equations with Unbalanced Trade

The unknowns are: Cp, Sn, Cny MCp, L, Wy, €0, V, Try A, P, @ny. The steady state equations are:

Household Budget constraint:

1
menCp, = wp Ly + (1 — (14 7T1)V91)*e Sn-
n

Household Optimality Conditions:

— International Financial Securities, Sy, 141:

V<1+@;L (‘/37191(1—’_71—1)4_15”)) s

en T
— Domestic Bonds, By, :

1 :BRn = Ry :ﬁilgn(l—’_ﬂ-n)'

gn(l + 7Tn)

— Consumption, C, s:
— Labor Supply, Ly :

Aggregate Price Index:

8The fact that &, # 0 is exogenous captures the sense in which our modeling of portfolio adjustment costs provides
no clear guidance regarding long-run net asset positions
9Recall that financial assets are denoted in units of the reference country’s currency.
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1=01-0)(p) " +0=p: =1

Optimal Sticky Price:'"

Trade Shares:

(Knn’ En/ Wpy! ) o7

Zn” (K,nn// en// wn// ) - '

Wnn! =

Trade Flows:

En — 1

WpinenCnr.

enWnLp = Z W/ nMCpy € Crpp = enWp Ly, = Z(l + Tor) -,

n
n' n'

Domestic Absorption:
Cn = Ch.

Marginal Cost of Production for Sticky Price Goods:

€ =

epmey, =T (§)ﬁ (Z (Hnn’en’wn')_@>

’

€n

= ensn _ 1(1 +71) =T (f)ﬁ <Z (ﬁnn’en’wn’)_¢>

No Arbitrage:

6121.

C.2 Algorithm for Steady State with Unbalanced Trade, s, # 0

We solve for the steady-state (deflated-detrended) values of e,,, wy,, and s,, given parameters and cal-
ibrated values of nominal GDP, £, W,, L,,, employment, L,, and trade shares, w,, . These calibrated
values imply parameter values for &,, w, and k,,s. For any country n, &, W, L, = PiAie,wy, L.
Nominal GDP, labor supply, and the w matrix are calibrated to the 2004-2019 sample period.
All other endogenous variables and parameters, namely w, K,,, and &,, are output from this

algorithm.

1. Optimality conditions for domestic bonds imply that R, = 87 1g,(1 + m,). The aggregate

10T steady state, setting the subsidy to firms producing sticky-price goods to the inverse of the markup eliminates

the monopolistic price distortion. Said differently, when 7,, = 5511 -1, me, = 1.
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price index equation implies that p;, = 1, and the optimal sticky price equation implies that

mep, = (14 Tn)—szgl.
2. By assumption, ©' = 0 in steady state so that all optimality conditions for international

B
g1(1+m1)°

financial securities hold so long as V' =

3. Combining the marginal cost of production for sticky price goods with the expression for

trade shares, and imposing the normalization k,, = 1, we have

1
enmcy, = (Wnn) ? epWy, =

1

En — 1
- (1 + Tn) = (wnn)wwn;

En

which we solve for w,,.

4. Given £;WL; and L; in the data, as well as w; from the previous step, calculate (P;A;) =

E WL : _
ST (using e; = 1).
5. Calculate e,, = %.

6. From the trade-flow equations together with w,,, and e,w,L,, obtain e,mc,C,:

N lewl

emcC = (w

. enmcnCn
7. Find Cn from Tenmcn

8. From domestic absorption, C}, = C,.

9. From the household budget constraint, and substituting the steady-state values for V', solve
for sp: s = ((emcC) —ewL)/(1 — Vg1 (1 +m1)).

10. Find &,: from the equations for international financial securities, in order for ©® = 0 in

steady-state, %En = —(sn/en.
11. Determine w,, using the labor supply equations: w = L~"7C"%w.
12. Determine k,,s using the trade share equations and the normalization x,, = 1:
-1
Knn! = wm/ P enmcy [ en .
C.3 Algorithm for Counterfactual Steady State with Balanced Trade, s, =0

Conditional on the parameters either obtained or calibrated in Section C.2, {3, o,w,n, &, gn, @, T, Knn’ },
we now follow Dekle et al. (2007) and solve for counterfactual allocations consistent with &, = 0

which then implies s, = 0. We arrive at a solution by guessing and iterating on a vector of prices.

1. We start with an initial guess for (e,wy)? (in this case, the solution in C.2 consistent with

&n 7 0).
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2. Using mc,, we obtain the real (productivity adjusted) exchange rates, ¢, associated with

n?

(enwy)? from:

edme, =T (f)ﬁ <Z (nnn/(en/wn/)o)_w> ’ )

3. Calculate w? using wl = (e,wy,)?/(eD).

4. Given, s, = 0, domestic absorption, C,, = C),, and the household budget constraint implies

mcpCp, = wpLy,. Use this expression to substitute for C), in the labor supply equation,
0

W L C9 = wy, to obtain LY given wy.

5. Calculate the new trade matrix, wgm,, using @pp' = (Kpn/€n Wy [ (enmey)) ™% evaluated at el

and (e wy,)°.

6. Obtain a new value for e,wy, (€,w,)"", using (e w,)™™ = > @, ((enwn)?(LY /LY),

new — 4y, Use (enwy,)"" to update the initial guess,

(enwy)?, using an adjustment factor, § € (0,1], such that (e w,)! = (1 — §)(epwy,)° +

and imposing the normalization (ejw)

new

d(enwp)™Y and iterate until convergence.

D Linearized System

We now log-linearize the (deflated-detrended) system around its steady-state with balanced trade.
We use a ‘hat’ over variables to denote log-deviations from steady-state (i.e., Z; = log(zn:) —

log(zy), and dz to denote level deviations from steady state for some variables, z, (i.e., dz,; =

Tnt — Tp).

D.1 Derivation of Country-Specific New Keynesian Phillips Curves

We can write

.1 Ny
pn,t - 1 + T Dnyt’
where
Cn ty— Cn t Pn t+1 -1

N, — s on s OF ) ent—1p

n,t mcn,tan,t(Am) (Tn,t) + BOE( AT el + 7r)1*9nPn7t) 41
and C C P,

D _ 1 nt\—o, n,t OF n,t+1 5n,t—2D )
mt (5n,t )(An,t) (An,t) + B t( (1 + 7715)9"(1 + ﬂ)l_@npmt) ni+

In steady-state we have,

menen(Cn) ™7 (Cn)
1-—p30 ’

N, =
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and - -
(en — 1)(Cr) ™" (Cn)
1—-p6 '

Linearizing N, ; around the steady state gives

D, =

ANy = —onmcnan(Cn)*""*l(Cn)d(j'm +en(Cpn) ™ (Cr)dmey s + men (Cr) 7™ (Cr)den
+ anEn(Cn)iandén,t + ,BeEt [dNn,t—i-l] + (€n — 1),80NE,5 [;T\n,t—i—l] — (En — 1)gn691\7§r\n7t,

where the latter half of the term associated with de; drops out since log <(1 e Qnﬁﬁ;;k% yon t) =0

in steady state. We re-write this expression in terms of percent-deviations from steady state,

~ menen(Cn) o (Cy,
Ry =m0 (C) ()

~

+ ﬂHEt[Nmt-l—l] + (En - 1)60Et[%n,t+1] - (5n - 1)Qnﬁ‘9%\n,t-

(_o'ncmt +mcp s + Cn,t + 5n,t)

Similarly, linearizing D,, ; around the steady state gives, in percent-deviations form,

faN n 1 Cn —on Cn -~ >
Dy, =En = VO™ C) (& LG
D,

+ BOEDyys1] + (en — 2)BOE T i) — (€n — 2)0nB07ns.

En

en — 1

gn,t)

The optimal price for firms able to reset their prices implies

o ~ ~
pn,t - N?’L,t - Dn,t7

and 1 58
(C,°"Cpn)/ Dy, = E—

Substituting these expressions for pj, ;, we obtain

ﬁb,t =(1- 59)(—071671,1; + Mept + é\n,t +Ent)

+ BOE Ny 41] + (en — 1)BOE [ Tn t41] — (en — 1) 0n 0T+
— (1= B0) (0 Cinp + G + —2

g
en—1 ni)

+ BOE{[Dpii1) + (en — 2)BOE [Fnii1] + (n — 2) 008070y
which simplifies to

P = (1= B0)(men, —

- 1gn,t) + 50Et [ﬁ:;prl + %n,t-i-l - Qn%n,t] .
" —
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Linearizing the Aggregate Price Index equation around the steady-state gives

. 0\ . 0\ -
Pt = 1-0 Tn,t — On 1-0 Tnt—1-

-1
En—1

Further, note that

Hn,t = En,t-

This enables us to rewrite the Phillips Curve in terms of marginal cost, lagged inflation, and

disturbances to the mark up,
U ) Ft = (1= B0) (it + i)
1— 97Tn,t On 1—6 Tpt—1 = Mcept T HUnt

0 0 ~ . ~
+ BOE, [l_eﬂn,t—i-l — On <1_0) Tnt + Tnt+1l — OnTnt

which can be rewritten as,

~ 1-0 _ .
Tt = T(l — B0)(mcnt + Lin,t)

0 N 0 ~
=+ B(l - G)Et |:1_97Tn,t+1 + Tnt+1 — Qnmﬂ-n,t - Qnﬂ'n,t:| + OnTnt—1,

or

~ 1-6 _ ~
(1 + ﬁQn)Wn,t = T(l - 59)(m6n,t + Mn,t)

6 ~
+ B(1—0) (1 + 1_9> Et[ﬂ'n,t—i-l] + OnTnt—1-

This expression reduces to

~ (1-0)(1-p0) B

. on
n,t — nt T Unt) + ——>—
= TG0 g By et T )

(1+ Bon)

Ey[Tn 1] + Mnt—1-

For the quantitative application, we assume that nominal prices are indexed to trend inflation only
and omit lagged inflation in the Phillips curve, g, = 0. The New Keynesian Phillips curve then
becomes,

. 1-0)(1-75860) = .
Tt = ( )(9 b )(mcn,t + Mn,t) + 5E1;[7Fn,t+1]-

D.2 Linearization

Household Budget Constraint:

mcpCpen, (T/n\cn,t + é\n,t + /e\n,t) + Vsng1 (14 m)Ey Tit+1 + ‘/}t—i-l + fq\l,t+1}

+ Vg1 (1+ m)Eldsp i+1] = enwnLy <5n,t + Wyt + Ent) +dsp .
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Household Optimality Conditions:

— International Financial Securities, Sy 141:

—0nCpi—1+ Vi + ﬁelT (V} + —dsps + g1+ T — €n,t—1> +d&nt-1

n Sn

=€nt—1 —Cnt — g1t — Tt — UnCn,t-

— Domestic Bonds, B,

—0p,Cnt + 0 BiCr i1 = Ryt — Eip i1 — EiGn i1

— Consumption, Cy, ;:

— Labor Supply, Ly :
77Ln,t + Uncn,t = 'L/l}n,t-
Phillips Curve (from the optimal pricing equation of firms able to reset prices in Section D.1):

" 1-0)(1—-p560), - -
Tt = ( )((9 b )(mcn,t + fint) + BE (T 11,

where

Hnt = .
Ent — 1

)

Trade Shares:
Wnn!t = _@(en’,t + wn’,t) + ¢ E wnn”(en”,t + wn”,t)-

n/l

Trade Flows:

en,t + Wnt + Ln,t = § Ypin (en’,t + Wpint +Mey ¢ + Cn/,t) )

n/

where
Wp/nCn/MCpCpy

Zn” wn”nen” an“ Cn”

wn’,n =

Domestic Absorption:



Marginal Cost of Production for Sticky Price Goods:

ent + MCnt = § wnn’(en’,t + wn’,t)-

n/

No Arbitrage:

et =0.

)

Monetary Policy Rule:

Ry = pRy_1 + (1= p)(orm + ¢Y}A/t) + 7.

D.3 System Reduction

From the Domestic Absorption Equation, C, = én and C = C. Then, we have,

menCren ('Fn\cn,t + an,t + é\n,t> + Vsngl(l + 7T1)Et [%1,t+1 + ‘7:‘,+1 + §1,t+1:|

+ Vgl(l + 7"'l)lgt [dsn,t—i-l] - enwnLn (é\n,t + 7v/U\n,t + En,t) + dsn,tv

_Uncn,t—l +Vi+ BelT (‘/t + 7d5n,t + g1t + 71— en,t—1> + dfn,t—l

n Sn

=ent-1—€nt — g1t — T1,t — 0nCny,

—0p,Cnt +0nBiCrip1 = Ruy — EiTn 41 — EiGntv1,

_Unon,t = )\n,ta

nLn,t + Uncn,t = Wn,t,

= 1-60)(1-7560), _ N -
Tt = ( )((9 b )(mcn,t + lint) + BE(Tn 41,

Wnn!t = _@(en’,t + wn’,t) + ¢ E wnn”(en”,t =+ wn”,t)»

nl/

En,t + Wn,t + Ln,t = E len’n (en’,t + Wn'/n,t + mcy t + Cn’,t) )
/

n

En,t + mcent = § wnn’(en’,t + wn’,t)a

n/

1, =0.

Ri = pRioy + (1 p)(bate + 6y ¥i) + D1
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Combining the equations describing the evolution of trade shares and that of the marginal cost
of sticky-price goods gives us @y ¢ = @(MCny + €nt — Wy ¢ — €7 ¢), Which we can then use to

substitute for trade shares, @, . It follows that the system reduces to

menCren (Tﬁ\cn,t + an,t + gn,t) + Vsngl(l + 771)Et [%1,t+1 + ‘ZJrl + §1,t+1:|

+ Vgl(l + 7"'I)Et [dsn,t—i—l] - enwnLn (/én,t + 7:Dn,t‘ + Z/\n,t> + dsn,tv

—0,Cni—1+ Vi + BelT (Vt + ;dsn,t + 916+ 71— 6n,t1> +d&n—1
n n

=ent-1—€nt — g1t — T1,t — 0nCny,

—0p,Cnt + 0 BiCrip1 = Ryp — EiTni41 — EiGnt+1,

~

_UnCn,t = >\n,ta

nLn,t + UnCn,t = Wn,t,

. 1-0)(1—-7560) = .
Tt = ( )(9 b )(mcn,t + Mn,t) + 5Et[7Tn,t+1],

En,t + Wn,t + Ln,t = E djn’n (en’,t + (P(mcn’,t + En/t — Wnt — en,t) + mcp t + Cn’,t) ’
i

n

En,t + mcent = § wnn’(en’,t + wn’,t)a

TL/

1 =0.

Ri = pRic1 + (1= p)(bats + 6y ¥3) + D1

D.4 Final System of Linearized Equations

The final system of equations in vector form is given by (with some abuse of notation):

meCle (TT/Z\Ct + C\t + gt) + V8g1(1 + 7['1)Et [%17154_1 + ‘7;54_1 + /.9\1,t+1:| + Vgl(l + 7T1)Et[d8t+1]

= ewl (é\t + ’L/l}t + Et> + dSt, (3)

o~ o~ T ~ ~ ~ ~
—oCi1 + Vi + ﬂg (dst +s <VZ + 014+ T — €t—1)) + dé&—q

=61 — € — §1,t - %1,t - Uét, (4)
—0Cy 4+ 0ECri1 = Ry — Eifirir — B, (5)
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Uft + Uat = Wy, (6)

~ (1-0)(1—-p6),

Tnt = 9 (Men e + fint) + BETn 41, (7)
(L+) @ + @) + Ly = 7 (1 + ) (me; + &) + Cy), (8)
e+ me; = w(e; + wy), (9)

€1t =0. (10)

E Analysis of a Global New Keynesian Economy

This section recasts some of our basic equations in terms of expressions familiar from the interna-
tional trade and finance literatures used in the main text.

In the analysis below, we set the subsidy rate to firms producing sticky-price goods, 1+ 7,, to
the inverse of the markup to get rid of any effects stemming from steady state distortions associated
with monopolistic pricing. Thus, the long-run marginal cost of sticky price goods is 1 in all countries
(i.e., mey, = 1 Vn). Recall also that our benchmark steady state is such that s, = 0 Vn. Before

reframing our key equations, we provide a nomenclature of the variables herein.

E.1 Nomenclature

o Wy, deviations (from steady state) in the (marginal) cost of producing traded intermediate
goods in real (detrended) units of country n final goods. This also represents changes in the
trading gains index, defined as the unit cost of production divided by the price of domestic

Wy.i/A
purchases, ”Pfi/t"t
n,

e €nt+ Wy deviations in the real (marginal) cost of producing traded intermediate goods in
units of the reference country’s (i.e., country 1) final goods. This also represents country n’

export price.

e Mmepy: deviations in the real marginal cost of producing sticky-price goods in country n, in
units of country n final goods. This is also the ‘social’ or efficient price of consumption goods

in country n or the inverse of the mark up.

o €nt+ My + C*M: deviations in the (socially efficient) real value of (expenditures on) con-

sumption goods in country n in units of the reference country’s final goods.

o Wnyt+ En,t: deviations in the real total value added of traded intermediate goods in units of

country n final goods.
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. Et: deviations in total labor input employed in the production of traded intermediate goods
in country n, here also deviations in real GDP.!'" When the subsidy rate, 1 + 7,,, is set to
the inverse of the markup, profits are zero and nominal GDP is simply the nominal value
added of tradable intermediates. Real GDP, therefore, is nominal GDP, W, ;L,,;, deflated
by the GDP price deflator (i.e., the price index of aggregate nominal value added in the
economy) or Wy, ;/A, + (also nominal unit labor cost or the nominal marginal cost of traded
intermediate goods). Therefore, it follows that real GDP is A,, ; Ly, ¢, and real detrended GDP,
Ly, ¢. Thus, in the remainder of the analysis, we use L, ; and Y, ; interchangeably to denote

real (detrended) output.

o (diag(I — @)™") (I — @)(€nst + Wny): deviations in the terms of trade (in vector form).'?

e ewL(@; + L;) — emcC(mey + Cy) — e(meC — wL)éy: deviations in countries’ trade balance
(in units of the reference country’s final goods and in vector form). This follows from log-
linearizing the expression for countries’ trade balance (in real units of country 1), (e;w; Ly —
e;mc;Cy). When this expression is negative (positive) in country n, the country has a trade

deficit (surplus).

Note: The log-linearization around a steady-state with zero trade balance means that

the expression reduces to ewL <ﬁ)\t + Y, — mep — @) .

o Vgi(1+ m1)E[dsi41] — dsg: financial flows (in vector form) where a negative (positive) ex-
pression indicates financial inflows (outflows). It is equal to the trade balance in that trade
deficits are financed by financial inflows and trade surpluses result in financial outflows. In
addition, Vg1(1 + 1) can also be expressed as Vg1 (1 +m) = %ﬂrl) where the RHS of the
equation is country 1’s real discount factor which brings the face value of assets with payoffs

in period t 4 1 to their period t value.!?

E.2 Interpretation and Mechanics of the Model

The New Keynesian Block: The first block of equations is standard New Keynesian framework

and reflects intertemporal mechanisms at home along with a description of domestic labor supply

" The nominal value added of tradable intermediate goods is given by W, +L,+. The nominal value added of
sticky-price goods is profits of firms producing those goods, II;.

2The terms of trade is the ratio of a country’s export prices to import prices (in common units, here the
reference country’s final goods). Thus (changes) in country n’s terms of trade are given by (after detrending)
en,t + Wn,t — ﬁ Zn/?ﬁn W (€t t + Wnr ) = ﬁ (@n,t + Wyt — 30 @Wan/ (€nr 4t + 'zﬁngt)% or in matrix form,
(diag(I — @)™ ") (I — @) (En,t + Wn.t).

13Because agents trade state contingent asset, the definition of interest rate income associated with those assets
is ambiguous. For that reason, we incorporate any such income into asset valuations and as part of financial flows
rather than deducting it from financial flows and adding it to the current account.
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(expressed here in vector form for every country):

N N 1/~ R R
Cy = EyCiyq — - <Rt — Eymip1 — Et9t+1) ;

7= L0 (e, 1 ) + B(BL)),

Ry = pRiy + (1 - p)(6x7e + oy T0) + 70,
@t fd T]Et + Uat,

The International Trade Block. The second block of equations relates to relationships that
arise under multilateral international trade, namely a set of equations describing the marginal
cost of producing sticky-price goods in each country, a set of equations describing the balance of
payments in each country, a set of equations describing the evolution of countries’ financial assets,

and a set of equations describing market clearing conditions for traded goods.

i) Marginal Cost of Producing Sticky-Price Goods

Deviations in the marginal cost of producing sticky-price goods in any country n (following a
disturbance), expressed in units of the reference country’s goods across all countries, are given by
ent + n/z\cn,t. When country n purchases intermediate goods from abroad, this marginal cost of
production is now a weighted average of trading partner’s export prices, which themselves reflect
marginal cost conditions abroad, €, ; 4+ W, +, and with weights given by country n’s import shares,

Wy Thus, €1 +Mepy =Y, Wont (€7 ¢+ + Wy ¢), OF in vector form,

é\t +7’7l\6t = w(é\t +ﬁ}t)

ii) Balance of Payments
Re-arranging the household budget constraint, linearized around a steady state with balanced

trade and no monopolistic trade distortions, gives

Vgl(]. + 7T1)Et [d8t+1] — dSt
e )

C(@t—i_ﬁ—ﬂ/l/\ct—at):

where the LHS of the above expression is a vector of trade balances for each country and the RHS
a vector of capital flows, either inflows financing trade deficits or capturing outflows resulting from
trade surpluses. Using the fact that me; — w; = (w—I)(é; +@;) (by re-arranging the marginal cost
of sticky-price goods above) allows countries’ trade-balance to be decomposed into two components,
one related to real quantities consumed and produced, @ - }A/t, and another related to the terms

of trade, (diag(I —@)™') (I — @)(€nys + Wyy). Specifically, the vector describing deviations in
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countries’ balance of payments is given by,

~ ~ Y - d8t+1 dSt
C Yi—-C +{I—-w(e+w)| =Vagi(l+m)E: -—.
~—~ ) N—— ~ e (&
s.s. consumption | rea] trade balance terms of trade
X s.s import shares financial flows

All else equal, an appreciation of country n’s currency, e, > 0, improves its trade balance.

iii) Financial Asset Allocations
In a steady state with balanced trade, the evolution of countries’ financial asset position is given
by
—0Cr 1+ Vi + Bgdst +d§_1 =e—1— € — g1t — T — oCy.

Subtracting the the analogous expression written in terms of the reference country gives

cumulative financial

asset position cumulative portfolio
adjustment shocks
A A 1 ~ T (1 —_—
Cie —Cy = — ey +B8— | -dS; —dS1s )| + dE;—d=1y
N—— g S~~~ g (&
relative consumption real
exchange rate asset pricing wedge

t t—1
1
h dsS; = dsp; d= = — dép.
where dS; k:E_OO Sy d=y Uk:g_oo Sk

In a world with no frictions in global financial markets, 7 = 0 and d&;_; = 0 Vk, this equation
reduces to that first emphasized by Backus and Smith (1993) that underlies the consumption-

exchange rate disconnect puzzle.

iv) Market Clearing Condition for Traded Goods
The market clearing condition for traded goods, (14) (¢; + @;)+Y; = T ((14)(mei+er)+Cy),

can be re-written to describe the make-up of the real trade balance:

relative cost

of consumption bundles terms of trade
(}/t —Ct) == (¢T—I)Ct + (1+(,0) (¢T—I)w(é\t+Z/U\t)—(l—w)(é\t+ﬁ}t)
~——— —_——— ——
real trade balance relative demand price elasticity
in export markets of trade

relative price at destination

First, the real trade balance (i.e., Y, — C‘t) moves towards a surplus when consumption of home
goods increases abroad, wT&, and towards a deficit when domestic consumption increases, —I @14.

Second, the real trade balance also depends on the relative price of exports in foreign markets.

1Recall that ¥7T is a matrix of export shares. Thus each foreign country’s consumption of home-produced goods
is weighted by the share of exports it receives from the home country.

28



This relative price in turn consists, for each country, of the (export-share weighted) relative cost
of consumption bundles relative to the reference country, (¥! — I)w(€; + ), less a terms-of-trade
adjustment that converts the cost of consumption goods in the domestic market to its output cost.

In that sense, the Fréchet parameter, ¢ > 0, ends up playing the role of a price elasticity of trade.

E.3 Deviations from Uncovered Interest Rate Parity

Our goods and asset trading equations imply an uncovered interest parity condition. Specifically,

starting with
o~ ~ ~ T 5% ~ 5% -~
EioCiy1 — 0Cy + E[Vipa] + BgEt[dSt-i—l] + d& = Ei[er — €rq1) — Eg1041 — T 41,

and substituting
EloCii1 — 0Cy] = Ry — Et[gi1 — Tyl

yields
ﬁt — Ei[Gry1 — Teqa] + Et[‘A/t+1] + 5£Et[d5t+1] + d& = Ei[er — €rq1] — E[1e+1 — T1e41)-
After subtracting the same equation written for the reference country, we have that,
(Erer41 —€r) = ~R + E, [Ti+1 + Gev1] + <§1,t — B[40 + §1,t+1])

— BTE; <id3t+1 - dSl,t+1> — (d& — d&u1y), (11)

where endogenous costs associated with financial portfolio adjustments, 57FE; (%dStJ,_l — dsl,t+1),
and exogenous disturbances to global financial markets, (d§; —d¢&; +), drive a wedge in the Uncovered
Interest Rate Parity (UIP) condition.

F An International System of Phillips Curves: Spillovers from

Foreign Shocks to Domestic Inflation

F.1 The Global Phillips Curve

It follows from the labor supply equation, (6), and the definition of marginal cost, (9), that
ﬂ/”L\Ct = W(T]i}t + Uat) + (w — I)/é\t

Given a real exchange rate, marginal cost at home now reflects production costs of imported goods,
that is wages in trading partner countries. These are in turn determined by real activity embodied

in the determination of labor supply abroad, w; = nit + ¢C;. The Global Phillips Curve is then
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given by (in vector form),

~ _ (1-6)(1-p0)

Ty = 9

w(nY; +0C)) + (@ — DEé, + fing | + B(E[Fi11)). (12)

Thus, spillovers from real activity in country j to inflation in country ¢ are in this case exactly
proportional to the import share of country 7 from country j, w;;. To be sure, real exchange
rates are not given and, as the UIP condition (11) makes clear, will generally reflect frictions in

international financial markets.

F.2 Spillovers from Idiosyncratic Demand Shocks: An Analytical Example

This section considers a special case that abstracts from international financial frictions, 7 = 0
and d&; = 0 V¢. In addition, shocks to TFP growth and markups are 4.i.d across all countries and
over time while monetary policy is given by a simple forward looking inflation centric rule in every
country from Clarida, Gali, and Gertler (2002),

Et = qSEﬁtH + ovy. (13)

System Reduction: Under the maintained assumptions, E;g;+1 = 0, and the New Keynesian

block of the model reduces to,

_Uat = —UEtatH + Et — B4,
AyyY; = AycCi + Ay.cé,

7 A N _(1-6)(1—86)_
Wt:AﬂCCt+A7r56t+IBEt7rt+l+( )(9 B )Mty

0(6'1,1, - at) = gt,

where Ayy, Ayc and Ay, are matrices of coefficients obtained from using the labor supply equa-
tion, (6), to substitute out w; in the the market clearing condition for traded goods, (8). Similarly,
Arc and A;. are matrices obtained by using the resulting market clearing condition for traded
goods to eliminate Y; from the GPC (12). Specifically, we have that

Ayy =T+ (1+¢) (I -y @),
Ave =¢" —(14+¢) (I -y @) 0,
Aye=—1+¢) (I -y =),

I 9)(01 —B) (At Ay + o),
ATre — (1 — 0)(1 — /80) (UW-A;/%/AYe L — I),

o0
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where A;; refers to the effect of variable j on variable i. Individual elements of the A matrices
capture the effects of a country n’ on another country n. Thus, for example, the (1,2) element of
Ae refers to the effect of country 2’s exchange rate on inflation in country 1.

We now use the monetary policy rule to substitute for the nominal rates, }/ét, and use the Backus

and Smith (1993) equation to substitute for the vector of exchange rates, €;, to obtain

~0Cy = —0E;Cry1 + 0ETR11 + ov — By,
Y, = AL (Ave — 0 Ay)C,

7 5 - 1-6)(1 - B0)
7t = (Arc — 0 Are)Ct + BE 41 + ( )(9 I5; ),Ut,

where A;.1 = 0 is used to eliminate the scalar 517,5.15 Observe also that
Ayc — oAy =T,

and
1-6)(1- 560
Ave oA = CZOLZ00 (1 408 (Ave — s Ave) +o1).

We are now in a position to solve this system of linear rational expectations equations analyti-

cally by way of undetermined coefficients.

Model Solution and Equilibrium: We conjecture that in equilibrium, endogenous variables
are linear functions of the states, in this case the exogenous shocks.!® Thus, let the solutions for

consumption, employment, and inflation be given by

Cy = acyvy + aopit,
Y, = ay, v + ay i,

T = QryVt + Qppfht,

where acy, acu, ayy, ayp, 0ry, and oy, are unknown coefficients. To solve for these coefficients,
we substitute these solutions into the model equations. It is then straightforward to show that the

coefficients describing the solutions for consumption, Cy, output, Yz, and inflation, 7, as functions

1511 the framework developed by Eaton and Kortum (2002), the matrices of import and export shares, w and T,
are derived as stochastic matrices. Therefore, (= — I)1 = (I —¥”*)1 = 0. The fact that Ar.1 = 0 then follows
immediately from the definition of A,. and the fact that the product of stochastic matrices is also a stochastic matrix.

%Tn this example, we do not allow for equilibria that depend on sunspots. See Gali (2008) for a discussion of the
conditions on ¢, beyond the Taylor principle, that guarantee a unique equilibrium.

31



of monetary policy and markup shocks satisfy

—acy =1,

—oacy, =0,
ayy = Apy (Ayc — o Aye)acy,
ayy = Ayy (Ayc — o Aye)acy,

Qry = (AWC’ - UAﬂe) aCy,

(1-6)(1-p0)

1.
0

Qry = (ATI'C - UAW@) acy +
Put another way, the model solution is such that

Ci = —1y,
Y = —Apy (Aye — o Aye)u,

1-00-p)

%t = _(ANC - O'Awe)yt +

Therefore, ét depends only on its own-country monetary policy shocks, or alternatively its own
demand shocks, and is 4.7.d. across countries. As expected, higher rates in a given country lower
consumption relative to trend. Furthermore, because all shocks are uncorrelated across countries,
endogenous spillovers from foreign demand shocks, 14, to domestic inflation, 7, arise solely by way

of trade rather than global shocks.

International Comovement Properties in a Global New Keynesian Economy: In this
section, for simplicity, we let all elements of v; and us have unit variances. However, this is without
loss of generality in that the proposition below holds even when shock variances are away from 1
and country-specific.

To characterize comovement in the global New Keynesian economy, observe first that we can
write the vector of inflation across countries, 7y, as a function of countries’ output gap, }A/t and
exogenous disturbances. In particular, since 7, = —(Arc — 0 Are)vr + ki and Arc — 0 Are =
k(nwAyy (Ayc — 0 Aye) + o) above, where x = w, it follows that

Tt = kNwY; — KoV + Kitg.

Then, we obtain the following proposition.

Proposition 1. For any matriz M, let M > 0 if and only if m;; > 0 Vij. Then, under the
maintained assumptions, E[}A/,QAQT] >0, E[m7l] >0 and E[ﬁt?}T] > 0.
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Proof. The variance-covariance matrix of output across countries is given by,
55 _ _1\T
K [YthT} = AY%”/’TT/’ (‘AY%/) :

Since dJT > 0, it immediately follows that E [ﬁzﬂ > (0 whenever A;%/ > 0.

To show that Ay3, > 0, recall that Ayy = a(l — byyT'w) where a and b are scalars such that
a=1+(1+¢)nand b= 15&&%. Because the matrices of import and export shares, @ and ¥T
respectively, are stochastic matrices, so is their product, ¥ w. It follows that p(1)T @) = 1 where
p(YTw) = max (47 ){|Al} such that A(WTw) = {\|\ is an eigenvalue of 1) @}, i.e., the spectral
radius of 7w is 1. In addition, since b < 1, the spectral radius of by’ w is strictly less than 1,
p(byT'w) < 1. We can then write A3 as

Ay = falT 0 m)} ! = 3 i (4o
m=0

Given that 7w > 0, Ay > 0 and E [}Z}ZT} > 0.

The solution for inflation above is given by 7 = myw}?t — kovy + kpy. Therefore, E[mn]] =
knw BV, Y, 1wl nk + 26’ now Ay T T + k2021 + K21 since Elvyul] = 0. Moreover, given that
E[Y;Y/T] > 0, it then follows that E[7#7] > 0. It also follows that E[7,YT] = rnwE[Y,Y,T] +
kop(Ayy)T > 0. O

G Estimation and Calibration

G.1 Calibrated Steady States

We calibrate the steady state import trade matrix, w, using data on import shares for each country
from the World Integrated Trade Solution (WITS), compiled by the World Bank. In particular,
we construct the trade matrix for each quarter and calibrate w to be the trade matrix averaged
over the sample period. We take the diagonal to include only domestically-produced consumption
and distribute the remaining imports proportionally across the four foreign countries in the sample.
Specifically, let w;"m,i and @y, ¢ be the (n,n’) elements of the trade matrices in period ¢ for the
whole world and for our sample, respectively. We set @y, + = @y, ; and define

*
wnn’,t

Wnn!t = (1 - wnn,t) >

*
Zn’éS,n’#n wnn’,t

where S is the set of countries that we use for the estimation. Note that each row of w; thus sums

to one. Finally, we calibrate the steady state w = % Zthl wt.
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The steady state wage bill £,W,, L,, and labor L, also need to be calibrated to compute the
steady state. We calibrate the wage bill to match average GDP in current U.S. dollars over the
sample period, taken from the World Bank and OECD National Accounts data files. We define
labor as the product of employment and average hours, with data taken from the Penn World
Tables. While these are potentially non-stationary variables, only their relative values matter for
our estimation. Thus the growth rates are immaterial so long as the ratio of the variables across

countries remains fairly constant over the sample period.

G.2 Estimation Data and Measurement Equations

We estimate the remaining variables using Bayesian methods. We compute the likelihood using

the Kalman filter with data on the following observables:

1. Per Capita Real Output Growth. Denote the population and real gross domestic product
of country n in period ¢t by GDPFP,, ; and POP,, 4, respectively. We define

GDP,,

GDPn,tfl
& POP,,

—1
% POP, ;1

Per Capita Real Output Growth = 100 |lo

2. Annualized Inflation. Denote CPI price level of country n in period ¢ by CPI,;. We

define
CPI,;

Annualized Inflation = 400 log m

3. Interest Rate. The interest rate is the call money or interbank rate from Federal Reserve
Economic Data (FRED) and the OECD.

4. Nominal Exchange Rate Growth. Denote the nominal exchange rate between country n
and the U.S. by EX,, ;. We define

EX, ¢

Nominal Exchange Rate Growth = 100log ———.
EXn,t—l

All data are from Haver and aggregation for the E.U. follows Eurostat.

The measurement equations in the Kalman filter are as follows:

~ ~

Per Capita Real Output Growth = 100(Ly,+ — Ly t—1 + Gn.t)s
Annualized Inflation = 4007, ,
Interest Rate = 400fin¢,

Nominal Exchange Rate Growth = 100(€,,+ — €nt—1 + Tnt — Tnt—1 + Gnt — Gnt—1)-

We demean each of the variables, so that we only use information on their variations. In particular,

we abstract from the steady state relationships that the model implies across variables, as they
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may not accurately reflect, for instance, the exchange rate and interest rate regime in China.

G.3 Sequential Monte Carlo Algorithm

This section summarizes the adaptive sequential Monte Carlo (SMC) algorithm that we use to
estimate the model. The algorithm is taken directly from Cai, Del Negro, Herbst, Matlin, Sarfati,
and Schorfheide (2021). As with Markov chain Monte Carlo methods, the end goal is to obtain a
set of draws from the posterior.

The SMC algorithm begins with draws from the prior, referred to as particles, then iteratively
constructs particle approximations to bridge distributions that serve as intermediate steps between

the prior and posterior. In stage n — 1, we have particles {6! Wi_l}f\;l, where 0! | denotes the

n—1 n

parameter draw and szfl denotes the weight. To move to stage n, we follow three steps:
1. Correction: Reweighting the stage n—1 particles to reflect the stage n distributions.
2. Selection: Resampling the particles to avoid an uneven distribution of weights.
3. Mutation: Propogating particles forward using an MCMC algorithm.

The algorithm is initialized with 6} drawn from the prior and W¢ = 1. It concludes when the

(weighted) distribution of particles approximates the posterior.

Details of Sequential Monte Carlo Steps: We now describe the SMC steps in more detail.

1. Correction. The correction step is importance sampling between the stage n — 1 and stage
n distributions. It starts with particles {67 ;, W! ;}¥  and updates the weights Wi _; to

n—1»

Tt wn Wn— 1

N2 Wh
The incremental weights w! are defined by:

W o— pn(efz'—l)
" (0 )

where p, (6% _,) is the pdf of the stage n bridge distribution at ¢ ;, which we discuss below.

— n—1»
This step yields particles {62 ,, W, }N,.
2. Selection. The selection step resamples particles {9;_1,W2}£\;1 based on weights W; to
obtain {6? |, Wi |}N  resetting the weights to W/ ; =1 for all i. The selection step faces
a trade-off—it adds noise through resampling but equalizes particle weights, which increases

the accuracy of importance sampling. Hence, following Herbst and Schorfheide (2015) and
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Cai et al. (2021), we only carry out the selection step if the effective sample size,

N

— 1 —_\2

ESS, = N/ [N z; (W;) ] , (14)
1=

falls below a threshold N. The effective sample size measures how uneven the weights are.

If the weights are all equal to one, then ESTS”n = N. If the weight on all but one particle is
zero, then E/S\Sn =1.

3. Mutation. The mutation step changes the parameter values 9}1 so that they do not remain
in the inital set of values. In particular, we generate N independent MCMC chains, typi-
cally using Metropolis-Hastings. These can be parallelized. Herbst and Schorfheide (2015)
discuss how to select proposal densities. The weights remain unchanged. This yields particles
{05, Wiy

Adaptively Choosing Bridge Distributions: What remains is the choice of bridge distribu-

tions p,. We use a likelihood tempering approach, in which the stage n bridge distribution is:
pn(0) o< m(0)L(O]Y )%,

where 7(+) is the prior, £(-|Y") is the likelihood given data Y, and ¢, is an exponent that we choose
adaptively. The algorithm begins with ¢¢9 = 0, which corresponds to the prior, and terminates
when ¢,, = 1, which corresponds to the posterior.

To choose ¢y, we rely on the effective sample size, defined analogously to (14). In particular,
define:

FS5(6) = N/ [}V (”@;)2] , (15)
=1
where
=i wi(éb) 71}1
Wt = . 16
! %Zi\;l wi(éb)WrZLfl ( )
wi(p) = w(0)L(OY )PP, (17)

We choose ¢ to obtain a target effective sample size, so that @(¢) = aﬁgn,l. The tuning
parameter a € (0,1) determines how fast the effective sample size decays. A larger value of «

improves accuracy at the cost of computational time.

Tuning Parameter Choices: We take N = 20,000 particles, set a = 0.96, and use the selection
threshold N = N/2. These are all in line with values used in Cai et al. (2021).
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Supplementary Figures

Figure 1: Prior and Posterior of Country-Specific Parameters
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Figure 2: Prior and Posterior of Global Parameters
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Figure 3: Response of E.U. Variables to an E.U. Markup Shock
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Notes: Impulse responses scaled to generate a 1 percent increase in E.U. inflation on impact. Solid black lines
correspond to estimated impulse response at posterior mean; gray shaded regions correspond to 68 percent posterior
credible intervals; red dashed lines correspond to impulse response at posterior mean with ¢ = 0.03. Horizontal axis
is in quarters; vertical axis is in percent. Inflation and interest rate are annualized.

Figure 4: Response of U.S. Variables to a Tightening of U.S. Monetary Policy
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Notes: Impulse responses correspond to a 25 basis point increase in U.S. nominal interest rates on impact. Solid
black lines correspond to impulse response at posterior mean for parameters; gray shaded regions correspond to 68
percent posterior credible intervals. Horizontal axis is in quarters; vertical axis is in percent. Inflation and interest
rate are annualized.
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I Derivations of the Price Index for Traded Goods and Trade

Shares

I.1 The Price Index for Traded Goods

The price index of traded goods in Section A.3 is

PY = [ / Pn,t(z)l—mcb(z)]ll”.

This price index takes the form of an expected value. Since the derivation of this expected value

does not depend on ¢, we omit the time subscript in the derivations below.

Recall that e
)= oV |

n Zn!

To begin, let’s find an expression for the distribution of prices charged by different countries for va-

( Knn! gnn’ Wnn’

riety z in local currency, Pr < p). Since z, is distributed Fréchet with shape parameter

Zn/
, we have that
PY(M < p) =Pr(zy > m)
Zn! p
— 1 _ 67}\””/}7
where A\, = [Kunn’gnn’Wnn']_w'

Now, consider a sequence of independently distributed random variables, (z1,z2, ..., 2, ), and

observe that by the law of complements,

Pr(min{z;} <z)=1—-Pr(z; >zNaey >xN.. .z, > x)
(2

=1—Pr(z1 > z) Pr(za > x)... Pr(z, > ).
Alternatively,

Pr(miin {zi}<z)=1- Pr(miin {z;} > )

=1—Pr(z1 > z)Pr(zy > x)... Pr(z, > ).

39



So then,

/ ! 4 nlén n nngnann
Pr (min{*wnwm} <p> 1_pr ({“151”/1} >p) P <{'f} >p>
n’ ZTLI Z1 Z'n,
—1_Pr ({K"lgnlvvm} > Zl) Pr <{/W’M/’m} > Zn>
p p

— 1 _ e—>\n1p<p e—>\nnpw

=1- e_(b"p“",

where ®, = > A = D (K En Wan]”¥. Hence, we now have an explicit probability dis-

B Erin! Wm,

tribution for the random varilable minnr{ ’}, namely F(p) = 1 — e ®2p?. We can,

Zn/
therefore, take an expectation of P, (z)'~7.
Since F(p) = 1 — e~®7p¥, we have the corresponding p.d.f. f(p) = ®ppp?~tePrp¥. It follows

that
1— _ 1 _
(P2) 7= / P T ppt e Trp¥dp.

We can simplify things by working with y = g(p) = p? (instead of p) with corresponding p.d.f.
f(y). The change of variables implies that

) = £l W) \dgl(y) \

dy

1
= Dup(yr)f e Y

1 1-¢
i/y @
¥

= 3, Y.

Therefore, we can write
_ 1—
(P2)" = / y e Cpe”Vdy.

Let’s carry out one last change of variables, u = ®,y, so that du = ®,,dy. Then, we have that

Recall that @, = >, A = D [Knn/ Enn Wan] ¥ and given the definition of the Gamma function,

I'(a) = [2% e ®dzx, we obtain,

|~

1 _
1-— 1—~ ¢
PnQ =T (1 + ’7) o (Z [Iinnlgnn/Wnn/]w) .

i ~
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1.2 Trade Shares

Recall that trade shares are given by

>

nn

Wnn! =

and observe that

X, = Pr </€nn’gnn’Wnn’ < min {ﬁnmgannm }) X,,.
m#n/

Zn! Zm

Recall above that the term “za/&nn'Wan' g digtributed according to 1 — e

n

@ . .
nn/P”  The derivations

gnm an <I>np“P
)

above also imply that the term min,,, {””m } is distributed according to 1 — e~

Zm
where @, = 3 A = s rm Enn Waim] %
We have the following result: if x is distributed according to exp(u,) and y is distributed

Mz

according to exp(fy), and = and y are independent, then Pr(z < y) = o Given this result, it

immediately follows that

Do = P (ffW < min {msmwan})

Zn! m#n/ Zm
At
Ans + P
— Ann
@,
. [Rnn’ EnnWan ] e
Zn/ ["an’gfrm’ Wnn/]_w )
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