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1 Omitted Analytic Details from Section 3

This appendix provides detailed derivations of the expressions used in Section 3 of the paper.

The key defining object is the partial differentiation operator Oiog 5 (.|ss) used in the definitions of TE and PT. This
operator focuses on the direct impact of a (one-time) i.i.d. exchange rate shock and treats general equilibrium
prices as constant. As stated in the text: 1) The pass-through coefficient describes the log-linear coefficient on
the reaction function of an importer who assumes that all other importers respond to the shock but none of the
aggregate local or foreign prices/marginal costs change. 2) Trade elasticity considers the reaction function of
a representative (atomless) final good producer who assumes that all importers from whom it sources imported
goods raise prices symmetrically, and none of the local producers change their price. The goal is to preserve the
decision rule of the optimizing price setter, while assuming away all general equilibrium channels that may affect
decisions indirectly.

We start by deriving the demand system for the CES baseline model. This part is standard, but the derivation here
is helpful in the context of the next setup: the KA model.

1.1 Frictionless Baseline (FB)

Preliminaries: Since the final sector is consolidated into a single representative competitive firm, the core of
the problem is the cost minimization problem of “producing” A units of a homogeneous final good (consump-
tion/investment good):

P (st) A (st) = min/o1 [pd (i, st) d (i, St) +py (i, st) f (i, st)] (1)

di,fi

subject to

1 1 0-1 -1 1 1 0-1 -1
A(sh) = |wr UO d(z’,st)“’dz} + (1 —w)~ Uof(i,st)edz’] )

L d(s*) f(s?) _
G(d(s*),f(s"))

Given constant returns to scale aggregation, it is convenient to rewrite the problem in terms of shares

. d i,St . f i,st
i) = iy o169 = L5 @
which gives the following:
1
1=P (st) = min / [pd (i, st) WSy (i, st) +pf (z’, st) (1—-w)sy (i, st)} . 4
SfisSdi Jo



subject to

1 0—1 o—1 1 0—1 2\ 7 !
w {/ sq(i,s") @ dz} +(1—-w) [/ sy (i,s') @ di] =1. 35
0 0

where A (st) is the Lagrange multiplier imposed on the above constraint and P (st) = 1 by the numeraire nor-
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malization introduced in the text. (Throughout, we use “=" to indicate an identity.)

To avoid the confusion with differentiating integrals, we consider a perturbation from the optimum towards some
arbitrary perturbation function h: sg4 (i, st) + &4 (i, st) hq (i, st), where sy (i, st) is the optimum and €4 (i, st) €
R is the perturbation scale parameter (same for good f). Note that optimality implies that there is no perturbation
function that lowers the value of the program, which means that there is no gradient of improvement at ¢ = 0. To
derive the first order conditions, we differentiate the following:

1
Ifnin / [pd (i, st) w (sd (i, st) + egihq (i, st)) —|—pf...] . (6)
Efis€di JQ
S.t.
1 0-1 721 = o
(A(s")) w U (sq (i,8") +eqiha (i,8")) 7 di + ... =1. (7)
0

Taking the derivative with respect to e4; = €4 (i, st) € R and evaluating it around at €4 = 0 gives:

1
Edi / wpd (i, st) why (i, st) di
0

-1

:)\(st)w{/ol(sd(.))oé)ldi]egll Uol(sd(.))%ldi]egl W/OISd(.)f)lhd(i,st)di.

Let hy (i, st) be a Dirac-delta function that spikes at an arbitrary point. We drop the last integral, divide by A (.)
on both sides, and obtain the first-order condition:

eqi s wpa (i, 8') =
T ol I

An analogous condition applies to good f and the remaining first-order condition is the constraint in (5).

Plugging in for sy from (3) and using the fact that, by definition, we know

d(s!) == (/01 (d(i,s") T dz’)efl,



and hence ) .
Pd (z', st) = A(s")sq (i, st)T d (St)g

and

pa (i,s") = w%)\(st)d (4, st)%l d(s") k] A(sh).

The above equations imply the following state-contingent demand function (note:

that the stated object is a 7, s’-specific function of variable p; € R):

d (pali. s') = w” (M> Gd(st)l—i A(sh)

A(st)

In terms of the shares, we express demand as follows:

notation d(pgi, s*) indicates

®)

d (pali, s*) pa (i,s") -, 0 0
S4 (pd\i,st) = wj(;t) = < Cl)\(;t) ) wr (st)k; A (St)gil,

(Analogous conditions apply to good f but with 1 — w replacing w.)
It is easy to verify by plugging in

1
’Y—1:| =1

Gald,f)=d= [w%d”v;l F(1—w) f5

that the demand expression stated in the text is identical to the one derived above, since

y—1

Ga(st)

o\ ? 0 0 1 L
(pd@%3)> cxﬁ>::wwpd(@sﬂad(sﬁl"[w”d(f)v+<1-W>Wf(55 '

0 =1

— wipa (i) T d (s T A(sH) T

To close the system, we add the price index equation. Since

it is clear that

and that (5) gives

~y—1 y—1



Accordingly,

1 =3 1 e
A (st) = |w </ Pd (z’, st)l_e dz’) +(1-w) (/ Py (i,st)l_e di) ) 9
0 0

This completes the characterization of this system, since we know that, by constant returns to scale and the
envelope theorem, A (st) =P (st) = 1. However, since this step will be needed in the next model, we derive it
explicitly. To that end, we consider the objective function in the cost minimization problem above and plug in for
Sd (\z, st) ,Sf (|z, st) from the first order conditions to derive

0 d (st)

1 =5 st =
1=P (st) _ /O W7 Pg (i,st)l_e)\ (st)e <A(St)> + (1 . W)fo (i78t)1—9/\ (St)e <1];((St))>

Plugging in for d (st) JA (st) f (st) /A (st) as above, we have

wo (Y] e e [d(sh) = (] im0 (f(5) =
15)\(3)/0 w7 pq (i, ") (A(st)> + (1 —w)7 py (4,5") (A(st)> 5

and hence

By (9), we obtain

L= (s) w(/olpd(i,s

In the deterministic symmetric steady state, note that p5* = pjcs = 1and d*° = f* = A%, The pricing equation
implies that the gross profit margin and the markup in this model are given by

(10)
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We next derive PT and TE as defined in the text.

PT: Consider the formula for the import price derived above. Under the stated assumptions for the partial differ-
entiation operator Gjog ; (.|ss) (discussed above), we need to differentiate the expression:

, 0 x(st
Pf (x|z,8t) |ss = 0_10*((52)|ss,



where v* (s') = v* is treated as constant under Oiog; (-|ss). We obtain the expected result:

dupy ()i, s')

PT := 1 ,5") |ss = =1. 12
alogx ogpy (.’E‘Z,S ) ‘ss € oy (a:\i,st) ’ss (12)
TE: The definition of trade elasticity in the text is
d(st)
TE = Gog 108 769 ‘55, (13)

PT

where d (st) f (st) are quantities chosen by the representative (small) final good producer who faces a symmet-
ric shock (recall that all importers from whom this producer buys goods raise the price, none of the domestic
producers do and marginal cost is assumed constant under the linearization operator). We assume the import price
that the importer faces is py (a:\z, st) and the home price is pq (a:, st) = pg. The relevant equation characterizing
the pricing policy of the final goods producer is thus given by

Ga (4 (palis) S (g (&5 1)) (@ (pulis ) f (o (215 i05) ) > _
Gy (d(pali,s'), f (pf (z,8") li, s')) d(s") f(sh) pr(x,s')

where d (pd|i s ) ( ( ) |7, st) are the demand functions derived above. Plugging for G from (5) and using
symmetry ps (xs ) =p (x]z s ) we obtain

d (pals') 7%_ P d(s') ( pa \7
<f<pf<xst>st>> ‘pf@crst)@f(st)‘(pf@crst)) ’

and hence, as claimed in text,

d(st -
TE - 6loga:10g f((stg ‘SS _ aogmlog (pf(l;ﬁst)> ‘ss . 'Yalogxlog (pf (l“i,st)) |ss . (14)
= PT - PT - PT -7

1.2 KA Model

Preliminaries: We begin by deriving the KA demand system, following the same steps as above. We similarly
rewrite the problem in terms of shares:

SfirSdi

1
P (st) = min /0 [pd (i, st) WSy (i, St) +py (z’, st) (1—-w)sy (Z’, st)] ) (15)
S.t.

1
[ o0 60) + =g ] =1, (60 0o

where \ (st) is the Lagrange multiplier associated with the constraint and shares s4, sy which we defined in (3).
However, unlike in the CES model, the function g is not homogeneous of degree one, and it is no longer true that
A (st) is P (st) = 1. To preserve the problem of the optimizing entity we need to consider how this object is
affected by the exchange rate. This is the key complication relative to the baseline model.



It is easy to verify that the first-order conditions give

sqa + pal(i,s') =X(s") g (sq(i,s")) (17
5 sq(iyst) =h p”;(ét‘?’;) (18)
spc pr (i) =A() 0 (s (ins) (19
— sp(i,s') =h <pf;((zsf;>> (20)
A= [ i) 0w (o (s e
where, as in the text, we define h (.) := ¢’~! (.) . For later use, note that the inverse function theorem implies
W @)oo = ((6)) @t = (¢ ((0) 7 @) ot = gy @)

and so in a linearized system ¢” (1) is the key parameter that summarizes the curvature of the demand function
(around the deterministic steady state).

Plugging in for shares, the KA model’s demand system is given by

.t - W Pd St
d (pali,s') = h(MSt)>A( ), (23)
f (pslis ') = (1 =w)h < A’ZQ) A(s). (24)

As in the baseline model, the Lagrange multiplier is implicitly defined by the constraint, which gives

LEED) )

Furthermore, plugging into the objective function, we know

1 i, st i,st
1=P (st) = /0 [pd (i,st) wh (pd)\((;t))) +py (i,st) (I1—w)h <pf)\((s7t))>] ) (26)

Together, the above two equations define )\( t) In the symmetric steady state, p5° (i) = Py (i) = p* and
normalization in the text implies g (1) = ¢’ (1) = 1 and h(1) = 1; hence, \* = P = 1, p*$/\% = 1.
Furthermore, since f*° = (1 —w) h (1) ASS = (1 — w) A®%, the share of the foreign good in expenditures is 1 — w
in A%,

For later use, it is convenient to define the elasticity of demand for an individual good ::

pa\ _ Ologd (Bli,s)  9(d(Bli,s")  pa
" (7) o dlog py B Ipg d (pali,s')’ @0




which, by (23), in the steady state implies

v =7(5) Issz—h’(j;’t»ihf%)lsszh/(l)z . (28)

Accordingly, as noted above and in text, g” (1) is the key parameter of the log-linearized equilibrium system.
It determines the (local) curvature of the demand function and hence varying demand elasticity. The standard
monopolistic pricing formula implies that
pPf (ivst)
7 (%)

Pf (i, st) =z (st) v* (st) e . (29)
v (B -

We omit the explicit derivation of this pricing formula as it immediately follows from the producer problem.

PT: As noted, the partial differentiation operator Oiog 4 (.|ss) assumes invariance of the price index and home
variables with respect to the exchange rate. However, as also noted above, A (x\st) is endogenous and hence
depends on x. This is consistent with the idea that we want to capture the policy function of the affected price
setter.

The relevant pricing formula for the operator is equation (29):

x|i,st
v <pf)\((:v|,si) ) >

py (2]i,s) = zv* (s . ;
() =0 )y

A(z|st)

where v* (st) is assumed independent of = under the operator Gjog ; (-|ss). Under symmetry

(pr (z]is") = py (2ls")) ,

and so the Kimball aggregator after plugging in for prices gives

[l )
Differentiating the above expression under the rules of the operator Oy (.|ss) yields
o= [ v (v (etion)) (i) vt )]
-/ [(1 e (h (pAf o )) g (pAf <(§||si>)> ) e (A ) e (mt)] o
and hence
o= [ oo ( (i) () sy s o)
- /01 [(1 ~w)g ( (pf ”:,‘:; )) ( w?) pj((:j’;? (B« o5y (2]5") —aogxlogA(x\st))] di




Evaluating the above expression around the steady state implies
1
0= / [wg” (1) Orog zA (:L‘|St) ]SS] di
0
1
- / (1= w)g" (1) (Qogzlogps (x]s") |ss — Dogz log A (]s") |ss)] di.
0

Since the expression under the integral does not depend on ¢, we obtain

Walogxlog)\ (x|5t) |ss = (1 - w) (alogxlogpf (x|8t) ‘Ss - aogxlog)‘ (x|5t) |ss)

and thus
Olog  log A ($’5t) |ss = (1 — w) Dlogz log (w|8t) |ss-

(Pf(xﬁ’st))
v A(z|st)
PT = Biog s log py (2li, s) |, = Droga log | z0* (s") pys(li,st)

( NGIFD) ) -1

Accordingly, PT coefficient is

which simplifies to

pf(x|i,st)
buny el (567
PT = Ojog 5 log py (:E|z, st) = ( s (:c|z, i )) v + 1 = Olog 2 l0g
7 (

dx pf (z|i, st)

YOO =700 () =1z A()ogaps(-) = Pr(-)dogaA()
(v()—1)? v () A()? '

To simplify it further, we use the fact that Jog 5 (A (.) [ss) = (1 — w) iog 2Py () (derived above) and obtain
(

alogxlogpf ($|i,5t) =1+ <p){ (alogmlogpf () — alogazlog)‘(~))> |ss

L DOA) =)=y M)y (1) (1)~ 1)
(v (1) = 1) 7 (1)

hence

1
(

DA, a1

!
1
Dhoga log py (i, 1) oo = 1+ L1 (Z

(
5
1 YO M) -1 -1 (1)

B (
b B l0g 0y @i ) s | (v (1) = 1)~ (1)

W,

and thus

1 _ 0@ -Dy®) -y O @) -Dwt+yH)YDw
Aogz log py (2li, 8') |ss (y(1) =1~y (1) '

10



To conclude, we have shown that

(v(1) = 1)y (1)
Y (Mw+ (1) =1y (1) (30)

PT = &ogxlogpf (x]i,st) ’ss =

TE: Partial differentiation using Jjog  (.|ss) treats the home price as a constant. Using symmetry and plugging in
ps (z]i,s') = py (z|s') for the import price, we thus need to calculate

t alogac g
alng (s") log f(st) ‘ss o wh(%)

TE:= PT PT ’

where, recall, b’ (x) |,=1 = ¢" (1), h (1) = 1, and hence

B n' (1) 1
"= T a0

The numerator of the expression for TE gives

Pf(z\s)
T oo e T A u))

Using the fact that diog ;A (2[s!) [ss = (1 — w) Dogapy (2]s') and 1’ (2) [;=1 = ¢” (1)7", the two terms on the
right-hand side imply

/ (-
Dy ($|St) o h (p;() ) alogaclogpf ( ) alogxlogA () o 1 t
e (M ey 30 o 1) Doy (214)

which gives

Pd

Pd _ AL) Dogz log A (1) 1 t
&Ogmlogh<)\(x|st)) ‘SS_ h(pd) O |88— (1 — w) Boga logpy (2]s') .

AC)
Accordingly, as claimed in text, we have now shown that

w.q” (1)_1 8log:z: logpf (x"La St) + (1 - w) g// (1)_1 alogzlc logpf (JI‘Z, St)
PT

TE = =¢"(1)"'=~(1). @D

1.3 CD Model

Preliminaries: The pricing equations are derived analogously to the baseline model.

PT: As in the baseline model, we differentiate the import price under the assumption of invariant foreign marginal

11



cost v*, which gives

3
. xT 0 X 0—1
Doe 2 log ps (i, st = 0:pr (1) = v* =1-
e ! ( | ) & 21 py () - 0—1 g1 vt + 9‘511"85 9‘21 + 9‘51
Simplifying, we obtain
[ ss § g
1+ —
PT= 71— o S (32)
-1 T o1 L+ pe L pe

where, using the pricing formulas stated in the text, we know that the markup is given by

88,7@_ - 0 é‘ _
pt= 1= e L (33)

Accordingly, as stated in text, we derive

s _1
PT=1-"—— -1 (34)
“
since ¢ 0 .
— =4 1=p - ——. 35
0—1 9—1+ 0—1 (33)
by the above.

TE: The final aggregating firm problem is the same as in the baseline model, hence T'E = +.

1.4 PD Model

Preliminaries: To solve for the key pricing formula, we need to solve the system of equations comprising the
conditions discussed in text. To that end, note the following: 1) The distribution F' (p) := Pr (P < p) of quoted
prices by foreign importers operating in the home country is defined on the interval [P, Py] and satisfies

(p—vz)(¢+2(1—q) (1 - F(p) = (B —v'z)q, allp € [F}, Py,
where v*x is the marginal cost of producing the good; hence

P,—p
2(1—q)(p—v*x)

2) The lower bound of the distribution satisfies ' (P;) = 0, hence

F(p)=1-¢q

(36)

P, — P P 2(1 — *
h ! :0—>P,:Qh+( (1)”55.

B =1 =950 o) 2~

3) The upper bound P}, satisfies that the (local) searching entity is indifferent between instructing reps who re-
ceives a single highest quote P}, to abort their purchase and replace them by new reps who purchase at the expected
price p, implying

v = P, — p, 37)

12



where, here, fv is the home country search cost for a unit of output (recall that each rep brings #~! units). As
explained in text, the average price p solves

P dH
p= [ v Ty, (38)
P, P

where
H (p) = aF (p) + (1— ) (1 - (1= F (n))?)

(P2~ ¢) + Prg — 20"2) (p(2 — q) — 2(1 — g)v*a — Phq)
4(1-q) (p—v*z)’

Integrating the above expression by parts gives the average price

p=v'zr+q(P,—v"r) (39)

and hence the upper bound
0
QU:Ph—ﬁ%Ph:v*qulv . (40)
—q
The above conditions imply that the import price—the average purchase price py := p by a rep of the imported
good f implied by (38)—is

Ov
1—¢q

pr=v+q(P,—v)=v2+gq 41)

PT: As in the baseline model and CD model above, we differentiate the import price under the assumption of
invariant foreign marginal cost v*:

0q
T x 1—qg
Oog 2 1og pr ()i, st =Ops () ——=|ss =0V ————=1— 1
Nh f(| )|SS xf()pf(-)|ss xv*—i—le—qu 1+9qu
The steady markup is
SS 9
pes =P g (42)
v 1—g¢q
and so
MSS
PT=1- 43)
1 +MSS

TE: As for TE, divide the Armington-demand first-order conditions for goods d and f to obtain log(ps/pq) =
log ((1 — w)¥7/w!'/7) — v~ tlog(f/d) and note that the definition of TE implies TE = . Notes: Additional
derivations and automated log-linearization of the above expressions can be found in the replication package
Mathematica notebook TheoryResultsSection3_CS.nb.

1.5 NCES Model

Preliminaries: The key here is that a nonatomistic monopolistic producer sells the good to the final goods pro-
ducer who aggregates goods according to a nested CES: the outer CES aggregates over a continuum of sectors
indexed by 7; and the inner CES aggregates over individual nonatomistic firms within the sector, indexed by 5.
The aggregator and nonatomistic structure imply that the demand function faced by the producer involves both
the sectoral elasticity + and the within-sector elasticity 8, where we assume 6 > v,6 > 1.

13



Let ¢ = (i1,42) and assume type-identical allocation / policy (or importers and all domestic producers within a
sector are symmetric and make symmetric choices). The profit maximization of an importer is

(3,s") = f(i,sgl,g;{(i,sf) [pr(i,s') — (L4 7)v* (s") 2 (s")] f(2, 8",
S.t.

N

Y (s') P(s')
(f(iast))” _ psliysh)

y(i,s') Py(i, ')’

N o1 Nx o1 7=
y(i,s") = (Z d(i,s') T+ flis) ) .
in=1 in=1

where 7 > 0 is iceberg cost, p(%, s') is the price set by the within-sector producer, Py (%, s') is the sectoral price,
y(1,s') is sectoral output, P(s') = 1 is the numéraire of final consumption, and Y’ (st) is the final consump-
tion/investment (C' + I) demand by the final producer.

To derive the first-order conditions, we substitute for prices into the objective function, which gives

(26 (52) -]

and plug in the last constraint to obtain unconstrained maximization:

f@i,sH 7 (Z d(i,st) © + Z f(i,s" ° > Y (s —(1+7) 25D f(i,sh).
io=1 io=1

The first-order condition with respect to f(2, s') is

/T\
D=
+
—
~~_
&H
—~
“S.

»
=
he}
YO
[]=

QL
—~
\_S.
v
J
53
L
+
=
M2
~s
-
»
N
=)
I
S~
°
L
=~
~—~
cn@b
SN—
2=
Il

in=1 ia=1
9 / N N lei% -1
-t—l+11_§ N ~ o0 LT 5 * (Gt t
—f(i,s")" @ — Zd(z,s) —|—Zf(z,s) f(&,s) Y ()7 + 1+ 1) (s') z (sY)
in=1 in=1
and hence
<—; + 1) f(’i,St) =
_ 8
S (i, s") Lpr(i,s') + (14 7)v* (s") z (")

14



where
ps(3,5")f(3,5")
Py(i. sy (i )

is the importer’s market share. Simplifying, we obtain the key pricing equation of the model

Sp(i, st) =

<1 - % [1—Sp(i,s")] = ,1Y5f(i, St)> ps(iss') = (L+m)o* (") @ (s7)

and hence

py(3, st = 5:(;.0,(2:5;921(1 + 7)v* (st) x (St) ;

where .
s, st) = [; (1= 5 (i) + 25 (i,st)]

is demand elasticity. In what follows, we assume there is N symmetric home firms within each sector and a
smaller Nx < N symmetric importers. We set 7 = 0 (analytic section only).

PT: We log-linearize the pricing equation given by
1
1= (B (U= Sy (ali,51) + 187 (ali, 1)

py (i, s") = v* (s') z, (44)

which is equivalent to the one stated in the text after multiplying the numerator and the denominator by % (1—-S¢)+
%S . Log-linearization of this expression under the rules of the operator Oiog ;. (-|ss) gives

(0 —1Dpy -1

PT := Oiog o logpy (m|i,st) lss =1— 7

(—aogxlog Sy (x]z',st) \58) ) (45)
(The operator diog 5 (.|ss) assumes that pg (4, s') is unaffected by the exchange rate and so d (%, s") is treated as a
constant.)

Using representativeness and symmetry, p (x]z, st) =py (a:\st) (all 2 from the foreign country), and so

Dy (x|i,st>f(x|i,st)

o L padllis)
Sy (ald, s") = py (@i, Fafis)

ps(
N + Nx =55 o

Taking logs and applying the operator, we thus obtain

t t
_810g33 (log Sf (x’st) ‘ss) = _810g3510g (W) ‘ss + <_810gx10g <‘£(<i|’zt§> }ss> (46)

py (zls') f(x]s")
1 N+ N
+ Oiog x log ( + Nx pad(z|s?) ‘ss’

where f(z|s') denotes the relevant quantity consistent with the producer problem under the assumptions of the

15



operator Ao 5 (|ss) and symmetry. Dividing the demand equations side by side,

-0
— (= Pd__ i,st
1= () ),

(@)™

f@wyng@SU> y (4,5 ,

we note that

flals') _ (pf (x\st)>_9’ @7)

d(xls") Pd
and hence
Wm@ﬂ@w:(mwﬂ>”
pad(z|s') Pa '
Accordingly,

1-6
py (als!) fals) . (py (als?) ___<Wy*
8loggc pdd(x]st) |ss - 8log:z: Pd |SS - (1 0) pzs PT.

Eliminating the constants and plugging in for f/d from (47), we obtain

—Ooga log Sy (2]s') |, = —Biog log (pf (2]5")) |, + (0i0gxlog (py (2]5")) |,,) (48)
1-6
Nx (pys (z|s")
4 Oogalog [ 14+ =2 [ L2 .
log 0g N < Pd ‘ss

Using the known approximation for logs, dlog (1 + x) /dx < 1 (for all z > 0), and given 6 > 1, we obtain

N pss 1-6
—&ongOgSf (x|st) |ss < (0 - ]‘) (PT - WX (£S> ) < (0 B ]') PT.
by

Plugging in to (45), we derive

— 1) 5
PTzl—( ):f (6 —1) PT
and assuming (6 — 1)p* — 1 > 0, we obtain
(0 — 1)z — 1 -
PT > <1+0”f(9—1)> . (49)

16



As for (0 —1)p3" — 1 > 0, note that, since 6 >~ > 0 and S3° > 0, (44) implies

. 1 (1 — SSS) + 155
Mf - 1— (%(1 o Sss 1Sss)> (50)
(157) iy
= (b (-s7)+4 SSS> eb
1 1
=< j% =T (52)

hence (6 —1)u3* —1>1-1>0.
TE: The formula for TE follows from the first-order condition of the producer:

f(xls') _ (pf (x\st)>_9' (53)

d Pd

Plugging in to the formula for TE, we obtain

a(st O | pf(xl))
_ alogxlog 7f(st2 |Ss _g log z 108 < Pd B Halogx log (pf (w[st)) _4 (54)
N PT o PT N PT e

Notes: Additional derivations and automated log-linearization of the above expressions can be found in the repli-
cation package Mathematica notebook TheoryResultsSection3_NCES.nb.

1.6 DH Model

Preliminaries: The importer’s profit maximization is

my (i,s') = ZZ o) B () [0, ') — 0 ()7 (6, ") + (py (i, ) /() — 07 (1)) £ (i 1] -

S.t.

i,st)\ ?
i) = (B0 ) gl st DOV, ()8 () 7 ()

. —6
f*(i,st) _ <p]£*(st) ) h}(i,stil)g(efl)f*(st), (w;(Z’ St)ﬂtuz (St) - (St)) (55)

)+ (1= p)f(i,s"), (A (4, s Bt (st) T (s
Wi(i,s') = phf(i, s 1) + (1= p) f*(i, 8", (AF(i,s") B (s') m (

where Lagrange multipliers are defined as noted in brackets next to the constraints.

) (56)
s), (57)

The first-order conditions are

17



o ppi st e (st) — ot (sh) = p(i, 87 — (1= p)Ag(i, s)

P ps) — o) = g3 — (L= AT )
: i,st) = —f(i’St) i, st

pr : f(, )_epf(i,st)/x(st)wf(7 )
5 peliss!)/al(s') 5 = Yy (ins!)

B res =0l e

1
— pjc(i,st)éz (i, s)

* (ot+1 B
i) ) = 3 T [ i) a0 o]

* ((ot+1 B
ni(i,s') o Af(i,sh) = 5E8tu;>§i8t)) [pA}(i’St—H) +w}(ia5t+1)f*(i,5t+l)2;0(i ;;] ’

where E,: denotes the conditional expectation on state s’. Substituting out for the multipliers, we derive

pi(is)/z (') = 5 i L [0 = (L= p)As (G 8] (58)
Aﬂ@f>—5nggi:?’}AA@4H>+C”é’”pgéii)agit:] (59)
e 8) = o fo(s') — (1= )N} )] (60)

Aj(iys') = ﬁEst“;c('z:;) [pA}(i, s + w;l) 7 (i, s”ﬂ%] : (61)

As noted in text, the demand function faced by the foreign producer (one of the constraints in the optimization
above) is

—0
I (b hylis™T) :=< o > D ().

Py(s?)
and so
On, ) [, ) €0 — 1) pp(i, s"T) f(i, ')
T, 00) a(s) T 0 (st (s
—
MRT

Accordingly, the law of motion for the value of habit can be equivalently expressed as expression in text)
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Ag (i, st) = BE tu:* (s pA (i St+1) I _ahff (py hyliys™1) f (pg, hyli, s™1)
FA) s . (St) F\b 8pff (pf, hf\i, St—i—l) I <8t+1)
MRT
PT: Define -
gh(StJrl) . hf(’L,S )

he(i,st) '
which, given the habit equation,
hy (i,s”l) = phy (i, st) +(1=p)f (i,st'“) ,

implies
f(i,st'H) _ gh(st—H) —p
he(iysty —  1—p 7

Given the pricing equation,

i, s 0 * st
pi(@t)) =51 [ (") = A=) & (i8],

we can express the value of habit as

pf(i,St) 0—1 ¥ t
A (Z St) _ xz(st) 0 v (8 )
/ ? 1— p
We next plug in to the law of motion for A above and obtain
p (ivst) 6—1 * p (ivst+l) 0—1 * 1
Loy 7 — v () mEuﬁ@”W eyt — vt (sT)
_ - P A _
1—p 5 e (st) P 1—p

e (s'41) [4(9-— 1) py(i, s") gn(s'™1) —-p]’

E
BT 5 R R e P2y R

hence

. * 1 * 1 :
pf(l,st) — 4 (U*(St) _ ﬁEst uc"*(st+ )pv*(st—i-l)) + BEst U (StJr ) |:ppf(27 St+1):|

x (st) 0—1 uhe (st) ub (st) x(stt1)
ut, (st i st
— BE 4 ;Z*( (St)) [ij;((;tﬂ)) (gh(StH) _ p)} ’
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and

;ot 9 o (st
. stt1 j, stt1
R u:*(@t)) [pi(éil)) = Cants™ D+ o )}'

We use the fact that p}(i, st) =12 fc &f )t), plug in to the above and derive the following difference equation

0

1
(o () 16) = 2 (006 — ) + 52

uex (8h)

We log-linearize this equation with respect to (p;‘c (i, %), P} (i, s, gn (s”l)) around the deterministic steady
state and obtain

3 (571) 557 (o — Con(s™) + o).

dlog p}(i,s') = —BCBgdlog g, (s"') + B (p— ¢ (1 — p)) Egdlog p}(i, s')

We solve the implied difference equation forward to obtain

dlogpj(i,s') = =B¢Y B (p— ¢ (1= p))' Eged (log gn (|s™") |as)
t=0

Finally, using the fact that
dlog p% (i, st = dlogpy(i, s') — dlog z,
we divide both sides by d log x and derive

dlogpy (m|st)

dlogz L B> B (p—C(1=p) EgOoga (log gn (2[5 |ss) -

t=0

PT = Oiog (logpf (myst)) =

Note that 0 < land 0 < p < 1,andso p— ¢ (1 —p) > 0.
TE: TE derivation is derived analogously as in the baseline model: T E' = . We omit the details.

Notes: Additional derivations and automated log-linearization of the above expressions can be found in the repli-
cation package Mathematica notebook TheoryResultsSection3_DH.nb.

1.7 CC Model

Preliminaries: Consider the simplified “analytic” setup from Section 3. The key equations are: 1) the bargaining
equation

f(=]s)’

where G(d, f) corresponds to (5), 2) the endogenous market-share determination equation

f(als) _ my (2]s)
d(s') ma (s')

t
pf(:v|z',st) =n0sG (d(s) 1> + (1 — n)av®, (66)

(67)
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3) and the first-order condition associated with the analytic maximization stated in Section 3 of the paper,

my (i, s) \ ,
a;r(lfﬁ) (ps(s")/a(s") —v(s")) hd(st)mf(st;c T v (shay (i, st), 68)
subject to
s )
f

which, after plugging in the steady state value for v* = v = n/(n + u*¥)—consistent with the partial differen-
tiation to obtain PT—gives

pr(s) > I G ks A n
(w(st) T 1 2‘117@3 f(md+mf)n+uss (70)

where a‘}s = mff is the steady-state value associated with markup *° that solves pjf = 0% (14 p*°) . In the
steady state, we assume d*°/ f** = w/(1 — w), which gives

ay’ =my =p” (1 -w), ai’ =m3 = pw.

The term p°° ensures that the convex adjustment cost does not bind in the steady state. While the model is static,
this emulates the long-run equilibrium in the full model.

PT: We start from the bargaining equations, which, in log-linear form around the symmetric steady state and
under the rules of the operator g 5 (108 .|ss), is

ss : w » f (x]s")
v n+ 1+ 1) g (logpf(xlz,st)lssz—l =75 1+ 1) | —Diogzlog <d(8t)‘ss :
PT
TExPT
where, by definition,
. -1 f (=]s)
TExPT

It is now easy to calculate that the above equations give the expression in text:

_ 1-7
Sl = T )

PT (72)

TE: We log-linearize the constraint (69), the first-order condition in (70), the market-share equation in (67) and
the bargaining equation in (66), all around the steady state under the rules of the operator J;, (.|ss). The resulting
log-linearized equations, in the same sequence, are:

Aog 10g (M p (i, 8)|ss) = Ohog log (ay (i, s")|ss)
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(1 + MSS) 8logyc (logpf(x]i, Stﬂss) -1 = alog:r IOg (af(:c|i, St)‘ss) (1 + 2¢ - w) )
PT

t
—810gx log <fd(i9’f))|ss> = alogx log (T?Lf(.%”’i, St)|ss) ’

TEXPT

and bargaining equation

d (st)

TEXPT

Y (1 =+ MSS) 8logx (Ingf(x‘i7 St)’SS) _(1 - 77) = (77 + MSS) w <_aloga: log (f (x‘s ) |ss>> .

PT

Solving the above system yields the expression from text:

Y1+ p*%) (0 + p*°)
YL =) (1 — w + 2p) 4+ w(1 + pss)(n + pss)’

Notes: Additional derivations and automated log-linearization of the above expressions can be found in the repli-
cation package Mathematica notebook TheoryResultsSection3_CC.nb."

TE =

2 Log-linearized First-Order Conditions

Unless indicated otherwise, all variables showing up in the linearized equations are defined as proportional de-
viations from the steady state: i.e., for any variable X (st), we define X; = dX (st) /X*%, where X*% is the
steady state value of X (st). We make exceptions for variables that can take non-positive values (e.g., net for-
eign assets), which we scale by steady state final goods production: i.e., for any such variable Y (st), we define
Y, = dY (st) Jy®%, where y*° = d* + d**°. We also define the steady state share of hours worked in time
endowment as £ = [*°/].

2.1 Frictionless Baseline (FB)

Marginal utility

Uer = (V1 —0) =1 e — (1 =v)(1 - o) —/l (73)
Uy = (W —0) =1 ey —(A-v)(1 —0) 3l (74)
Capital accumulation
ke = (1 —0)ki—1 + 6y (75)
ki = (1 —96)k;_, + oif (76)
Demand for final goods
'deﬂf + dt = wdt + (1 — w)ft a7

"Note: in the file, m corresponds to a above, 6 corresponds to 7 and ¢ corresponds to 1.
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Consumption-leisure choice

Optimal bond holdings

Optimal investment

Uey + @O (it — ki—1) = Ue g1 + [1 = B(1 = 0)] ryep1 + B (it|t+1 — ky)

Uy ¢ + $6 (z,’f —

Capital-labor choice

Marginal cost

Price setting

Resource constraint

Final goods market clearing,

UIP condition

k:fl) =

VP +df = wf + (1 —w)dy
YPre + fr = wdy + (1 —w) fi
’Ypf,t +ff=wfi+ (1 —w)d;

£l+
1_£t Ct

Wt =

wy = 1_£lt+t

Uet = By + e g)i41

* P *
Uet = Ry + Ue tlt+1

ki1 — 1l = wy — 1y

* * ok *
o1~ =wp =y

vy = (1 —a)wy + ary — 2z

vy = (1 — a)wy +ar] — z;
Pd,t = Ut

Pry=a +vf

P;lk,t = V¢ — T¢

* ok
Piy =

wdi + (1 —w)d} =z +aki—1 + (1 —a)ly

(I-w)fitwfi =2z +aki+ (1 -a)l

0—1 o

g I
y L—145

<1 ;) ct—}—l—zt—wdt—i—(l—w)f

Z Z.SS +k * *
<1 ) . —iy =wf + (1 —w)d;

yss
R: - Rt + xt‘tJrl — Xt = —I (bt + Tlt)

23

W + 1= B = )] 1oy + B0 (ifay — K7

(78)
(79)
(80)

8D

(82)

(83)
(84)

(85)

(86)

&7
(88)

(89)
(90)

oD
92)
93)
4

95)

(96)

€

98)

99)



Net foreign assets

1 * *
bt:Bbt_lJr(l—w) (df = fo+xe+ Pjy — Pry)

2.2 Kimball Aggregation (KA)

Marginal utility
L

uc,t:(1/(1—0)—1)ct—(1—1/)(1—0)1_£

ly

up= (1= 0) = )i — (1= )1 — o)1 2l

Capital accumulation
kt == (1 - 5)kt_1 + 5’lt

ki = (1 —96)k;_, + oif
Demand for final goods, where v = ~y(1)
VPt +dy = wdy + (1 — w) fy
'YP;,t +di =wfi + (1 —w)dy
YPpy + fr = wdy + (1 —w) fy
’YP;:,t +fi =wfi + (1 —w)di

Consumption-leisure choice

(s lt+Ct

1-L
N L

_ * *
wy = ——=lf +¢

1-L
Optimal bond holdings
'U,C’t = Rt + uc,t|t+1

¥ ¥ *
Uer = Ry + Ue tjt+1

Optimal investment
Uet + 00 (it — k1) = Uegpper + [1— B(L = )| 7yja1 + BP0 (igp41 — kt)

u:,t + ¢0 (1? - kf—l) = UZ,t|t+1 + [1 o B(l - 5)] T;sk|t+1 + f¢o (i;:k\t_f-l o k:)
Capital-labor choice
ki1 — 1l =we — 1y
ki =l =wi —rf
Marginal cost
Vt = (1 — a)wt +arg — 2zt

vy = (1 — a)w] +ar; — z/

24

(100)

(101)

(102)

(103)
(104)

(105)

(106)
(107)
(108)

(109)

(110)

(111)
(112)

(113)

(114)

(115)
(116)

(117)
(118)



Price setting, where ¢ = W
Pay = (1 =)
Pry = (1 =) (2t +v;)
P;,t = (1—9) (vy — my)
P}:t = (1 —-vY)vf

Resource constraint
wd + (1 —w)d; =z +aki—1 + (1 — )l

(I—w)fi+wfi =2z +aki_y + (1 - )l

. . ;S8
Final goods market clearing, where ;@ =5

UIP condition
R: — Rt + xt‘t+1 — Ty = I (bt + nt)

Net foreign assets

1
by = Ebtfl +(1—w) (df — fe+ @+ Piy— Pry)

2.3 Costly distribution (CD)

Marginal utility
L

1-LC

ucr =rv(l—-0)-1)e—(1-v)(1-0) ly

Uey = (V1 —0) =g = (1 =v)(1-0) ly

1-L
Capital accumulation
k; = (1 — 5)]4,}71 + 0y

ki = (1= 96)ki_ + di;

Demand for final goods

VPt + di = wdy + (1 —w) f
'YP;,t +di =wfi + (1 —w)d;
YPry + fr =wdi + (1 —w) fy

VPfy 4 fi = wfi + (1 —w)dg

Consumption-leisure choice

Wy = ly + ¢

1-L
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(119)
(120)
(121)
(122)

(123)
(124)

(125)

(126)

127)

(128)

(129)

(130)

(131)
(132)

(133)
(134)
(135)
(136)

(137)



* E * *
wy i +c

T 1-L
Optimal bond holdings
Uet = By + U g)141

* _ * *
Uet = Ry + Ue ¢lt+1

Optimal investment

Uey + @6 (iy — ki—1) = Uegprr + [L— B — )] e + BSOS (g1 — ke

w08 (if = k1) = ey + (1= B0 = 0)] ey + B0 (i1 — K7

Capital-labor choice
ki1 =l =wr — 1y
ki =l =wi —rf
Marginal cost
Ve = (1 — Oé)’(Ut + ary — 2t
vy = (1 — a)w; + ar] — z;
Price setting
Pat = Ut

o ) ¢
s Ty ( et 9”)

vt—xt—kgvz‘)

. 1 (
P = 091 —¢ 0

* ok
Pf,t_vt

Final goods prices, where v** = 7775
Pap = (1 =& )pas + §v* vy
Ppy= (1= E&0™)pps + Ev* vy
PC’lkyt = (1 - §U88)p27t + gvssv;:k
Pry= (1= &u™)py, + &v™vy

Resource constraint

wdi + (1 —w)di +&fwdi + (1 —w)fe] = (14 &) [zt + aki—1 + (1 — a)ly]

A—w)fitwff +Ewfi + A —w)di] = (1 +8) [ + akiy + (1 - a)lf]

%% _ 0—=1_ da

55— 9 I_
y L—140

Final goods market clearing, where

2'55 Z'SS )
<1 - yss> ¢t + Flt =wdi+ (1 —w)f;
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(138)

(139)
(140)

(141)

(142)

(143)
(144)

(145)
(146)
(147)

(148)

(149)

(150)

(151)

(152)
(153)
(154)

(155)

(156)

(157)



;5s i ;58 . i .
1—F Ct+ﬁzt:wft+(1_w)dt

UIP condition
Rf — Ry + xypqq — 21 = =L (b + 1)

Net foreign assets

1
by = Zb—1 + (1 - &™) (1 —w) (dt—ft+$t+p§vt_pf’t)

B

2.4 Price Dispersion (PD)

Marginal utility
Uy = vl —0o)—1)c— (1 —v)(1 —0)1 — Clt
* * L *
Uey = (V(l—0)—1)¢f — (I-v)(1- U)l —Elt

Capital accumulation
ky = (1 —0)ki—q + diy

kj =(1—=96)k;_, + o1}

1—¢q
1—q+6

V(A = 0v>) Pyy + 00™ 0] + dy = wdy + (1 —w) fi

Demand for final goods, where v%% =

v [(A = 00™) P, + 0v*°vf] +df = wff + (1 —w)d}
YI(1 = 0v*%)Ppy 4+ 0v™ 0] + fr = wdy + (1 — w) f
v [(1 = 0v°*)PFy 4 00 vf | + [ = wff + (1 —w)d}

Consumption-leisure choice

Wt = lt+-q

1-L
L * *
'l,l);|< = ﬁlt + Ct

Optimal bond holdings
Uet = By + U g)i41

® ok *
Uet = Ry + Ue tlt+1

Optimal investment

Ut + PO (i — ke—1) = Uett+1 T+ [1—pB(1—0)] Teje+1 T Bod (it|t+1 - kt)

Wiy 08 (if = k1) = 6oy + (1= B = 8)] ey + B0 (3501 — K7)

Capital-labor choice
ki1 —ly =wy — 1y

* * ok *
ki =l =wg — 1y
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(158)

(159)

(160)

(161)

(162)

(163)
(164)

(165)

(166)
(167)
(168)

(169)

(170)

(171)
(172)

(173)

(174)

(175)
(176)



Marginal cost
Ve = (1 — O[)’wt +arg — 2z

vy = (1 — a)wy +ar; —z;

Price setting

Pd,t:Ut
1—q Oq
Ppy=—"1 ) R S
Ft 1—q—|—9q($t+vt)+1—q+9qvt
—(—x) + ———v
1—q+0q(t 2 1—qg+6g "
Pry=vy

Resource constraint
wdi+ (1 —w)d; +0wdi + (1 —w)fe]) = (14 60) [zt + aki—1 + (1 — a)ly]
(I—w)fi+wfi+0wff+ (1 —w)di] = (140) [z + ak{_; + (1 — )]

; : # _ (1=9(1+8) éa
Final goods market clearing, where P % Y

’SS

<1 ;) ct—f—z—zt—wdt—l—(l—w)f

7 /I:SS
% * *
<1 yss> ySS ’l/t = Wft + (1 — W)dt

UIP condition
R: — Rt + xt‘t+1 — Ty = —I (bt + nt)

Net foreign assets

1
by = Bbtfl + (1= 00") (1 —w) (df = fo + 2+ Py — Pry)

2.5 Nested CES (NCES)

Marginal utility

Capital accumulation
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(177)
(178)

(179)

(180)

(181)

(182)

(183)

(184)

(185)

(186)

(187)

(188)

(189)

(190)

(191)
(192)



] S8 __ o e35—1 - . .
Demand for final goods, where ;SS = (EdETOJ +(1- w)J;T) T ‘5‘1"+ 3 and w is auxiliary parameter that can be
d f B~

1
. - -6 &35 ¢e3°—1
mappedontOTwal—i—T:(1 WN> 4 —f

% Ny ep—1 ey
Z’SS *SS )
QPd,t +dy = (1 — yss) Cct + F’Lt (193)
. " Z‘SS . Z’SS -
epd’t + dt == (1 - y35> Ct + th (194)
1:58 'S8 )
QPf,t + ft = <1 — yss> ct + ﬁ% (195)
. N 1:88 N 7:SS "
OP;, + f; = <1 — yss> c + —5 (196)
Consumption-leisure choice
(s 1— £lt + Ct (197)
L
Optimal bond holdings
Ut = R + e gq1 (199)
Uey = By +ug 44 (200)
Optimal investment
Uet + ¢0 (it — kt—1) = Ueqjq1 + [1 = B(L = 0)] rypq1 + Bpo (it|t+1 — ky) (201)
u:,t + ¢o (Z;&k - kZ—l) = UZ,t|t+1 +[1 = B(1—6)] 7":|t+1 + Bpd (i:\t+1 - k;) (202)
Capital-labor choice
ki1 =1l =wy — 1y (203)
ki =l =wi —rf (204)
Marginal cost
ve=(1—a)w + ary — 2 (205)
vy = (1 — a)w; +ary — z; (206)
- _1-1 N 11
Price setting, where £5° = {% (1-%)+ %%} and ey = {% <1 - 1]\7*;:) + %1]\7;}
1
Pyt = 1 oss €dt + V¢ (207)
1 *
* 1 *
Pd,t = 1—75836(1’15 + v — Tt (209)
f
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1 X
Market shares
Sat = Pas +dy — (0 [Pys + de] + (1 — @) [Prs + fi]

(
Sf’t = Pf’t + fr — ((:) [Pd,t + dt] + (1 — (I)) [Pf}t + ft]

Ste=Pii+ i — (1 =) [Pl +df] + @ [P}, + f{])

Demand elasticities, where

Resource constraint, where @ = |1 4 1= _=d
d
wdy + (1 — @)d: =z +aki 1+ (1 — Oé)lt

Off + (L —w)fe =z + ok + (1 —a)ly
Final goods market clearing

58 iss ~ ~
<1 — yss> ct + Flt = wdt + (1 —w)ft

Z’SS Z’SS ) B B
<1 - ) ¢t + gt wff +(1-w)d;
UIP condition
R;( - Rt + xt‘tJrl — Tt = I (bt + nt)
Net foreign assets

1 ~ * *
by = Ebtﬂ + (1= @) (df = fr + @0 + Py — Pry)

2.6 Deep habits (DH)

Marginal utility

Capital accumulation
ke = (1— 5)kt_1 + 01t
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(212)
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(224)
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ki = (1—0)ki_y + 0i

Consumption-leisure choice

Wt = lt—i-ct

1-L

. L
wy = ——ly +¢;

1-L
Optimal bond holdings
Uet = By + U g)141

* . * *
Uet = Ry + Ue ¢lt+1

Optimal investment

Uey + ¢6 (iy — ki—1) = tegprr + (L — B — )] e + BSOS (g1 — ke)

w68 (if = K1) = ey + (1= B0 = 0)] ey + B0 (5501 — Ky

Capital-labor choice
ki1 =l =wr — 1y
kig =l =wi —rf
Marginal cost
Ve = (1 — Oé)’(Ut + ary — 2t

vy = (1 — a)w; +ar] — z;

Pa <1+C(11—p)ﬁ>v C(l—p)BAd

Price setting

Iy 1-pp =%
pf’““( = ) 1—ﬁpBA“
Pay+ ot = ( C(l—é);B) 1—5P A*’

1-— 1-—

e ()

Composite (habit-adjusted) goods B
dy = dy + Chg 1

ft th‘FChf,t—l
di :CZ:*’Chfltfl
=1 +Chiiq

Demand for intermediate goods

dy = —0 (Pa; — Pat) — C(1 = @)hgs—1 +dy

fi=—=0re— Pri) —CL =) hyi1 + fi
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d;tk =0 (p:l,t - P;,t) —¢(1— <p)h2,t71 + dy

fi =-0 (P},t - P;,t) —¢(1— (P)h?,t—l + fi

Habit formation

hat = phat—1+ (1 — p)d;
hys = phyer+(1=p) fi
ha, = th,t—l +(1—p) CZ:
Wie=phye 1+ (1—p) Nt*

Shadow price of habits

Agt = Uepir1 — Uet + BpAg 1 + (1= Bp) (pd,t|t+l + CZt|t+1 - hd,t)

Ay = UZ,WH —Upy + BpAf 1 + (1= Bp) (pf,t\t+1 — Tyjt41 + ft|t+1 - hf,t)

Agy = tUeft+1 — Ue + BpAG 41 + (1 = Bp) (pfl,t|t+1 + Tyjey1 + Ay — h%)

Aby = UZ,t|t+1 —Ugy T+ ﬂpA},ﬂtH + (1 = Bp) (p},t\t—f—l + f;it—‘,—l - h},t)

. 5 -1 ¢(1-p)B da
Demand for composite goods, where ST 0 (1 + 8y ) Toi4s
,I:SS SS
’YPd,t—l‘dt_(l—yss Ct+ —Su

(g25) 0=

Resource constraint, where w = ——=+——————
(1) TR 41

Gdy+ (1= Q) = 2z + ok 1 + (1 — )y

Off + (1 =) fr =2 +akf |+ (1—a)l}

Final goods market clearing

58 58 » 1 1
<1—&S>Ct+sslt: —di + — ft
Y Y 1+ (1—w) I+¢(1—) 1+ (L> I+¢(1=)
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*SS *SS ) 1 1
<1 - ; ) cf + ;—z: - — — (266)

1-w\13ci—) w \IFaT—
L (7)) et 14 (125) 7
UIP condition
R: — Rt + xt‘t+1 — Tt = I (bt + nt) (267)
Net foreign assets
1 ~ T rs *
b= b + (1= 8) (& = fot o+ 93— i) (268)
2.7 Customer Capital (CC)
Marginal utility
L
ey = (V(1=0) =)o = (L= w)(1 = 0)— ol (269)
* * L *
ug, = w(l—0)—1)cg —(1—-v)(1— a)ﬁlt (270)
Capital accumulation
ke = (1 —0)ki—1 + diy (271)
ky =(1—=96)k;_, + i} (272)
Demand for final goods
7Pdt + dt = wdt + (1 (,U)ft (273)
'YPdt +df =wfi + (1 —w)dy (274)
YPri+ fr = wdt + (1 —w) f (275)
’YPf,t +fi=wf + (1 -w)d; (276)
Consumption-leisure choice
L
wy = 11— [,lt + ¢t 277)
N L
wp =1 ﬁlt +cf (278)
Optimal bond holdings
Ut = R + e g41 (279)
Uep = RE + Ug 41 (280)
Optimal investment
Uey + ¢6 (iy — ki—1) = tegprr + (1 — B — )] ryeqr + BAS (g1 — k) (281)
why + 08 (if — kfy) = ul oy + [1— B(L = 0)] 7y + B0 (ij‘tﬂ - k;:) (282)
Capital-labor choice
ki1 — 1y =wp — 1y (283)
ki =1 =wp—rf (284)
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Marginal cost

=1 —a)w+ar—z (285)
= (1 - a)w; + ar; — z; (286)

Price setting (optimal bargaining), where U/ = IX—[l —(1-dm)p]+1
Upar = U —1+n)Pas+ (1 —n)u (287)
Uppe = U —1+n)Pse+ (L —n) (v +x4) (288)
Upgy = U —1+n)Pg, + (1 —n) (v — 24) (289)
Upjy = U —1+n)Pfy + (1= n); (290)

Marketing capital

mat = (1 — Om)Ma -1 + Omaay (291)
myr = (1—08m)mpi—1+ dmayy (292)
mZ,t (1- 5m)mdt 1+ 5mafl,t (293)
mey = (1= m)mp, 1 + dmay, (294)

Optimal marketing capital conditions

vt + Yo (Gd,t - md,tfl) = B(1 —6m) (Ut|t+1 + Uetft+1 — Uc,t) + BYom (ad,t|t+1 - md,t)
+ 1= (1 =6m)B] (he + Way —wmgy — (1 —w)myy) (295)

vt = Tt + Pom (age —myp-1) = B(1 = om) (”t\tﬂ = Tyt + Ul — UZt) + B0 (ager1 — M)
+ 1= (1= 6m)B] (ht + Wy —wmgy — (1 —w)my,) (296)

Uf + T + Yo (ai‘z,t - mZ},tfl) = B(1 = 6m) (U:\Hl + Zgje41 T Uete+1 — Uc,t) + BYom (afz,ﬂm - mz,t)
+ (1= (1= 0m)B] (A + Wiy — (1 = w)mi, —wmi,) (297)

v} +0m (g, —mas 1) = B — om) (U:|t+1 T Ug g1 — U:,t> + BYom (a},t\tﬂ - m?t)

+[1 =1 —=6,)8] (hi + Wi, — (1 —w)my, —wm},) (298)
Customer list
di = (1 —=6g)di—1 — o [wmay + (1 —w)myps] + 0 (Mg + he) (299)
fi=0=0n)fi—1 —0n [wmgs + (1 —w)mys] + 0m (mysy + hy) (300)
df = (1= 6g)di_y — 0 [(1 —w)ymjy, +wmb,| + 6m (mj, + hy) (301)
fE=0 =)y —ou [(1 —w)mj, +wm},] + 0u (m}, + hf) (302)
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Optimal customer list conditions

Wy = W (Upar —ve) + (1 —6m)p (Uc,t\t+1 — Uet + Wd,t|t+1)
Wi = W u [Pf,t —ze) —vf) + (1 —0m)p (ui,qm - uz,t + Wf,t\t+1)
Wczt = W (Z/l [pi‘z,t + xt] - Ut) +(1—3dm)B <uc,t|t+1 — Uct + W;,t|t+1>
Wi, = W U = v7) + (1= )8 (6 g1 — i+ W)
Retailer value
Jar = >1< (L{ _; * nPdt — Upq t> +(1—6m)B Uc,t|t+1 — Uy + Jd,t\t+1)
Jre = )1( (u ; T p Upp ) +(1—6)8 B (U1 — et + Tpij41)
Jc}:t - )1( <L{—171—|—77P;’t - Z/{pd,t) + (1 - 5H)B < Ue tjt+1 — u:,t + J;,t\tﬂ)
Ji = >1< <M —; Hp, - up;zt> (1= 0m)B (Wh s — e+ Tfgenn)

Free entry by retailers
we]dﬂj + (1 - w)Jth = Ut
(1- W)J:f,t + WJ}k,t =vf

. A OmbaW U—14n
Resource constraint, where W = T—(1=6,8 7

wdy 4+ (1 —w)d; + W (wags + (1 — w)agy) + xOmhy = (1 + W+ X5H> (2t + aki—1 + (1 — a)ly)

(1—w)fi +wff +W (wa}, + (1 —w)aj,) + x0mhi = (1 + W+ X5H) (2f + ok + (1 — )lf)

. . iss X da
Final goods market clearing, where ;= = (1 +W+ X5H) =i 1+77 155

N\
—_
|
Qﬁ‘s.

S8 iSS
35> Ct +F7’t =wfi + (1 -w)d;

UIP condition
R;( — Rt + xt‘t—i—l — Tt = —T (bt + nt)
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U-1 (SH 6m

Net foreign assets, where M = 977715 T—(1-01)8 1=(1-6,m)B

1 nU
by = —b,_ l—w)—"—" (dF — *
L= g0 1+ ( w)U—1+n(t fe+ e+ pg — D)
+ (L —w)M (v +aps —vf —a —ayy) (318)

3 Data Sources and Replication

Data sources. Data for the model section come from the replication package of Drozd and Nosal (2012),
available online from the American Economic Review. Most statistics are taken from that paper, and we use
their estimate of the TFP process. Original data sources are: OECD Main Economic Indicators (https:
//www.oecd.org/en/publications/main-economic—-indicators_16097319.html), Bureau
of Labor Statistics (import and export price indices, https://www.bls.gov/mxp/), International Monetary
Fund Direction of Trade Statistics (https://data.imf.org/en/datasets/IMF.STA: IMTS, currently
IMTS, previously DOTS), and Bureau of Economic Analysis (BEA) National Income and Product Accounts and
input—output tables (https://www.bea.gov/industry/input—output—-accounts—data).

In addition, as cited in the paper, we use the S&P Compustat North America (Fundamentals Annual) dataset
provided by Wharton Research Data Services (WRDS), and Bureau of Economic Analysis input—output ta-
bles at the detail level (BEA 402 Industry I-O Use Tables, benchmark years 2007, 2012, and 2017). The
NAICS crosswalk files are in the same folder and were downloaded from the BEA website in January 2025
(2017_to_2022 NAICS.x1sx,2022_to_ 2017 _NAICS.x1sx).

Replication of Table 1 (markups). Compustat: Run the Jupyter notebook compustat_markups.ipynb in
the replication package (Data folder). Due to proprietary data restrictions, the folder does not include the S&P 500
Compustat file. The code contains an automated download from WRDS. Prior to the download, WRDS credentials
need to be entered when prompted. I-O tables: See Excel file 2017_402_sectoral markups.xlsx (sheet
Table_1, Data folder). The file is linked, and the source data come from the 2017 SUT tables downloaded from
the BEA website in January 2025 (Use_SUT Framework 2017 .x1sx).

Replication of Tables 4— (model results). Run the Dynare codes from the replication package. Instructions are
in README . tXt.
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