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APPENDIX S.A: TECHNOLOGY

Assumptions. THERE ARE MULTIPLE FACTORS OF PRODUCTION indexed by n. L; =
{L;,} = 0 now denotes the exogenous vector of factor endowments in country i = H, F,
whereas w; = {w;,} denotes the vector of factor prices in country i. For each origin coun-
try i and destination country j, a firm with blueprint ¢ that uses [ = {/,} units of the
different factors can produce

max{0, gy (1, ¢) — fy(e)} "
qij(17 (P) = ( ) >
ﬂij(@)
where g;;(-, ¢) is homogeneous of degree 1, strictly quasiconcave, and y; > —1/0. Firms
choose their mix of factors to minimize their costs. This leads to the following demand for
factor n by a firm with blueprint ¢ from country i selling ¢ units in country j:

L n(q, Wi, @) = {Zij,n(wi; QD)[aij(QD)ql_wij +fij(¢’)], if g >0,

i T 0, otherwise,

where z; ,(w;, ¢) denotes the solution to min,{w; - I|g;(/, ¢) > 1}. Without loss of general-
ity, we normalize g;(/, ¢) so that at the equilibrium vector of factor prices, || z;(w;, ¢)|l =
1 for all ¢. For future reference, note that the cost function of a firm with blueprint ¢
from country i selling g units in country j is

Cij(q’ w;, gD) = Z wi,nzij,n(wb ¢)[aij(¢)q1+7ij + ﬁj(¢)]

Below, we let c;j(q, w;, ¢) and clfjf(q, w;, @) denote the first and second derivatives of the
cost function with respect to gq.
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2 A. COSTINOT, A. RODRIGUEZ-CLARE, AND I. WERNING

Micro and Macro Problems. Under the previous assumptions, our micro and macro
problems generalize as follows. Home’s production possibility frontier is given by

ZZ(QHF) E]m?x NH(C]HH({ZHH,n(QD)},(P))ldeH(GD),

HEHF J

Ny Z ljn(9)dGy (@) < Ly,, foralln,

j=H,F’®
/ Nit(qar([Lura(@)}. ) dGr (@) = Q2
()

with 1y; = {ly;.(@)} for j = H, F. Foreign’s offer curve is given by

W (Qui)= max | Neqili(e)dGr(e),

arH,OFF,wF J g

Nr /[MC}H(C]FH(QD), Wr, €D)C]FH(€0)] dGr(@) = Prr(Qrr) MRSE(Qpr, Orr)Qnr,

L= Lirn(Qrr, wr) + NF/ lFH,n(QFH((P), W, 90) dGr(¢), foralln,
()]

,U*C}H(C]FH(QD), Wr, GD)‘]FH(QD) = CrH (C]FH(QD), Wr, QD),

where
Ly n(Qrr, wr) = Np |:/ Irrn(qrr(@|QFr, Wr), Wr, @) dGF(¢)j|’
®
with
Grr(@|Qrr, wr), if uchp(Grr(@), wr, ©)qrr(@|Qrr, W)
qrr(@|QFF, Wr) = > crr(Grr(@|Qrr, Wr), Wr, @),
0, otherwise;
wCrp(qrr(@), we, @), if wchp(qrr(@), W, ©)qrr(@|Qrr, W)
prr(@|Qrr, wr) = > crr(qrr(@|Qrr, Wr), Wr, @),
o0, otherwise;

qrr(@|QFr, Wr) = [MC/FF(C_]FF(QD), Wr, (P)/PFF(QFFa wF)]_UQFFa
1/(—-0)
Prr(Qrr, wr) = (/ Nr(prr(@|Qrr, wF))l_U dGF((p)> )

(]

Home’s macro problem is given by

max Un(Quu, Qrn),

OnH.OFH.QHF

Orn < Qru(Qnr),
QHH = QHH(QHF)-
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Optimal Taxes. Solving the first micro problem as we did in our baseline analysis, one
can check that conditional on Qy, the optimal allocation coincides with the allocation
in the decentralized equilibrium. This reflects the fact that, conditional on the size of an
industry, the decentralized equilibrium under monopolistic competition with CES prefer-
ences is efficient, just like in our baseline analysis. It follows that the first part of Proposi-
tion 1 generalizes without qualification to environments with general technologies: (i) do-
mestic taxes are uniform across all domestic producers and (ii) export taxes are uniform
across all exporters.

Solving the second micro problem as we did in our baseline analysis, one can check that
the first-order condition that characterizes the output level of an unconstrained firm that
produces a nonzero amount is now given by

C;H (QZH((P): Wr, QD)CI?H(QD)>

1 u 1/p—1 _ / u (1
( /M)[qFH(¢)] Ar i (4 (), we, @) { 1+ o (Tru (9), Wr, @)

+ Z )\L,nl}-‘H,n (q;‘H((P)9 Wr, QD)

n
Given our restrictions on technology, this implies

Z ALaZrHn(WE, @)

/[ g (] = (@ (0 wrs @) | Arpe(l + yen) + <=
Z lUF,nZFH,n(wF, ®)

For all unconstrained firms with the same factor intensity z, that is, such that zzy (wr, ¢) =
z, optimal import tariffs must therefore be constant.

Turning to constrained firms, the one-dimensional subproblem of finding the amount
of foreign imports of variety ¢ is now

mqaqu/” - /\T/J’C}?H(q7 Wr, ¢)q - Z /\L,anH,n(qa Wr, @)7

/“Lc;-“[—[(q, Wr, ¢)q Z CFH(C]a Wr, (P)'

Focusing again on a subset of firms with the same factor intensity z, appealing to our
restrictions on technology and changing variables to § = ¢" ™%, fip = (14 yry)p, Ap(2) =
Y on AL azZrma(Wr, @), and Ar(2) = A7 Y, WraZru.(WE, @), this can be restated as

manéUﬂF - ;\T(Z),aFaFH(QD)C? - ;\L(z)[aFH((P)q + fFH(¢)]’
brqar (@) > qaru (@) + fru(e).
This is the same problem as in our baseline analysis. For firms with the same factor inten-

sity z, we therefore again have the implication that tariffs should be lower for a non-empty
set of less profitable firms.
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APPENDIX S.B: PREFERENCES

Assumptions.

The utility function of the representative agent in each country is given
by

=Ui({Q;» Qi)

k 1
0= | [ Ni(aio)™ acto| .
()]
with u* = o*/(c* — 1) and o* > 1 for all k.

Micro and Macro Problems. Under the previous assumptions, our micro and macro
problems generalize as follows. Home’s production possibility frontier is given by

Lu({Qfyr Oy ) = min N f s (a0, 0) dGly (0),

q1"/ Jk
k k 1/uk k k 1/uk .
NE [ (gh;(0) ™" dGl(9) = (0F;) ™, forall j, k.
(]

Fix a benchmark group k,. Foreign’s offer curve can be expressed as

Q108 105, )™ = max [ Ni(abyo)™" acioie),

{ak 1105 )

> N [ [waru (@)l (9)]dGE(0) = Ps(Qfr) MRSy ({Qfr5» OF}) Ol
k k

MRS/;kO({ HF> QFF}) = P;F(QJIEF)/PEV( ;(J)F)a for all k # ko,

Lp= Z[LéF(Qép) +Nj / L (950 (@), @) de:«o)}

k

k k
/ NE(qeu(@) ™ dGli(e) = Q)™ forall k # ko,
(O]
wary (45 (@), ©)qiy (@) = len (g (@), @),

where MRS}, ({04, 0%.1) = (9Ur/9Q%,)/(Ux/dQ%,) is the margmal rate of sub-
stitution between Home’s goods and Foreign’s goods within group & in Foreign and

MRS?‘“({QF D = (Ur/3Q%)/(0Ur /ﬁQfZ‘}) is the marginal rate of substitution between
Foreign’s goods in groups k and k, in Foreign. Home’s macro problem is given by

l‘nkaX " UH({QI;H{a QEH})’

{08 10K 1,105 1)

Oy = Qi ([ Qb 19016}
LH({Q];IH’ QlkiF}) =Ly
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Optimal Taxes. Using the same arguments as in the main text, group by group, one can
show that our qualitative results about the optimal structure of micro-level taxes continue
to hold. Specifically, within each group, domestic taxes are uniform across all domestic
producers, export taxes are uniform across all exporters with each group, and import taxes
are lower on the least profitable exporters from Foreign. Like in our baseline analysis,
the set of foreign firms for which there is positive discrimination is non-empty if and
only if the Lagrange multiplier on the trade balance condition, Ay, is strictly positive.
Compared to our baseline analysis, as well as the previous and subsequent extensions, the
only difference is that we can no longer rule out situations where Ay is weakly negative.

APPENDIX S.C: NUMBER OF COUNTRIES

Assumptions. Consider a strict generalization of our baseline environment with arbi-
trarily many countries. Home remains the only strategic country, whereas all countries
i # H are passive.

Micro and Macro Problems. Under the previous assumptions, our micro and macro
problems generalize as follows. Home’s production possibility frontier is given by

Ly({On}) EI(E}%}‘}INH[Z‘/;)ZHj(qu(QD% ?) dGH(GD)],
i

Ny / (qu(@) ™ dGu(9) = (O™, forall j.
]

Fix a benchmark foreign country i, ## H. We use labor in country i, as our numeraire,
w;, = 1. The offer curve from the rest of the world can be expressed as

(Qiott (1Qu1} i1, QuttYiigr)) " =

= max
(r Qi izn, j2H (Wi

/ Ny (i1 ()" dGy (@),
Jizig.H J o

Ni/[l’vwiﬂiH(<P)q1'H(<P)] dG(¢) + ZPij(Qij, w;) Qi

j#H

= P;(Qii, w;)) MRSy:(Qni, Qi) Oni + iji(jS; wj)jS; foralli # H,

#H

MRS;i(Qji, Qi) = Pji(Qji, w;)/P;i(Qii, w;), foralli# H and j# H,

Li=Y"Ly(@pw) 4 N, [ lu(aun(o). ¢)dGi(e), foralliH,
(O]

j#H
[ Mauto) ™ dGiten = Ol toralli# i, .
wain ()i (@) > L (qinr (@), ), forallis H,
where MRS;:(Q;i, 0i1) = (Q;;/Q:)~ "7 is the country i’s marginal rate of substitution be-

tween goods from country j and its own goods, and for any i # H and j # H, the price
indices, P;(Q;, w;), and employment levels, L;(Q;;, w;), associated with the sales from i
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to j are such that
Y 1/(1-0)
Pij(Qij; w;) = (/ Ni(Pij(<P|Qij, wi)) dGi(<P)) >
@

Lij(Qija w;) =N, |:/ lij((]ij(€0|Qij, w;), §0) dGi(‘P)j|,
@
with

7. . if wa: (o). w) > (G .
45(010y, wp) = 3i (¢ Qy, wy), i Maz,(ﬁo)sz,(qolQ,,,w,)_ (i (@104, w), @),
0, otherwise;
Mwiaij(QD), if Maij(¢)Qij(¢|Qij, w;) > llﬁf(‘_bjf(‘P|sz/, w;), 90),
0, otherwise;

pi(elQi, wy) :{

Qij(<P|QFF, Wr) = [Mwiaij(QD)/Pij(Qij, wi)]i(rQi/V
Home’s macro problem is given by

(Qg},?gfﬁ} UH({QiH});

Qion < Qign ({QHi}i;éioa {QiH}i;ﬁiU)a
LH({QHi}) =Ly.

Optimal Taxes. Using the same arguments as in the main text, country by country, one
can show that our qualitative results about the optimal structure of micro-level taxes are
unchanged: taxes should be uniform across Home firms selling to the same destination
country, whereas import taxes should be lower for a non-empty set of the least profitable
exporters from any given origin country.

APPENDIX S.D: FREE ENTRY

Assumptions. Producing any variety in country i requires an overhead fixed entry cost
in terms of domestic labor. Firms are heterogeneous in their fixed entry costs. N;(f¢)
denotes the measure of firms with entry costs below f¢ and f¢(-) denotes the inverse
of N;(-). Once firms have paid the overhead fixed cost, they randomly draw a blueprint
¢ € ® from the same distribution G;. A decentralized equilibrium with taxes is composed
of schedules of output, q;; = {g;;(¢)}, schedules of prices, p;; = { p;;(¢)}, aggregate output
levels, Q;;, aggregate price indices, P;;, wages, w;, and measures of entrants, N;, such that

o aste), it pag(e)@;i(e) = 1i(gi(e), @),
qi(¢) = {0, otherwise; (S.D.1)

(SD.2)

| piCe), if pa;(e)gi(e) = lij(qz'j(@), 90),
Pij(@) = e
0, otherwise;

QH/, QFj € arg max {Uj(QHj, QF/‘)

Onj,QFj

Y POy =wL; +11;

i=H,F
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f7 (N
- /0 w;fdN;(f°) + Tj}, (S.D.3)
P;'_U = / Ni[(l + tij(‘P))pij(‘P)]17” dGi(e), (S.D.4)
@
]Cie(Ni) = Z /;)[Maij(ﬁo)ql'j(@) - lij(ql'j(@), QD)] dG(¢), (S-D-S)
j=H,F

I, = N; Z /[Mwiai]‘(@)%j(@) - wilij(Qij(¢)a QD)] dGi(e), (S.D.6)
@

Jj=H,F

ff(ND
Li:Ni|:Z /q)lij(qij(qp)aqo)dGi(@)] +/0 fedNi(fe), (S.D.7)

j=H,F

T, = Z [[Dthﬁ(so)pﬁ(@)CIﬁ(GD)de(@D)

j=H,F

—fNiSij(QD)Pij(ﬁD)ql'j(€D)dGi(QD)j|- (S.D.8)
@

Micro and Macro Problems. Under the previous assumptions, our micro and macro
problems generalize as follows. Home’s production possibility frontier is given by

5N
LH(QHH:QHF)Eq min NH|:Z /lHj(CIHj(QD),QD)dGH(QD)]‘F/ fedNH(fe),
@ 0

HH-9HF NH
j=H,F

f Nir(quy(@))"™ dGr(9) = QYf, for j=H, F.
[}

Foreign’s offer curve is given by

Uk(Qur)=  max / Neg!™(0) dG(e),
(i)

q4rH,QFF,NF

Npg / marg(@)qru (@) dG (@) = Prr(Qrr, N,) MRSE(Qur, Orr)Qur
f;(NF) = wrr(Qrr, Nr) + /[MQFH(QD)QFH(QD) - ZFH(QFH(GD), QD)] dGr(e),

fF(NE)
LFZ/ fedNF(fe)+LFF(QFF,NF)+NF/ZFH(QFH(€D),€0)dGF(€D)7
0 )

marg(@)qru(e) = lFH(QFH(‘P), QD),

where expected profits and total employment associated with the local sales of foreign
firms, 7p(QFr, Nr) and Lpp(Qpr, Nr), are given by

WFF(QFFaNF)E//-LaFF(QD)QFF(QolQFF,NF)dGF((P)
>



8 A. COSTINOT, A. RODRIGUEZ-CLARE, AND I. WERNING

- / e (qer (01 Qrrs Ni) ) dGi(), (S.D.9)
(6]
Lrr(Qrr, Nr) = Np [/ 1FF(QFF(€0|QFF, Ng), <P) dGF(‘P)], (S.D.10)
@
with
qrr(@|Qrr, Nr), if parr(¢)qrr(@|Qrr, Nr)
qrr(@|Qpr, Nr) = > lrr(qrr(@1Qrr, NF), @),  (S.D.11)
0, otherwise;
marr(@), if parr(©)qrr(@|Qrr, Nr)
Prr(@|QFr, Np) = ZZF/(QFF(€D|QFF,NF), ¢), (S.D.12)
00, otherwise;
arr(@|Qrr, Nr) = [narr(@)/Pre(Qrr, Np)| * Qrr, (S.D.13)
1/(1-0)
Prr(Qrr, Nr) = (/ NF(pFF(¢|QFF7 NF))l_U dGF(€0)> . (5.D.14)
@

Home’s macro problem is given by

max Uu(Quu, Orn),

OHH,OFH . OHF

Orn < Oru(Qnr),
Ly(Quu, Qur) =Ly.

Optimal Taxes. Solving the first micro problem as we did in our baseline analysis, one
can check that conditional on Qyy, Onr, and Ny, the optimal allocation again coincides
with the allocation in the decentralized equilibrium:

(MaHj(QD)/)\Hj)ﬂI; if ¢ € Dy,
) = .D.1
qui(@1Onu, Qnrs Nu) {0’ otherwise, (S.D.15)

with @y, = {¢@: (u—1Dayj(¢)(mayj(¢)/Au;)~7 > fuj(¢)} the set of domestically produced
varieties sold in country j. The only difference compared to our baseline analysis is the
outer problem that minimizes over Ny. At an interior solution, the derivative of the value
function associated with the inner problem should be equal to zero. By the Envelope
theorem, this condition simplifies into

T (Np) = Z [D(AHj(QHj(¢|QHH7QHFaNH))l/M

j=H,F
— 1 (qu;(@|Qum, Qur, Nu), ¢)) dGr (). (S.D.16)

This determines the optimal measure of domestic entrants, Ny (Qgpy, Onr). The optimal
micro quantities are then given by u;(¢|Quu, Ounr) = qui(@|1Quu, Qurs Nu(Quu, Qur)).
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It follows that the first part of Proposition 1 also generalizes without qualification to en-
vironments with free entry: (i) domestic taxes are uniform across all domestic producers
and (ii) export taxes are uniform across all exporters.

To solve the second micro problem, we proceed as we did in our baseline analysis to
express optimal imports conditional on Qyr, Qpr and Ny as

(MXIFEH‘ZFH(QD))_U, ifoe (I);H,
CIFH(€0|QHF, Qrr, Nfp) = fFH(GD)/((M - 1)aFH(€0)), ifoe (I)fm, (S~D'17)
0, otherwise,

with x£, = AL + Az + (w — D)(Ar + Ag/Nr) > 0, where A is the Lagrange multiplier
associated with the free entry condition in Foreign, and the two sets of imported varieties
defined by

u
CI)FH
c
q)FH

{0 0 (@) € [(max{(AL — Ae/Nip)/xEs 1) X 00) ),
{@:0mu(e) € [AL + A1, xFn) ).

Since x%,; > 0, the constrained set ®%,, is non-empty if and only if Ay + Ag/Nr > 0. To
show that import taxes remain lower for a non-empty set of the least profitable exporters
from Foreign under free entry, it is therefore sufficient to establish that Ay + Ag/Np > 0.

We proceed by contradiction. Suppose that Ay + Az /Ny < 0. Consider the Lagrangian,

L Qur, Qe Ni) = [ Nigli(9)dGie)
®
+ Ar (PFF(QFF; Np)MRS:(Qpr, Qrr)OQnr
N / MaFH(QD)QFH(<P)dGF(¢)>
+ A (f;(NF) — wrr(Qrr, NF)
- f[MaFH(¢)QFH(¢) - lFH(QFH(GD)’ QD)] dGF(‘P))
TE(NF)
+)\L(LF—/ fedNF(fe)_LFF(QFF’NF)
0

- / Nelpn (C]FH(GD), (P) dGF(‘P))-
(]
At an interior optimum, we must have

IL({qru(@|OQur, Orr, Nr)}, Onr, Orr, Nr)
ONF

P , N,
= / a:t1(¢|1Qur, Qrr, Nr) dGr(@) + AT% MRS (Qrr, Qrr)Qur
® F
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df;(Nr) B dmpr(Qrr, NF))
dNpr INEg

—Ar / wara (@)qru(@|Qur, Orr, Np) dGr(@) + /\E(

ILpr(Qrr, Ni)

IN +/lFH(CIFH(GD|QHF,QFF,NF)),GD) dGr(e)
F @

- )\L(f;(NF) +

=0.

Under the assumption that Ay + Ax/Np <0, &5, is empty. Equation (S.D.17) therefore
implies

/q;/IfIL((JMQHFa QFF,NF))dGF((P):/:U’XJEHaFH(ﬁo)QFH((MQHFaQFF,NF)dGF(QD)-
® >

Substituting this expression into the previous first-order condition, we get

JP , N
M(% MRS Qs Orr) Qs
F
+ (p— 1)[ mary(©)qru(@|Qnr, OFr, NF)dGF(¢))

df¢(Nr) dmpr(Qrr, NF)
N,
NF< ANy —Nr INF

+ (n— 1)/ marn(@)qra(@|Qur, QFr, NF)dGF(<P))
®

ILpr(Qrr, NF)

—/\L(ff(NF)+ IN,

- / [MaFH(QD)QFH(€D|QHF, Orr, Nr) — lpn (CIFH(QD), ®|Qnr, OFr, NF)] dGF(QD))
@
=0.
Since Ay + Ag/Np <0, this further implies

A IPrp(Qrr, Nr)
! IN

dfi(Np) _ Imrr(Qrr, NF))

MRSF(Qpr, QFF)QHF) + AE( dN JN,
v F

ILpr(Qrr, NF)

—/\L<f,§(NF)—I— IN,

- f [MaFH(¢)QFH(¢|QHF’ Orr, Np) — IFH(QFH(§0)7 ¢|Qnur, Orr, NF)] dGF(SD))
[0}
> 0. (S§.D.18)

To simplify the previous expression, note that

Ler(Qer. Ne) =min Nr [ 1r2(are(9). €10, Ne) dGir(e),
FF (O]

f Neg!" (@) dGr(g) = QL.
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The counterpart of equation (S.D.15) for the foreign country therefore implies

ILpp(QFr, Nr) _

IN, _([D(:U*aFF(QD)QFF(CMQFFaNF)

—ZFF(CIFF((P|QFF,NF), QD)) dGF((P)), (8.D.19)

Substituting this expression into (S.D.18) and using the free entry condition (S.D.5) for
country i = F, we obtain

A dfi(Np)  0mer(QFr, NF) - IPrr(Qrr, NF)
E - > Ap——
dNyp INg INg

MRS#(Qur, Orr)Onr. (5.D.20)

To conclude, note that: (i) Ay > 0, (i) FEGEEND < 0, (jif) 2GR < 0, and

(iv) %]ZF) > 0. Condition (i) derives from the same argument as in Section 3.4. Con-

dition (ii) can be established by contradiction. If Prr(Qrr, Nr) were strictly increasing in
Np, then by equation (S.D.14), prr(¢|Qrr, Nr) would have to be strictly increasing in N
for some goods, which, in turn, would require grr(¢|Qrr, Nr) to be strictly decreasing in
Nr for those goods. By equation (S.D.13), this would require Prr(Qrr, Nr) to be strictly
decreasing in N, a contradiction. Condition (iii) derives from the fact that 7rr(q, ¢) =
warr(@)q — lpp(q, ¢) is strictly increasing in g and that since dPrp(Qrr, Np)/dNp <0,
qrr(@|Qrr, Nr) is decreasing in Nr. Finally, condition (iv) derives from the fact that f5(-)
is the inverse of a strictly increasing function.

Given conditions (i)—(iv), equation (S.D.20) implies Ax > 0. Since Ar > 0, this further
implies that A; + Ag/Nr > 0, a contradiction. This establishes that import taxes remain
lower for a non-empty set of the least profitable firms under free entry.

APPENDIX S.E: TwWO-PART TARIFFS

Assumptions. In addition to the ad valorem taxes available in our baseline model,
we now assume that Home’s government also has access to firm-specific fixed fees:

{sjz,j(go), tf;,(go)} j=n,r- In order to sell any amount in Home’s market, a firm with blueprint
¢ from country j needs to pay tfH(go). Conversely, any firm from Home that sells any
amount in market j receives s{,j(go). Foreign’s government is still passive.

Micro and Macro Problems. Under the previous assumptions, our first micro problem

and our macro problem are unchanged. The only difference is Foreign’s offer curve. It is
given by

O/t (Qur)= max | Npqlfi()dGr(e),

te9FH,QFF Y ©

Np /[M“FH(QD)CIFH((P) - fIJ:H(QD)] dGr(¢@) = Prr(Qrr) MRSE(Qpr, Orr)Qur,

L= Lrr(Qrr) +NF/ lFH(C]FH(QD), QD) dGr(e),
@

mary(@)qru(P) — f};H(GD) = lFH(QFH((P)a 90)-



12 A. COSTINOT, A. RODRIGUEZ-CLARE, AND I. WERNING

The Lagrangian associated with the one-dimensional subproblem of finding the amount
of foreign imports of variety ¢ is

n}lz}xq”“ — Ar[marn(@)q — t] = ALlpn(q, @) + An(@)[marn (@)q — t — lru(q, ©)].

Linearity with respect to ¢ implies A,(¢) = A7. Thus, this can be rearranged as

mqaxq”“ — (Ar + A lru(q, @).

Like in the case of domestic output and exports, this leads to the first-best level of g given
the Lagrange multipliers Ay and A;, implying that the non-negativity of profits does not
affect the level of imports.

Optimal Taxes. The first micro problem is unchanged, so the first part of Proposition 1
generalizes without qualification to environments with nonlinear taxes: (i) domestic taxes
are uniform across all domestic producers and (ii) export taxes are uniform across all
exporters.

Since the profitability constraint does not affect the level of g, we get the same variable

taxes on all foreign exporters. Fixed fees, {tj;H(@)}, however, vary. The same argument
as in the baseline implies that Ay > 0 and thus A,(¢) > 0. Hence, by complementary
slackness,

th (@) = [paru(©)qru () — lrn (qru (@), @) -

This implies that the fees extract all producer surplus from selling to Home, and hence
there is now positive discrimination across all firms, with lower fees on the least profitable
firms.

APPENDIX S.F: UNIFORM TAXES

Assumptions. Suppose that Home’s government is constrained to set uniform taxes:

tHF(()D) = lTHF, tHH((,D) = ZTHH, SHF(QD) = EHF, and SHH(QD) = EHH for all ©. FOI'CigIl’S govern-
ment is still passive.

Micro and Macro Problems. Compared to our baseline analysis, the only difference is
that the micro problems now include an additional constraint:

ql'j(@,)/ql'j(@) = (aij(QD/)/aij(éD))w for any ¢, ¢’ such that qij(¢/)’ qi(¢) >0. (S.E1)

For varieties from Home that are sold in any market, i = H and j = H, F, constraint
(S.E.1) was already satisfied by the solution to our first micro problem. So the value of
Ly (Qnu, Onr) remains unchanged. In contrast, for foreign varieties that are imported by
Home, i = F and j = H, constraint (S.F.1) will bind at the solution to our second micro
problem, leading to a new offer curve in Foreign. The other equations that characterize
the solution to Home’s relaxed planning problem are unchanged. In particular, one can
still reduce Home’s macro planning problem to

max Uu(Quu, Orn),

OnH.OFH . OHF

Orn < Qru(Qnr),
Ly(Quu, Qur) =Ly.
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Optimal Taxes. Starting from the macro problem, one can follow the exact same steps
as in our baseline analysis to show that

(L+7) /(1 + Bm)
(1+385,)/ (14 1)

= 1/7". (S.F2)

Conditional on Qgr, one can check that the decentralized equilibrium abroad must be
such that

MRS¢(Qur, Qrr(Qrn)) = Pur/Prr, (S.E3)
MRTF(QFHa QFF(QFH)) = Pry/Prr, (S.F4)
PurQur = Py Qru, (S.E5)

with f’FH the untaxed price of Home’s imports, and Qrr(Qry) given by the implicit solu-
tion of

Lr(Qru, Qrr) =Lp. (S.E6)

By equations (S.E3) and (S.F4), Home’s terms of trade can be expressed as

MRSF(QHF7 QFF(QFH))

P(Qrut, Q) = '
(Qrn, Qnr) MRTF(QFH,QFF(QFH))

(S.E7)

Combining equation (S.E.7) with the trade balance condition (S.E5), we can describe For-
eign’s offer curve implicitly as

P(Qru, Qur)Onr = Qru. (S.E8)

Totally differentiating the previous expression with respect to Home’s aggregate exports
and imports, Qyr and Qry, we obtain

n=+pur)/(1 = pru), (S.E9)

where Home’s terms-of-trade elasticities, p; = dIn P(Qry, Onr)/dInQ;;, can be com-
puted using equation (S.E7),

PHF = —1/0', (S.F.l())
pFHZ—(l/XFF—l)/O'—KF, (SFll)

with xpr = PrrQpr/(Lr + 1r) and kp = dInMRT#(Qru, Qrr(Qrr))/dIn Qpy.
Combining equation (S.F.2) with equations (S.F.9)-(S.E11), we obtain

U+ 7))/ (L + ) 1+ okpxg,

(1 + §ZF)/(1 + §;IH) (0 —Dxzp”’

where k} and xj are the values kr, and xpr evaluated at those taxes.
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To conclude, we show that x} < 0 whenever G has strictly positive density around

blueprints ¢ with profitability such that foreign firms are indifferent between selling and
not selling in at least one market j = H, F. By equation (S.F.4), we know that

(/ (aFH(QD))l_U dGF(Q"))
Pru
1/(-0) 2
</ (aFF(QD))l_U dGF(QD))
g

1/(1—0)

MRTF(QFH, QFF(QFH)) =

with the set of foreign varieties sold in market j = H, F such that

P = {4’ (e — 1)a}1~"j{r(§o)<NF‘/. a}j”(qo)de(go)) Orj > fFj(QD)}~
@

Fj

If QF; increases, @5 expands and ( f(ij(aFj(go))“" dGrp(@))/1= decreases. Further-
more, if Gy has strictly positive density around blueprints ¢ with profitability such
that foreign firms are indifferent between selling and not selling in market j,
( fq)F_(aF,(qo))I*” dGr(¢))/1=7 must strictly decrease. Since labor market clearing re-
;\GF

quires Qpr to be strictly decreasing in Qpy, it follows that MRTr(Qry, Orr(Qrr)) is
strictly decreasing in Qry whenever G has strictly positive density around blueprints ¢
with profitability such that foreign firms are indifferent between selling and not selling in
at least one market j = H, F.

APPENDIX S.G: NASH EQUILIBRIUM

Assumptions. Both governments are strategic and simultaneously set their taxes, tak-
ing the taxes of the other government as given. Namely, the government of country
i = H, F sets ad valorem taxes, ty; = {t4:(@)}, tri = {tri(@)}, i = {si (@)}, sir = {sir (@)},
in order to maximize the utility of the representative agent in country i, taking as given the
ad valorem taxes, ty; = {ty;j(@)}, tr; = {trj(@)}, Sjw = {s;u (@)}, sjr = {s;r(¢)}, in country
J # i. This leads to the following definition of a Nash equilibrium.

DEFINITION 1: At a Nash equilibrium, the government of country i = H, F solves

max Ui(QHi) QFi)7

(T} j=H,F{ji-8ij} j=H, F »wi- 43> Qij-Pij» Pijli, j=H,F
subject to conditions (S.D.1)—(S.D.8) taking as given {t;_;, s_;}j—u.r.

Planning Problem. The problem faced by the two countries is symmetric. Without loss
of generality, we focus on Home’s problem. It can be expressed as

max Uy(Quu, Orn),

AHH9FH9HF > QHH > QFF s QFH > QHF

aru (@)
Nen f Tt g0 dGr (o)

)1/M

=NH/ (qrr(e)

1+ tyr(e)
x MRSz (Qpr, QFF)QZ; dGy(p), (S.G.1)

Prr(Qrr)
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Lpr(QFr) + / NFIFH(CIFH(QD)a ‘P) dGp(@) =Ly, (8.G.2)
/ Ne(gru(9)) " dGr () = OFk, (S.G.3)

()]

mar(@)qra (@) > lpy (CIFH(QD), QD), (5.G.4)

[ Nula(o) " dGuior= Qlff, forj=H.F, (SG3)

()]

N [Z / Luj(q; (95 @) dGH(QD)] <Ly, (5.G.6)
J

with

1
Pl (Qrr) 2/ 1+ lrre)

1-o
F|:1 /J’aFF(QD)i| dGr(e),
d:napp(@)qrr(e|Qrr)=lrr (qrr(e|QFF),¢) + srr(@)

Lir(Qrr) = / Nrlrr(Grr(@|OFr), ¢) dGr (@),

¢:napp($)Grr(PlOFF)2IFF (GFF(@IOFF),¢)

1 -0
c‘zFF(golgFF):[ tlrrle) ””“0)} Orr.

1+ spp(@) Prr(Qrr)

Noting that MRSr(Qpyr, QFF)Q},/;T = }/ﬁ is independent of Qyr, we can solve Home’s
problem by first solving the relaxed problem,

max Un(Quu, Orn),

45 H9FH-9:FCHH>QFFOFH

Nip / @) () dGr(e)

1+ sru(ep)
(qHF((P))l/M
— Nu / YD) p (0 QY dGu(e),  (5.G.7)
1+ tyr(ep)

Lir(Qrr) +/NF1FH(QFH(§D), QD) dGr(¢)=Lr, (5.G.8)

/ Ne(grn(@)) ™ dGr(e) = O, (S.G.9)
[
wary (@) qru(®) = len (qru (@), @), (S.G.10)
| Nulaun(e)) ™ dGute) = Ol (S.G.11)
[
N [Z/ZHJ(CIH]'(QD), ¢) dGH(QD):| <Ly, (S.G.12)
J

and then setting Qyr such that constraint (S.G.5) holds for j = F. To solve for the op-
timal micro quantities qyy, qur, and qry associated with the previous problem, we can
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use the same argument as in our baseline analysis and solve a series of one-dimensional
Lagrangian problems.

Let A%, AlZ,,, and A, > 0 denote the Lagrange multipliers associated with constraints
(S.G.7), (S.G.11), and (S.G.12), respectively.! Superscripts H keep track of the fact that
these Lagrange multipliers all correspond to country H’s planning problem. The La-
grangian associated with the one-dimensional sub-problem for domestic sales and exports
can be expressed as

mqin lHj(q7 (P) - ;\Zj(¢)q1/ﬂ’
with
Al (@) = At /AT,
Nie(9) = N [P (Qr) QU 1/ [y (1 + ()]

Likewise, let AZ, and A%, > 0 denote the Lagrange multipliers associated with constraints
(S.G.8) and (S.G.9), respectively.” The Lagrangian associated with the one-dimensional
sub-problem for imports can be expressed as

mqaxq”“ — M (@)parn(¢)q — M len(q, @),

marg(@)q > lru(q, @),
with

M) = M /[(1+ spu (@) AR, ],
M=\ N

To solve the two previous micro problems, one can simply substitute XgH«p), ;\ZF(go),
M(@), and A, for Ayy, Ayr, Ar, and A, into the solutions derived in Sections 3.2 and 3.3.

Nash Taxes. By comparing the solution to Home’s planning problem to the decentral-
ized equilibrium with taxes, as we did in Sections 4.1 and 4.2, we can characterize Home’s
best-response to a given schedule of Foreign’s taxes and subsidies. Fix a benchmark va-
riety ¢uy € @yy that is sold domestically, with s5%, = 8% (o) and 58 = 28 (oun);
a benchmark variety ¢r € @y that is exported, with s2% = s8R (or), and a benchmark

variety ¢py € ®%,, that is imported, with £} = 128 (¢rm). One can check that

(1+s58(@) /(1 +t25()) = (L+sB8) /(1 + 158, if ¢ € Dyu,

To see that AY, > 0, suppose, by contradiction, that A¥,, = 0. By complementary slackness, inequality
(S.G.12) must then be slack. If so, one can strictly increase g (¢) for a positive measure of blueprints ¢ and,
in turn, strictly increase Qppy and Uy, a contradiction.

To see that A, > 0, note that at an interior optimum of Home’s planning problem, the first-order condition
with respect to Qry implies

dUy(Qpu, Orn) —\H 1/p—1
- 3. — *FH

> 0.
dOrn o
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SHF((P)—SHI;, if ¢ € Dy,

A (L + s (@) + pAY

1+ 08 1, ifpedt

B (p) = (1 +52) ALe(1+ ser(@rm)) + pAT ¢ Frn
1 Mo

(1 4o ) ( +SFH(€D)) rr Orn (@) L1 ifgeds,,

Ne(1+ seu(@rn)) + pAf

Analogous expressions hold for the best-response policies in Foreign.

Let {s{]‘.’ E(p), tl’j"E (¢)} denote the Nash taxes. At a Nash equilibrium, both Home and
Foreign simultaneously play best-response. For domestic taxes, the equilibrium condi-
tions for ¢ € @y and ¢ € @ immediately imply that, like in our baseline analysis, Nash
domestic taxes should be uniform across firms. For trade taxes, we can simultaneously
solve for Nash export taxes by Foreign and import tariffs at Home by using our charac-
terization of s5K (o), evaluated at try(¢) = t58(¢), and our characterization of 2% (¢),
evaluated at spy (@) = s2R (¢). This implies that

SFH(¢)—SFH7 if ¢ € Dpy,

(1 + sy ))\II;IHOFH(QD)
()‘fF(l + SFH) + M/\IT{)

tNE(go)_(1+tN§)min{1, }—1, if o € Dpy.

Analogous expressions hold for Nash import tariffs in Foreign and export subsidies at
Home.
We have already argued that A%, > 0. We must also have

MM+ () /[(L+ sy Ad,] > 0.

Otherwise, Home’s optimal imports would be infinite for the same reason as in Sec-
tion 3.2. Thus, import tariffs at Home strictly increase with the profitability of foreign
exporters, Ory (@) for all ¢ € @4, whereas export subsidies are constant, like in our base-
line analysis.

To conclude, we now demonstrate that @5, is non-empty so that import tariffs must be
non-discriminatory over some range at a Nash equilibrium. For the one-dimensional La-
grangian problem for exports, min, /7 (g, ¢) — M (@)g"*, to admit a nonzero solution
for at least some ¢, we know that

At p(@) = M Pre(Qrr) QFF /[ My (1 + tur(9))] > 0

This implies A% > 0. For the same reasons as in Section 4.4, it follows that &5, is non-
empty.

Co-editor Fabrizio Zilibotti handled this manuscript.
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