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Abstract

This appendix characterizes the structure of optimal taxes in environments with

general technologies, general preferences, multiple countries, free entry, two-part tar-

iffs, uniform taxes, and strategic foreign governments.
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A Technology

Assumptions. There are multiple factors of production indexed by n. Li ≡ {Li,n} ≥ 0 now

denotes the exogenous vector of factor endowments in country i = H, F, whereas wi ≡ {wi,n}
denotes the vector of factor prices in country i. For each origin country i and destination country

j, a firm with blueprint ϕ that uses l ≡ {ln} units of the different factors can produce

qij(l, ϕ) =

(
max{0, gij(l, ϕ)− fij(ϕ)}

aij(ϕ)

)1/(1+γij)

,

where gij(·, ϕ) is homogeneous of degree one, strictly quasiconcave, and γij > −1/σ. Firms

choose their mix of factors to minimize their costs. This leads to the following demand for factor

n by a firm with blueprint ϕ from country i selling q units in country j:

lij,n(q, wi, ϕ) =

zij,n(wi, ϕ)[aij(ϕ)q1+γij + fij(ϕ)] if q > 0,

0 otherwise,

where zij,n(wi, ϕ) denotes the solution to minl{wi · l|gij(l, ϕ) ≥ 1}. Without loss of generality, we

normalize gij(l, ϕ) so that at the equilibrium vector of factor prices, ||zij(wi, ϕ)|| = 1 for all ϕ. For

future reference note that the cost function of a firm with blueprint ϕ from country i selling q units

in country j is

cij(q, wi, ϕ) = ∑
n

wi,nzij,n(wi, ϕ)[aij(ϕ)q1+γij + fij(ϕ)].

Below we let c′ij(q, wi, ϕ) and c′′ij(q, wi, ϕ) denote the first and second derivatives of the cost function

with respect to q.

Micro and Macro Problems. Under the previous assumptions, our micro and macro problems

generalize as follows. Home’s production possibility frontier is given by

Q1/µ
HH(QHF) ≡ max

lHH,lHF

ˆ
Φ

NH(qHH({lHH,n(ϕ)}, ϕ))1/µdGH(ϕ)

NH ∑
j=H,F

ˆ
Φ

lHj,n(ϕ)dGH(ϕ) ≤ LH,n, for all n,

ˆ
Φ

NH(qHF({lHF,n(ϕ)}, ϕ))1/µdGH(ϕ) ≥ Q1/µ
HF .
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with lHj ≡ {lHj,n(ϕ)} for j = H, F. Foreign’s offer curve is given by

Q1/µ
FH (QHF) ≡ max

qFH,QFF ,wF

ˆ
Φ

NFq1/µ
FH (ϕ)dGF(ϕ))

NF

ˆ
[µc′FH(qFH(ϕ), wF, ϕ)qFH(ϕ)]dGF(ϕ) = PFF(QFF)MRSF(QHF, QFF)QHF

LF,n = LFF,n(QFF, wF) + NF

ˆ
Φ

lFH,n(qFH(ϕ), wF, ϕ)dGF(ϕ), for all n,

µc′FH(qFH(ϕ), wF, ϕ)qFH(ϕ) ≥ cFH(qFH(ϕ), wF, ϕ),

where

LFF,n(QFF, wF) ≡ NF[

ˆ
Φ

lFF,n(qFF(ϕ|QFF, wF), wF, ϕ)dGF(ϕ)].

with

qFF(ϕ|QFF, wF) =

q̄FF(ϕ|QFF, wF) if µc′FF(q̄FF(ϕ), wF, ϕ)q̄FF(ϕ|QFF, wF) ≥ cFF(q̄FF(ϕ|QFF, wF), wF, ϕ),

0 otherwise;

pFF(ϕ|QFF, wF) =

µc′FF(qFF(ϕ), wF, ϕ) if µc′FF(qFF(ϕ), wF, ϕ)qFF(ϕ|QFF, wF) ≥ cFF(qFF(ϕ|QFF, wF), wF, ϕ),

∞ otherwise;

q̄FF(ϕ|QFF, wF) = [µc′FF(q̄FF(ϕ), wF, ϕ)/PFF(QFF, wF)]
−σQFF,

PFF(QFF, wF) =

(ˆ
Φ

NF(pFF(ϕ|QFF, wF))
1−σdGF(ϕ)

)1/(1−σ)

.

Home’s macro problem is given by

max
QHH ,QFH ,QHF

UH(QHH, QFH)

QFH ≤ QFH(QHF),

QHH = QHH(QHF).

Optimal Taxes. Solving the first micro problem as we did in our baseline analysis, one can

check that conditional on QHF, the optimal allocation coincides with the allocation in the decen-

tralized equilibrium. This reflects the fact that, conditional on the size of an industry, the decen-

tralized equilibrium under monopolistic competition with CES preferences is efficient, just like in

our baseline analysis. It follows that the first part of Proposition 1 generalizes without qualifica-

tion to environments with general technologies: (i) domestic 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
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non-zero amount is now given by

(1/µ)[qu
FH(ϕ)]1/µ−1 =λTµc′FH(q

u
FH(ϕ), wF, ϕ)(1 +

c′′FH(q
u
FH(ϕ), wF, ϕ)qu

FH(ϕ)

c′FH(q
u
FH(ϕ), wF, ϕ)

)

+ ∑
n

λL,nl′FH,n(q
u
FH(ϕ), wF, ϕ).

Given our restrictions on technology, this implies

(1/µ)[qu
FH(ϕ)]1/µ−1 = c′FH(q

u
FH(ϕ), wF, ϕ)[λTµ(1 + γFH) +

∑n λL,nzFH,n(wF, ϕ)

∑n wF,nzFH,n(wF, ϕ)
].

For all unconstrained firms with the same factor intensity z, i.e. such that zFH(wF, ϕ) = z, optimal

import tariffs must therefore be constant.

Turning to constrained firms, the one-dimensional subproblem of finding the amount of for-

eign imports of variety ϕ is now

max
q

q1/µ − λTµc′FH(q, wF, ϕ)q−∑
n

λL,nlFH,n(q, wF, ϕ),

µc′FH(q, wF, ϕ)q ≥ cFH(q, wF, ϕ).

Focusing again on a subset of firms with the same factor intensity z, appealing to our restrictions

on technology and changing variables to q̃ = q1+γFH , µ̃F = (1 + γFH) µ,λ̃L(z) = ∑n λL,nzFH,n(wF, ϕ),

and λ̃T(z) = λT ∑n wF,nzFH,n(wF, ϕ), this can be restated as

max
q̃

q̃1/µ̃F − λ̃T(z)µ̃FaFH(ϕ)q̃− λ̃L(z) [aFH(ϕ)q̃ + fFH (ϕ)] ,

µ̃F q̃aFH(ϕ) ≥ q̃aFH(ϕ) + fFH (ϕ) .

This is the same problem as in our baseline analysis. For firms with the same factor intensity z,

we therefore again have the implication that tariffs should be lower for a non-empty set of less

profitable firms.

B Preferences

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

Uj = Uj({Qk
Hj, Qk

Fj}),

Qk
ij = [

ˆ
Φ

Nk
i (q

k
ij(ϕ))1/µk

dGk
i (ϕ)]µ

k
,

with µk ≡ σk/(σk − 1) and σk > 1 for all k.
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Micro and Macro Problems. Under the previous assumptions, our micro and macro problems

generalize as follows. Home’s production possibility frontier is given by

LH({Qk
HH, Qk

HF}) ≡ min
{qk

Hj}
∑
j,k

Nk
H

ˆ
Φ

lHj(qk
Hj(ϕ), ϕ)dGk

H(ϕ)

Nk
H

ˆ
Φ
(qk

Hj(ϕ))1/µk
dGk

H(ϕ) ≥ (Qk
Hj)

1/µk
, for all j, k.

Fix a benchmark group k0. Foreign’s offer curve can be expressed as

(
Qk0

FH({Q
k
FH}k 6=k0 , {Qk

HF})
)1/µk0

≡ max
{qk

FH},{Qk
FF}

ˆ
Φ

Nk0
F (qk0

FH(ϕ))1/µk0 dGk0
F (ϕ))

∑
k

Nk
F

ˆ
[µaFH(ϕ)qk

FH(ϕ)]dGk
F(ϕ)

= ∑
k

Pk
FF(Q

k
FF)MRSk

HF({Qk′
HF, Qk′

FF})Qk
HF,

MRSkk0
F ({Qk′

HF, Qk′
FF}) = Pk

FF(Q
k
FF)/Pk0

FF(Q
k0
FF) for all k 6= k0,

LF = ∑
k

[
Lk

FF(Q
k
FF) + Nk

F

ˆ
Φ

lFH(qk
FH(ϕ), ϕ)dGk

F(ϕ)

]
,

ˆ
Φ

Nk
F(qFH(ϕ))1/µk

dGk
F(ϕ) ≥

(
Qk

FH

)1/µk

for all k 6= k0,

µaFH(qk
FH(ϕ), ϕ)qk

FH(ϕ) ≥ lFH(qk
FH(ϕ), ϕ),

where MRSk
HF({Qk′

HF, Qk′
FF}) ≡ (∂UF/∂Qk

HF)/(∂UF/∂Qk
FF) is the marginal rate of substitution

between Home’s goods and Foreign’s goods within group k in Foreign and MRSkk0
F ({Qk′

F }) ≡
(∂UF/∂Qk

FF)/(∂UF/∂Qk0
FF) is the marginal rate of substitution between Foreign’s goods in groups

k and k0 in Foreign. Home’s macro problem is given by

max
{Qk

HH},{Qk
FH},{Qk

HF}
UH({Qk

HH, Qk
FH})

Qk0
FH ≤ Qk0

FH({Q
k
FH}k 6=k0 , {Qk

HF}),

LH({Qk
HH, Qk

HF}) = LH.

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 the Lagrange multiplier on the trade bal-

ance condition, λT, is strictly positive. Compared to our baseline analysis, as well as the previous
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and subsequent extensions, the only difference is that we can no longer rule out situations where

λT is weakly negative.

C Number of Countries

Assumptions. Consider a strict generalization of our baseline environment with arbitrarily

many countries. Home remains the only strategic country, whereas all countries i 6= 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

LH({QHj}) ≡ min
{qHj}

NH [∑
j

ˆ
Φ

lHj(qHj(ϕ), ϕ)dGH(ϕ)]

NH

ˆ
Φ
(qHj(ϕ))1/µdGH(ϕ) ≥ (QHj)

1/µ, for all j.

Fix a benchmark foreign country i0 6= H. We use labor in country i0 as our numeraire, wi0 = 1.

The offer curve from the rest of the world can be expressed as

(
Qi0 H({QHj}j 6=H, {QiH}i 6=i0,H)

)1/µ ≡ max
{qiH},{Qij}i 6=H,j 6=H ,{wi}i 6=i0,H

ˆ
Φ

Ni0(qi0 H(ϕ))1/µdGi0(ϕ)

Ni

ˆ
[µwiaiH(ϕ)qiH(ϕ)]dGi(ϕ) + ∑

j 6=H
Pij(Qij, wi)Qij

= Pii(Qii, wi)MRSHi(QHi, Qii)QHi + ∑
j 6=H

Pji(Qji, wj)Qji for all i 6= H,

MRSji(Qji, Qii) = Pji(Qji, wj)/Pii(Qii, wi) for all i 6= H and j 6= H,

Li = ∑
j 6=H

Lij(Qij, wi) + Ni

ˆ
Φ

liH(qiH(ϕ), ϕ)dGi(ϕ), for all i 6= H,

ˆ
Φ

Ni(qiH(ϕ))1/µdGi(ϕ)) ≥ Q1/µ
iH , for all i 6= i0, H,

µaiH(ϕ)qiH(ϕ) ≥ liH(qiH(ϕ), ϕ), for all i 6= H.

where MRSji(Qji, Qii) ≡ (Qji/Qii)
−1/σ is the country i’s marginal rate of substitution between

goods from country j and its own goods and for any i 6= H and j 6= H, the price indices,

Pij(Qij, wi), and employment levels, Lij(Qij, wi), associated with the sales from i to j are such that

Pij(Qij, wi) =

(ˆ
Φ

Ni(pij(ϕ|Qij, wi))
1−σdGi(ϕ)

)1/(1−σ)

,
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Lij(Qij, wi) ≡ Ni[

ˆ
Φ

lij(qij(ϕ|Qij, wi), ϕ)dGi(ϕ)],

with

qij(ϕ|Qij, wi) =

q̄ij(ϕ|Qij, wi) , if µaij(ϕ)q̄ij(ϕ|Qij, wi) ≥ lij(q̄ij(ϕ|Qij, wi), ϕ),

0 , otherwise;

pij(ϕ|Qij, wi) =

µwiaij(ϕ) , if µaij(ϕ)qij(ϕ|Qij, wi) ≥ lij(q̄ij(ϕ|Qij, wi), ϕ),

∞ , otherwise;

q̄ij(ϕ|QFF, wF) = [µwiaij(ϕ)/Pij(Qij, wi)]
−σQij.

Home’s macro problem is given by

max
{QHi ,QiH}

UH({QiH})

Qi0 H ≤ Qi0 H({QHi}i 6=i0 , {QiH}i 6=i0),

LH({QHi}) = LH.

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 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.

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. Ni( f e) denotes the measure

of firms with entry costs below f e and f e
i (·) denotes the inverse of Ni(·). Once firms have paid the

overhead fixed cost, they randomly draw a blueprint ϕ ∈ Φ from the same distribution Gi. A de-

centralized equilibrium with taxes is composed of schedules of output, qij ≡ {qij(ϕ)}, schedules

of prices, pij ≡ {pij(ϕ)}, aggregate output levels, Qij, aggregate price indices, Pij, wages, wi, and
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measures of entrants, Ni, such that

qij(ϕ) =

q̄ij(ϕ) if µaij(ϕ)q̄ij(ϕ) ≥ lij(q̄ij(ϕ), ϕ),

0 otherwise,
(D.1)

pij(ϕ) =

 p̄ij(ϕ) if µaij(ϕ)qij(ϕ) ≥ lij(qij(ϕ), ϕ),

∞ otherwise,
(D.2)

QHj, QFj ∈ arg max
Q̃Hj,Q̃Fj

{Uj(Q̃Hj, Q̃Fj)|∑i=H,F PijQ̃ij = wjLj + Tj}, (D.3)

P1−σ
ij =

ˆ
Φ

Ni[(1 + tij(ϕ))pij(ϕ)]1−σdGi(ϕ), (D.4)

f e
i (Ni) = ∑j=H,F

ˆ
Φ
[µaij(ϕ)qij(ϕ)− lij(qij(ϕ), ϕ)]dGi(ϕ), (D.5)

Li = Ni[∑j=H,F

ˆ
Φ

lij(qij(ϕ), ϕ)dGi(ϕ)] +

ˆ f e
i (Ni)

0
f edNi( f e), (D.6)

Ti = ∑j=H,F[

ˆ
Φ

Njtji(ϕ)pji(ϕ)qji(ϕ)dGj(ϕ)−
ˆ

Φ
Nisij(ϕ)pij(ϕ)qij(ϕ)dGi(ϕ)]. (D.7)

Micro and Macro Problems. Under the previous assumptions, our micro and macro problems

generalize as follows. Home’s production possibility frontier is given by

LH(QHH, QHF) ≡ min
qHH,qHF,NH

NH [ ∑
j=H,F

ˆ
Φ

lHj(qHj(ϕ), ϕ)dGH(ϕ)] +

ˆ f e
H(NH)

0
f edNH( f e)

ˆ
Φ

NH(qHj(ϕ))1/µdGH(ϕ) ≥ Q1/µ
Hj , for j = H, F.

Foreign’s offer curve is given by

Q1/µ
FH (QHF) ≡ max

qFH,QFF ,NF

ˆ
Φ

NFq1/µ
FH (ϕ)dGF(ϕ))

NF

ˆ
µaFH(ϕ)qFH(ϕ)dGF(ϕ) = PFF(QFF, NF)MRSF(QHF, QFF)QHF

f e
F(NF) = πFF(QFF, NF)

+

ˆ
[µaFH(ϕ)qFH(ϕ)− lFH(qFH(ϕ), ϕ)]dGF(ϕ),

LF =

ˆ f e
F(NF)

0
f edNF( f e) + LFF(QFF, NF) + NF

ˆ
Φ

lFH(qFH(ϕ), ϕ)dGF(ϕ),

µaFH(ϕ)qFH(ϕ) ≥ lFH(qFH(ϕ), ϕ),

8



where expected profits and total employment associated with the local sales of foreign firms,

πFF(QFF, NF) and LFF(QFF, NF), are given by

πFF(QFF, NF) ≡
ˆ

Φ
µaFF(ϕ)qFF(ϕ|QFF, NF)dGF(ϕ)−

ˆ
Φ

lFF(qFF(ϕ|QFF, NF), ϕ)dGF(ϕ), (D.8)

LFF(QFF, NF) ≡ NF[

ˆ
Φ

lFF(qFF(ϕ|QFF, NF), ϕ)dGF(ϕ)]. (D.9)

with

qFF(ϕ|QFF, NF) =

q̄FF(ϕ|QFF, NF) , if µaFF(ϕ)q̄FF(ϕ|QFF, NF) ≥ lFF(q̄FF(ϕ|QFF, NF), ϕ),

0 , otherwise;
(D.10)

pFF(ϕ|QFF, NF) =

µaFF(ϕ) , if µaFF(ϕ)qFF(ϕ|QFF, NF) ≥ lFj(qFF(ϕ|QFF, NF), ϕ),

∞ , otherwise;
(D.11)

q̄FF(ϕ|QFF, NF) = [µaFF(ϕ)/PFF(QFF, NF)]
−σQFF, (D.12)

PFF(QFF, NF) =

(ˆ
Φ

NF(pFF(ϕ|QFF, NF))
1−σdGF(ϕ)

)1/(1−σ)

. (D.13)

Home’s macro problem is given by

max
QHH ,QFH ,QHF

UH(QHH, QFH)

QFH ≤ QFH(QHF),

LH(QHH, QHF) = LH.

Optimal Taxes. Solving the first micro problem as we did in our baseline analysis, one can

check that conditional on QHH, QHF, and NH, the optimal allocation again coincides with the

allocation in the decentralized equilibrium:

qHj(ϕ|QHH, QHF, NH) =

{
(µaHj(ϕ)/λHj)

−σ, if ϕ ∈ ΦHj,

0, otherwise,
(D.14)

with ΦHj ≡ {ϕ : (µ − 1)aHj(ϕ)(µaHj(ϕ)/λHj)
−σ ≥ fHj(ϕ)} 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 NH. At an interior solution, the derivative of the value function as-

sociated with the inner problem should be equal to zero. By the Envelope Theorem, this condition

simplifies into

f e
H(NH) = ∑

j=H,F

ˆ
Φ
(λHj(qHj(ϕ|QHH, QHF, NH))

1/µ − lHj(qHj(ϕ|QHH, QHF, NH), ϕ))dGH(ϕ).

(D.15)
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This determines the optimal measure of domestic entrants, NH(QHH, QHF). The optimal micro

quantities are then given by qHj(ϕ|QHH, QHF) ≡ qHj(ϕ|QHH, QHF, NH(QHH, QHF)). It follows

that the first part of Proposition 1 also generalizes without qualification to environments 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 QHF, QFF and NF as

qFH(ϕ|QHF, QFF, NF) =


(µχE

FHaFH(ϕ))−σ , if ϕ ∈ Φu
FH,

fFH(ϕ)/((µ− 1)aFH(ϕ)) , if ϕ ∈ Φc
FH,

0 , otherwise,

(D.16)

with χE
FH ≡ λL + λT + (µ− 1)(λT + λE/NF) > 0, where λE is the Lagrange multiplier associated

with the free-entry condition in Foreign, and the two sets of imported varieties defined by

Φu
FH ≡ {ϕ : θFH(ϕ) ∈ [(max{(λL − λE/NF)/χE

FH, 1})1/σχE
FH, ∞)},

Φc
FH ≡ {ϕ : θFH(ϕ) ∈ [λL + λT, χE

FH)}.

Since χE
FH > 0, the constrained set Φc

FH is non-empty if and only if λT + λE/NF > 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 λT + λE/NF > 0.

We proceed by contradiction. Suppose that λT + λE/NF ≤ 0. Consider the Lagrangian,

L(qFH, QHF, QFF, NF) =

ˆ
Φ

NFq1/µ
FH (ϕ)dGF(ϕ))

+ λT(PFF(QFF, NF)MRSF(QHF, QFF)QHF − NF

ˆ
µaFH(ϕ)qFH(ϕ)dGF(ϕ))

+ λE( f e
F(NF)− πFF(QFF, NF)−

ˆ
[µaFH(ϕ)qFH(ϕ)− lFH(qFH(ϕ), ϕ)]dGF(ϕ))

+ λL(LF −
ˆ f e

F(NF)

0
f edNF( f e)− LFF(QFF, NF)−

ˆ
Φ

NFlFH(qFH(ϕ), ϕ)dGF(ϕ)).
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At an interior optimum, we must have

∂L({qFH(ϕ|QHF, QFF, NF)}, QHF, QFF, NF)

∂NF

=

ˆ
Φ

q1/µ
FH (ϕ|QHF, QFF, NF)dGF(ϕ) + λT

∂PFF(QFF, NF)

∂NF
MRSF(QHF, QFF)QHF

− λT

ˆ
µaFH(ϕ)qFH(ϕ|QHF, QFF, NF)dGF(ϕ) + λE

(
d f e

F(NF)

dNF
− ∂πFF(QFF, NF)

∂NF

)
− λL( f e

F(NF) +
∂LFF(QFF, NF)

∂NF
+

ˆ
Φ

lFH(qFH(ϕ|QHF, QFF, NF)), ϕ)dGF(ϕ)) = 0

Under the assumption that λT + λE/NF ≤ 0, Φc
FH is empty. Equation (D.16) therefore implies

ˆ
Φ

q1/µ
FH (ϕ|QHF, QFF, NF))dGF(ϕ) =

ˆ
Φ

µχE
FHaFH(ϕ)qFH(ϕ|QHF, QFF, NF)dGF(ϕ).

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

λT

(
∂PFF(QFF, NF)

∂NF
MRSF(QHF, QFF)QHF + (µ− 1)

ˆ
Φ

µaFH(ϕ)qFH(ϕ|QHF, QFF, NF)dGF(ϕ))

)
+

λE

NF

(
NF

d f e
F(NF)

dNF
− NF

∂πFF(QFF, NF)

∂NF
+ (µ− 1)

ˆ
Φ

µaFH(ϕ)qFH(ϕ|QHF, QFF, NF)dGF(ϕ))

)
−λL

(
f e
F(NF) +

∂LFF(QFF, NF)

∂NF
−
ˆ

Φ
[µaFH(ϕ)qFH(ϕ|QHF, QFF, NF)− lFH(qFH(ϕ), ϕ|QHF, QFF, NF)] dGF(ϕ)

)
=0.

Since λT + λE/NF ≤ 0, this further implies

λT

(
∂PFF(QFF, NF)

∂NF
MRSF(QHF, QFF)QHF

)
+ λE

(
d f e

F(NF)

dNF
− ∂πFF(QFF, NF)

∂NF

)
−λL

(
f e
F(NF) +

∂LFF(QFF, NF)

∂NF
−
ˆ

Φ
[µaFH(ϕ)qFH(ϕ|QHF, QFF, NF)− lFH(qFH(ϕ), ϕ|QHF, QFF, NF)] dGF(ϕ)

)
≥0. (D.17)

To simplify the previous expression, note that

LFF(QFF, NF) = min
qFF

NF

ˆ
Φ

lFF(qFF(ϕ), ϕ|QFF, NF)dGF(ϕ)
ˆ

Φ
NFq1/µ

FF (ϕ)dGF(ϕ) ≥ Q1/µ
FF .

The counterpart of equation (D.14) for the foreign country therefore implies

∂LFF(QFF, NF)

∂NF
= −(

ˆ
Φ
(µaFF(ϕ)qFF(ϕ|QFF, NF)− lFF(qFF(ϕ|QFF, NF), ϕ))dGF(ϕ)), (D.18)
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Substituting this expression into (D.17) and using the free entry condition (D.5) for country i = F,

we obtain

λE(
d f e

F(NF)

dNF
− ∂πFF(QFF, NF)

∂NF
) ≥ −λT

∂PFF(QFF, NF)

∂NF
MRSF(QHF, QFF)QHF. (D.19)

To conclude, note that: (i) λT > 0, (ii) ∂PFF(QFF ,NF)
∂NF

≤ 0, (iii) ∂πFF(QFF ,NF)
∂NF

≤ 0, and (iv)
d f e

F(NF)
dNF

≥ 0. Condition (i) derives from the same argument as in Section 3.4. Condition (ii) can

be established by contradiction. If PFF(QFF, NF) were strictly increasing in NF, then by equation

(D.13), pFF(ϕ|QFF, NF) would have to be strictly increasing in NF for some goods, which, in turn,

would require q̄FF(ϕ|QFF, NF) to be strictly decreasing in NF for those goods. By equation (D.12),

this would require PFF(QFF, NF) to be strictly decreasing in NF, a contradiction. Condition (iii)
derives from the fact that πFF(q, ϕ) ≡ µaFF(ϕ)q− lFF(q, ϕ) is strictly increasing in q and that since

∂PFF(QFF, NF)/∂NF ≤ 0, qFF(ϕ|QFF, NF) is decreasing in NF. Finally, condition (iv) derives from

the fact that f e
F(·) is the inverse of a strictly increasing function.

Given conditions (i)-(iv), equation (D.19) implies λE ≥ 0. Since λT > 0, this further implies

that λT + λE/NF > 0, a contradiction. This establishes that import taxes remain lower for a non-

empty set of the least profitable firms under free entry.

E Two-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: {s f
Hj(ϕ), t f

jH(ϕ)}j=H,F.

In order to sell any amount in Home’s market, a firm with blueprint ϕ from country j needs to

pay t f
jH(ϕ). Conversely, any firm from Home that sells any amount in market j receives s f

Hj(ϕ).

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

Q1/µ
FH (QHF) ≡ max

tf
FH,qFH,QFF

ˆ
Φ

NFq1/µ
FH (ϕ)dGF(ϕ)),

NF

ˆ
[µaFH(ϕ)qFH(ϕ)− t f

FH(ϕ)]dGF(ϕ) = PFF(QFF)MRSF(QHF, QFF)QHF,

LF = LFF(QFF) + NF

ˆ
Φ

lFH(qFH(ϕ), ϕ)dGF(ϕ),

µaFH(ϕ)qFH(ϕ)− t f
FH(ϕ) ≥ lFH(qFH(ϕ), ϕ).

12



The Lagrangian associated with the one-dimensional subproblem of finding the amount of foreign

imports of variety ϕ is

max
q,t

q1/µ − λT[µaFH(ϕ)q− t]− λLlFH(q, ϕ) + λπ(ϕ)[µaFH(ϕ)q− t− lFH(q, ϕ)].

Linearity with respect to t implies λπ(ϕ) = λT. Thus, this can be rearranged as

max
q

q1/µ − (λT + λL)lFH(q, ϕ).

Like in the case of domestic output and exports, this leads to the first-best level of q given the

Lagrange multipliers λT and λL, 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 gener-

alizes without qualification to environments with non-linear 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 q, we get the same variable taxes on

all foreign exporters. Fixed fees, {t f
FH(ϕ)}, however, vary. The same argument as in the baseline

implies that λT > 0 and thus λπ(ϕ) > 0. Hence, by complementary slackness,

t f
FH(ϕ) = [µaFH(ϕ)qFH(ϕ)− lFH(qFH(ϕ), ϕ)].

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.

F Uniform Taxes

Assumptions. Suppose that Home’s government is constrained to set uniform taxes: tHF(ϕ) =

t̄HF, tHH(ϕ) = t̄HH, sHF(ϕ) = s̄HF, and sHH(ϕ) = s̄HH for all ϕ. Foreign’s government 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:

qij(ϕ′)/qij(ϕ) = (aij(ϕ′)/aij(ϕ))−σ for any ϕ, ϕ′ such that qij(ϕ′), qij(ϕ) > 0. (F.1)

For varieties from Home that are sold in any market, i = H and j = H, F, constraint (F.1) was

already satisfied by the solution to our first micro problem. So the value of LH(QHH, QHF) remains

unchanged. In contrast, for foreign varieties that are imported by Home, i = F and j = H,

13



constraint (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
QHH ,QFH ,QHF

UH(QHH, QFH)

QFH ≤ QFH(QHF),

LH(QHH, QHF) = LH.

Optimal Taxes. Starting from the macro problem, one can follow the exact same steps as in our

baseline analysis to show that

(1 + t̄∗FH)/(1 + t̄∗HH)

(1 + s̄∗HF)/(1 + s̄∗HH)
= 1/η∗. (F.2)

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

MRSF(QHF, QFF(QFH)) = PHF/PFF, (F.3)

MRTF(QFH, QFF(QFH)) = P̃FH/PFF, (F.4)

PHFQHF = P̃FHQFH (F.5)

with P̃FH the untaxed price of Home’s imports, and QFF(QFH) given by the implicit solution of

LF(QFH, QFF) = LF. (F.6)

By equations (F.3) and (F.4), Home’s terms of trade can be expressed as

P(QFH, QHF) =
MRSF(QHF, QFF(QFH))

MRTF(QFH, QFF(QFH))
. (F.7)

Combining equation (F.7) with the trade balance condition (F.5), we can describe Foreign’s offer

curve implicitly as

P(QFH, QHF)QHF = QFH. (F.8)

Totally differentiating the previous expression with respect to Home’s aggregate exports and im-

ports, QHF and QFH, we obtain

η = (1 + ρHF)/(1− ρFH), (F.9)
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where Home’s terms-of-trade elasticities, ρij ≡ ∂ ln P(QFH, QHF)/∂ ln Qij, can be computed using

equation (F.7),

ρHF = −1/σ, (F.10)

ρFH = −(1/xFF − 1)/σ− κF, (F.11)

with xFF ≡ PFFQFF/(LF + ΠF) and κF ≡ d ln MRTF(QFH, QFF(QFH))/d ln QFH.

Combining equation (F.2) with equations (F.9)-(F.11), we obtain

(1 + t̄∗FH)/(1 + t̄∗HH)

(1 + s̄∗HF)/(1 + s̄∗HH)
= 1 +

1 + σκ∗Fx∗FF
(σ− 1)x∗FF

where κ∗F and x∗FF are the values κF, and xFF evaluated at those taxes.

To conclude we show that κ∗F < 0 whenever GF has strictly positive density around blueprints

ϕ with profitability such that foreign firms are indifferent between selling and not selling in at

least one market j = H, F. By equation (F.4), we know that

MRTF(QFH, QFF(QFH)) =
(
´

ΦFH
(aFH(ϕ))1−σdGF(ϕ))1/(1−σ)

(
´

ΦFF
(aFF(ϕ))1−σdGF(ϕ))1/(1−σ)

,

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

ΦFj = {ϕ : (µ− 1)a1−σ
Fj (ϕ)(NF

ˆ
ΦFj

a1−σ
Fj (ϕ)dGF(ϕ))−µQFj ≥ fFj(ϕ)}.

If QFj increases, ΦFj expands and (
´

ΦFj
(aFj(ϕ))1−σdGF(ϕ))1/(1−σ) decreases. Furthermore, if GF

has strictly positive density around blueprints ϕ with profitability such that foreign firms are in-

different between selling and not selling in market j, (
´

ΦFj
(aFj(ϕ))1−σdGF(ϕ))1/(1−σ) must strictly

decrease. Since labor market clearing requires QFF to be strictly decreasing in QFH, it follows that

MRTF(QFH, QFF(QFH)) is strictly decreasing in QFH whenever GF has strictly positive density

around blueprints ϕ with profitability such that foreign firms are indifferent between selling and

not selling in at least one market j = H, F.

G Nash Equilibrium

Assumptions. Both governments are strategic and simultaneously set their taxes, taking the

taxes of the other government as given. Namely, the government of country i = H, F sets ad-

valorem taxes, tHi ≡ {tHi(ϕ)}, tFi ≡ {tFi(ϕ)}, siH ≡ {siH(ϕ)}, siF ≡ {siF(ϕ)}, in order to max-

imize the utility of the representative agent in country i, taking as given the ad-valorem taxes,

tHj ≡ {tHj(ϕ)}, tFj ≡ {tFj(ϕ)}, sjH ≡ {sjH(ϕ)}, sjF ≡ {sjF(ϕ)}, in country j 6= i. This leads to the

following definition of a Nash equilibrium.
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Definition 1. At a Nash equilibrium, the government of country i = H, F solves

max
{Tj}j=H,F ,{tji,sij}j=H,F ,wi ,{qij,Qij,pij,Pij}i,j=H,F

Ui(QHi, QFi),

subject to conditions (D.1)-(D.7) taking as given {tj−i, s−ij}j=H,F.

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
qHH,qFH,qHF,QHH ,QFF ,QFH ,QHF

UH(QHH, QFH),

NFµ

ˆ
aFH(ϕ)

1 + sFH(ϕ)
qFH(ϕ)dGF(ϕ)

= NH

ˆ
(qHF(ϕ))1/µ

1 + tHF(ϕ)
PFF(QFF)MRSF(QHF, QFF)Q1/σ

HF dGH(ϕ), (G.1)

LFF(QFF) +

ˆ
NFlFH(qFH(ϕ), ϕ)dGF(ϕ) = LF, (G.2)

ˆ
Φ

NF(qFH(ϕ))1/µdGF(ϕ) = Q1/µ
FH , (G.3)

µaFH(ϕ)qFH(ϕ) ≥ lFH(qFH(ϕ), ϕ), (G.4)ˆ
Φ

NH(qHj(ϕ))1/µdGH(ϕ) = Q1/µ
Hj for j = H, F, (G.5)

NH [∑
j

ˆ
lHj(qHj(ϕ), ϕ)dGH(ϕ)] ≤ LH, (G.6)

with

P1−σ
FF (QFF) =

ˆ
φ:µaFF(ϕ)q̄FF(ϕ|QFF)≥lFF(q̄FF(ϕ|QFF),ϕ)

NF

[
1 + tFF(ϕ)

1 + sFF(ϕ)
µaFF(ϕ)

]1−σ

dGF(ϕ),

LFF(QFF) =

ˆ
φ:µaFF(φ)q̄FF(ϕ|QFF)≥lFF(q̄FF(ϕ|QFF),ϕ)

NFlFF(q̄FF(ϕ|QFF), ϕ)dGF(ϕ),

q̄FF(ϕ|QFF) =

[
1 + tFF(ϕ)

1 + sFF(ϕ)

µaFF(ϕ)

PFF(QFF)

]−σ

QFF.
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Noting that MRSF(QHF, QFF)Q1/σ
HF = Q1/σ

FF is independent of QHF, we can solve Home’s problem

by first solving the relaxed problem,

max
qHH,qFH,qHF,QHH ,QFF ,QFH

UH(QHH, QFH),

NFµ

ˆ
aFH(ϕ)

1 + sFH(ϕ)
qFH(ϕ)dGF(ϕ)

= NH

ˆ
(qHF(ϕ))1/µ

1 + tHF(ϕ)
PFF(QFF)Q1/σ

FF dGH(ϕ), (G.7)

LFF(QFF) +

ˆ
NFlFH(qFH(ϕ), ϕ)dGF(ϕ) = LF, (G.8)

ˆ
Φ

NF(qFH(ϕ))1/µdGF(ϕ) = Q1/µ
FH (G.9)

µaFH(ϕ)qFH(ϕ) ≥ lFH(qFH(ϕ), ϕ), (G.10)ˆ
Φ

NH(qHH(ϕ))1/µdGH(ϕ) = Q1/µ
HH , (G.11)

NH [∑
j

ˆ
lHj(qHj(ϕ), ϕ)dGH(ϕ)] ≤ LH, (G.12)

and then setting QHF such that constraint (G.5) holds for j = F. To solve for the optimal micro

quantities qHH, qHF, and qFH associated with the previous problem, we can use the same argu-

ment as in our baseline analysis and solve a series of one-dimensional Lagrangian problems.

Let λH
T , λH

HH, and λH
LH > 0 denote the Lagrange multipliers associated with constraints (G.7),

(G.11), and (G.12), respectively.1 Superscripts H keep track of the fact that these Lagrange multi-

pliers all correspond to country H’s planning problem. The Lagrangian associated with the of the

one-dimensional sub-problem for domestic sales and exports can be expressed

min
q

lHj(q, ϕ)− λ̃H
Hj(ϕ)q1/µ,

with

λ̃H
HH(ϕ) = λH

HH/λH
LH,

λ̃H
HF(ϕ) = λH

T [PFF(QFF)Q1/σ
FF ]/[λH

LH(1 + tHF(ϕ))].

Likewise, let λH
LF and λH

FH > 0 denote the Lagrange multipliers associated with constraints (G.8)

and (G.9), respectively.2 The Lagrangian associated with the one-dimensional sub-problem for

1To see that λH
LH > 0, suppose, by contradiction, that λH

LH = 0. By complementary slackness, inequality
(G.12) must then be slack. If so, one can strictly increase qHH(ϕ) for a positive measure of blueprints ϕ and,
in turn, strictly increase QHH and UH , a contradiction.

2To see that λH
FH > 0, note that at an interior optimum of Home’s planning problem, the first-order
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imports can be expressed as

max
q

q1/µ − λ̃H
T (ϕ)µaFH (ϕ) q− λ̃H

LFlFH(q, ϕ),

µaFH(ϕ)q ≥ lFH(q, ϕ)

with

λ̃H
T (ϕ) = λH

T /[(1 + sFH(ϕ))λH
FH ],

λ̃H
LF = λH

LF/λH
FH.

To solve the two previous micro problems, one can simply substitute λ̃H
HH(ϕ), λ̃H

HF(ϕ), λ̃H
T (ϕ), and

λ̃H
LF for λHH, λHF, λT, and λL into the solutions derived in Sections 3.2 and 3.3.

Nash Taxes. By comparing the solution to Home’s planning problem to the decentralized equi-

librium 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 variety ϕHH ∈ ΦHH that is

sold domestically, with sBR
HH ≡ sBR

HH(ϕHH) and tBR
HH ≡ tBR

HH(ϕHH); a benchmark variety ϕHF ∈ ΦHF

that is exported, with sBR
HF ≡ sBR

HF(ϕHF), and a benchmark variety ϕFH ∈ Φu
FH that is imported,

with tBR
FH ≡ tBR

FH(ϕFH). One can check that

(1 + sBR
HH(ϕ))/(1 + tBR

HH(ϕ)) = (1 + sBR
HH)/(1 + tBR

HH), if ϕ ∈ ΦHH,

sBR
HF(ϕ) =sBR

HF, if ϕ ∈ ΦHF,

tBR
FH(ϕ) =


(
1 + tBR

FH
) λH

LF(1+sFH(ϕ))+µλH
T

λH
LF(1+sFH(ϕFH))+µλH

T
− 1, if ϕ ∈ Φu

FH,(
1 + tBR

FH
) (1+sFH(ϕ))λH

FHθFH(ϕ)

λH
LF(1+sFH(ϕFH))+µλH

T
− 1, if ϕ ∈ Φc

FH,

Analogous expressions hold for the best response policies in Foreign.

Let {sNE
ij (ϕ), tNE

ij (ϕ)} denote the Nash taxes. At a Nash Equilibrium, both Home and Foreign

simultaneously play best response. For domestic taxes, the equilibrium conditions for ϕ ∈ ΦHH

and ϕ ∈ ΦFF 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 characterization of sBR
FH(ϕ), evaluated at tFH(ϕ) =

condition with respect to QFH implies

dUH(QHH , QFH)

dQFH
= λH

FHQ1/µ−1
FH /µ > 0.
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tBR
FH(ϕ), and our characterization of tBR

FH(ϕ), evaluated at sFH(ϕ) = sBR
FH(ϕ). This implies that

sNE
FH(ϕ) = sNE

FH , if ϕ ∈ ΦFH,

tNE
FH(ϕ) = (1 + tNE

FH)min{1,
(1 + sNE

FH)λ
H
FHθFH(ϕ)

(λH
LF(1 + sNE

FH) + µλH
T )
} − 1, if ϕ ∈ ΦFH.

Analogous expressions hold for Nash import tariffs in Foreign and export subsidies at Home.

We have already argued that λH
FH > 0. We must also have

λH
LF/λH

FH + (µλH
T )/[(1 + sNE

FH)λ
H
FH ] > 0.

Otherwise, Home’s optimal imports would be infinite for the same reason that in Section 3.2.

Thus, import tariffs at Home strictly increase with the profitability of foreign exporters, θFH(ϕ)

for all ϕ ∈ Φc
FH, whereas export subsidies are constant, like in our baseline analysis.

To conclude we now demonstrate that Φc
FH is non-empty so that import tariffs must be non-

discriminatory over some range at a Nash equilibrium. For the one-dimensional Lagrangian prob-

lem for exports, minq lHF(q, ϕ)− λ̃H
HF(ϕ)q1/µ, to admit a non-zero solution for at least some ϕ, we

know that

λ̃H
HF(ϕ) = λH

T [PFF(QFF)Q1/σ
FF ]/[λH

LH(1 + tHF(ϕ))] > 0.

This implies λH
T > 0. For the same reasons as in Section 4.4, it follows that Φc

FH is non-empty.
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