Micro to Macro:
Optimal Trade Policy with Firm Heterogeneity*

Arnaud Costinot Andrés Rodriguez-Clare Ivan Werning
MIT UC Berkeley MIT
May 2016
Abstract

The empirical observation that “large firms tend to export, whereas small firms
do not” has transformed the way economists think about the determinants of inter-
national trade. Yet, it has had surprisingly little impact about how economists think
about trade policy. In this paper, we characterize optimal trade policy in a general-
ized version of the trade model with monopolistic competition and firm-level hetero-
geneity developed by Melitz (2003). At the micro-level, we find that optimal import
taxes discriminate against the most profitable foreign exporters, while optimal export
taxes are uniform across domestic exporters. At the macro-level, we demonstrate that
the selection of heterogeneous firms into exporting tends to create aggregate noncon-
vexities that dampen the incentives for terms-of-trade manipulation, and in turn, the

overall level of trade protection.

*We thank Pol Antras, Svetlana Demidova, and Gene Grossman as well as seminar participants at vari-
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1 Introduction

There are large firms and small firms. The former tend to export whereas the latter do
not. What are the policy implications of that empirical observation?

Models of firm heterogeneity have transformed the way economists think about the
determinants of international trade. Yet, the same models have had surprisingly little
impact about how economists think about trade policy.! The goal of this paper is to fill
this large gap on the normative side of the literature and uncover the general principles
that should guide the design of optimal trade policy when heterogeneous firms select into
exporting.

Our basic environment is a generalization of the model of intra-industry trade with
monopolistic competition and firm-level heterogeneity developed by Melitz (2003). On
the supply side, we let firms be heterogeneous in terms of both their variable costs and
their fixed costs. We impose no restrictions on the joint distribution of these costs across
firms and markets. On the demand side, we maintain the assumption that the elasticity
of substitution between all varieties from a given country is constant, but we impose no
restrictions on the substitutability between domestic and foreign goods.

The first part of our analysis studies the ad-valorem taxes that maximize domestic
welfare, which we label unilaterally optimal taxes, when governments are free to im-
pose different taxes on different firms. At the micro-level, we find that optimal trade
policy requires firm-level import taxes that discriminate against the most profitable for-
eign exporters. In contrast, export taxes that discriminate against or in favor of the most
profitable domestic exporters can be dispensed with. The fact that optimal import taxes
discriminate against the most profitable exporters from abroad is reminiscent of an anti-
dumping du’cy.2 The rationale, however, is very different. Here, discriminatory taxes do
not reflect a desire to deter the entry of the most profitable exporters. They reflect instead
a desire to promote the entry of the marginally unprofitable exporters who, if they were
to face the same tariff, would prefer not to export at all.

At the macro-level, standard terms-of-trade considerations pin down the overall level
of trade taxes. Specifically, the only reason why a welfare-maximizing government would
like to implement aggregate imports and exports that differ from those in the decentral-

IThe last handbook of international economics, Gopinath, Helpman and Rogoff, eds (2014), is a case in
point. In their chapter on heterogeneous firms, Melitz and Redding (2014) have only one trade policy paper
to cite. In his chapter on trade policy, Maggi (2014) has no paper with firm heterogeneity to review.

2 According to U.S. law, dumping occurs when foreigners’ export prices, adjusted for transportation
costs, are lower than their domestic prices. The latter prices, however, are rarely available in practice,
especially for non-market economies like China. Hence, as noted by Ruhl (2014), anti-dumping duties tend
to be imposed on the most productive foreign exporters. This is the feature that we emphasize here as well.
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ized equilibrium is because it internalizes the impact of both quantities on the price of
the infra-marginal units that it buys and sells on the world markets. Like in a Walrasian
economy, the higher the elasticity of world prices with respect to exports and imports, in
absolute value, the larger the trade restriction that it optimally imposes.

The second part of our analysis focuses on optimal taxation under the polar assump-
tion that governments are constrained to impose the same tax on all firms from the same
country selling in a given market. Our main finding in this environment is a new opti-
mal tariff formula that generalizes existing results in the literature. Under monopolistic
competition with homogeneous firms, Gros (1987) has shown that optimal tariffs are de-
termined by the elasticity of substitution between domestic and foreign goods and the
share of expenditure on local goods abroad. Our new formula establishes that, condi-
tional on these two statistics, firm heterogeneity lowers the overall level of trade protec-
tion if and only if it creates aggregate nonconvexities abroad.> When strong enough, these
aggregate nonconvexities may even turn the optimal import tariff into a subsidy. In such
circumstances, a government may lower the price of its imports by raising their volume,
an example of the Lerner paradox.

The final part of our analysis extends our basic environment to incorporate intra- and
inter-industry trade. In this case, sector-level increasing returns to scale, the so-called
home market effects, can also shape optimal trade policy. The common wisdom in the
literature (Helpman and Krugman, 1989) is that such effects provide a very different ra-
tionale for trade protection. Our last set of results suggests a different interpretation, one
according to which home-market effects matter to the extent that they shape terms-of-
trade elasticities, but not beyond.

While both the positive and normative implications of imperfectly competitive mar-
kets for international trade have been studied extensively, the same cannot be said of
the heterogeneous firms operating in these markets. On the positive side, the pioneering
work of Melitz (2003) has lead numerous researchers to revisit various results of Helpman
and Krugman (1985) under the assumption that firms are heterogeneous and select into
exporting. On the normative side, however, much less energy has been devoted to revisit
the classical results of Helpman and Krugman (1989).

To the best of our knowledge, only three papers—Demidova and Rodriguez-Clare
(2009), Felbermayr, Jung and Larch (2013), and Haaland and Venables (2014)—have used
the work of Melitz (2003) to explore the implications of firm heterogeneity for optimal

3With homogeneous firms (and the standard assumption in that context that there are no fixed costs of
trade), aggregate production possibility frontiers are necessarily linear. With heterogeneous firms and fixed
trade costs, nonconvexities are likely to arise, as the mild sufficient conditions of Section 5.4 establish.
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trade policy. All three papers are restricted to environments where utility functions are
CES; fixed costs of exporting are constant across firms; distributions of firm-level produc-
tivity are Pareto; and, importantly, trade taxes are uniform across firms.* In this paper,
we relax all of these assumptions, we derive new results about optimal trade taxes at the
micro-level, and we generalize prior results about optimal trade taxes at the macro-level.
Beside greater generality, these results uncover a novel connection between firm hetero-
geneity, aggregate nonconvexities, and lower levels of trade protection.

In terms of methodology, our analysis builds on the work of Costinot, Lorenzoni and
Werning (2014) and Costinot, Donaldson, Vogel and Werning (2015) who characterize the
structure of optimal trade taxes in a dynamic endowment economy and a static Ricardian
economy, respectively. Like in the two previous papers, we use a primal approach and
general Lagrange multiplier methods to characterize optimal wedges rather than explicit
policy instruments. The novel aspect of our analysis is to break down the problem of find-
ing optimal wedges into a series of micro subproblems, where we study how to choose
micro-level quantities to deliver aggregate quantities at the lowest possible costs, and a
macro problem, where we solve for the optimal aggregate quantities. The solutions to
the micro and macro problems then determine the structure of optimal micro and macro
taxes described above. This decomposition helps to highlight the deep connection be-
tween standard terms-of-trade arguments, as in Baldwin (1948) and Dixit (1985), and the
design of optimal trade policy in models of monopolistic competition.

In spite of their common rationale, i.e., terms-of-trade manipulation, the specific pol-
icy prescriptions derived under perfect and monopolistic competition differ sharply. In
Costinot, Donaldson, Vogel and Werning (2015), optimal export taxes should be hetero-
geneous, whereas optimal import tariffs should be uniform. This is the exact opposite of
what we find under monopolistic competition. In a Ricardian economy, goods exported
by domestic firms could also be produced by foreign firms. This threat of foreign entry
limits the ability of the domestic government to manipulate world prices and leads to
lower export taxes on goods for which its firms have a weaker comparative advantage.
Since the previous threat is absent under monopolistic competition, optimal export taxes
are uniform instead. Conversely, lower import tariffs on the least profitable foreign firms
under monopolistic competition derive from the existence of fixed exporting costs, which

A fourth paper by Demidova (2015) analyzes optimal trade policy under the assumption of quadratic
utility functions, similar to those in Melitz and Ottaviano (2008). All other assumptions are the same as
in the aforementioned papers. In this environment, markups vary across firms, which leads to domestic
distortions even within the same industry and opens up the possibility of terms-of-trade manipulation even
at the firm-level. Our baseline analysis abstracts from these issues and instead focuses on the implication
of the self-selection of heterogeneous firms into export markets, as in Melitz (2003). We come back to this
point in our concluding remarks.



are necessarily absent under perfect competition.

The previous discussion is related to recent results by Ossa (2011) and Bagwell and
Staiger (2012b,a, 2015) on whether imperfectly competitive markets create a new ratio-
nale for the design of trade agreements. We hope that our analysis can contribute to the
application of models with firm heterogeneity to study this question as well as other re-
lated trade policy issues. Bagwell and Lee (2015) offer an interesting first step in that
direction. They study trade policy in a symmetric version of the Melitz and Ottaviano
(2008) model that also features the selection of heterogeneous firms into exporting. They
show that this model provides a rationale for the treatment of export subsidies within the
World Trade Organization.

The rest of the paper is organized as follows. Section 2 describes our basic environ-
ment. Section 3 sets up and solves the micro and macro planning problems of a welfare-
maximizing country manipulating its terms-of-trade. Section 4 shows how to decentralize
the solution to the planning problems through micro and macro trade taxes when gov-
ernments are free to discriminate across firms. Section 5 studies the polar case where
governments can only impose uniform taxes. Section 6 explores the sensitivity of our re-

sults to the introduction of multiple industries. Section 7 offers some concluding remarks.

2 Basic Environment

2.1 Technology, Preferences, and Market Structure

Consider a world economy with two countries, indexed by i = H, F; one factor of pro-
duction, labor; and a continuum of differentiated goods or varieties. Labor is immobile
across countries. w; and L; denote the wage and the inelastic supply of labor in country i,

respectively.’

Technology. Producing any variety in country i requires an overhead fixed entry cost,
ff > 0, in terms of domestic labor. Once the overhead fixed cost has been paid, firms
randomly draw a blueprint ¢ € ®. N; denotes the measures of entrants in country i and
G; denotes the distribution of blueprints ¢ across firms in that country. Each blueprint de-
scribes how to produce and deliver a firm’s differentiated variety to any country. ;;(q, ¢)

denotes the total amount of labor needed by a firm from country i with blueprint ¢ in

5The two-country assumption will help us relate our results to those from the existing literature in
Section 5. With more than two countries, all the micro-level predictions described in Section 4 would remain
unchanged. We discuss how macro-level predictions would change in Section 6.
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order to produce and deliver 4 > 0 units in country j. We assume that

li(a,9) = aij()g+ fij(¢),ifg >0,
ll‘]‘(q, q)) = 0, lfq =0.

Technology in Krugman (1980) corresponds to the special case in which G; has all its
mass at a single blueprint with zero fixed cost. Technology in Melitz (2003) corresponds
to the special case in which firms have heterogeneous productivity, but face homogenous

iceberg trade costs, a;j(¢) = T;;/ ¢, and homogenous fixed costs of selling in the two
markets, f;i(¢) = fi;.

Preferences. In each country there is a representative agent with a two-level homothetic

utility function,

U; = U;(Qmuj, QFj),
/N ql] /yidGi((P)]yi'

where Q;; denotes the subutility aggregator from consuming varieties from country i in
country j, q;; (¢) denotes country j’s consumption of a variety with blueprint ¢ produced
in country i, and y; = 0;/(0; — 1), with 0; > 1 the elasticity of substitution between va-
rieties from country i. Krugman (1980) and Melitz (2003) correspond to the case where
pa = pr = pand U;(Qpj, QFj) = [Ql/y + Ql/y]ﬂ.6 Here, we do not restrict the elastic-
ities of substitution, oy and o, to be the same, nor do we restrict the upper-level utility
function, Uj.

Market Structure. All goods markets are monopolistically competitive with free entry.

All labor markets are perfectly competitive. Foreign labor is our numeraire, wr = 1.

2.2 Decentralized Equilibrium with Taxes

Our focus is on a scenario where governments have access to a full set of ad-valorem
consumption and production taxes. That is, we let taxes vary across markets and across
firms. Section 5 considers a more restricted case, where taxes can vary across markets but

are required to be uniform across firms.

®In Section 5.3, we will exploit this slight generalization to disentangle terms-of-trade motives for pro-
tection from second-best arguments related to markup distortions.
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We view the availability of a rich set of taxes as a useful benchmark for our analysis.
In theory, there is a priori no reason within the model that we consider why different
goods should face the same taxes. In an Arrow-Debreu economy, imposing the same
taxes on arbitrary subsets of goods would be ad-hoc. Changing the market structure from
perfect to monopolistic competition does not make it less so. In practice, perhaps more
importantly, different firms do face different trade taxes, even within the same narrowly
defined industry. Anti-dumping duties often act as import tariffs imposed on the most
productive firms. Loan subsidies provided to small exporters in many countries can also
be thought of as export subsidies that vary with firms’ productivity.”

Formally, we let t;;(¢) denote the tax charged by country j on the consumption in
country j of a variety with blueprint ¢ produced in country i. Let s;;( @) denote the subsidy
paid by country i on the production by a domestic firm of a variety with blueprint ¢ sold
in country j. For i # j, t;j(¢) > 0 corresponds to an import tariff while t;;(¢) < 0
corresponds to an import subsidy. Similarly, s;;(¢) > 0 corresponds to an export subsidy
while s;;(¢) < 0 corresponds to an export tax. Tax revenues are rebated to domestic
consumers through a lump-sum transfer, T;.®

In a decentralized equilibrium with taxes, consumers choose consumption to maxi-
mize their utility subject to their budget constraint; firms choose their output to maximize
profits, taking their residual demand curves as given; firms enter up to the point at which
expected profits are zero; markets clear; and the government’s budget is balanced in each
country. Let pij(¢) = piwiaij(@)/(1+sij(¢)) and gi;i(@) = [(1+ tij(9)) pij(9) / Py] =7 Qj.
Using the previous notation, we can characterize a decentralized equilibrium with taxes
as schedules of output, q;j = {g;;(¢) }, schedules of prices, p;; = {p;j(¢) }, aggregate out-
put levels, Q;;, aggregate price indices, P;;, wages, w;, and measures of entrants, N;, such

’Firms operating in the same industry, say “Cotton, not carded or combed” (HS8 520100), may also
face different tariffs because they are producing different varieties. As Kim (2016) notes, the most favoured
nation (MEN) tariff rate applied by the United States for “Cotton, not carded or combed, having staple
length of 28.575 mm or more but under 34.925 mm (HS8 52010038)” is 14%, as of 2013, whereas “Cotton,
not carded or combed, having a staple length under 19.05mm (3/4 inch), harsh or rough (HS8 52010005)”
is duty free.

8When firm-level taxes are allowed, as in our baseline analysis, our focus on ad-valorem rather than
specific taxes is without loss of generality. Ruling out non-linear taxes, like two part-tariffs, is not. We
discuss how the introduction of such instruments would affect our results in Section 4.4.



that

7ij(@)  if piaij(@)qii(@) > Lii( i (@), ¢),

o) = 1
q]((P) 0 otherwise, ()
bi(9) — pij(p) if wmﬂfp)fig(fP) > 1ij(qii(9), ¢), @)
00 otherwise,

Qnj, Qrj € arg max {Uj(Qrjr Qr)l Ly p PiQis = wiLi + Ti ®)
Py = [ NI+ ti(e)py(e) - dGig), @
ff=Yienr L[Fiaij(q’)qij(q’) ~ Lij(aij(9), 9)ldGilg), ©
Li=Nil} ;_pp A lij(qij (@), 9)dGi(@) + fi1, (©)

Ti:Z]-_H,F[Lth]’i(@)Pji(?)qji((l))dcj((m_/bNisz‘j(@)Pij((P)Qij((P)dGi((P)]' (7)

Conditions (1) and (2) assume that firms that are indifferent between producing and not
producing, produce. This is without loss of generality since, to simplify, we assume in-
difference is measure zero. We do so by adopting the sufficient condition that conditional
on a positive value for the fixed cost f;; > 0 the distribution over the variable cost a;; is
continuous.’ Throughout our analysis, we restrict attention to the interesting nontrivial
cases where preferences and trade costs are such that the utility maximization problem
(3) admits an interior solution. This rules out equilibria without trade (Qry = Qnr = 0)
or without domestic production (Qgy = Qrr = 0).

2.3 Unilaterally Optimal Taxation

We assume that the government of country H, which we refer to as the home government,
is strategic, whereas the government of country F, which we refer to as the foreign govern-

ment, is passive. Namely, the home government sets ad-valorem taxes, tua = {tny(¢)},

trn = {tru(e)}, sua = {syu(¢e)}, and sur = {spyr(¢)}, and a lump-sum transfer
Ty in order to maximize home welfare, whereas foreign taxes are all equal to zero. We

conjecture that our qualitative results would remain unchanged in the presence of taxes

Note that this condition rules out mass points but only for strictly positive fixed costs. The distribution
conditional on f;; = 0 for 4;; may have mass points. Thus, the model in Krugman (1980), which has no
heterogeneity but no fixed costs of exporting, satisfies our requirement.

7



abroad.!” This leads to the following definition of the home government’s problem.

Definition 1. The home government’s problem is

max Un(Qun, QrH)
Tr A tjn swj b j=r,r,wH,{ 93, Qij,Pij P Ni bi jm P

subject to conditions (1)-(7).

The goal of the next two sections is to characterize unilaterally optimal taxes, i.e., taxes
that prevail at a solution to the domestic government’s problem. To do so we follow the
public finance literature and use the primal approach. Namely, we will first approach the
optimal policy problem of the domestic government in terms of a relaxed planning prob-
lem in which domestic consumption, output, and the measure of entrants can be chosen
directly (Section 3). We will then establish that the optimal allocation can be implemented

through linear taxes and characterize the structure of these taxes (Section 4).

3 Micro and Macro Planning Problems

In this section, we focus on a relaxed version of the home government’s problem that
abstracts from all constraints in which Home’s tax instruments, Ty, {t]-H, SHj } j=H,E/ and
Home’s prices, wy, {pHj}j=H,r, appear. This relaxed problem can be interpreted as the
problem of a fictitious planner who directly controls the quantities demanded by home
consumers, quu = {qgu(¢)} and qra = {gru(¢)}, as well as the quantities exported
by home firms, qur = {qur(¢)}, and the measure of home entrants, Ny. Specifically, we
drop conditions (2), (5), and (7) for i = H; we drop condition (3) for j = H; and we relax
conditions (1) and (4) for i = H or j = H by imposing instead

LNi(qij((p))l/VidGi((p) > Qi fori=Horj = H. ®)

We refer to this new problem as Home’s relaxed planning problem; see Appendix A.

In order to solve this relaxed problem, we take advantage of the nested structure of
preferences in this economy and follow a two-step approach. First, we take macro quanti-
ties, {Qij}, and the measure of entrants, {N;}, as given and solve for the micro quantities,

{qij}, that deliver macro quantities at the lowest possible costs. Second, we solve for the

10 Accordingly, our results should also hold in the Nash equilibrium of a simultaneous game in which
both countries behave strategically.



optimal macro quantities and measure of entrants. The solution to these micro and macro

problems will determine the optimal micro and macro taxes, respectively, in Section 4.!!

3.1 First Micro Problem: Producing Domestic Varieties

Consider the problem of minimizing the labor cost of producing Qpp units of aggregate
consumption for Home and Qgr units of aggregate consumption for Foreign taking as
given the measure of entrants, Ny, and constraint (8) for i = H and j = H, F. This can be

expressed as

qHH, qHF

Ly (Quu, Qur, Ng) = min Ny[ ) /ZHj(LIHj(QO)r(P)dGH(GO)+ff1] (9a)
j=H,F/®
| Nialary(9))/1dGur(g) = QU for j = HE. (9b)

This minimization problem is infinite dimensional and non-smooth. More precisely,
since there are fixed costs, the objective function is neither continuous nor convex around
quj(¢) = 0 for any ¢ such that fy;(@) > 0. To deal with the previous issues and derive
necessary properties that any solution to (9) must satisty, we adopt the following strategy.

First, we consider a planning problem that extends (9) by allowing for randomization:
conditional on @, we let the planner select a distribution of output levels.!? Since this
problem is convex, we can invoke Lagrangian necessity theorems. We then show that
randomization is not employed at any solution to the extended problem, so that the plan-

ner effectively solves (9). It follows that any solution to (9) must minimize the Lagrangian,

Lu=Nal 1| (10109 0) = Aui 0y (9))'/") dGrrlg) + fil
=4,

for some Lagrange multipliers, Ay; > 0. The complete argument can be found in Ap-
pendix A.1.

Second, we use the additive separability of the Lagrangian Ly in {gy;(¢)} to mini-
mize it variety-by-variety and market-by-market, as in Everett (1963), Costinot, Lorenzoni
and Werning (2014), and Costinot, Donaldson, Vogel and Werning (2015). Although the

"Together with the foreign equilibrium conditions, the previous variables determine all foreign prices
at the solution of Home’s relaxed planning problem. For expositional purposes, we omit the description of
these variables from the main text and present them in Appendix A.2.

12There are two interpretations of this randomization. In the first, a firm with a blueprint ¢ is randomly
assigned a g according to this conditional distribution; in the second, there is a continuum of firms for
a given ¢ and each firm is assigned a different g so that the population is distributed according to the
conditional distribution.



discontinuity at zero remains, it is just a series of one-dimensional minimization prob-
lems that can be solved by hand. Namely, for a given variety ¢ and a market j, consider

the one-dimensional subproblem
minly;(q, @) - Anjgt

The solution to this problem follows a simple cut-off rule, which must then apply to any

solution, 1 (¢|Qnn, QnF, N), to the original constrained problem (9),

(nrAHi(@)/Auj)~H, if ¢ € Oyj,

. (10)
0, otherwise,

qu(¢’QHH/ QHF,NH) = {

with @y; = {¢ : (ug — V)anj(@)(puanj(@)/ i) " > fuj(@)} the set of domestically
produced varieties sold in country ;.13

By comparing equations (1) and (2) with equation (10), one can already see that for
all produced varieties, relative output levels at the solution to the relaxed planning prob-
lem coincide with those in the decentralized equilibrium with zero taxes. This derives
from the fact that firms charge a constant markup over marginal cost under monopolistic
competition with Constant Elasticity of Substitution (CES) utility. As shown in Section 4,
this implies that the home government may want to impose a uniform import tariff or an
export tax—in order to manipulate the fraction of labor allocated to domestic production
rather than exports—but that it never wants to impose taxes that vary across domestic

firms selling in a particular market.

3.2 Second Micro Problem: Importing Foreign Varieties

Next consider the problem of minimizing the cost of Home’s imports, Cry(Qrr, Qrr, NE),
conditional on Foreign’s aggregate output in the two markets, Qrg and Qrr, as well as
the measure of foreign entrants, Nr, subject to condition (8) fori = F and j = H as well

as Foreign’s equilibrium conditions, i.e, conditions (1) and (4) fori = F and j = F and (2),

13Given the previous definition, equation (10) implies that when indifferent between producing or not,
the planner chooses producing. Since indifference is measure zero, this is without loss of generality.
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(5), (6) for i = F. This second micro problem can be reduced to

Cru(QrH, Qrr, Np) = IglﬂFglLNFﬂFﬂpH(QD)QFH((P)dGP(GO) (11a)
L Npq Yl (9)dGr(g) > QU (11b)
Neff = Irr(Qrr, NE)
N [ luraru(9)arn(9) = uarn(o) o)dGe(), (110

Lr = Nrff + Lrr(Qrr, Nr) + N A) Irn(qru (@), )dGr(e), (11d)
wrara(@)qru(@) > len(qru (@), @), (11e)

where ITrr(Qrr, Np) and Lrr(Qrr, Ni) denote the total profits and total employment as-
sociated with the local sales of foreign firms, which themselves depend on the local prices
and quantities in Foreign, prr(Qrr, Nr), Prr(Qrr, Nr), and qrr(Qrr, Ng). The previous
values can be computed using conditions (1), (2), and (4), as discussed in Appendix A.2.

In what follows, we let Zr denote the set of output levels and measures of foreign
entrants, (Qrpy, Qrr, Ni), for which there exist qpy that satisfy constraints (11b)-(11e). To
deal with the non-smoothness and non-convexities of the minimization problem (11) and
derive necessary properties that any of its solution must satisfy, we can follow a similar
strategy as in Section 3.1. Technical details can be found in Appendix A.2.

Consider the one-dimensional subproblem of finding the amount of foreign imports
of variety ¢ that solves

mqin(l — Ap)prara(9)q + (Mg + AL (g, @) — Apuqt/MF (12a)
urara(@)q > Iru(q, @), (12b)

where Arg > 0, Ag, and A are the Lagrange multipliers associated with (11b)-(11d).14

The solution to the unconstrained problem, ignoring inequality (12b), is given by

Tru(e) = (mrxraara(9)/Apa)~F, if Op (@) > (max{0, (Ag + Ar)/xru})Y ",
h 0 otherwise,

with 6pr (@) = (Apr/pexren) (e — 1) (apn (@) / fru(@)]VF and xpy = pp(1 -

14Compared to Section 3.1, Ary may, in general, be zero, whereas A; and Ag, which are associated with
equality constraints, may be negative.
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Ag) + (AL +Ag) > 0.1° In what follows, we refer to 0y (@) as the “profitability” of foreign
varieties in Home’s market. If g%, (¢) satisfies constraint (12b), then it is also a solution to
(12). If it does not, then the solution to (12) is given either by zero or by g%, (¢) > g% (@)
such that (12b) exactly binds, that is

9rn (@) = feu(@)/ (#r = V)aru(9))-

The former case occurs if xrpary (9)q5y (@) + (Ae + AL) fra (@) — Aru(q5y (@)Y #E >0,
while the latter case occurs otherwise. Accordingly, we can express the solution to our

second micro problem in a compact way as

(uexenara(@)/Are)"%F  if ¢ € Ofy,
qer (9| Qrm, Qre, NE) = 4 fra(@)/ (e — Vapu (), if ¢ € Oy, (13)

0 , otherwise,

with @ty = {9 : 0r(9) € [(max{L, (Ag+ A1) /xen )/, 00)} and &%, = g : () €
[(xpe + (uF = 1) (AE + AL))/Hrxen, 1) }-

The set ®%;; will play a key role in our subsequent analysis. For varieties ¢ € ®%,
Home finds it optimal to alter its importing decision to make sure that foreign firms are
willing to produce and export strictly positive amounts. Whether the previous set is
empty or not depends on the importance of selection, as captured by constraint (11e),
relative to general equilibrium considerations, as captured by constraints (11c) and (11d).
In the case of a small open economy that cannot affect the free entry and labor mar-
ket clearing conditions in Foreign (A = Ar = 0), one can check that both intervals,
[(max{1, (Ag + AL)/xra})Y %, 00) and [(xrg + (Ag + AL)(ur — 1))/ pexrn, 1), are non-
empty. If so, Home will find it optimal to impose lower taxes on the least profitable firms,

as shown in Section 4.

3.3 Macro Problem: Manipulating Terms-of-Trade

Finally, consider the choice of macro quantities, {Qij}, and the measure of entrants, {N;},
that maximize Uy (Qpny, Qry) subject to the domestic resource constraint (6) and the re-

maining foreign equilibrium condition, namely utility maximization in Foreign. Given

15xry > 0 is necessary for the solution of the Lagrangian problem to satisfy constraints (11b)-(11d).
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the analysis of Section 3.1, constraint (6) can be expressed as

Ly (QrH, Qur, Ni) = L. (14)

Given the analysis of Section 3.2, condition (3) for j = F, in turn, implies

Unr/Urr = Pur/Prr(Qrr, NE), (15)
Prr(Qrr, Nr)Qrr + PurQur = LF, (16)

where Ujr = dUr(Qnr, Qrr)/9Q;r denotes the marginal utility abroad of the aggregate
good from country i = H,F and Prp(Qrr, Nf) is the price index for locally produced
goods in Foreign. Equation (15) determines Home's export price, Pyr(Qnr, Qrr, NF), as
a function of macro quantities and the measure of foreign entrants. Together with the
budget constraint (16)—and the free entry and labor market clearing conditions, (11c)
and (11d)—this leads to the following trade balance condition,

Pur(Qwur, Qrr, Nr)Qur = Cru(QrH, Qrr, Nr). (17)

Combining equations (14) and (17), we conclude that optimal aggregate quantities
must solve the following macro problem,

QHH]/TB?I?I(/ O Uy (QHH, QFH) (18a)
P(QrH, Qur)Qur = QrH, (18b)
Ly(Quu, Qur) = LH, (18¢)

where the price of Home’s exports relative to its imports is given by

P(Qru, Qur) = max {Prr(Qur, Qrr, Nr)Qrr/Cru(Qrn, Qrr, Ni) },
Qrr,Nr:(Qrm,Qrr,Np)€ZF

and Home’s production possibility frontier is determined by
Lu(Qnn, Qnur) = min Ly (Qnu, Qur, Nu)-
H

At this point, it should be clear that we are back to a standard terms-of-trade manipula-
tion problem, with Home’s planner internalizing the impact of its aggregate imports and
exports, Qry and Qgr, on its terms-of-trade, P. Compared to the decentralized equilib-

rium where consumers and firms take P as given, this introduces curvature into Home’s
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consumption possibility frontier; see e.g. Baldwin (1948). Like in a perfectly competi-
tive model of international trade, foreign technology, endowments, and preferences only
matter through their combined effect on Home’s terms-of-trade.

Let (Q};, Qrpy, Qi) be an interior solution of (18), which will be the focus of our
analysis. The necessary first-order conditions imply

Ury = At(1— (P*Qir/ QFa)rn). (20)
ArP*(1+n5r) = AuLyr, (21)

where U}y, = oUn(Qjyy, Qry)/9Qin denotes the marginal utility at home of the aggre-
gate good from country i = H,F; Ly;; = dLu(Qjyy, Qfyr)/0Qm; denotes the marginal
cost of producing and delivering one unit of the home good in country j = H,F; At
and Ap are the Lagrange multipliers associated with constraints (18b) and (18c); and
nj; = dln P(Qfy, Qfp)/0InQ;j, with i # j, denotes the elasticity of Home’s terms of
trade with respect to exports and imports. For future reference, note that the trade bal-
ance condition (18b) and the first-order conditions (19)-(21) imply

MRS}, = MRT5P* /(1 + 1), (22)

where MRS}, = Uj;/ Uz denotes the marginal rate of substitution at home, MRT}; =
L3/ L;p denotes the marginal rate of transformation, and

T = —(ge +1eg) /(1 + 15p)

is the wedge that captures the terms-of-trade motive. Absent this motive, the only differ-
ence between MRS}, and P* would be coming from the cost of producing Home’s aggre-
gate good for the domestic market relative to the foreign market, that is MRTy;. If there
are no trade frictions, including no fixed exporting costs, then MRT}; = 1 and equation
(22) reduces to the familiar condition for an optimal tariff: MRS}, = P*/(1 4 7*).

4 Optimal Taxes

In the previous section, we have derived three necessary conditions—equations (10), (13),
and (22)—that micro and macro quantities solving Home’s relaxed planning problem
must satisfy. We now use these conditions to derive necessary properties that ad-valorem
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taxes implementing such a solution must satisfy (Sections 4.1-4.3). We will then use these
properties to establish the existence of such taxes (Section 4.4). Since they replicate the so-
lution to Home’s relaxed planning problem, they a fortiori solve the home government’s
problem described in Definition 1.

4.1 Micro-level Taxes on Domestic Varieties

Consider first a schedule of domestic taxes, {s};;(¢)} and {t};;;(¢)}, that implements the
optimal micro quantities, {g};;(¢) = qun(¢|Qfy, Qi;p, Ni;) }- Fix a benchmark variety
¢np that is sold domestically, q};5 (@) > 0. Denote by si;y = sty (¢un) and tf;; =
5y (¢upH) the domestic taxes imposed on that variety. Now take any other variety ¢ €
@y that is sold domestically. By equations (1) and (2), we must have

M — ((1+t}<{H)aHH((PHH) (1+t55(e)) >_‘7H
Ti?) (s (T spaloDannle))

Combining this expression with equation (10), we obtain our first result.

Lemma 1. In order to implement an allocation solving the relaxed planning problem, domestic
taxes should be such that

(U +spu(9))/ (1 + thu(e)) = (U +shn) /(1 + thy) if ¢ € Prn. (23)

While we have focused on domestic taxes, there is nothing in the previous proposition
that hinges on domestic varieties being sold in the domestic market rather than abroad.
Thus, we can use the exact same argument to characterize the structure of export taxes,
{s}ip(®)}, that implements {q},:(¢) = 9ur(¢|Q};y, Qfyp, Nij) }- In line with the previous
analysis, let gy denote a benchmark variety that is exported, with s}, = sj;z(¢nr). The
following result must hold.

Lemma 2. In order to implement an allocation solving the relaxed planning problem, export taxes
should be such that

syr(@) = syr if ¢ € yr. (24)

4.2 Micro-level Taxes on Foreign Varieties

Now consider a schedule of import taxes, {{};(¢)}, that implements the desired allo-
cation, {q75(¢) = qru(@|Qfy, Qfp, Nf)}. Fix a benchmark variety ¢y € @} that is
imported. In line with our previous analysis, let t};; = t};(¢ry) denote the import tax
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imposed on that benchmark variety. For any other variety ¢ € ®ry = %y U Py, that is
imported, equations (1) and (2) now imply

(25)

Grp(PFH) _ ( (1 + trp)arn(@en) )UF
Trr (@) (1 +tr(9))aru(e) '

There are two possible cases to consider. If ¢ € ®},;, then equations (13) and (25) imply

tru (@) = try-

If ¢ € &%y, then equations (13) and (25) imply

trr (@) = (L+ try)0rn(p) — 1.
This leads to our third result.

Lemma 3. In order to implement an allocation solving the relaxed planning problem, import taxes
should be such that

try(@) = (14 tpy) min{1,0r ()} — 1if ¢ € Prp, (26)

with the profitability index 0ry (¢) = (Arr/xrupre)[(ur — 1) (apu (@) =% / fra ()] .

In the context of a canonical model of intra-industry trade where heterogeneous firms se-
lect into exporting, optimal import taxes are higher for more profitable exporters. How-
ever, such heterogeneous taxes do not reflect the home government’s desire to prevent
imports from more profitable exporters. Instead, they reflect the desire to import from less
profitable exporters as well. This motive leads to import taxes that are constant among
the most profitable exporters, but vary among the least profitable ones.

4.3 Overall Level of Taxes

Our next goal is to characterize the overall level of taxes that is necessary for a decentral-
ized equilibrium to implement the desired allocation. In Sections 4.1 and 4.2, we have
already expressed all other taxes as a function of t};y, t75, Sijy, and spp. So, this boils
down to characterizing these four taxes. To do so, we compare the ratio between the
marginal rates of substitution at home and abroad—determined by equations (15), (A.5)
and (22)—and their ratio in the decentralized equilibrium with taxes—determined by
equations (4)-(2). As expected, and as established formally in Appendix B.1, the wedge,
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T = —(15p +11fy) /(1 +17}p), that appears in the first-order conditions of Home’s macro
planning problem anchors the overall level of taxes in the decentralized equilibrium.

Lemma 4. In order to implement an allocation solving the relaxed planning problem, the overall
level of optimal taxes, t;py, 7y, Sty and sip, should be such that

(It tr) /(U b)) (4 T) Jop, ((min{1, 0r1(9)})*earn(p))' 4Gr(9) (27)

(1+55r) /(1 +55p) Sy, (min{L,6¢11(9) Parri (@) dGe(9)

Two remarks are in order. First, if ®%; is measure zero, then min{1, 6ry(¢)} = 1 for all

¢ €Pry so optimal import taxes are uniform and equation (27) reduces to

(1+t5y) /(1 + )
(T+s5p)/(T+s5y)

=(141").

This is what would happen in the absence of fixed exporting costs, as in Krugman (1980).
We come back to this situation more generally in Section 5 when we study optimal uni-
form taxes. Second, if ®%; is not measure zero, then ur > 1 implies

(1+try)/ (1 +thy)
(T+shp) /(1 +s5y)

> (14 71%).

This merely reflects our choice of benchmark variety for imports. t7; is the tax on vari-
eties ¢ € ®%;;, and we know from Lemma 3 that import taxes should be lower on varieties
¢ € ®Ly. Soin order to implement the same wedge, the domestic government must now
impose import taxes on varieties ¢ € ®}; that, relative to other taxes, are strictly greater
than 1+ 7*.

4.4 Implementation

Lemmas 1-4 provide necessary conditions that linear taxes have to satisfy so that the
decentralized equilibrium replicates a solution to the relaxed planning problem. In the
next lemma, which is proven in Appendix B.2, we show that that if the previous taxes
are augmented with high enough taxes on the goods that are not consumed, ¢ ¢ ®xp,
¢ & Pyr, and ¢ ¢ Prpy, then they are also sufficient to implement any allocation that

solves the relaxed planning problem.

Lemma 5. There exists a decentralized equilibrium with taxes that implements any allocation that

solves the relaxed planning problem.
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Since Home’s relaxed planning problem is, as its name indicates, a relaxed version
of Home’s government problem introduced in Definition 1, the taxes associated with a
decentralized equilibrium that implements a solution to the relaxed planning problem
must a fortiori solve Home’s government problem. Lemmas 2-5 therefore imply that any
taxes that solve Home’s government problem must satisfy conditions (23), (24), (26), and
(27). To summarize, we can characterize unilaterally optimal taxes as follows.

Proposition 1. At the micro-level, unilaterally optimal taxes should be such that: (i) domes-
tic taxes are uniform across all domestic producers (condition 23); (ii) export taxes are uniform
across all exporters (condition 24); (iii) import taxes are uniform across Foreign’s most profitable
exporters and strictly increasing with profitability across its least profitable ones (condition 26).
At the macro-level, unilaterally optimal taxes should reflect standard terms-of-trade considerations
(condition 27).

Note that condition (27) only pins down the relative levels of optimal taxes. In the proof
of Lemma 5, we show how to implement the desired allocation using only import taxes,
thy = sty = Spyrp = 0. There is, however, a continuum of optimal taxes that would
achieve the same allocation. For instance, we could have used a uniform export tax,

o Joop,, (in{1,0r1 (@) }arn (@)~ dGr(9)
(4 1) o, (min{1,0ru(9) })Prapu(9)) = dGr(9)’

while setting the overall level other taxes such that t};;; = si;; = try = 0. This is an
expression of Lerner symmetry, which must still hold under monopolistic competition. In
this case, all varieties ¢ € ®%;; would receive an import subsidy equal to Orp(¢) —1 < 0.
As alluded to in Section 3.1, the fact that domestic taxes can be dispensed with derives
from the efficiency of the decentralized equilibrium with monopolistic competition and
CES utility. Here, as in Bhagwati (1971), trade taxes are the preferred instruments to

exploit monopoly and monopsony power in world markets.'®

1611 the present environment, however, the introduction of non-linear taxes would raise Home’s welfare.
By imposing two-part tariffs, Home could incentivize foreign firms to sell at marginal costs and compen-
sate them (exactly) for the fixed exporting costs that they incur. Qualitatively, optimal taxes would remain
uniform across domestic firms and optimal import tariffs would remain biased against Foreign’s most prof-
itable exporters. The main difference is that discrimination would take the form of higher fixed fees for
entering Home’s market rather than higher linear taxes.
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5 Optimal Uniform Taxes

In the last two sections, we have characterized optimal trade policy under the assumption
that the home government is not only free to discriminate between firms from different
countries by using trade taxes, but also unlimited in its ability to discriminate between
tirms from the same country. While this provides a useful benchmark to study the norma-
tive implications of firm heterogeneity for trade policy, informational or legal constraints
may make this type of taxation infeasible in practice. Here, we turn to the other polar

case in which the home government is constrained to set uniform taxes: fgr(¢) = tyr,

thr (@) = tan, sur(@) = Sur, and syp (@) = Sy for all ¢.

5.1 Micro to Macro Once Again

To solve for optimal uniform taxes, we can follow the same approach as in Sections 3
and 4. The only difference is that the micro problems of Sections 3.1 and 3.2 should now

include an additional constraint:

qij(¢")/qij(@) = (aij(¢")/a;ij(¢))~°F for any @, ¢’ such that g;;(¢’), g;;(¢) > 0. (28)

By construction, whenever the solution to Home’s relaxed planning problem satisfies (28),
it can be implemented with uniform taxes over the goods that are being produced. Fur-
thermore, since Home always prefers to produce or import the most profitable goods,
any solution that satisfies (28) can also be implemented with the same uniform taxes over
the goods that are not produced or imported. Like in Section 4.4, strictly higher taxes on
those goods can be dispensed with.

For varieties from Home that are sold in any market, i = H and j = H, F, constraint
(28) is satisfied by the solution to the relaxed problem (9). In this case, optimal taxes
were already uniform, as established in Lemmas 1 and 2. So the value of Ly (Qny, Qnr)
remains unchanged. In contrast, for foreign varieties that are imported by Home, i = F
and j = H, constraint (28) may bind at the solution to (11). This leads to new costs of
imports and new terms of trade for Home, which we describe in the next subsection.

The other equations that characterize the solution to Home’s relaxed planning prob-
lem are unchanged. In particular, one can still reduce Home’s macro planning problem to
(18). Following the same reasoning as in Section 4, one can therefore show that optimal
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uniform taxes must satisfy

(1 +try) /(1 + Eypy)
(1+55p) /(1 +55y)

=1+ (29)

Like in Section 4, the optimal wedge, T° = —(17};r + 77y) /(1 + 175;5), still depends exclu-
sively on the terms-of-trade elasticities.

In order to help compare our results to those in the existing literature, we set domestic
and export taxes to zero in the rest of this section: j;,; = 55,y = 5f;p = 0. For the same
reasons as in Section 4.4, this is without loss of generality. Under this normalization, we

can talk equivalently about optimal uniform taxes and optimal uniform tariffs, {7, = 7*.

5.2 Terms-of-Trade Elasticities

In Section 3, terms-of-trade elasticities are complex objects that depend both on supply
and demand conditions in Foreign as well as the optimal micro-level choices of Home’s
government. With uniform trade taxes, the constraints imposed on the latter makes the
determinants of terms-of-trade elasticities simpler. We now take advantage of this sim-
plicity to explore the deeper determinants of terms-of-trade elasticities. In the next sub-
section, this information will allow us to address whether going from an economy with-
out firm heterogeneity to an economy with firm heterogeneity affects the overall level of
trade protection by changing the terms-of-trade elasticities.

In the absence of taxes that vary at the micro-level, it is convenient to summarize

technology in Foreign by the function

Lr(Qrn,Qrr) = min NP[Zj:H,p/qDle(‘?Fj(q’)rﬁo)dGF(q’)+f1€] (30a)

grH.9FE,NF

N L(qn(q)))” "dGr(9) > Q" for j = H,F. (30b)

By construction, Foreign’s production possibility frontier corresponds to the set of aggre-
gate output levels (Qrpy, Qrr) such that Lr(Qry, Qrr) = Lp. This is just the counterpart
of equation (18c) for Home in Section 3.3. Building on the efficiency of the decentralized
equilibrium under monopolistic competition with CES utility, one can then show that
Foreign necessarily operates on its production possibility frontier with the marginal rate
of transformation being equal to the price of foreign exports relative to foreign domestic
output. On the demand side, we already know that the marginal rate of substitution must

be equal to the price of foreign imports relative to foreign domestic consumption. Thus
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Figure 1: Aggregate Nonconvexities with Firm Heterogeneity

foreign equilibrium conditions can be described compactly as follows; see Appendix C.1

for a formal proof.

Lemma 6. Conditional on Qur and Qrp, the decentralized equilibrium abroad satisfies

MRSr(Qnr, Qrr(QrH)) = Pur/ Prr, (31)
MRTr(Qrn, Qrr(Qrr)) = Prr/Prr, (32)

with Pry the untaxed price of Home'’s imports and Qrp(Qry) given by the implicit solution of

Lr(QrH, Qrr) = L. (33)

The key insight of Lemma 6 is that the decentralized equilibrium abroad under mo-
nopolistic competition with CES utility is isomorphic, in terms of aggregate quantities
and prices, to a perfectly competitive equilibrium with three goods, one that is produced
and consumed domestically (in quantity Qrr), one that is produced but not consumed
(exported in quantity Qrp), and one that is consumed but not produced (imported in
quantity Qpr). The only distinction between the two equilibria is that under monopolis-
tic competition, Foreign’s production set may not be convex, as depicted in Figure 1. We
come back to this point below.

Using Lemma 6, we can relate the elasticity of Home’s terms of trade to the elasticities
of substitution and transformation in Foreign. Let ¢ = —dIn(Qyr/Qrr)/dIn(Pyr/ Prr)
denote the elasticity of substitution between imports and domestic goods and let xk =
dIn(Qry/Qrr)/dIn(Pry/ Prp) denote the elasticity of transformation between between
exports and domestic goods (both in Foreign). Since the marginal rate of substitution

and the marginal rate of transformation abroad are both homogeneous of degree zero,!”

7The homogeneity of degree zero of the marginal rate of substitution derives directly from our as-
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equations (31) and (32) imply

€ =—1/(dIn MRSr(Qur/Qrr,1)/dIn(Qur/Qrr)), (34)
k =1/(dIn MRTr(Qrn/Qrr,1)/dIn(Qru/QFr))- (35)

By equations (31) and (32), Home’s terms of trade can also be expressed directly as

P(Qrx, Qur) = MRSr(Qnur, Qrr(Qrn))/ MRTr(QrH, Qrr(QrH))- (36)

Differentiating equation (36) with respect to Home’s aggregate exports and imports, Qxr
and Qrp, and using equations (34) and (35), we obtain Home’s terms-of-trade elasticities,

nur = —1/¢, (37)
e = —(1/xpp —1)/€ — 1/ (xprx), (38)

where xrr = PrrQrr/ Lr is the share of expenditure on domestic goods in Foreign.!®
When x > 0, Foreign’s production set is convex and, everything else being equal, an
increase in Home’s imports tends to worsen its terms of trade by raising the opportunity
cost of foreign exports in terms of foreign domestic output. This is the mechanism at play
in a neoclassical environment. When x < 0 instead, aggregate nonconvexities imply that
an increase in Home’s imports tends to lower the opportunity cost of foreign exports, and

in turn, improve its terms of trade.

5.3 A Generalized Optimal Tariff Formula

Combining equation (29)—under the restriction that t};;; = 5};;; = 5};; = 0—with equa-
tions (37) and (38), we obtain the following characterization of optimal uniform tariffs

under monopolistic competition with firm heterogeneity.

sumption that the foreign utility function is homothetic. Establishing the homogeneity of degree zero of
the marginal rate of transformation is more subtle since the transformation function, Lr(Qrg, Qrr), is not
homogeneous of degree one. We do so formally in Appendix C.2.

18To derive equation (38), we have also used the fact that

dIn Qrr(Qru)/dIn Qry = Qrr(Qru)Qru/Qrr(Qrn) = —QrrMRTr(Qru, Qrr(Qrn))/ Qrr(QrFh).

Together with equation (32), this implies

dIn Qrr(Qrp)/dIn Qry = —(PeyQrn)/ (PerQrr) = —(1/xpr — 1).
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Proposition 2. Optimal uniform tariffs are such that

1+ (e"/x")

try = ———+—7, 39
FH ™ (ex — 1)x}p 39)

where €*, k¥, and xyp are the values of €, x, and xrr evaluated at those taxes.

Equation (39) is a strict generalization of the optimal tariff formula derived under mo-
nopolistic competition by Gros (1987), Demidova and Rodriguez-Clare (2009), and Fel-
bermayr, Jung and Larch (2013). It applies to any economy in which: (i) Home’s optimal
choices of exports and imports correspond to the solution to a planning problem that can
be reduced to (18); and (ii) the decentralized equilibrium in the rest of the world can
be reduced to equations (31)-(33). Within that class of models, alternative assumptions
about technology, preferences, and market structure only matter for the overall level of
trade protection if they affect the three sufficient statistics: €*, x*, and x%.

Gros (1987) focuses on an economy a la Krugman (1980). There is no firm heterogene-
ity, no market-specific fixed costs, and the elasticity of substitution between domestic and
foreign goods is constant, €* = oy = or = ¢. In this case, all firms export to all markets.
Thus, equation (32) implies that the marginal rate of transformation abroad is constant

and given by

_ (fcp (‘ZFH(q)))l_UFde(q)))l/(l—UP)
(Jip(ar(9))1=0FdGr(p))V/ (1=0p) "

In turn, the elasticity of transformation x* goes to infinity and equation (39) becomes

MRTF

Fa—— 1 o
(o —1)x}p
Proposition 2 demonstrates that Gros’s (1987) formula remains valid for arbitrary dis-
tributions of firm-level productivity and arbitrary upper-level utility functions provided
that Foreign’s production possibility frontier is linear. A sufficient condition for this to be
the case is that foreign firms face no fixed costs of selling in both markets, fr;(¢) = 0 for
j=H,F.

Beside greater generality, a benefit of our analysis is that it helps identify the economic
forces that determine optimal trade policy under monopolistic competition. Under the
restriction that €* = oy = or = o, the optimal tariff formula derived by Gros (1987)
can be interpreted in two ways, as discussed by Helpman and Krugman (1989). One can
think of Home as manipulating its terms-of-trade, as we have emphasized in this paper,
or of Home imposing a tariff equal to the markup charged on domestic goods so that the

relative price of foreign to domestic goods equals the country’s true opportunity cost of
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domestic goods. Indeed, the difference between Home firms’ price and marginal cost for
their domestic sales is equal to yuyy —1 = 1/ (o — 1), which is the optimal tariff that a
small open economy would choose when €* = ¢p. By allowing the upper-level elasticity
of substitution, €*, to differ from the lower-level elasticities of substitution, oy and o,
our analysis suggests that the first of these two interpretations is the most robust. When
€* # oy, Home firms still charge a markup uy = o/ (0 — 1) on the goods that they sell
domestically. Yet, the only relevant elasticity in this case is €* because it is the one that
shapes Home's terms-of-trade elasticities, as shown in equations (37) and (38). We come
back to this issue in Section 6.3.

As noted above, Proposition 2 also generalizes the results of Demidova and Rodriguez-
Clare (2009) and Felbermayr, Jung and Larch (2013) who focus on an economy a la Melitz
(2003). Compared to the present paper, they assume a constant elasticity of substitution
between domestic and foreign goods, €* = oy = or = ¢. They also assume that taxes
are uniform across firms, that firms only differ in terms of their productivity, and that
the distribution of firm-level productivity is Pareto. Under these assumptions, the de-
centralized equilibrium with taxes can be solved in closed-form. As discussed in Feenstra
(2010), models of monopolistic competition with Pareto distributions lead to an aggregate
production possibility frontier with constant elasticity of transformation,

. ov—(oc—1)
T v—(c—1)

ksl

<0, (40)

where v > ¢ — 1 is the shape parameter of the Pareto distribution; see Appendix C.3.1
Combining equations (39) and (40) and imposing €* = ¢, we obtain
_ 1
Bpy=—
TR Ve
as in Felbermayr, Jung and Larch (2013). In the case of a small open economy, the previ-
ous expression simplifies further into 1/ (v — 1), as in Demidova and Rodriguez-Clare
(2009).

9In his analysis of models of monopolistic competition with Pareto distributions, Feenstra (2010) con-
cludes that firm heterogeneity leads to strictly convex production sets. In contrast, equation (40) implies
that Foreign’s production set is non-convex: x* < 0. Both results are mathematically correct. The appar-
ently opposite conclusions merely reflect the fact that we have defined the aggregate production possibility

frontier abroad as a function of the CES quantity aggregates, Qry and Qrr, whereas Feenstra (2010) defines

. .. 1 1
them, using our notation, in terms of Q Pfq” Fand Q Fé” F.
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5.4 Firm Heterogeneity, Aggregate Nonconvexities, and Trade Policy

Since v > ¢ — 1, an intriguing implication of the results in Demidova and Rodriguez-
Clare (2009) and Felbermayr, Jung and Larch (2013) is that conditional on €* = ¢ and
xrp, the optimal level of trade protection is lower when only a subset of firms select into
exports than when they all do, 1/ ((vu — 1)x}z) < 1/((0 — 1)xfg). This specific paramet-
ric example, however, is silent about the nature and robustness of the economic forces
leading up to this result.

Our general analysis isolates aggregate nonconvexities as the key economic channel
through which firm heterogeneity tends to lower the overall level of trade protection.
Mathematically, the previous observation is trivial. From equations (21) and (37), we
know that €* —1 > 0. Since k* — oo when firms are homogeneous, we arrive at the

following corollary of Proposition 2.

Corollary 1. Conditional on (€*, x}), optimal uniform tariffs are strictly lower with than with-
out firm heterogeneity if and only if firm heterogeneity creates aggregate nonconvexities, k* < 0.

Economically speaking, Home’s trade restrictions derive from the negative effects of ex-
ports and imports on its terms of trade. By reducing the elasticity of Home’s terms of
trade with respect to its imports, in absolute value, aggregate nonconvexities dampen
this effect, and in turn, reduce the optimal level of trade protection.

The final question that remains to be addressed is how likely it is that the selection of
heterogeneous firms into exporting will lead to aggregate nonconvexities. It is instructive
to consider first a hypothetical situation in which the measure of foreign firms, Nr, is ex-
ogenously given. In that situation, the selection of heterogeneous firms would necessarily

lead to aggregate nonconvexities. To see this, note that equation (32) implies

MRTF = (f¢FH (’ZPH((P))liapdGF((p))1/(17(7[7) ,

(fo,, (are(9))1=ordGr(p))1/ O-r)

with the set of foreign varieties sold in market j = H, F such that
@pj={¢: (ur —1) }]'_UF(QD)(NFA ar; F(9)dGr(9)) " Qrj > fri(9)}-
Fj

If selection is active in market j, in the sense that some foreign firms are indifferent be-
tween selling and non-selling in market j, then ®r; must expand as Qf; increases. Since
consumers love variety, this must lead to a decrease in ( |, . (arj(9) V1=0rdGp(g))1/ (1=0F) 20

20Formally, this requires that Gr has strictly positive density around blueprints ¢ with profitability such
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And since labor market clearing requires Qrr to be decreasing in Qrpy, this implies that
MRTr(Qrn, Qrr(Qry)) is decreasing in Qrp, i.e. that there are aggregate nonconvexities.

Intuitively, an increase in foreign exports, Qrp, has two effects. First, it expands the
set of foreign firms that export, which lowers the unit cost of Foreign’s exports. Second,
it lowers Qrr, which reduces the set of foreign firms that sell domestically and raises
the unit cost of Foreign’s domestic consumption. Both effects tend to lower Foreign’s
opportunity cost of exports in terms of domestic consumption.

Our next result provides sufficient conditions such that the previous selection forces
dominate any additional effect that changes in aggregate exports, Qry, may have on the
number of foreign entrants, Nr, and in turn, the monotonicity of MRTg. Let Nr(Qrp, Qrr)
denote the measure of foreign firms associated with the solution to (30).

Lemma 7. If the measure of foreign entrants increases with aggregate output to any market,
ONF(QrH, Qrr)/0Qrj = 0 for j = H, F, then firm heterogeneity creates aggregate nonconvexi-
ties, k* < 0, with strict inequality whenever selection is active in at least one market.

We view the monotonicity condition in Lemma 7 as very mild. The measure of for-
eign entrants, Nr(Qrp, Qrr), is determined by free entry.>! When a change in aggregate
output in any of the two markets changes firms’ expected profits, the measure of foreign
entrants adjusts to bring them back to the fixed entry costs, f7. In the absence selec-
tion effects, an increase in aggregate output in any market raises profits and, in turn, the
measure of foreign entrants. In this case, the monotonicity condition in Lemma 7 would
necessarily be satisfied. In the presence of selection effects, an increase in aggregate out-
put in market j may actually decrease expected profits if the decrease in the price index
associated with an expansion of ®r; is large enough to offset the direct positive effect of
aggregate output, Qr;j, on firms’ profits. For the monotonicity condition in Lemma 7 to be
violated, there must be large selection effects in one, but only one of the two markets so
that expected profits shift in opposite directions in response to changes in Qry and Qrr.
Under these circumstances, Ni cannot be increasing in both Qry and Qpr. For the inter-
ested reader, Appendix C.5 constructs one such example in which, in spite of the selection
of heterogeneous firms, Foreign’s aggregate production set remains locally convex.

Combining Corollary 1 and Lemma 7, we arrive at the following proposition.

that foreign firms are indifferent between selling and not selling in market j. Whenever we say that selection
is active in market j, we assume that this is the case.

21Gince the decentralized equilibrium is efficient, one can always interpret Nr(Qrp, Qrr) as the measure
of foreign entrants in the decentralized equilibrium, conditional on the equilibrium values of Qry and QFr.
This is the interpretation we adopt here. Formally, Nr(Qrp, Qrr) is given by equation (C.3) in the proof of
Lemma 6.

26



Proposition 3. If the measure of foreign entrants increases with aggregate output to any market,
then conditional on (€*, x}p), optimal uniform tariffs are lower with than without firm hetero-
geneity, with strict inequality whenever selection is active in at least one market.

The active selection of heterogeneous firms may actually lower the overall level of
trade protection so much that the optimal uniform tariff may become an import subsidy,
an instance of the Lerner paradox. To see this, note that as €* goes to infinity, the optimal

uniform tariff in equation (39) converges towards
frag =1/ (k"xFp),

which is strictly negative if there are aggregate nonconvexities abroad, x* < 0. In this limit
case, foreign preferences are linear, which eliminates the last neoclassical force calling for
an import tariff: diminishing marginal rates of substitution in Foreign. More generally,
equation (39) implies that an import subsidy is optimal, f;;; < 0, if and only if non-
convexities on the supply-side dominate convexities on the demand-side, x* > —e*.?%/23
The “new” trade theory synthesized by Helpman and Krugman (1985) and Helpman
and Krugman (1989) is rich in paradoxical results. For instance, a country with higher
demand for a particular good may be a net exporter of that good, the so-called home-
market effect. Such paradoxes derive from the presence of increasing returns at the sector-
level: when employment in a sector expands, more firms enter, and since consumers
love varieties, the associated price index goes down. In a one-sector economy, however,
these considerations are mute, which explains why the optimal tariff formula derived
by Gros (1987) under monopolistic competition a la Krugman (1980) is the same as in a
perfectly competitive Armington model, or why the formula for gains from trade derived
by Arkolakis, Costinot and Rodriguez-Clare (2012) is the same for the two models.
Interestingly, the possibility of the Lerner paradox presented above derives from a
very different type of nonconvexities, one that is unique to monopolistically competitive
models with firm heterogeneity and selection, and one that matters for trade policy, even
with only one sector. In a neoclassical environment with diminishing marginal returns,

22 Allowing for non-CES utility functions such that €* # ¢ is important for an import subsidy to be
optimal. With CES utility functions, the same parameter o would affect the curvature of both the production
possibility frontier and the indifference curve abroad. In the Pareto case, for instance, one can check that
the restriction v > ¢ — 1 further implies ¥* < —c. So, in the environments considered by Demidova and
Rodriguez-Clare (2009) and Felbermayr, Jung and Larch (2013), an import subsidy would never be optimal.

A careful reader may wonder whether the inequality x* > —e* conflicts with our previous decision
to restrict our analysis to interior solutions of Home’s relaxed planning problem, as characterized by equa-
tions (19)-(21). The answer is no. Provided that the upper-level elasticity of substitution between domestic
and foreign goods at home is low enough, Home’s planner must prefer an interior allocation, regardless of
whether * > —¢e* or k* < —e* abroad.
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consumers and firms do not internalize the fact that, at the margin, an increase in imports
must raise their opportunity costs and, in turn, the price of all infra-marginal units, which
calls for a positive import tax. Here, in contrast, a government may lower the price of its
imports by raising their volume and inducing more foreign firms to become exporters,
which explains why an import subsidy may be optimal.

6 Optimal Taxes with Intra- and Inter-Industry Trade

The monopolistically competitive model of Section 2 is commonly interpreted as a model
of intra-industry trade where domestic and foreign firms specialize in differentiated vari-
eties of the same product. We now consider a more general environment with both intra-
and inter-industry trade across multiple sectors indexed by k = 1,...,K. Formally, the

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

u; = u; (U}, .., uk),
uf = U (Qti Qk),

k k
Qs = 1| Ni(ahio)" Miaci(e))",

with lllk the utility from consuming all varieties from sector k in country i, Q;'(i the subu-

tility associated with varieties from country j in that sector, and u P = U'Jk / ((7;‘ — 1), with
O'k
j

model of Section 2 corresponds to the special case in which K = 1 and U; = Q. In line

> 1 the elasticity of substitution between varieties from country j in sector k. The

with our previous analysis, we assume that Uzk (+,-) is homothetic for all i and k. Assump-

tions on technology and market structure are unchanged.

6.1 More Micro Problems and a More Complex Macro Problem

The first goal of this section is to show that the micro-to-macro approach that we have
followed in previous sections readily extends to an economy with multiple industries. At
the micro-level, all our qualitative results about the structure of optimal trade taxes are
unchanged. At the macro-level, domestic taxes are now necessary to correct for the differ-
ences in markups across sectors, but, other than that, the overall level of trade protection
still reflects the manipulation of Home’s terms of trade, both within and between sectors.

Let us start with the micro problems of Sections 3.1 and 3.2. Within each sector k =
1, ..., K, one can still define the minimum labor cost at home of producing domestic output,
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Q T and exports, Q%F, conditional on the measure of entrants, N,

Ly (Qfin, Qfir, Nfy) = min N[ Y. /ZHj(qlij(Go)r(P)dG]ﬁ(‘P)+fgk]
afin 91 j=H,F

k .
Nis [ (aly(9))" Gl () = (Qup)'/¥h, for j = H,F,

as well as the minimum cost of imports, conditional on Foreign’s aggregate output in the
two markets, Q%,; and QX., the measure of foreign entrants, Nf, and sectoral employ-
ment, LK,

Cry(QFy, QFp, NE, LY) mm/ Nfpkary()qty(9)dGE (o)
C11:H

| NEGrn(9))! /G (p) = Qf,
NEf* = Tl (Qfr, NE)
+ NF/[.”FQII(?H( )Qlf:quﬁH((N - lPH(qlf:H(¢)/¢)]dG§(§0)r

Lh = NEFZ + Lp(Qfe, N + NE | len(a(0), 9)GE (),
wharn(9)aky(9) > e (i (), @)

The exact same arguments as in Sections 4.1 and 4.2 imply that domestic taxes should
be uniform across firms within the same sector, but that import taxes should be lower
on the least profitable exporters from Foreign. Uniform domestic taxes, in particular, still
reflect the fact that firms charge a constant markup over marginal cost under monopolistic
competition with with CES subutility.

Compared to the one-sector case, the key difference is that Home’s planner can choose
the level of foreign employment, L%, in each sector k subject to the foreign resource con-

straint, Y, L% = Lr, and the optimality of foreign consumption across sectors,
(3UF/dUL) / (UF /9UZ) = P/ P2, for all ky, ka,

where Pk = minQHF,QFF{PI’;FQHF + PE.Qrr|UK(Qur, Qrr) > 1} denotes the foreign price
index in sector k.?* These considerations can be summarized in a compact way through

24 Alternatively, one could have assumed no labor mobility across sectors in Foreign, so that the amount
of labor, L%, is exogenously given in each sector. In this case, the previous first-order conditions would pin
down instead the foreign wage in sector k, w¥, as a function of Home’s imports and exports. When foreign
preferences are Cobb-Douglas, this is a simple environment to analyze, though one without home-market
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a new feasible set, Zp, that includes all Qpg = (Qly, ..., QFy), Qrr = (QLp, ..., Qp),
Nf = (N}, " Nf), and Lg = (L}T, ey L?) such that, for all k, there exist qll§H that satisfy
the sector-level counterparts of constraints (11b)-(11e). Let Quu = (Q}{H, vy QﬁH) and
Qur = (Qkf, ..., QX;) denote the vector of domestic output and exports across sectors,
respectively. Like in Section 3.3, Home’s macro planning problem is simply to maximize

the utility of its representative agent subject to a trade balance condition and a resource

constraint,
max Uy (Ugy(Qpp, Qbs)s - Ul (Qfer QF ) (41a)
Qun,Qrn,QnF
Y Pl (Qru, Qur)Qfir = Y, Pry(Qrn, Qur) Qf y, (41b)
k k
Y. Ly (QYy, Qfir) = L, (41¢)
k

where the export and import prices, PI’;F(QFH, Qur) and PIIEH(QHF, Qur), now reflect
Home’s optimal choices of Foreign’s local output, Qpr = (Q,l;p, ey QIEF), measures of en-
trants, Np = (N},..., Nf), and employment, Ly = (L}T,..., Lllg) over Zr; see Appendix
D.1.

Using the associated first-order conditions, one can check that Home’s planner would
like to set the marginal rate of substitution between sectors equal to the marginal rate
of transformation. Whenever markups differ across sectors, however, the marginal rate
of transformation will not be equal to the ratio of price indices across sectors in the de-
centralized equilibrium. Building on this observation, one can then show that Home’s
government would find it optimal to impose domestic taxes that vary across sectors. This
is just an application of the targeting principle: domestic instruments should be used to
correct the domestic distortions, here variable markups across sectors.

In terms of macro-level trade taxes, the above analysis implies that terms-of-trade
manipulation—i.e. the fact that the home government internalizes the impact of aggre-
gate imports and exports, Qpy and Qyg, on prices, PII_EH(QFH, Qur) and PIIEIF(QHF, Qur),
whereas private agents do not—is the sole determinant of the overall level of trade protec-
tion. This is an important observation, which we come back to in the next subsection. But
it should be clear that, like in a neoclassical environment with arbitrarily many sectors,
see e.g. Bond (1990), there is little that can be said about the optimal structure of trade
protection. In general, export and import prices in each sector depend on export and im-
port decisions in all sectors, Qpg and Qgg, not just export and import in that sector, Q%

effects, like in earlier sections.
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and Qlﬁp-%

6.2 A Simple Example with Homogeneous and Differentiated Goods

To provide further insights into the forces that shape terms-of-trade manipulation under
monopolistic competition, both within and between sectors, we turn to a simple example
that has received particular attention in the previous literature. Namely, we assume that
there are two sectors, a homogeneous outside sector (k = O) and a differentiated sector
(k = D), and that Foreign consumers have Cobb-Douglas preferences, as in the model
with homogeneous firms of Venables (1987), Ossa (2011), and Campolmi, Fadinger and
Forlati (2014), and the model with heterogeneous firms of Haaland and Venables (2014).

To facilitate the connection between previous results in the literature and ours, we also
restrict all taxes to be uniform within the same sector, as in Section 5. This is equivalent
to adding the sector-level counterpart of constraint (28) to the sector-level micro prob-
lems in Section 6.1. We let ng, f?H, S_EH, and 5131: denote the uniform ad-valorem taxes
in the differentiated sector and 9 denote the ad-valorem trade tax-cum-subsidy in the
homogeneous sector.?

In the outside sector, we assume that (719 — oo, that there are no fixed costs of pro-
duction and no trade costs, and that all firms at home and abroad have the same produc-
tivity, which we normalize to one. So, one can think of the homogeneous good as being
produced by perfectly competitive firms in both countries. In the rest of this section, we
use the outside good as our numeraire. As in the previous sections, we impose no restric-
tion on the distributions of firm-level productivity and fixed costs in the differentiated
sector, Gg and GP, nor on the sector-level aggregator, Ug and UII_? , which determines the
substitutability between domestic and foreign varieties in both countries. Finally, we let
Br denote the share of expenditure on differentiated goods in Foreign. Given our Cobb-
Douglas assumption, this share is constant.

Let X9 = Q9 — Q% denote Home’s exports of the outside good. Under the previous

BThroughout our analysis, we have restricted ourselves to a world economy with only two countries.
We can deal with multi-country environments in the same way as we have dealt with multi-sector envi-
ronments. Indeed, one can always reinterpret varieties from different countries as varieties from different
sectors, leading to a macro planning problem similar to (41). At the micro-level, our qualitative results
would still hold country-by-country. At the macro-level, the key difference, relative to the multi-sector
case, is that optimal taxes would now also reflect the incentives to manipulate relative wages (since labor is
immobile across countries).

26For notational convenience, we focus throughout this section on the structure of optimal trade taxes
under the normalization that domestic taxes are zero in the homogeneous sector. As mentioned above, the
difference in markups between the differentiated and homogeneous sectors implies that the optimal level
of domestic taxes in the differentiated sector, fg p and §PDI 17» Will no longer be zero.
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assumptions, Home’s macro planning problem reduces to

O O
o0 XOQI’gla)((gD o Un(Qf — X5, UB(QEIH/ Q?H))
H"**H=<HH’=FH’<HF

PRy (XE, QFy)QFy = PHr(XR, QFy, Qhr)QRr + X5,
Q% + Li(Qhn, Qr) = Lu,

where Home’s import and export prices in the differentiated sector, PE,; (X9, QP,,) and
PR.(X9, Qb L, QP,,), are such that

pI?H(XI?I/ QZL-")H) HF LFH(QFH/ QPF(QFH/ LF (XH)))
ng(xg/ Qgpr Q?H) = HUF LFF(QFH/ QPP(QFH/ LD(XH)))MRS?(QQF/ Q?F(Q?Hr L?(Xgl)))r

with LE. = 9LP /0Qp; the marginal cost in Foreign of aggregate output for marketi = H, F
and MRSD(QHF' QFr(QFy, L (X}))) = (UR (QRr, QFr)/9QRE) / (OUP (QRr, QFr) /0QF)
the marginal rate of substitution in the differentiated sector.

With two sectors, foreign production of the differentiated good for its local market,
QFF(QFH, LP(X9))), not only depends on foreign exports of the differentiated good,

b, but also on the total amount of labor allocated to the differentiated sector, LP(X9),
which now appears as a second argument. Given Cobb-Douglas preferences, this only
depends on Home’s net imports of the outside good. Since Foreign always spends (1 —
Br)LF on the outside good, the amount of labor allocated to that sector must be equal to
(1—Br)Lr — XY and the amount allocated to the differentiated sector must be equal to
Lr minus this number, LP (M%) = BrLr + X9.

In spite of the introduction of an outside sector, the relative price of Home’s exports in
the differentiated sector, PP = PHF/ PFH, still satisfies PP = MRSD / MRT1C Since there
are now three aggregate goods that are traded internationally—Home’s and Foreign'’s
differentiated goods as well as the homogeneous outside good—there are two relative
prices, PP and PE);, that Home can manipulate to improve its terms-of-trade both within
and between sectors. Mathematically, these considerations are captured by the first-order

conditions of Home’s new macro problem, which imply

MRSEH = MRTEPP/(1+1P),
MRS{P = PEy(1+1°),

with MRSEP = (0Up/9QRy)/ (dUy /0UY)) the marginal rate of substitution for Home
between Foreign’s differentiated good and the homogeneous good, and the two optimal
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wedges, P and 7°, such that

D _ et zpy (Z - 1)5PH 42)
1+ ’7HF
0 _ _ZUIPH +yznR 4+ (z— 1) (ylx + @FH)’ 43)

1+yznR + (z— Dylx

with ng = alnPD/aangF, 17FH = alnPD/aanFH, 17X dln PP /91n X9, (rH =
olnP H/aln QFH, {x = oln D H/Bln X9, y = FHQFH/XO, and z = ﬁEFQEF/PFHQFDH.
The first group of price elasticities, 75, 75, and 7%, determine Home’s incentives to
manipulate terms of trade within the differentiated sector, whereas the second group of
elasticities, {ry and {x, determine its incentives to manipulate terms of trade between the
differentiated sector and the homogeneous sector. When there is no inter-industry trade,
z = 1, only the first group of elasticities affects Home’s optimal wedges.?”

The previous wedges, in turn, pin down the relative level of optimal trade taxes. Using

the same argument as in Section 4, one can show that

(1+Ry) /(1 +15y)
(1+ SHF)/(l + SHH)
1+ /1+1) = 1+1°. (45)

1+ 1P, (44)

Finally, one can check, as we do in Appendix D.2, that given the difference in markups
between the differentiated and homogeneous sectors, the domestic government would
like to use domestic taxes in order to undo the markup distortion,

(1+Fgy) /(1 +57y) = 1/pf.

When there is no active selection of firms in the differentiated sector, as in the model
with homogeneous firms of Venables (1987), Ossa (2011), and Campolmi, Fadinger and
Forlati (2014), equations (42)-(45) imply

(1+ 8y )/(1+tgH):1+ 1 ’ (46)
(1+58:)/(1+58,) (eP —1)xBy
(1—rPp) (/1R + (1 —z)eP)
eP(eP — 1)+ (1 —rB)(0cPz/rB + (1 — z)eD)

(1+ )/ (1+F) =1-

(47)

?’The definitions of 7% and {x implicitly assume that Home is an exporter of the homogeneous good,
X9 > 0. If Home is an importer of the homogeneous good, one can simply rewrite all our formulas in
terms of 9In PP /9In(—XY)) and 91n PE,; /9 In(—XY). None of our results depends on this convention.
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with €P the elasticity of substitution within the differentiated sector in Foreign and x2;. =
PrrQFr/ (PrrQFr + PrrQpr) and rgp = PrQpr/ (PrrQFr + PryQFy) the domestic ex-
penditure and revenue shares, respectively. The formal derivation can be found in Ap-
pendix D.3. From equation (46), we see that Gros’s (1987) formula, which determines the
optimal level of trade protection within the differentiated sector remains unchanged. Al-
though the domestic government now wants to manipulate its terms-of-trade both within
and between sectors, the latter consideration only affects the choice of (1+E,;) /(1 +9).

According to equation (47), if Home is an exporter of the homogeneous good, z < 1,
then optimal taxes must be such that (1 + £,;) /(1 + #9) < 1. This can be achieved, for
example, by subsidizing imports of the differentiated good, f£,; < 0 with ) = 0, or
by subsidizing exports of the homogeneous good, f2; = 0 with 9, > 0. Intuitively, an
increase in Home’s exports of the homogeneous good creates a home-market effect: it
increases Foreign’s employment in the differentiated sector, BrLr + X%, which leads to
more entry of foreign firms in this sector and, because of love of variety, a lower price
of Foreign’s differentiated goods relative to the homogeneous good. When Home is an
exporter of the homogeneous good, this creates a first improvement in its terms of trade.
In addition, an increase in either imports of the differentiated good or exports of the ho-
mogeneous good raises foreign production of the differentiated good for its local market.
Since PP o« PR./PE. = MRSP in the absence of selection, this must be accompanied
by a decrease in the relative price of Foreign’s differentiated goods relative to Home’s
differentiated goods, a second improvement in Home’s terms of trade.”> When Home is
a small open economy in the sense that 2. = 1, it cannot manipulate entry or output
abroad, which leads to zero subsidies: (1 + f2y;) /(14 9) = 1. The same is true when P
goes to infinity. In this case, the relative price of Foreign’s differentiated goods relative to
the homogeneous good is fixed. Hence, Home can only manipulate PP, which it will do
optimally by setting an import tariff or an export tax in the differentiated sector according
to equation (46).

When there is active selection, equations (42)-(45) offer a strict generalization of the
results of Haaland and Venables (2014). In line with the papers cited in Section 5.3,
they assume a constant elasticity of substitution between domestic and foreign goods,
eP = ¢l) = 0P = 0P, that firms only differ in terms of their productivity, and that the

distribution of firm-level productivity is Pareto. Crucially, they also assume that Home is

281f Home is an importer of the homogeneous good, z > 1, then Home’s terms of trade unambiguously
improve if both PP and PE; increase. Although a decrease in Home’s imports of the homogeneous good
imports of differentiated goods necessarily increases PP and lowers PE,,, it only increases PY;. if Foreign’s
elasticity of substitution between domestic and foreign goods, €, is low enough. Accordingly, Home only
taxes imports of the homogeneous good in this case if € < z/(rB.(z — 1)).
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small relative to Foreign in the sense that it cannot affect the number of foreign entrants,
NII_? , nor local output, QFDF, in the differentiated sector. This implies {x = 17)12 = 0and
Cry = 1/xP. Under this restriction, Appendix D.4 establishes that

A+ /(148 14eD/kD
40/ (450, & -1 (48)
(A +Ry) /(1 +) =14+1/xP. )

By equation (48), the structure of optimal trade protection within the differentiated sec-
tor is again exactly the same as in the one-sector case, with firm heterogeneity lowering
trade protection if and only if there is active selection of foreign firms into exporting.’
Furthermore, by equation (49), the same aggregate nonconvexities, x? < 0, should lead
to less trade protection in the differentiated sector relative to the homogeneous sector:
(14 £25)/(1+ ) < 1. This reflects the fact that given aggregate nonconvexities, the im-
port price in the differentiated sector, PL};, is a decreasing function of import volumes, QF,,.
This can again be achieved by subsidizing imports of the differentiated good, f2;; < 0
with £ = 0, or by subsidizing exports of the homogeneous good, f£;; = 0 with 9 > 0,

an expression of Lerner symmetry.

6.3 Terms-of-Trade Manipulation and Optimal Trade Policy Redux

The existing literature on optimal trade policy under monopolistic competition draws a
sharp distinction between models with only intra-industry trade, like the one studied
by Gros (1987), and models with both intra- and inter-industry, like the one studied by
Venables (1987). In the former class of models, the standard view, as put forward by
Helpman and Krugman (1989), is that terms-of-trade manipulation can be thought of as
the rationale behind optimal trade policy since a strategic country can affect its relative
wage. In the latter class of models, however, the standard view would be that such terms-
of-trade motives are absent whenever the existence of an outside good pins down relative
wages between countries, and accordingly, that the rationale behind trade policy must lie
somewhere else, like the existence of so-called home-market effects.

Our analysis offers a different perspective, one suggesting that the terms-of-trade mo-

2 All formulas in this section are implicitly derived under the assumption that Home and Foreign pro-
duce in both sectors. A small open economy, however, is likely to be completely specialized in only one of
them. When Home is completely specialized in the differentiated sector, one can show that both equations
(48) and (49) must still hold. When Home is completely specialized in the outside sector, equation (49)
must again hold, but equation (48), while consistent with an optimum, is no longer necessary. Details are
available upon request.
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tive has greater scope than previously recognized. According to this view, imperfect com-
petition and firm heterogeneity matter for the design of macro-level trade taxes, but only
to the extent that they affect terms-of-trade elasticities. In the simple example of Section
6.2, Home’s relative wage is fixed, whereas the number of foreign entrants in the dif-
ferentiated sector is free to vary. Yet, if all elasticities of world prices are zero, that is if
Home has no market power, then optimal wedges and optimal trade taxes are zero, as
can be seen from equations (42) and (43). Our analysis echoes the results of Bagwell and
Staiger (2012b,a, 2015) who argue that terms-of-trade externalities remain the sole motive
for international trade agreements under various market structures.

The importance of the terms-of-trade motive in our analysis clearly depends on the
availability of a full set of domestic instruments. In the presence of domestic distortions,
trade policy can also be used as a second-best instrument, which means that if one were to
restrict the set of domestic taxes, such considerations would also affect the level optimal
trade taxes, as in Flam and Helpman (1987). This is true regardless of whether markets
are perfectly or monopolistically competitive and we have little to add to this observation.

The core of the difference between the standard view and ours has a simpler origin.
We define terms-of-trade manipulation at the macro-level as the manipulation of the rel-
ative price of sector-level aggregate prices, not the manipulation of relative wages. In the
one-sector case studied by Gros (1987), the two definitions coincide, but not otherwise.
While one may view the previous distinction as semantic, this does not mean that it is ei-
ther irrelevant or trivial. Part of the reason why one builds theory is to develop a common
language that can be applied under seemingly different circumstances. The perspective
pushed forward in this paper is that within the class of models that we consider, inter-
national trade remains another transformation activity that turns aggregate exports into
aggregate imports, as summarized by the trade balance condition in (41), the shape of
which determines the structure of optimal trade policy at the macro-level.

7 Concluding Remarks

Few economic mechanisms have received as much empirical support as the selection of
heterogeneous firms into exporting; see e.g. Bernard and Jensen (1999), Bernard, Eaton,
Jensen and Kortum (2003), Bernard, Jensen, Redding and Schott (2007), and Eaton, Ko-
rtum and Kramarz (2011). Policy makers have paid attention. As documented in the
World Trade Report 2016, there were only two regional trade agreements (RTA) with pro-
visions related to small- and medium-sized enterprises (SME) prior to 1990. As of March
2016, 133 RTAs, representing 49% of all the notified RTAs, include at least one provision
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mentioning explicitly SMEs. The Trans-Pacific Partnership (TPP) is now the first U.S. free
trade agreement to include a separate chapter on SMEs.*

Ironically, there has been very little work to date about the policy implications of the
endogenous selection of firms into exporting. In this paper, we have tackled this issue
in the context of a generalized version of the trade model with monopolistic competition
and firm-level heterogeneity developed by Melitz (2003). We have organized our analy-
sis around two polar assumptions about the set of available policy instruments. In our
baseline environment, ad-valorem taxes are unrestricted so that governments are free to
impose different taxes on different firms. In our extensions, ad-valorem taxes are uniform
so that governments cannot discriminate between firms from the same country.

When ad-valorem taxes are unrestricted, we have shown that optimal trade policy
requires micro-level policies. Specifically, a welfare-maximizing government should im-
pose firm-level import taxes that discriminate against the most profitable foreign ex-
porters. In contrast, export taxes that discriminate against or in favor of the most prof-
itable domestic exporters can be dispensed with. When taxes are uniform, we have shown
that the selection of heterogeneous firms into exporting tends to create aggregate noncon-
vexities that lowers the overall level of trade protection. Under both assumptions, we
have highlighted the central role that terms-of-trade manipulation plays in determining
the structure of optimal trade taxes at the macro-level, thereby offering a unifying per-
spective on previous results about trade policy under monopolistic competition.

We conclude by pointing out a number of limitations of the present analysis that could
be relaxed in future research. The first one is the assumption that all firms charge a con-
stant markup. In general, a government that manipulates its terms-of-trade may do so by
imposing different taxes on different firms in order to incentivize them to charge different
markups. In practice, we know that firms of different sizes tend to have different markups
and different pass-through rates; see e.g. Berman, Martin and Mayer (2012), Goldberg,
Loecker, Khandelwal and Pavcnik (2015), and Amiti, Itskhoki and Konings (2015). While
this channel is not directly related to the selection of heterogeneous firms into exporting,
this is another potentially important mechanism through which firm heterogeneity may
affect the design of optimal trade policy.

The second limitation is that fixed exporting costs are assumed to be paid in the ex-
porting country. This implies that all trade is trade in goods. If fixed costs were paid
in the importing country, trade would also include trade in services, and manipulating
the prices of such services would also be part of the objective of a welfare-maximizing

3Details of the chapter on SMEs can be found at https://medium.com/the-trans-pacific-
partnership/small-and-medium-sized-businesses-8de15a02d843#.c68wvlrwc
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government. More generally, our analysis abstracts from intermediate goods and global
supply chains, which is another exciting area for future research on optimal trade policy;
see Blanchard, Bown and Johnson (2015) for a first step in this direction.

The third limitation is that governments have access to a full set of tax instruments.
As discussed in the previous section, when domestic instruments are restricted, trade
policy would be called for not only to improve a country’s terms of trade, but also to
help in mitigating domestic distortions. We know little about the implications of trade
models with firm heterogeneity for the design of optimal industrial policy. They may be
particularly relevant in economies where credit markets are imperfect. In short, many
normative questions remain open.

The final limitation is that we have only characterized the optimal policy of a country
when the rest of the world consists of a single country that imposes no taxes of any sort. To
further understand the implications of firm heterogeneity and selection for trade policy,
tuture research should strive to characterize the Nash equilibrium in which all countries
attempt to manipulate their terms of trade, and then study how trade agreements would
be structured to avoid the associated negative welfare implications. Much remains to be

done on the normative side of the literature to close the gap between theory and practice.
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A Proofs of Section 3

In Sections 3.1-3.3, we have described the solution to Home’s relaxed planning problem:

max LIH(QHH, QFH) (Ala)
{43j,Qij}ij=n,F Prr,PEH, PrE, PrF {Ni }izH
subject to:
Q" < / Ni(4ii(9))/"dG;(¢), fori = Horj = H, (A.1b)
®
() {qmq)) it urarr (9)dre(p) = rr(re(), ) Ao
0 otherwise,
P = [D Ne[per(9)]'~7dGe (o), (A.1d)
5 if . () > Iri(ari(0), 0),
() = {ij(fp) i prary(P)in(9) 2 a9 9)
1) otherwise,
fr= Z]-:H,FL[#P‘ZF]'((P)QH((P) = Irj(9£i(9), )14GE(9), (A.1f)
Qur, Qrr € arg max {Ur(Qnr, Qrr)| ),y r PirQir = wrLr}, (A1g)
Qur,Qrr !
L= Ni[Zj:H,F [D l,](qu(go), QD)dGZ((p) —I—fﬂ, fori=H,F. (A.1h)

We now provide the formal arguments used to characterize this solution.

A.1 Necessity of Lagrangian Minimization (Section 3.1)

This appendix discusses some technical details behind our analysis and characterization of op-
timal policy. Our approach in Section 3.1 was to derive necessary conditions for optimality, ap-
pealing to global Lagrangian necessity theorems. This appendix clarifies how we can invoke such
results, despite the apparent non convexity of the problems.

As stated, the problem in 3.1 is not a convex optimization problem. We first convexify this
problem by allowing randomization: instead of specifying a single quantity g(¢) for each blueprint
@, we let the planner choose a distribution over q conditional on ¢. Formally, for each ¢ there is a

CDF over qp; given by My;(q; ¢). Letting My = {Mp;(q; ¢) }, the planning problem becomes

b (Quunt Qe Nit) = e N0 ( D A /[O )lH]'(qr(P)dMHj(q} 9)dGr(9) + fﬁ)
’ j=H,F ,00
NH/d>/[0 )ql/;mdMHj(q; ¢)dGy(p) > Q}{/J}‘H, for j = H,F,

where M is the set of all families of CDFs.
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Note that M is a convex subset of a vector space. As stated, the above planning problem is
linear and, thus, convex in Mgy and Mpur.We have relaxed the equality to an inequality constraint
to ensure that there exists an interior point, i.e. an Mpy; such that the constraint holds with strict
inequality. Thus, we can apply a Lagrangian necessity theorem such as Theorem 1, p. 217 from
Luenberger (1969). This guarantees that there exists Ay; > 0 such that any solution to the above

problem must also minimize
Ni ( X / / I1j(q, @)dMj(3; 9)AGH () +ff-1>
j=H,F/® J[0,0)

+ Y. Anj (Q“”H NH[I)/[O )ql/”HdMHj(q;(P)dGH(qv))
ba ,00

j=H,

over Muyn, Mur € M.

Next, we argue that this minimization must be attained without randomization. In other
words, it can be described by two functions (@) for j = H, F. This follows from the fact that: (i)
any My; € M is dominated by MHj € M that assigns probability one to the set of points where
Inj(q; @) — g*/## is minimized; and that: (ii) the set of minimizers of Iyj(g; ¢) — g/## is almost ev-
erywhere unique. To verify (ii), note that from the characterization in Section 3.1, Iy (g; ¢) — g'/#*

has multiple minimizers only when

(nu — 1) (e / Aej) ™ (anj(9)) " = fuj(e).

Since we have assumed that for any fp; > 0 the distribution over ay; is smooth, this condition can
only hold on a set with probability zero.

At this point, we have established that the solution to the relaxed version of the problem in
3.1, with randomization, needs to minimize the associated Lagrangian and that the solution to
the Lagrangian problem does not involve randomization. This implies that any solution to the

original problem in 3.1, without randomization, must also minimize

Nl X, (117(a111(9), @) = Aais (g1 (9))/1 ) dGra(9) + fii.
j

Finally, note that for the solution of the Lagrangian problem to satisfy (9b), Ayj; must also be non-

zero, as stated in the main text.

A.2 Import Cost Minimization (Section 3.2)

The full problem of minimizing the cost of Home’s imports, Cru(Qrn, Qrr, N), conditional on
Foreign’s aggregate output in the two markets, Qry and Qrr, as well as the measure of foreign en-
trants, N, subject to condition (8) for i = F and j = H as well as Foreign’s equilibrium conditions,
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i.e, conditions (1) and (4) fori = F and j = F and (2), (5), (6) for i = F, is given by

Cru(QrH, Qrr, NF) = min /NPppH((p)qu(q))de(q)) (A.2a)
qFF,9FH/PFE.PFHPEF J &

/ Neqr (9)dGr(9) > Q" (A.2b)

() {qmm if ppar (9)dre (9) > ler (75e(9), @), a0
otherwise,

P = / Nelper(9)]'~"dGr(g), (A.2d)

b if , (@) > Irilari(0), o),

() = {pw) i rary (905 (0) > I any(0),0), (o
1) otherwise,

Ft = Yponr [, Im6a(9)051(0) 105, (9), 9)14GE(0), (A2f

Le = N0y | 1610061(0), )G (9) + £ (A2g)

Constraints (A.2c)-(A.2e) can be used to solve for the local micro quantities and prices in Foreign,

qrr(@|Qrr, Np) =

, otherwise;

{Q_FF(QDQFF; Np) ,if prarr(@)gre(@|Qrr, Nr) > I (Gre(@|Qrr, NE), @),

(A3)
prr(9]Qrr, Ne) = {HPHPF(GD) ,if urarr(9)qrr(@|Qrr, NE) > Irj(qre(@|Qrr, NF), @), (A4)
00 , otherwise;
1/(1 0’1:)
Prr(Qrr, Nr) = </ Ne(per(9|Qrr, Ne))'™ UFdGF((P)> , (A.5)

with rr(@|Qrr, Nr) = [urarr(@)/Per(Qrr, Nr)]~FQrr. Total profits and total employment as-
sociated with the local sales of foreign firms, ITrr(Qrr, Nr) and Lrr(Qrr, Ni), are then given by

I1rr(Qrr, Ni) ENF%I> purarr(9)qrr(@|Qrer, Nr)dGr(g) _/blFF(qFF<(P’QFF;NF)/(P)dGF<(P)]I
(A.6)

Lrr(Qrr, Nr) = NF[[D Irr(qrr(@|QFr, NF), 9)dGr(9)]. (A7)
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Substituting the previous expressions into problem A.2, we get that Home’s optimal import quan-

tities and prices must solve

Crrt(Qen, Qre, Ne) = min | Neper(9)asu()dGe(e) (A8a)
| Nk ()i g) = Q1 (A8
pra(@) = {PFH((P) if VF”PI?(GDMPH((P) > Iru(qru(e), ¢), (A80)

oo otherwise,
Nefr = Hpp(Qrr, NF)
+ Nr / [uraru(@)qra(@) — len(qen (@), )1dGr(9), (A.8d)
Le = Nefi + Lee(Qer, Ne) + N [ Te(aen(9), 9)dCilg).  (A8e)

After solving for Home’s import prices using (A.8c), we get that Home’s import quantities must
solve (11). For future reference, note that given quantities, gry(¢|Qrmn, Qrr, Nr), optimal import

prices are given by

urarg(@) ,if urara(@)qeua(@|Qru, Qre, Nr) > Iru(qru(@|Qru, Qrr, NE), @),
pre(@|QrH, Qrr, NF) =

() , otherwise.
(A.9)

Finally, we can derive necessary conditions for optimality, appealing to global Lagrangian
necessity theorems, as we did in Section 3.1. Specifically, allowing for randomization we can
rewrite the problem as a choice over two CDFs, Mr;(q; ¢) for j = H, F. The problem then becomes

min / Nrprara(@)qdMru(q; ¢) dGr(@)
Men€Mrn J o J[0,00)

[D . )Npql/’“dMPj(q;q’) dGr(9) > Qpif",

Nrff = I1rr(Qrr, Nr)

+NF// (rarn(@)q — Iru(q, 9)ldMeu(q; @) dGe(g),
® J[0,00)

Lr = Nrff + Ler(Qrr, Nr) + Nr [b /[0 | Irr (g, ) dAMrr(g; @) dGe(@),

where

Moy = {Mgn € M : / dMrr(q; @) dGr (@) = 0}
@ J{q:praru(@)q—Ira(q,9)<0}

is the set of probability distributions that ensures positive profits almost everywhere. As stated,

this problem is linear and, thus, convex. It features an inequality and two equality constraints.
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Invoking the Lagrangian necessity theorem given by Theorem 1, p. 217 from Luenberger (1969)
extended in Exercise 8.8.7 (p. 236), there exist multipliers Ay > 0 for the inequality constraint

and Ar and Ay, for the equality constraints so that any solution must also maximize the Lagrangian

A/[O [0 = Aerars(p)q + (A +Ar)ler (g, )  Ap M dMen (4 9) dGe ()

over Mgu € Mrp. As before, since the objective is linear in Mgy it follows that we can focus on a
“bang bang” solution that puts full weight on any point g for each ¢ that minimizes

(1 — Ap)praru(@)q + (Ap + AL)Iru(q, @) — Apug'/F*

over the set of g satisfying urary(¢)q > Iru(g, ¢). By virtue of the analysis carried out in Sec-
tion 3.2, the solution to this problem is unique almost everywhere. This follows since indif-

ference obtains only if fry(¢) > 0 and for at most two values of 0ry(¢), namely Oy (p) =

((AE+AL)/ xer) Yo, if (Ag 4+ AL) > xpn, ot Opu (@) = (xpu + (ue — 1) (A + AL))/peXEH, Other-
wise. But under our assumption that for any fry > 0 the distribution over ary(¢) is smooth, it

follows that indifference happens with probability zero.

B Proofs of Section 4

Let ({qjj, Qj;}ij=rF Prp: Piu Pres Prip, { N7 }i=p,p) denote a solution to Home’s relaxed planning
problem. In the main text, we have already described some of these variables. Before establishing
Lemmas 4 and 5, we provide a complete characterization of this solution.

The measure of domestic entrants, Ny, is such that
Nf € argmin Lu(Qun, Qr, Nu)- (B.1)
H

Since the Lagrangian Ly associated with Ly (Qpp, Qur, Ny) is linear in Ny, a necessary and suf-
ficient for Ny, to satisfy (B.1) is

fi= X[ lnna()ais(9) ~ 1 a7 (9), @)dGu(e). 52)
j=HF/®

The measure of foreign entrants, Nf, and the local output in Foreign, Q7 , are given by
Qrr, Nr € argmaxy . v, 05 Ne)e 2, A PHF(QEF, QFF, NF)Qr / Crr (Qrm QFr, NF) -

Other macro quantities, (Qj;y, Qf;p, Q). are given by equations (18b)-(21).
Conditional on macro quantities and the measures of entrants, the domestic micro quanti-

ties, = {901 (9| Qi Qe Ni)} and e = {qnr(9|Qfip, Qfie, Nip)} can be computed
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using equation (10). The foreign micro quantities, qfy = {9ru(¢|Qfry, Qfp, Nf)} and qfp =
{qrr(9|Qfp, Nf)}, can be computed using equations (13) and (A.3). Finally, the prices of for-
eign varieties, pgp = {prr(¢|Qfr, Nf)} and ppy = {pru(9|Qfy, Qp, Ni)}, are given by equa-
tions (A.4) and (A.9), whereas the aggregate price indices, Pj;r = Pur(Qjp, Qfp, Nj) and Py =
Prr(Qpp, N}), are given by equations (15), and (A.5). We also let P}, = Crp(Qiy, Qip, N7 )/ Qb
denote the average cost of imports at home. Note that P}, differs from the import price index

faced by Home consumers in the decentralized equilibrium, Pry, which is inclusive of taxes.

B.1 Lemma4

Proof of Lemma 4. First, consider the marginal rate of substitution, MRS; = Uj;;/Ug;, in country

j = H,F at a solution to Home’s relaxed planning problem. In Foreign, equations (15) and (A.5)

imply

P*
MRS} = HE . (B.3)
: (Jo NE(PEe(@)) = ordGr (@)t (1=0r)
At home, we already know from equation (22) that
MRS}, = MRT};Pip/ (14 %) Bfyy)-
By the Envelope Theorem, we also know that
MRTf; = (Awa/Aur) Qi / Qfr) 7M.
From equations (9b) and (10), we also know that the Lagrange multipliers satisfy
My = [Ni [ (o (9)' ™ dGra( )]/ 1= (Qjy) V.
Hj
Combining the two previous expressions, we get
a 1-0u4G 1/(1-on)
MRTS, = (Japy ( HH(fP))1 H(q)))l " (B4)
(Joo,,p (arr (@)1 =1d G ()1 (1=0m)
and in turn,
a 1-0h4G 1/(170H)P*
MRS, — (S, (arir () H(P)) i (B.5)

(1+7%) (Jo,,, (anr (@)= dGr ()1 1= Py

Next, consider a decentralized equilibrium with taxes that implements a solution to the relaxed
planning problem. The marginal rate of substitution for each of the two countries is determined
by conditions (2)-(4). Using the fact that the set of varieties available for consumption in the

decentralized equilibrium must be the same as in the solution to the relaxed planning problem,
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we obtain

(fchP N{;(ppwranr(@) /(14 s}‘ﬂc((p)))1—0HdGH((P))1/(1_aH)
(Jo NE(prp(9))!=ordGr(g))1/ (1%)

(Joopy Nir (1 t111 (@) prrwnann (@) / (1 + sy (@) HdGp (@) (1 =w)

(Jaop NE((U+ £ (9)) prarn (@)= dGr ()1 0 -

MRS; = ) (B.6)

MRS}, = (B.7)

Combining equations (B.3), (B.5), (B.6), and (B.7) with the micro-level taxes in Lemmas 1-3, we get

(T+ty)/ A+t (1+7)Piy

A +s5p) /A +sin)  (Jo,,, Ni(min{1,0ru(9) }prarn () =FdGe(9)) 1/ 1-0F) (B.8)

By definition of P};;, we know that

PiwQin = |, Niusarn(p)qin(9)dGs(o).
Together with equation (13), this implies

Biy Qi Jou, (@rn(9))'"FAGE(9) + [or (Brm(9))'arn())' " dGr(g)
(Np)V Aoy (nexen/Apn)7r (Ng)oe/00r) '

At a solution to Home’s relaxed planning problem, constraint (11b) must be binding. Otherwise,
Home could raise its imports, Qry, and hence the utility of its representative agent, without in-
creasing the cost of its imports, Cry(Qrn, Qrr, Nr). Using equations (13) and (11b), one can also
check that

or—1(*x \1/ur
e/ AenC Qi) [ (as(p)) " dGe (o) + [ en(gario))!“rdGe(g).

Combining the two previous expressions, we then obtain

Piy _ f@gH(”FH(G”))l*UFdGF(GD) + fcpfFH((QFH(Q’))”FE!FH(QD))1*‘7Fde(go)
NV~ (fo, (ar(9))-7dGr(9) + for, (Brrr(@)arn(9))1-7rdGr ()7 (@1

5. (BI)

Substituting into equation (B.8) and using the definition of ®%;; and ®%;; we get equation (27). O
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B.2 Lemmab5

Proof of Lemma 5. In order to show the existence of a decentralized equilibrium that implements

the desired allocation, we follow a guess and verify strategy. Consider: (i) quantities such that

qii(¢) = 4;(@), (B.10)
Qij = Qi (B.11)
(ii) measures of entrants such that
N; = N; for all j; (B.12)
(iii) wages such that
wy = P/ puLr, (B.13)
wp=1; (B.14)

(iv) goods prices such that

prj(@) if uuani(9)qui(9) = luj(qni(9), ¢),
prj(p) = { : P S (B.15)
oo , otherwise,
pei(9) = pri(e), (B.16)
and
Pl = | Nul(L+ (@) pun()]'™dGu(p), (517
Pyr = Pfp, (B.18)
Pry = (1+719)DPiy (B.19)
Prr = Prp, (B.20)
with 7* given by equation (22); (v) taxes such that
sHj(@) = sy, forall p and for j = H, F, (B.21)
tur (@) = tiy, forall ¢, (B.22)
tru (@) = tru(e), if ¢ € Prp, (B.23)
tra (@) > try, otherwise, (B.24)
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with sy, = 0forj = H, F, t}; = 0, t}(¢) given by equation (26), and t};; given by equation (27);

and (vi) a lump-sum transfer such that

T =} iyl L Nitier (@) pjr (@)qjr (#)dGi() — L Nusj(@)paj(9)qni(9)dGu(g)].  (B.25)

We now check that the previous allocation and prices satisfy the equilibrium conditions (1)-(7).

First, consider condition (7). Since it is equivalent to equation (B.25), it is trivially satisfied by
construction.

Second, consider condition (2). For goods that are produced by home firms, they are equiva-
lent to equations (B.15). So, it is again trivially satisfied. For goods that are produced by foreign
firms, condition (2) derives from equations (A.4), (A.9), (B.10), and (B.16).

Third, consider condition (4). For goods locally sold by home firms, it directly derives from
condition (B.17). For goods exported by home firms, one can use the same argument as in the

proof of Lemma 4 to show that

Lizr = Aur(Qip) "/ pn, (B.26)
Awr = NG / (unsanr (9))'~1dGyr ()] 0= (Qgyp ) o0,
HF
which imply
Li = NG / (e ()= 8 dGr ()] =) /gy (B27)
HF

Combining the previous expression with equation (B.13), we get

Prp = [Nifl/ (rwrane(9))'~dG ()] 0=,
Dyr

Condition (4) then derives from the previous equation and equations (B.12), (B.15), and (B.21).

Next, consider goods locally sold by foreign firms. For those, condition (4) derives from equations

(A4), (A5), (B.10), (B.12), (B.16), and (B.20). Finally, for goods exported by foreign firms, we

already know from equation (B.8) that

(T+t5y)/ (1 +tfy) _ (1+7%)Byy |
(U 55p)/ (Ut 551)— (Ja, Ni(min{L, 61 (9) Yurara(9))1=o7dGy (¢)) 1/ 0=7)

Combining the previous expression with equations (26), (B.23), (B.24), and using the fact that
s}‘{j = 0 forj = H, F and t};;; = 0, we then get

( . NE((1+ ten (@) pearn (@)~ dGr ()Y 00 = (14 1%) Py,

Condition (4) derives from the previous expression and equations (A.9), (B.12), (B.16), and (B.19).
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Fourth, consider condition (1). For goods locally sold by foreign firms, condition (1) directly
derives from equations (A.3), (B.10), (B.11), and (B.20). For goods exported by home firms, note
that by equations (B.10), (B.13), (B.15), (B.11), and (B.21) with s}; = 0, condition (1) holds if

(umranr(@)/Aur)” ™ = [Phranr(@)/ (LirPrr)]” 7 Qlip-

Since the previous equation follows from equations (B.26) and (B.18), condition (1) must hold for
goods exported by home firms. We can use a similar logic to analyze micro-level quantities sold at
Home. Given equations (B.10), (B.13), (B.15), (B.11), and (B.22) with t};;; = 0, condition (1) holds
for goods locally sold by home firms if

(nuann(9)/Aun) ™" = (Prrann(@)/ (LupPan)) ™" Qup- (B.28)
Using the same argument as in the proof of Lemma 4, one can also show that
Lim = Mar Qi) ™/ .
Hence, condition (B.28) is equivalent to
Pfr/Pyy = L/ Ly, (B.29)

which follows from equations (B.4), (B.15), (B.17), (B.18), (B.21), (B.22),as well as the fact that con-
dition (4) holds for goods exported by home firms. Lastly, consider goods exported by foreign
tirms. Given equations (B.10), (B.11), (B.14), (B.16), (B.23), and (B.24), condition (1) holds if

(mexrnarn(@)/Arn)” 7 = [(1 + trg)praru (@) / Prul ™7 QFp, if ¢ € Ppyy,
fru(@)/ ((ur — Varu(@)) = [(1+ try)0ru (@) praru (@) / Pru] ™7 Qrp, if ¢ € Opy,

Given the definitions of 6rp (¢), both conditions reduce to
Ara/ur = Pra/ (1 + try). (B.30)

Using equations (13) and (11b), one can again use the same strategy as in the proof of Lemma 4 to
show that

)\FH/,”F = (/(D N;(yF(min{l’9FH(¢)})aFH(gD))l_UFdGF(q)))l/(l_UF).

Since condition (4) holds for goods exported by foreign firms, we also know from equations (B.12),
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(B.23), and (B.24) that

Pry = (1+ tT:H)([D N;(,up(min{l,GFH((p)})aFH((P))F‘TFdGF((P))1/(1*@)'

Equation (B.30) derives from the two previous observations. Hence, condition (1) must also hold
for goods exported by foreign firms.

Fifth, consider the free entry condition (5). Abroad, this condition derives from equations
(11c), (A.6), (B.10), (B.11), and (B.12). At home, it derives from equations (B.2) and (B.10).

Sixth, consider the labor market condition (6). Abroad, this condition derives from equations
(11d), (A.7), (B.10), (B.11), and (B.12). At home, constraint (18c) implies

Ly (Qkn, Qfir) = L. (B.31)

Condition (6) then derives from the definition of Ly(Qgp, Qnr) and equations (B.10), (B.11),
(B.12), and (B.31).
Finally, consider condition (3). Abroad, we know from equations (15) and (16) that at the

desired allocation,

UEF/U;F = PI*{F/P;F/
PrpQrr + PeyQry = Lr.

Thus equations (B.11), (B.14), (B.18), and (B.20) imply that condition (3) holds abroad. At Home,

we know from equations (19)-(21) that at the desired allocation
Urp/Ugn = 1+ ) (LirPia/ LinPhir), (B.32)
Equations (B.29) and (B.32) imply
Uy /Upy = (1+77)(Pry/ Prn)-

By equation (B.19), we then get
Ury/Ugy = Pru/ Pun- (B.33)

At the desired allocation, constraint (18b) also implies
p;HQ;H = PirQur,
and in turn, using equation (B.11),

PunQun + PiyQrn = PunQun + PirQur. (B.34)
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Since conditions (1) and (4) hold for goods sold by home firms at home and abroad, we know that
PyjQnj = Ny L phi(9)quj(9)dGH(e).
Combining this observation with equations (B.15), (B.18), (B.21), and (B.22) we get

PruQuu + PrrQur = NHwH([D wuann(@)quu(@)dGu(e)

+ | pasie(9)gise (9)dGin(9)).
Since condition (5) holds at home, this can be rearranged as
Pt Qust + Pir Qs = Nuwis(C i [ (a1 (9), 9)dGu(9) + fi.
Since condition (6) also holds, we then get

PruQunu + PrrQur = wyLpy.

Combining this expression with equation (B.34), we obtain

PynQun + PiyQrn = wylLy. (B.35)

Since conditions (1) and (4) hold for goods sold by foreign firms at home, we must have

PrpQrn = NFA(l +ten (@) pru(@)gen(@)dGu(e),
which, using equation (B.16), leads to
PruQrn = Nr A) ur(1+tru(@))arn(9)qru(@)dGh(e). (B.36)
From the definition of P;H as well as equations (B.11) and (B.12), we also know that
PiwQers = Ni | peasi(9)qn(9)dGr (). (B37)
Combining equation (B.25) with equations (B.35), (B.36), and (B.37), we finally obtain

PunQun + PruQry = wyLly + Th. (B.38)

Condition (3) at home derives from equations (B.33) and (B.38). O
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C Proofs of Section 5

C1 Lemmabéb

Proof of Lemma 6. Equation (31) derives directly from utility maximization abroad. To establish
equations (32) and (33), we can follow similar steps as in Section 3.1. Any solution to (30) must be
such that the optimal quantity of good ¢ produced for country j = H, F satisfies

« ari(®)/Ap))"%, if o € Pp;,
q3i(p) = (krari(e)/Ary) P=TE (C.1)
0, otherwise,

with the set of varieties with non-zero output such that

@rj = {9 : prarj(@)(urari(@)/ Ar)) ™" = Lrj((urari(9)/Ag) =7, @)},

and the Lagrange multiplier associated with (30b) such that

Apj = [Nf/ (neari(@))' = FdGr(@)]" = Qp . (€2)

Fj

Any solution to (30) must also be such that

Y [ lneary(9)iiy(e) ~ I (9), 9)lAGH(9) = f. €3

j=H,F J @r;j

The comparison of equations (1), (4), (2), and (5), on the one hand, and equations (C.1), (C.2), and
(C.3), on the other hand, imply that the outputs of foreign varieties and the measure of foreign
entrants in the decentralized equilibrium must coincide with the solution of (30), conditional on
Qry and Qrr. Since the outputs of foreign varieties and the measure of foreign entrants satisfy

(6), we must therefore have
Lr(Qrn, QFr) = L,

which establishes equation (33) and implicitly defines Qrr(Qrp). To conclude, note that by the

Envelope Theorem, we must have
Lk (Qrn, Qrr)/3Qr; = ArjQp; /™ / . (C4)
Conditional on Qry and Qrr, equations (4) (with wr = 1) and (C.2) further imply that
Apj = PrjQr;"/F. (C.5)

Equation (32) follows from equations (C.4) and (C.5). O
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C.2 Marginal Rate of Transformation is Homogeneous of Degree Zero
(Section 5.2)

In Section 5.2, we have argued that MRTr(Qrp, Qrr) is homogeneous of degree zero. We now

establish this result formally. In the proof of Lemma 6, we have already shown that the solution

of (30) satisfies equations (C.1), (C.2), and (C.3). Combining these three conditions, one can check
that the measure of foreign firms is such that

Ne(Qrn, Qrr) = (Mp(Qrn, Qrr)) M/,
with Mr(Qry, Qrr) implicitly given by the solution to

e — Lj-nr Qibr(Me/Qr) (C.6)

(0 = 1) [ f§ + joss B (Me/ Q)|

with
Ary(Me/ Q) = ([ ooy, " @G, )
Fri(Me/Qr) = | g SHOMICE @) ()

and
Ori(Mr/ Q) = {9 : ap; " (9) > (i](_i) gfj%ﬂ MF/QFI)u}j"F(CP)dGA(P))"F}. (C9)

From equation (32), we know that

[fchH (apu () = FdGp ()] (1=0F)
s, (arr (@)1 =ordGr ()] (=01

MRTr(Qrn, Qrr) =

Using the notation above, this can be rearranged as

Ara(ME(Qrn, Qrr)/Qra)
Arr(M;(QrH, Qrr)/QrFr)

MRTr(QrH, QrFr) =

By equation (C.6), Mr(Qry, Qrr) is homogeneous of degree one. Together with the previous
expression, this implies that MRTr(Qrn, Qrr) is homogeneous of degree zero.

C.3 Marginal Rate of Transformation in the Pareto Case (Section 5.3)

In Section 5.3, we have argued that under the assumptions that (i) firms only differ in terms of

their productivity, f;j(¢) = fij, (ii) the distribution of firm-level productivity is Pareto, a;;(¢) =
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T;;/ ¢ with Gp(@) = 1 — (bp/ @)"* for all ¢ > br, and (iii) there is active selection of Foreign firms
in both the Foreign and Home markets, then the elasticity of transformation, x*, satisfies equation
(40). We now establish this result formally.

The same arguments as in the proof of Lemma 6 imply

(Are Qs ™ / 1)

(C.10)
(AerQpt % /r)

MRTr(QrH, Qrr) =

with the Lagrange multipliers such that

Msj = [N} [ (nensi(9))! =" dGr (@) - QJ "

and the set of imported varieties such that

@rj = {9 : prari(@) (urarj(@)/Ar)) ™" > Iri((prari(@) / Ar)) "7, @)}

Under assumption (i), the set of imported varieties must be such that &r; = {¢ > cp}*;j}, with the
productivity cut-off such that

(ue = 1) (tj/ 91" (e / M)~ F = fj, (C11)

while assumptions (ii) and (iii) imply that ¢}; > br and that the Lagrange multiplier must be
such that
Arj = [Nfvp(be)™ / (uetes/ @)~ F @ ] R Q. (C12)
§01*:]'

Equations (C.10) and (C.12) imply

(f(,,;H(TFH/(P)l_”FG')_VF_ld(P)l/(l_”F)

, C.13
(S, (Ter/ @)1= F @V~ 1d )1/ (1=07) (139

MRTr(Qrn, Qrr) =

whereas equations (C.11) and (C.12) imply

K 1 (fri/ (e — 1))V @ Qp 177
§0F]' - [N;VF(bF)VF fq,* (TF]‘/qo)lfo'p(Pfﬁpfld(P]op/((gF_l)(1_UF)).
Fj

We can use the last expression to solve for ¢;. We obtain

. TF(;TF—l)/((UF—l)—VFUF) (fri/ (e — 1))(1—@)/((@*1)*1/1:@)Q(F‘;F_l)//((”F_l)_VWF)

Prj = [N7vp (b)Y / (o7 — vp — 1)]oF/ (@r=1)—veer)

4
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and, in turn,

LP(UF 1) vp— ("F 1y _ VF—ETF—i)l)
- o - TI;;VF (fP] (:MF _ 1))1/FLTF (op—1) QF] FOF—\0F
(/ (TF]/(P)I UFq) o 1d(P)1/(1 UF) = op(op—vp—1) op—1
(P;f [N;UF(bF)VF] (1*‘7Fl:)((§1:*11:)*b’1:t71:) (O—F —Vp — 1)7 L/FVFE(UF—l)

Substituting into equation (C.13) leads to

plep=1) (op VE— (‘TF 1)

MRTr(QrH, Qrr) = (TFH/TFF)LF;F = (fPH/fFP)";VF (oF = (QPH/QFP) =)

For vr = v and or = 0, the previous expression and equation (35) imply equation (40).

C4 Lemma?7

Proof of Lemma 7. In Section C.2, we have established that

_ Ara(Mr(QrH, Qrr)/QrH)
MRTr(Qen, Qer) = Arr(Mr(QrH, Qrr)/QrrF)

with Mp, Ary, and Arr implicitly determined by equations (C.6)-(C.9). Taking log and totally

differentiating the previous expression with respect to Qrp, we get

dIn MRTr(Qrh, Qrr(Q
Fd(lanFHFF( rH)) = el (— (1—€pH)+€F€FF)—{—€FF( ef\:AH—%eg(l—e%)),

with
A _ dIn Arj(Mp/Qrj) >0
B din(Me/Qr) T
0 _ A Qrr(Qr)

F dInQpy <0
oM _ 9ln M5 (Qrn, Qrr)
Fj dIn QF] ’

where the non-negativity of e?j directly follows from equations (C.7) and (C.9). In Section C.2,
we have already argued that Mr(Qrr, Qrr) is homogeneous of degree one. Thus, we must have

eé/lH + 6% = 1, which leads to

dIn MRTr(QrH, Qrr(QrH))
A0 Orry = (61@1?6% + €?H€1]-Y£) (eg =1). (C14)
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Since eFQ —1<0, e‘?j > 0, and e%/fH, 6%; > 0 with ef!IH + 6%; = 1, we can conclude that if selection

is active in at least one market, G?F > 0or E?H > 0, then

dIn MRTr(Qrn, Qrr(QFH))
dIn Qrp

<0,

which is equivalent to x* < 0 by equation (35). O

C.5 Locally Convex Production Sets with Selection (Section 5.4)

The goal of this subsection is to construct an economy where: (i) the number of entrants in Foreign
is strictly decreasing with aggregate output in one market and (ii) Foreign’s production set is
locally convex.

Suppose that firms in Foreign differ only in terms of their productivity, a;;/(¢) = 7;j/¢ and
fij(¢) = fij for all ¢, and that fixed exporting costs are equal to zero, fry = 0, whereas fixed costs
of selling domestically are not, frr > 0. Starting from these assumptions and the characterization
of the solution to (30)—equations (C.1)-(C.3) in the proof of Lemma 6—we can follow the same

strategy as in Section C.2 and write Mp(Qry, Qrr) = (Nr(Qrn, Qrr) ) as the implicit solution of

_ QruArH + QrrArr(Mr/Qrr)

M o = D + Fes(Me/Qer)] =
with
Ary = Tru( /@ ¢ HdGr (@) (1), (C.16)
Arr(Mp/Qrr) = ( ” ¢ 1dGr(g))/ 17, (C17)
FF

Frp(Me/Qrr) = fre(1 — Gr(@rr)), (C.18)

and the productivity cut-off for foreign firms in their domestic market such that
(ke = IR ([ G (o), c19)

(mr—1)Qrr Jor,
By equation (C.15), a sufficient condition for Mr to be decreasing in Qrp is that

A Arr(Mr/QFF) _ ok Frr(Mp/Qrr)
FE(Qru/Qrr)Ary + Arr(Mr/Qrr) FPfE + Frr(Mr/Qrr)

>1,

with 6?1; = dlnApp(Mp/Qpp)/dll’l(Mp/Qpp) > 0 and €¥F = dIHIFFF(MF/QFF)/dln(Mp/QFP>.
In the limit, when Qrr/Qrr — 0 and ff/Frr(Mp/Qrr) — 0, the previous condition reduces to

eh — b > 1. (C.20)
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We will now provide sufficient conditions on Gr such that the previous inequality holds. By
equation (C.19), we know that

1

or—1+ 1r9re8r(QFF)

Joep (9/ 9p) F1AGE(p)

€rF =

with epp = dIn @ (Mrp/Qrr)/dIn(Mp/Qrr). Combining this expression with equations (C.17)
and (C.18), we get

A _ 1= (0Fr—D)eg

€rF = . ,

F (1= (or —Vegp) [y (9/ @5)7 1dGE(9)
er. = —

FF nr(1— Gr(otr))

and, in turn,

A F __ (1 — (UF - 1)61:1:)(1 n (UF - 1) f(P;F((P/QUT:F)UpildGF(q})
€rr — € = or 1= Gp((pl’@F)

Hence, the sufficient condition (C.20) can be rearranged as

L giesr(9he) (0r = 1) [, (@/@pp)7 dGr(9) + nr@rrgr(9ir)
op =11 =Gp(opp) = (0 =1) [o. (¢/9pp)71dGF(9) +1— Gr(9Fg)

Now taking or = 2 and noting that | ot (¢/@tp)7F1dGE(@) > 1, a sufficient condition is

1 1
H(¢rr) = —
() = T Grlo) ~ Phrar (o)

>1,

which can always be satisfied by picking Gr with finite support | [ @] and setting (”J; EE 0 such that
given equation (C.19), ¢} converges to ¢ and H(¢@p) goes to infinity. At this point, we have estab-
lished that there exist sufficient conditions under which Mr(Qrpy, Qrr) and hence Np(Qrp, Qrr)

is strictly decreasing in Qry. To conclude, recall that by equation (C.14), we must have

dIn MRTr(Qrn, Qrr(QFH))
A0 Oy = (ef-"AFeffVIH + E?Heé\%) (eg —1).

In the present economy, equations (C.16) and (C.17) imply €4, > 0 and €£; = 0. We have just

provided sufficient conditions under which eM; < 0. Since eg —1 < 0, we therefore obtain

dIn MRTr(QrH, Qrr(QrH))
dIn Qrpy

>0,
which concludes our proof.
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D Proofs of Section 6

D.1 Import and Export Prices (Section 6.1)

In the main text, we have already described the import cost, C§ H(Q]f?HI Q’}F, N ’I_E, L’fc) Like in Sec-
tion 3.3, the export price index in sector k, P& (Q%, Qk;, NK), is implicitly determined by the
following first-order condition,

qu{F/ullgF = PIISIF/PII»SF(QIICTFI N’F()/

where P (Qk;, NE) is the price index for locally produced goods in Foreign, which is given by
ok ok
Phe= ([ NEGars(g))' HaGH(p) /0,
FF

_ ok
with @y = {¢: (jf — V)arr(9) (niarr(9)/Pir) "% Qfr > frr(p)}-
Using the previous notation, Home’s macro problem can be expressed as

max_ Un(Ug(Qlip, Qn ), - Ui (Qr QFn))

Qun,Qrn,QuF
k k k k k k k k k 1k
max P , ,N -y C , ,N¢, LT) =0,
(O Ne L) Ne L)€ ZF; 1r(Qur Qs Np)Qhir ; Fr(Qra, Qrr, Ni, L)

Y- min L (Qfis Ol M) = Lir
k

H

Let Qrr(Qru, Qur), Nr(Qru, Qur), and Lg(Qrn, Qur) denote Home’s optimal choices of For-
eign’s local output, measures of entrants, and employment, conditional on Home’s aggregate im-

ports and exports,

Qrr(Qru, Qur), Nr(Qru, Qur), Lr(Qru, Qur) =

ar max Pir(Qtirs QFr, NE) Q) Cip(Qm, Qfps NE, Lk
g(QFF,NF,LF)i(QFH,QFF,NF,LF)GZF{Z HEVSHE FE ST/ HE Z FH7<FE )}

Then by setting

Pt (Qrn, Qur) =P (Qfir, Qfr(Qrn, Qur), Ni(Qrn, Qur)),
Py (Qrm, Qur) =Ckpy (Q%yy, Ok (Qrn, Qur), NF(Qru, Qur), LF (Qrn, Qur))/Qky,

and substituting into the macro problem above, we obtain (41).
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D.2 Domestic Taxes (Section 6.2)

The goal of this subsection is to show that if the assumptions of Section 6.2 hold then,
(1+y)/(1+85y) =1/uf. (D.1)
The first-order conditions associated with Home’s relaxed planning problem imply
MRSHO = LB (D.2)

with MRSHO = (9Uy /9Qb )/ (9Uy /9UY)) the marginal rate of substitution for Home between
Home’s differentiated good and the homogeneous good and LY, = 9LP /0Qpy the marginal cost
of aggregate output for the local market at home. Like in Section 4.3, one can use the Envelope

Theorem to show that

L = ([ NB(ann(g))~HdGH(p)) 0=, (D3)

(DHH

In the decentralized equilibrium with taxes, utility maximization at home implies
MRSHO = pP,, (D.4)

with the aggregate price index such that

i)

P = (| NB(+B)nfann(e)/ (1 +55) = RiGu(g) 1B, (D3

Equations (D.2)-(D.5) imply that in order to implement the solution of Home’s relaxed planning

problem, domestic taxes must be such that equation (D.1) holds.

D.3 Trade Taxes without Active Selection (Section 6.2)

The goal of this subsection is to establish equations (46) and (47) under the assumption that there
is no active selection. We first compute Home’s terms-of-trade elasticities within the differentiated
sector, 7B, = 9InPP/0In Qb and 7B, = dIn PP /9In QF,,. Since PP = PL./PL,, still satisfies

PP = MRSE/MRTP, nh; and B, must satisfy the counterparts of equations (37) and (38),

ngr = —1/€", (D.6)
neg = —(1/rgp —1)/€P =1/ (rgex®), (D.7)

where €P and «P denote the elasticities of substitution and transformation, respectively, within

the differentiated sector in Foreign and 2. = PE.QF./(PE.QP. + PE,QP,,) denote Foreign’s do-
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mestic share of revenue in the differentiated good.31 In the absence of active selection, Foreign’s

D

production possibility frontier for the differentiated sector is linear, k© — oo, so equation (D.7)

simplifies into

ey = —(1/rgp —1) /€. (D.8)
Now, consider 7§ == 9In PP /91n X§. The same steps used to compute 775, implies
72 = (dIn QP /dInX9)/€P. (D.9)

In the decentralized equilibrium abroad, we know that
QFr = (BrLr + X§)/ Py — (PFy/Pfr) QRy

with price indices such that

_ D _ D
Pfr = ( o NP (uPapr(9))' =% dGe ()" (=%,
FF
_~+D _ D
PRy = ( o NP (uPapn (@)~ dGr(g))/ 1 -7F),
FH

BrLr + Xg

D __
N o DT St Sy for ()G (@))]

In the absence of active selection, we can treat ®rr and ®rp as fixed. Thus, the previous equations
imply
dIn QP /dIn Xy = (uf X)/ (PrrQrr)-

Combining this expression with equation (D.9), we obtain
1% = (EXH)/ (€” PrrQrr). (D.10)

Finally, consider {rg = dIn PII_?H/ Jdln QPDH and {x = dIn PII_?H /dln Xg. In the absence of active

selection, we must have

Cra =0, (D.11)
1 X9
{x H

= . D.12
1 — 0P (PrrQFr + PeaQrr) (D-12)

311 Section 5.2, we have expressed #ry as a function of the expenditure share, xrr = PrrQrr/Lp. It
should be clear that with only one sector, shares of revenues and expenditures are equal by trade balance.
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Combining equations (42) and (43) with equations (D.6), (D.8), (D.10), (D.11), and (D.12), we obtain

1

D

T =
(eP —1)xEr

0 _ (1—rfp) (/1P + (1 —2)e”)
eD(0P — 1)+ (1— B (P15 + (1— 2)eD)’

where the first expression uses the fact foreign expenditure and revenue shares are related through
(1/xB: —1) = (1/rB; — 1)z. Equations (46) and (47) derive from equations (44) and (45) and the

two previous expressions.

D.4 Trade Taxes in a Small Open Economy (Section 6.2)

The goal of this subsection is to establish equations (48) and (49) under the assumption that Home
is a small open economy. We have already argued in the main text that if Home is a small open
economy, then {x = 17)1? = 0and {ry = 1/«P. In addition, setting r?P = 1 in equation (D.7), we
obtain 7B, = —1/«P. The last elasticity, 75, is unaffected by the fact that Home is a small open
economy: 7 EP =—-1/€eP by equation (D.6). Combining the previous observations with equations
(42) and (43), we get

™ = (1+€"/xP)/(eP 1),

©° = 1/«P.

Equations (48) and (49) derive from equations (44) and (45) and the two previous expressions.
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