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Abstract

The empirical observation that “large rms tend to export, whereas small rms
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 rm-level hetero-
geneity developed by Melitz (2003). At the micro-level, we nd that optimal import
taxes discriminate against the most pro table foreign exporters, while optimal export
taxes are uniform across domestic exporters. At the macro-level, we demonstrate that
the selection of heterogeneous rms 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.
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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 rm 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 nd-
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 argument, 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 speci c 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 nd under monopolistic competition. In a Ricardian economy, goods exported
by domestic rms could also be produced by foreign rms. 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 rms 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 pro table foreign rms
under monopolistic competition derive from the existence of xed exporting costs, which
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 rm heterogeneity to study this question as well as other re-

distortions even within the same industry and opens up the possibility of terms-of-trade manipulation even
at the rm-level. Our baseline analysis abstracts from these issues and instead focuses on the implication
of the self-selection of heterogeneous rms into export markets, as in Melitz (2003). We come back to this
point in our concluding remarks.



lated trade policy issues. Bagwell and Lee (2015) offer an interesting rst 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 rms 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 rms. 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 xed entry cost,
f€ > 0, in terms of domestic labor. Once the overhead xed cost has been paid, rms
randomly draw a blueprint j 2 F. N; denotes the measures of entrants in country i and
G; denotes the multivariate distribution of blueprints | across varieties in that country.
Each blueprint describes how to produce and deliver a unique variety to any country.
lij(0,] ) denotes the total amount of labor needed by a rm from country i with blueprint
J inorder to produce and deliver g 0O units in country j. We assume that

a;(j)a+ f;(j),ifg> 0,
0,ifg= 0.

lij (g )
lij(a,j )

Technology in Melitz (2003) corresponds to the special case in which rms are heteroge-
neous in terms of productivity, but face constant iceberg trade costs, a;(j ) t;/ j, and
constant xed costs of selling in the two markets, fi(j) fj.



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

Ui = Ui(Qni, Qri),
Qi =1 ~ N; (g (j )Y MdG(j )I™M.

where Q;; denotes the subutility from consuming varieties from country j in country i,
gii (j ) denotes country i's consumption of a variety with blueprint j produced in coun-
try j,and m s/ (s; 1), with s; > 1 the elasticity of substitution between varieties
from country j. We do not restrict the elasticity of substitution between domestic and

foreign goods. Melitz (2003) corresponds to the special case in whichmy = nm mand
1/m 1/

Ui(Qui, Qr)  [Qpi+ Q1™

Market Structure.  All goods markets are monopolistically competitive with free entry.
All labor markets are perfectly competitive. Foreign labor is our numeraire, wg = 1.

2.2 Decentralized Equilibrium with Taxes

We focus on an environment in which governments have access to a full set of ad-valorem
consumption and production taxes. We let taxes vary across markets andacross rms.

We view the previous assumption as a useful benchmark. 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
rms do face different trade taxes, ev8.9¢c4'GITd [ market st7, di do



consumers through a lump-sum transfer, T,.*

In a decentralized equilibrium with taxes, consumers choose consumption in order
to maximize their utility subject to their budget constraint; rms choose their output
in order to maximize their pro ts taking their residual demand curves as given; rms
enter up to the point at which expected pro ts are zero; markets clear; and the gov-
ernment's budget is balanced in each country. Let p;(j) mw;a;(j )/ (1+ s;j(j)) and
a;(i)  [(A+ () m(i )/ P;] ®Qjj. Using the previous notation, we can characterize
a decentralized equilibrium with taxes as schedules of output, q;;  fq;(j )9, schedules
of prices, pij  Fpij(j )



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,tyy f tun(j )0,
ten T ten(j)9, S f san(j)g, andsye T sye(j )g, and a lump-sum transfer Ty in
order to maximize home welfare, whereas foreign taxes are all equal to zero. This leads
to the following de nition of the home government's problem.

De nition 1. The home government's problem is

max Un(QHH, QrH) subject to conditions (1)-(7).
Th,f tjn SHj 9j= H,e.f i . Qij Pij Py Wi, NiGi j= 1 F

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



the optimal micro and macro taxes, respectively, in the next section.

3.1 First Micro Problem: Producing Domestic Varieties

Consider the problem of minimizing the labor cost of producing Qpnpy units of aggregate
consumption for Home and Qg units of aggregate consumption for Foreign. This can be
expressed as

Lu(Qun.Que) . min N[ § Inj (G (j ), J)dGH(j ) + 8] (9a)
Gun . GrrN j=H,F F
NGy ()Y ™dGy (i) = Q™ for j = H.F. (9b)

This minimization problem is in nite dimensional and non-smooth. Since there are xed
costs, the objective function is neither continuous nor differentiable around gy;(j ) = 0
for any j such that fy;(j ) > 0. Given the additive separability of the objective and the
constraint, however, it is easy to solve using a Lagrangian approach, as in Everett (1963).

The general idea is to proceed in two steps. First, we construct (d,,,0yg, Ny) that
minimizes the Lagrangian associated with (9), givenby Ly = N where

Wwa I (G ()0d ) @ GDY™ dGu(j )+ f§.
j=HF F

Since, for given N, the Lagrangian is additively separable in f&y;(j )g, the optimiza-
tion over these variables can be performed variety-by-variety and market-by-market.
Although the discontinuity at zero remains, it is just a series of one-dimensional mini-
mization problems that can be solved by hand. Second, we construct Lagrange multi-
pliers, | yy and | g, so that this solution satis es constraint (9b) for j = H,F. By the
Lagrangian Suf ciency Theorem, e.g. Theorem 1, p. 220 in Luenberger (1969), we can
then conclude that the minimizer of L y that we have constructed is also a solution to the
original constrained minimization problem (9). °©

For a given variety j and a market j, consider the one-dimensional subproblem

mén i (8) 1 wa ™,

6In general, a solution to the constrained minimization problem may not minimize the Lagrangian; see
Sydsaeter (1974). Establishing the existence of a solution to the Lagrangian problem that satis es (9b) is
therefore a crucial part of the argument.



for an arbitrary Lagrange multiplier | ; > 0. This leads to a simple cut-off rule

(Muanj(§ )/ 1 wy) S0, if ) 2 Fpy,

) (20)
0, otherwise,

au(j) =
with Fy;  fj - (my Day;(j )(myan(j )/ 1 w;) ¢ fuj(j )9. SinceLy is linearin N
the condition " = 0is necessary and suf cient for an interior solution for N that satis es
(9b). Thus, the existence of a solution to the Lagrangian problem that satis es (9b) reduces
to nding (I yH.! HF, Ny) that solves

Lhp = Nl (Mg () *1dGu (1Y =0 Q™. (11)
= &  lme Dag(mean()Tw) = fy()dGa().  (12)
j=H,F Hj

A proof of existence and uniqueness is provided in Appendix A.1. This construction
delivers a solution to problem (9). As shown in Appendix A.2, this solution must also
be the unique solution to (9). We use this observation in the next section to establish
necessary properties of optimal taxes.

By comparing equations (1), (2), (4), and (5), on the one hand, and equations (10),
(11), and (12), on the other hand, one can check that conditional on Qpy and Qug, the
output levels and number of entrants in the decentralized equilibrium with zero taxes and
the solution to the planning problem coincide. This re ects the ef ciency of rm's level
decision under monopolistic competition with Constant Elasticity of Substitution (CES)
utility conditional on industry size; see Dixit and Stiglitz (1977) and Dhingra and Morrow
(2012) for closed economy versions of this result. As shown in Section 4, this feature
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 export—nbut that it never wants to impose taxes that vary across domestic
rms, regardless of whether they sell on the domestic or foreign market.

3.2 Second Micro Problem: Importing Foreign Varieties

Let Pry(QFH



can be expressed as

PrH(QFH, NF) fg]JFlE i Nemeagn (j ) Grr (i )dGe(] ) (13a)
i NeGr (1 )dGe(j ) = 1, (13b)

(Mt Darn(j )QrHbru(i)  fru(). (13c)



The set F ¢, will play a key role in our subsequent analysis. For varieties j 2 Fg,,
Home nds it optimal to alter its importing decision to make sure that foreign rms are
willing to produce and export strictly positive amounts. This feature, which is at the core
of models of trade with endogenous selection of rms into exporting, will lead to import
taxes that vary across rms in Section 4.2.

Like in the Section 3.1, the nal step of our Lagrangian approach consists in nding
| F such that constraint (13b), evaluated at fag,(j )g, holds, that is

~ Ne(nEaen(j )/ 1 en)* SFAGE(j )

FH

+ Ne(fen()/ (M Daen(i )Qrn) ¥ MdCH( ) = 1. (16)
FH
The left-hand side is continuous, strictly increasing in | gy, with limits equal to zero and
in nity when | gy goes to zero and in nity, respectively. By the Intermediate Value Theo-
rem, there must therefore exist a unique | gy that satis es (16), and, by the same argument
as in Section 3.1, equations (15) and (16) characterize the unique solution to (13).

3.3 Macro Problem: Manipulating Terms-of-Trade

The goal of Home's planner is to maximize Uy (Qnn, QrH) subject to the resource con-
straint (8) and the foreign equilibrium conditions. First, note that given the analysis of
Section 3.1, the resource constraint can be expressed as

Li(QHuH,Qur)  Ln,

with Ly (Qunu, Qur) given by (9). Second, note that the foreign equilibrium conditions
can be aggregated into a trade balance condition. Conditions (3), (6), and (7) fori = F
imply that the value of Foreign imports must be equal to the value of its exports,

PiurQur = PruQrn.

Given the analysis of Section 3.2, we also know that the value of Foreign's exports must
be equal to PeH(QrH, NE) QrnH, With Pey(Qen, NE) given by (13). In Appendix A.3, we
show that using condition (1) for i = Fand j = F and conditions (2)-(6) for i = F, we can
also solve for the measure of foreign entrants, Ng(Qfrn), and the price of Home's exports,
Pre(QrH, QnE), as a function of aggregate exports and imports.

Combining the previous observations, we conclude that optimal aggregate quantities

11



must solve the following macro problem,

QHH%%QHFUH(QHH,QFH) (17a)
P(QFH, QnF) QHF = QFH;, (17b)
L (QHH, QHF) L, (17¢)

where P(QrH, QuF)  PHF(QFH, QHF)/ Pru(QFH, NE(QFH)) denotes the price of Home's
exports relative to its imports as a function of aggregate imports and exports. At this
point, it should be clear that we are back to a standard terms-of-trade manipulation prob-
lem, with Home's planner internalizing the impact of its aggregate imports and exports,
Qen and Qug, onits terms-of-trade,



is the wedge that captures the terms-of-trade motive. Absent this motive, the only dif-
ference between MRSy and P would be coming from the cost of producing Home's ag-
gregate good for the domestic market relative to the foreign market, that is MRTy. If
there are no trade frictions, including no xed xed exporting costs, then MRTyH = 1 and
equation (



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,
sue Tsyr






This merely re ects our choice of benchmark variety for imports.  tg, is the tax on the
variety j gy such that the non-negativity constraint for foreigners' export pro ts is exactly
binding at the unconstrained optimum: o, (j rn) = aty(J £n). We know from Lemma
3 that import taxes should be lower on varieties j 2 Fg,. So in order to implement
the same wedge, the domestic government must now impose import taxes on varieties
j 2 F}, that, relative to other taxes, are strictly greaterthan 1 + t .

4.4 Implementation

Lemmas 1-4 provide necessary conditions that linear taxes have to satisfy so that the
decentralized equilibrium replicates the rst-best allocation. In the next lemma, which

is proven in Appendix B.2, we show that that if the previous taxes are augmented with
prohibitive taxes on the goods that are not consumed, | 2 Fyy,j 2 Fur,andj 2 Fey,
then they are also suf cient to implement the rst-best allocation.

Lemma 5. There exists a decentralized equilibrium with taxes that implements the rst-best allo-
cation.

Since Home's planning problem is a relaxed version of Home's government prob-
lem introduced in De nition 1



while setting the overall level other taxes such that t,,,, = s,y = tgy = 0. This is an ex-
pression of Lerner symmetry, which must still hold under monopolistic competition. In
this case, all varietiesj 2 F ¢, would receive an import subsidy equalto grn(j) 1< 0.
As alluded to in Section 3.1, the fact that domestic taxes can be dispensed with derives
from the ef ciency of the decentralized equilibrium with monopolistic competition and
CES utility. Here, as in Bhagwati (1971), trade taxes are the rst-best instruments to ex-
ploit monopoly and monopsony power in world markets. We come back to this issue
in Section 6 when discussing how our results extend to environments subject to home-
market effects where the decentralized equilibrium is no longer ef cient.

4.5 How Does Firm Heterogeneity Affect Optimal Trade Policy?

Using Proposition 1, we can take a rst stab at describing how rm heterogeneity affects
optimal trade policy. There are two broad insights that emerge from our analysis.

The rstone is that macro-elasticities, h, and h.,,, determine the wedge, t , between
Home and Foreign's marginal rates of substitution at the rst-best allocation and, in turn,
the overall level of trade protection, as established by condition (26). In line with the
equivalence result in Arkolakis, Costinot and Rodriguez-Clare (2012), this is true regard-
less of whether or not rms are heterogeneous and only the most pro table ones select



gravity models, like Anderson and Van Wincoop (2003) and Eaton and Kortum (2002),
are equivalent to endowment models in which countries directly exchange labor services.
Hence, conditional on the elasticity of their labor demand curves, the aggregate implica-
tions of uniform changes in trade costs, i.e. exogenous labor demand shifters, must be the
same in all gravity models. The previous observation, however, does not imply that opti-
mal policy should be the same in all these models. To the extent that optimal trade taxes
are heterogeneous across goods, they will not act as simple labor demand shifters, thereby
breaking the equivalence in Arkolakis, Costinot and Rodriguez-Clare (2012). This is what
Proposition 1 establishes in the context of a canonical model of trade with monopolistic
competition and rm-level heterogeneity a la Melitz (2003).

This general conclusion notwithstanding—micro-structure matters for optimal policy,
even conditioning on macro-elasticities—it is worth noting that the speci c policy pre-
scriptions derived under perfect and monopolistic competition differ sharply. In Costinot,
Donaldson, Vogel and Werning (2015), optimal export taxes should be heterogeneous,
whereas optimal import tariffs should be uniform. This is the exact opposite of what
conditions (23) and (25) prescribe under monopolistic competition. In a Ricardian econ-
omy, goods exported by domestic rms could also be produced by foreign rms. This
threat of entry limits the ability of the home government to manipulate prices and leads
to lower export taxes on “marginal” goods. Since this threat is absent under monopolistic
competition, optimal export taxes are uniform instead. On the import side, lower tariffs
on “marginal” goods under monopolistic competition derive from the existence of xed
exporting costs, which are necessarily absent under perfect competition.

5 Optimal Uniform Taxes

In previous sections, we have characterized optimal trade policy under the assumption
that the home government is not only free to discriminate between rms from different
countries by using trade taxes, but also unlimited in its ability to discriminate between
rms from the same country. While this provides a useful benchmark to study the norma-
tive implications of rm 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: tur(j ) = tur,

tun (i) = tan, Sue(j ) = Sur, and spn(j ) = Syu forall j .
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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:

q;(i Y a;()= a9 a(j) °Fforanyj,jsuchthatq;(j9,q;(j)>0. (27)



can therefore show that optimal uniform taxes must satisfy

(1+ t_FH)/ (1+ t_HH) —
L+ 5, (1+5,) 70 (29)

Compared to the analysis of Section 4, the optimal wedge, t = (hyg+ hgy)/ (1+ hyp),
stills depends exclusively on the terms-of-trade elasticities. The only difference is that the
import price index that determines these elasticities is now given by equation (28).

In order to help our results to those in the existing literature, we set domestic and

export taxes to zero in the rest of this section: t,,,, = § - g

= s
HH 28).






both homogeneous of degree zero,” equations (31) and (32) imply

e= 1/ (dIn MRSE(Qnr/ Qrr, 1)/ dIn(Qnr/ QFF)), (34)
k= 1/ (dIn MRTE(Qrn/ QrFr, 1)/ dIn(Qrn/ QFF)). (35)

By equations (31) and (32



Proposition 2. Optimal uniform tariffs are such that

o 1+(e/k)

FHT 6 Dxoy (39)

wheree , k , and X are the values @, k, and x-r evaluated at those taxes.

Equation (39) is a strict generalization of the optimal tariff formula derived under mo-
nopolistic competition by Gros (1987),



cost. Indeed, the difference between the foreign rms' prices and their marginal costs
isequaltom 1= 1/(sg 1), which is the optimal tariff that a small open economy
would choose when e = sg. By allowing the upper-level elasticity of substitution, e,
to differ from the lower-level elasticities of substitution, sy and sg, our analysis suggests
that the rst of these two interpretations is the most robust. When e 6 s, foreign
rms still charge a markup n: = sg/ (sg 1) on the goods that they export. Yet, the only
relevant elasticity in this case is e because itis 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, e = sy = sg  S. They also assume that taxes
are uniform across rms, that rms only differ in terms of their productivity, and that
the distribution of rm-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,

< 0, (40)

where n > s 1 is the shape parameter of the Pareto distribution; see Appendix C.3.°
Combining equations (39) and (40) and imposing e = s, we obtain

— 1

fry= -~ >0,
PR (nm o D)xe,

as in Felbermayr, Jung and Larch (2013). In the case of a small open economy, the previ-
ous expression simpli es further into 1/ (nm 1), as in Demidova and Rodriguez-Clare
(2009).

°In his analysis of models of monopolistic competition with Pareto distributions, Feenstra (2010) con-
cludes that rm heterogeneity leads to strictly convex production sets. In contrast, equation (40) implies
that Foreign's production set is non-convex: k < 0. Both results are mathematically correct. The appar-
ently opposite conclusions merely re ect the fact that we have de ned the aggregate production possibility

frontier abroad as a function of the CES quantity aggregates, Qgn and Qgr, whereas Feenstra (2010) de nes

. L 1 1/
them, using our notation, in terms of QFHm: and QFF"t.
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5.4 Firm Heterogeneity, Aggregate Nonconvexities, and Trade Policy

Sincen > s 1, an intriguing implication of the results in Demidova and Rodriguez-
Clare (2009) and Felbermayr, Jung and Larch (2013) is that conditional one = s and
Xgp the optimal level of trade protection is lower when only a subset of rms select into
exports than when they all do, 1/ ((nm 1)xgp) < 1/ ((s 1)Xgp). This speci c 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 rm heterogeneity tends to lower the overall level of trade protection.
Mathematically, the previous observation is trivial. From equations (20) and (37), we
know that e 1 > 0. Sincek ¥ ¥ when rms are homogeneous, we arrive at the
following corollary of Proposition 2.

Corollary 1. Conditional on(e , Xgg), optimal uniform tariffs are strictly lower with than with-
out rm heterogeneity if and only if rm heterogeneity creates aggregate nonconvexkities 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 nal question that remains to be addressed is how likely it is that the selection of
heterogeneous rms into exporting will lead to aggregate nonconvexities. It is instructive
to consider rst a hypothetical situation in which the measure of foreign rms, NE, IS ex-
ogenously given. In that situation, the selection of heterogeneous rms would necessarily
lead to aggregate nonconvexities. To see this, note that equation (32) implies

( F,:H(aFH(j ))1 SFAGE(] ))1/ (1 sg)

MRTE = |
T £(arr(j )t SFAGe(j )Y (2 se)

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

Fri=f) 1 (m



And since labor market clearing requires Qgf to be decreasing in Qgy, this implies that
MRTE(QFH, Qrr(QEH)) is decreasing in Qgp, i.e. that there are aggregate nonconvexities.
Intuitively, an increase in foreign exports, Qgy, has two effects. First, it expands the
set of foreign rms that export, which lowers the unit cost of Foreign's exports. Second,
it lowers Qgg , Which reduces the set of foreign rms 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 suf cient 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, Ng, and in turn, the monotonicity of MRTEg. Let N-(Qgn, QpF)



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

The active selection of heterogeneous rms may actually lower the overall level of
trade protection so much that the optimal uniform tariff may become an import subsidy
To see this, note that ase goes to in nity, the optimal uniform tariff in equation (39)

converges towards
ten = 1/ (k Xgp),

which is strictly negative if there are aggregate nonconvexities abroad, k < 0.






imports, QK,,, and the measure of foreign entrants, N§,
PEH(QE.NE) - min NEMmEaen (i ) drn(i )AGE( )
1k, . :
NEaR TG dek) 1

maen(j )QEHarn(i ) 1rn(QE,



of its representative agent subject to a trade balance condition and a resource constraint,

QHH%%QHFUH(U,ﬁ(QﬁH,Q%H),---,Uﬁ(QﬁH,QEH)) (41a)
a PEL(Qrn, Qur) QY & PEe(Qur, Qur) QY. (41b)
k k
& L5 (QKH. Qfr)  Ln. (410)
k

Using the associated rst-order conditions, one can check that Home's planner would



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 (27) to the sector-level micro prob-
lems in Section 6.1. We lettB,,, t2,,, 3P, and SP denote the uniform ad-valorem taxes
in the differentiated sector and t$ denote the ad-valorem trade tax-cum-subsidy in the
homogeneous sector*

In the outside sector, we assume that SE T ¥, that there are no xed costs of pro-
duction and no trade costs, and that all rms 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 rms 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 rm-level productivity and xed costs in the differentiated
sector, GR and G2, nor on the sector-level aggregator, UR and U2, 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 X2 QP, QY denote Home's exports of the outside good. Under the previous
assumptions, Home's macro planning problem reduces to

Joomax - Un(QR  X{.UR(QRk. QPn))
Qi Xp Qun Qrn-Qrr
PA4(XH, QPH) QR PRE(XH, QPh, QRF) QRE *+ X1,

QR + LR(QRH.QRr) L,

with Home's import and export prices in the differentiated sector, PP2,(X2, Q) and
PP=(XE, QBr, QBy), such that

PR (XE, QPu) = MPLRL(QRH, QP(QRH, LR(XR))),
PRe(XH. QRr QPh) = MPLPH(QRH, QPH(QP. LR (X)) MRS2(QRr. QR(QRH, LE(XR))),

D
where I‘FiIeDntiated sector and



QB-(QB, LE(XY))), not only depends on foreign exports of the differentiated good,
QB,,, but also on the total amount of labor allocated to the differentiated sector, L2(XY),
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
be) Lg on the outside good, the amount of labor allocated to that sector must be equal to
(1 bg)Le XS and the amount allocated to the differentiated sector must be equal to
Lr minus this number, L2(M®) = bgLg+ XJ.

In spite of the introduction of an outside sector, the relative price of Home's exports in
the differentiated sector, P®  PE./ PE,, still satises PP = MRSP/ MRTP. Since there
are now three aggregate goods that are traded internationally—Home's and Foreign's



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+ D)l 1+ By)
(1+ sge)/ (1+ s3y)
(1+ tRy)/ (1+ tR)

= 1+1tP, (44)

1+ t©. (45)



good, this creates a rst improvement in its terms of trade. In addition, an increase in ei-
ther imports of the differentiated good or exports of the homogeneous good raises foreign
production of the differentiated good for its local market. Since PP pu P2/ PP- = 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 improve-
ment in Home's terms of trade. 16 When Home is a small open economy in the sense that
rEF = 1, it cannot manipulate entry or output abroad, which leads to zero subsidies:
(1+ t—EH)/ (1+ t_ﬂ) = 1. The same is true whensP goes to in nity. In this case, the rel-
ative price of Foreign's differentiated goods relative to the homogeneous good is xed.
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,
e = s = sP  sP, that rms only differ in terms of their productivity, and that the
distribution of rm-level productivity is Pareto. Crucially, they also assume that Home is
small relative to Foreign in the sense that it cannot affect the number of foreign entrants,
NP, nor local output, QB, in the differentiated sector. This implies zx = h? = 0 and
zry = 1/ kP. Under this restriction, Appendix D.3 establishes that

(L+ R (1+tRy) _,, 1+ eP/KP )
(1+ SPp)/ (1+ sBy,) et 1
(1+ 2/ (1+ t8) = 1+ 1/ kP, (49)

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 rm heterogeneity lowering
trade protection if and only if there is active selection of foreign rms into exporting. '
Furthermore, by equation (49), the same aggregate nonconvexities,k® < 0, should lead

161f Home is an importer of the homogeneous good, z > 1, then Home's terms of trade unambiguously
improve if both PP and PEF increase. Although a decrease in Home's imports of the homogeneous good
imports of differentiated goods necessarily increases PP and lowers P,?H, it only increases PEF if Foreign's
elasticity of substitution between domestic and foreign goods, €P, is low enough. Accordingly, Home only
taxes imports of the homogeneous good in this case if e < z/ (rEF(z 1).

L7All 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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to less trade protection in the differentiated sector relative to the homogeneous sector:
(1+ t—EH)/ (1+ t_a) < 1. This re ects the fact that given aggregate nonconvexities, the im-
port price in the differentiated sector, PFDH, is adecreasinfunction of import volumes, QEH.
This can again be achieved by subsidizing imports of the differentiated good, t—EH <0
with tS = 0, or by subsidizing exports of the homogeneous good, t2,, = 0 with t§ > 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



We de ne 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 de nitions 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

In this paper, we have characterized optimal trade policy in a generalized version of the
trade model with monopolistic competition and rm-level heterogeneity developed by
Melitz (2003). We have organized our analysis 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 rms. In
our extensions, ad-valorem taxes are uniform so that governments cannot discriminate
between rms from the same country.

When ad-valorem taxes are unrestricted, we have shown that optimal trade policy
requires micro-level policies. Speci cally, a welfare-maximizing government should im-
pose rm-level import taxes that discriminate against the most pro table 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 rms 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 three limitations of the present analysis that could be
relaxed in future research. The rst one is the assumption that all rms charge a con-
stant markup. In general, a government that manipulates its terms-of-trade may do so
by imposing different taxes on different rms and incentivize them to charge different
markups. In practice, we know that rms of different sizes tend to have different markups
and different pass-through rates; see e.g. Berman, Martin and Mayer (2012), Goldberg,
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Loecker, Khandelwal and Pavcnik (2015), and Amiti, Itskhoki and Konings (2015). While
this channel is not directly related to the selection of heterogeneous rms into exporting,
this is another potentially important mechanism through which rm heterogeneity may
affect the design of optimal trade policy.

The second limitation is that xed exporting costs are assumed to be paid in the ex-
porting country. This implies that all trade is trade in goods. If xed 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
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 rst step in this direction.

The nal 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 rm heterogeneity for the design of optimal industrial policy. They may be
particularly relevant in economies where credit markets are imperfect. In short, much
remains to be done on the normative side of the literature.

37



References

Amiti, Mary, Oleg Itskhoki, and Jozef Konings, “International Shocks and Domestic



Costinot, Arnaud, Dave Donaldson, Jonathan Vogel, and Ivan Werning, “Comparative
Advantage and Optimal Trade Policy,” Quarterly Journal of Economic2015,130(2), 659—
702.

_, Guido Lorenzoni, and Ivan Werning, “A Theory of Capital Controls as Dynamic
Terms-of-Trade Manipulation,” Journal of Political Economy014,122(1), 77-128.

Demidova, Svetlana, “Trade Policies, Firm Heterogeneity, and Variable Markups,” mimeo
McMaster University, 2015.

_ and Andres Rodriguez-Clare, “Trade policy under rm-level heterogeneity in a small
economy,” Journal of International Economic2009,78 (1), 100-112.

Dhingra, Swati and John Morrow, “The Impact of Integration on Productivity and Wel-
fare Distortions Under Monopolistic Competition,” mimeo, LSE2012.

Dixit, Avinash, “Tax policy in open economies,” in A. J. Auerbach and M. Feldstein,
eds.,Handbook of Public Economjd#l. 1 of Handbook of Public Economjdsisevier, 1985,
chapter 6, pp. 313-374.

Dixit, Avinash K. and Joseph E. Stiglitz, “Monopolistic Competition and Optimum
Product Diversity,” The American Economic Revie®77,67 (3), 297-308.

Eaton, Jonathan and Samuel Kortum, “Technology, Geography and Trade,” Econometrica
2002,70(5), 1741-1779.

Everett, Hugh, “Generalized Lagrange Multiplier Methods for Solving Problems of Opti-
mal Allocation of Resources,” Operations Research963,11 (3), 399-417.

Feenstra, Robert C., “Measuring the Gains from Trade under Monopolistic Competition,”
Canadian Journal of Economj&010, pp. 1-28.

Felbermayr, Gabriel J., Benjamin Jung, and Mario Larch, “Optimal Tariffs, Retaliation
and the Welfare Loss from Tariff Wars in the Melitz Model,” Journal of Intermational
Economics2013,89(1), 13-25.

Flam, Harry and Elhanan Helpman, “Industrial Policy under Monopolistic Competi-
tion,” Journal of International Economic$987,22 (79-102).

Goldberg, Pinelopi, Jan De Loecker, Amit Khandelwal, and Nina Pavcnik, “Prices,
Markups and Trade Reform,” forthcoming, Econometric2015.

39



Gopinath, Gita, Elhanan Helpman, and Kenneth Rogoff, eds, Handbook of International
EconomicsVol. 4, Elsevier, 2014.

Gros, Daniel, “A Note on the Optimal Tariff, Retaliation and the Welfare Loss from Tariff
Wars in a Framework with Intra-Industry Trade,”



Venables, Anthony J., “Trade and trade policy with differentiated products: A
Chamberlinian-Ricardian model,” Economic Journall987,97 (700-717).

41



A Proofs of Section 3

A.1 Existence and Uniqueness of the Solution to the Lagrangian Prob-
lem (Section 3.1)

Let us rst rewrite equation (11) as

L= Nl (M ()71 )" dGu (1Y Q. (A1)
Hi
Sincesy > 1, the integrand (myay;(j )/ | yj)* * is increasing in | ;. In addition, the set over
which we integrate F; is increasing in | ;. Thus, the right-hand side of equation (A.1) is con-
tinuous and strictly decreasing in | ;. One can check that it has limits equal to zero and in nity
when | ; goes to zero and in nity, respectively. By the Intermediate Value Theorem, there exists
therefore a unique | y;(N,,) that satis es (A.1) given N,. Furthermore | y;(N,) must be strictly
increasing with limits equal to zero and in nity when N, goes to zero and in nity, respectively.
Now let us turn to equation (12). Using our previous results, we can rewrite this expression as

"W ar(Np), 1 he(Np)) = 0, (A.2)

with ", such that

Wl hnlee) = & min 1w (6G),0) 1wy (& NY™ dGu(j)+ fe
j=H,F



satis es (9b) for j = H, F, we must have

N[ & lj(amj (i ),i)dGu(i )+ f8]1 Nyl &

i (A (5 ), 5 )dGR (i) + T3]
i=HF F j=HF F

Since(guH,gHE, N) satis es (9b) j = H, F, we must also have

& 1wl NG )Y ™dou() Q™= & il NGy ()Y ™G )) QY M
j=H.F j=H,F



B Proofs of Section 4

B.1 Lemma4

Proof of Lemma 4First, consider the marginal rate of substitution, MRS;  Uy;/ Ugj, in country
j=H,F



By de nition of Pry(, ), we know that

PenQpn = _ Nemeagn (j ) den(J )dGE() ).

Together with equation (15), this implies

Py ey, (@G ) TAGEG)*+ pe (aRn(i))™aen() T FdG()
NV soom: (ME/ 1 fr) S (Ng)s¥/ (1 s9) '

Using equations (15) and (16), one can also check that

sg 1
(nﬁll,\TH)= _ (@en( )t SFAGe(j ) + _ (arn (i )aen( N SFAGR(] ).
F

Fen Fen

Combining the two previous expressions, we then obtain

Pey ey, (@n())" TAG()+ e (en(i) T aen(i) © T dGH()

(NF)l/(l SF)rn: =

u
Fen



(iv) goods prices such that

8

< 5.(i
pi(j) =, Pil)

¥

and
1 Sj

Pi =

Jf(m Da(j)ai(j)

, otherwise,

fii(j ),

(B.13)



which imply
Lie =[Np (Myane(j ) SHdGy(j )Y @ =), (B.22)

Fur

By equations (B.10), (B.11), (B.13), (B.15), and (B.14), we know that

PLE™ = (Pyg)t o Nylane(j )/ Luel® *dGu(j ).

FhEe

Combining this expression with equation (B.22), we obtain
PHF = PHF' (823)

By equations (B.21) and (B.23), condition (B.20) must hold, which establishes that condition (1)
also for goods exported by home rms.

We can use a similar logic to analyze micro-level quantities at home. Given equations (B.7),
(B.11), (B.13), and (B.15), condition (1) holds for goods locally sold by home rms if

(Myann (G )/ 1 we- (B.23)



that

| Fu/ M :[ o NFrn:(aFH(j ))l SFdGF(j )

FH

+ Neme(aen(j)arn(j))t S dGe(] )Y @ se),

Fen

Together with equation (B.14), this expression leads to equation (B.26). Hence, condition (1) must
also hold for goods exported by foreign rms.
Third, consider the free entry condition (5). Abroad, equations (A.5) and (B.7) imply

o

PerQre/ Ne+ PeyQen/ Ne @y . I5i(ari(j ), )dGe(j ) = fE. (B.27)

For foreign goods that are locally sold, equations (B.8), (B.9), (B.10), (B.12), (B.13), and (B.14) imply

PerQre/ Ne = _ meage(j )arr(j )dGr(] ). (B.28)

For foreign goods that are exported, the de nition of Prx(Qgn, Ng) and equations (B.7) and (B.8)
imply
PenQrn/ NE = _ MeaeH(j )grn () )dGE(j ). (B.29)

Equations (B.27)-(B.29) lead to the free entry condition (5) abroad. At home, equations (12) and
(B.7) directly imply (5).

Fourth, consider the labor market condition (6). Abroad, this condition derives from equations
(A.6), (B.10), and (B.27). At home, the resource constraint (17c) must be binding at the rst-best
allocation,

Lu(Quh, Que) = Ln- (B.30)

Condition (6) then derives from the de nition of Ly (Qnu,Qur) and equations (B.7), (B.8), (B.10),
and (B.30).

Finally, consider condition (3). Abroad, we know from equations (A.3) and (A.6) that at the
rst-best allocation,

Unr/ Upr = Pye/ Pep,
PrrQrr+ PruQrn = Lr.

Thus equation (B.12), (B.8), (B.19), and (B.23) imply that condition (3) holds abroad. At Home, we
know from equations (18)-(20) that at the rst-best allocation

Ugn/ Upy = ( 1+t )(LHFPFH/ LHH PHF)7 (B.31)
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Equations (B.25) and (B.31) imply
Urn/ Unn = (1+ t )(Pey/ Pan).
Substituting for (1+ t )P, using equation (B.6), we then get
Uen/ Unn = Pen/ Pan. (B.32)
At the rst-best allocation, we also know that constraint (17b) must be binding, which implies
PenQen = PueQur,

and in turn, using equation (B.8),

PiH QHH + PeyQFH = PinQuH + PypQurF. (B.33)

Since conditions (1) and (4) hold for goods sold by home Gn/F112 7.9701 Tf6.113 -1.759 Td [(H)-90(H)]TJ/F11:



which, using equations (B.13), (B.17), and (B.35), leads to

PrHQrn = Ne _ Me(L+ tye(j ) arn (i )arn(j )dGH(] ).
From equations (B.8), (B.10) and (B.29), we also know that
PenQrr = Nf i meagH (j ) arn(j )AGE() ).
Combining equation (B.18) with equations (B.34), (B.35), and (B.36), we nally obtain

P Qru + PrrQrr = Wy

(B.35)

(B.36)



Like in Section 3.1, the comparison of equations (1), (4), (2), and (5), on the one hand, and equations
(C.1), (11), and (C.3), on the other hand, imply that the outputs of foreign varieties and the measure
of foreign entrants in the decentralized equilibrium, conditional on  Qgy and Qpg, Must coincide
with the solution of (30), conditional on Qry and Qrr = Qrr(Qer). Since the outputs of foreign
varieties and the measure of foreign entrants satisfy (6), we must therefore have

Lr(QrH, Qrr(QFH)) = LF,

which establishes equation (33). To conclude, note that by the Envelope Theorem, we must have
LF(QFH, Qre)/ 1QF; = | FjQFjllsF/ M. (C.4)
Conditional on Qgy and Qrr = Qrr(QEnR), equations (A.4) and (C.2) further imply that
| fr = Per(Qur, Qrn)(Qrr(Qrn)) Y sF. (C.5)
Similarly, equations (28) and (C.2) imply that
| e1 = Pen(Qrn, Ne(Qrn)) QFF. (C.6)

Equation (32) follows from equations (C.4)-(C.6). O

C.2 Marginal Rate of Transformation is Homogeneous of Degree Zero
(Section 5.2)









C4 Lemma7

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

A ri(ME(QrH, QrF)/ Qrh)
A Fr(M(QFH, QrF)/ QFF)

MRTE(QFH, QFF) =

with Mg, A px, and A g implicitly determined by equations (C.7)-(C.10). Taking log and totally
differentiating the previous expression with respectto Qgy, wWe get

din MRT ,
"URTEQen QerlQe) - g (1 el oRet)+ e el 21 )

), (eeTd.






and, in turn,

e eEF:(l (sk 1)eFF)(1+(sF D (/] dGe(j)

SF 1 Gr(j gp)

Hence, the suf cient condition (C.21) can be rearranged as

1 der9r(er) o (s 1) (77 ep
sg 11 GF(j FF)




with MRSHO  (Tun/ 1QB,,)/ (TUn/ TUR) the marginal rate of substitution for Home between
Home's differentiated good and the homogeneous good and LBH ‘HLB/ QnH 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

LRn = NR(amn ()" *HdGR(j Y@ 9. (D.3)

FHH

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

with the aggregate price index such that

PR =(__ NR((2+ By)mBaan () (1+ )t HdGu(j )Y 9. (D.5)

FHH



In the decentralized equilibrium abroad, we know that
QP = (brLe+ XR)/ PB:  (PR4/ PR QR4

with price indices such that

PP-=(  NP(mRarr(j))t FdGe(j )Y ),

Frr

P5, = N2 (mRapn(j))® SFdGe(j )Y ),

Fen
beLg + X8

(sr DI+ &j=nr ¢, frii )dGE(i ))] '

NP =

In the absence of active selection, we can treat- g and F gy as xed. Thus, the previous equations
imply
din Q¢/ dIn X5 = (nEX{)/ (PerQre).

Combining this expression with equation (D.9), we obtain
hR = (MBXJ)/ (e PerQre). (D.10)

Finally, consider zgy  TIn PP,/ NIn QB and zx  fIn P,/ 1In X2. In the absence of active
selection, we must have

Zry = 0, (Dll)
1 X8
1 sP (PerQrr+ PepQrn)

Zx = (D12)

Combining equations (42) and (43) with equations (D.6), (D.8), (D.10), (D.11), and (D.12), we obtain
ip=___ 1
(eP  1)xB

(0= (L rP)(Z/ B+ (1 2z)eP)
eP(sP 1)+(1 rR)(sPz/rBe+(1 2)eP)’

where the rst expression uses the fact foreign expenditure and revenue shares are related through
(/xR 1) =(1/r2 1)z. Equations (46) and (47) derive from equations (44) and (45) and the
two previous expressions.

D.3 Trade 11(rad4 9 Td [()]TJO g 5050)]TJ /



economy, then zx = h? = 0 and zgy = 1/ kP. In addition, setting r2: = 1 in equation (D.7), we
obtain hP, = 1/kP. The last elasticity, hP¢, is unaffected by the fact that Home is a small open
economy: h,'?IF = 1/ €P by equation (D.6). Combining the previous observations with equations
(42) and (43), we get

tD=(1+eP/kP)/ (e 1),
tO = 1/kP.

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