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Abstract

We analyze unilateral, efficient and Nash trade policies in a symmetric, two-
country version of the Melitz-Ottaviano (2008) model. Starting at global free trade,
we show that a country gains from the introduction of (1) a small import tariff;
(2) a small export subsidy, if trade costs are low and the dispersion of productiv-
ities is high; and (3) an appropriately combined small increase in its import and
export tariffs. The welfare of its trading partner, however, falls in each of these
three cases. The market may provide too little or too much entry, depending on a
simple relationship among model parameters. Correspondingly, global free trade is
generally not efficient, even within the class of symmetric trade policies. We also
provide conditions under which, starting at the symmetric Nash equilibrium, coun-
tries can mutually gain by exchanging small reductions in import tariffs, export
tariffs or combinations thereof. More generally, we show that Nash equilibria are
inefficient while “politically optimal” policies are efficient, indicating a central role
for the terms-of-trade externality. We also discuss why the model’s implications for
the treatment of export subsidies in trade agreements differ from those that obtain
in a model with CES preferences for the differentiated-goods sector.
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1 Introduction

A large literature now exists that analyzes the economics of trade agreements.! As Bag-
well and Staiger (1999, 2002) argue, in the standard competitive framework, the purpose
of a trade agreement is to facilitate an escape from a terms-of-trade driven Prisoners’
Dilemma problem. This framework offers interpretations for GATT/WTO negotiations
that lower tariff caps as well as for other key GATT/WTO design features.> It does
not, however, provide an easy interpretation for the WTQO’s strong restrictions on ex-
port subsidies. In addition, despite the explosion of research on gains from trade in
heterogeneous-firms models, only a small literature as yet has analyzed trade policies in
such models.®> Motivated by these and other considerations, we analyze trade policies
in the heterogeneous-firms model of Melitz and Ottaviano (2008). Among other find-
ings, we identify conditions under which countries have unilateral incentives to introduce
beggar-thy-neighbor export subsidies.

While export subsidies were treated in a fairly permissive manner in the early years
of GATT, they are banned (with certain exceptions) in the WTO.* By contrast, WTO
member countries are free to impose positive (non-discriminatory) import tariffs that do
not exceed their respective negotiated tariff caps. From the perspective of the standard
terms-of-trade model, the relatively severe treatment of export subsidies in the WTO is
puzzling. A higher import tariff typically generates a negative terms-of-trade externality
for a country’s trading partner, whereas a higher export subsidy normally provides the
partner with a positive terms-of-trade externality. Indeed, the standard terms-of-trade
model suggests that governments with political-economic objectives “under-supply” ex-
port subsidies in comparison to the level that would be efficient from their joint perspec-
tive. This implication contrasts sharply with the WTQO’s prohibition of export subsidies,
indicating either that the rules on export subsidies are too severe or that the standard
theory is missing something important. In this context, it is of particular interest to ex-
plore any new implications that heterogeneous-firms models may provide as regards the
use and treatment of export subsidies.

We consider a symmetric, two-country version of the Melitz-Ottaviano model, which
we modify slightly to include ad valorem import and export tariffs. In this model, firms
observe trade policies, decide whether or not to incur the fixed cost associated with
entry, observe their productivity realizations, and engage in monopolistic competition.

!See the contributions in Bagwell and Staiger (2016a), Bagwell et al (2016) and Maggi (2014).

2For broadly related analyses with imperfectly competitive markets and homogeneous firms, see Bag-
well and Staiger (2012a,b, 2015) and Ossa (2011).

3See Melitz and Redding (2014) for a survey of the literature on heterogeneous-firms models of trade.
Research that analyzes trade policies from this perspective is discussed below.

4GATT restrictions on export subsidies tightened over time. See Sykes (2005) for discussion of the
evolution of subsidy rules in the GATT/WTO.



Consumer preferences are described by a quadratic utility function that is defined over a
continuum of varieties and that exhibits “love of variety.” The two markets are segmented,
and a firm that locates in one market incurs a trade cost when exporting to the other
market. As Melitz and Ottaviano show, a reduction in trade costs impacts the selection
of firms into the domestic and export markets. The least productive firms are forced to
exit, average mark-ups fall, and product variety increases. We allow that trade also may
be subject to import and export tariffs. Unlike changes in “wasteful” trade costs, changes
in tariffs have tariff-revenue implications and also impact welfare through this channel.
We assume that tariff revenue is re-distributed to consumers in a lump-sum fashion.
The model has two sectors. In addition to the differentiated-goods sector, the model
includes an outside-good sector. The outside good is freely traded with no trade costs
and serves as the numeraire good. It is supplied at constant unit cost by a competitive
industry. Markups thus vary not just among firms in the differentiated-goods sector
but also across sectors. In the absence of domestic policy instruments, the cross-sectoral
dispersion in markups suggests a possible role for trade policy in directing resources toward
the differentiated-goods sector. This intuition, however, is incomplete, since as we show
excessive entry into the differentiated-goods sector can occur without policy interventions.
To develop our findings, we highlight three driving forces in the model. The first effect
is a selection effect: an increase in country [’s import tariff or in country h’s export tariff
results in a lower cut-off cost level for domestic sales in country / and an increase in the
cut-off cost level for domestic sales in country h. The second and related effect is a firm-
delocation effect: an increase in country [’s import tariff or in country h’s export tariff
likewise leads to an increase in the number of entrants into country [, a decrease in the
number of entrants into country h, an increase in the number of varieties sold in country
[, and a decrease in the number of varieties sold in country h. An important implication
of these findings is that the model generates a Metzler Paradox: an increase in country
I’s import tariff or in country h’s export tariff results in a decrease in the average price
in country ! and an increase in the average price in country h.° Finally, for the closed-
economy version of the model, we decompose the externalities that would be generated
were a social planner to raise entry beyond the level provided by the market. The entry-
externality effect from additional entry derives in expectation from the direct consumer
surplus gain from a new variety, the consumer surplus loss on pre-existing varieties, the
benefit of an increase in the number of varieties, and a business-stealing effect. We sign
each of these components and find that the sign of the net externality is determined
by a simple relationship among model parameters, with a negative (positive) externality

>We highlight the selection and firm-delocation effects in order to derive and interpret our trade-policy
findings. These effects are originally derived by Melitz and Ottaviano in the context of their analysis of
the consequences of unilateral reductions in trade costs. See Section 4 of their paper.



existing if and only if a demand parameter « is above (below) a critical level, where «
impacts the substitution level between the differentiated varieties and the outside good. A
negative (positive) externality indicates that the market provides excessive (insufficient)
entry into the differentiated-goods sector.

After highlighting these forces, we turn to the paper’s primary focus and derive sev-
eral trade-policy results. We assume that each country evaluates trade policies from the
perspective of its national welfare, which in this model is summarized by the consumer
surplus enjoyed on the differentiated-goods sector plus income, where trade policy influ-
ences income by generating tariff revenue or subsidy expenses. The model entails free
entry, and so profits do not enter into the country’s welfare function.

For our first set of results, we assume that countries start at global free trade and
consider the implications of small, unilateral trade-policy changes. We first show that
a country can gain by imposing a small import tariff, since it thereby generates a lower
average domestic price, greater domestic variety and tariff revenue. Second, we also
identify conditions under which a country can gain by introducing a small export subsidy.
A country contemplating the introduction of a small export subsidy faces a tradeoff:
an export subsidy generates entry and lowers the average price while expanding variety
in the intervening country, but it also gives rise to a subsidy expense. We find that
the intervening country gains from the introduction of a small export subsidy if selection
effects are strong in that trade costs are small and the dispersion of productivity is high. A
small export subsidy also can be attractive when selection effects are weak if in addition
the demand parameter a that describes the relative appeal of the differentiated-goods
sector is not too high. Third, we show that a country can gain by introducing a small
import tariff and export tariff, where the tariffs are calibrated to keep the domestic cut-off
cost level, and thus the average price and level of variety in the domestic market, constant.
This intervention maintains a constant domestic consumer surplus for the differentiated-
goods sector while also generating tariff revenue (on both imports and exports).

All three of the described interventions are beggar-thy-neighbor interventions: starting
at global free trade, when a country introduces a small import tariff, a small export
subsidy, or combined small import and export tariffs of the described kind, its trading
partner suffers a reduction in welfare. While the unilateral appeal of a small export
subsidy is dependent upon model parameters, the negative international externality that
is associated with such a policy is not. The key point is that all of the described policy
interventions raise the cut-off cost level in the foreign country and thus increase the average
price and reduce the level of variety in this country.

These findings support a relationship between key trade cost and dispersion parameters
in the heterogeneous-firms literature and the nature of optimal trade-policy interventions.
Our export-subsidy findings are perhaps of greatest interest. We find that a country has



incentive to introduce such a policy when trade costs are low and productivity dispersion
is great, a setting which may be more likely in the current era and perhaps for some
sectors more than others. Our findings also offer a partial perspective on the WTQO’s
prohibition of export subsidies. To the extent that governments use trade agreements
to limit the scope in the long run for beggar-thy-neighbor policies, our findings suggest
that restrictions on export subsidies could be attractive once governments have achieved
through preceding negotiations an outcome that is sufficiently close to global free trade.

We next consider efficient trade policies. We show that countries can use tariffs to
effect lump-sum transfers, which implies that efficiency is measured by the sum of the two
countries’ welfare functions. We then show that the logic of the entry-externality effect
extends to the two-country model of trade. Starting at global free trade, the impact on
efficiency of a small increase in any tariff, or of a small and symmetric increase in the over-
all trade barrier between countries, is determined by a simple relationship among model
parameters, with an efficiency gain (loss) occurring if and only if the demand parameter
a is above (below) a critical level, indicating that the market provides excessive (insuffi-
cient) entry under global free trade. Thus, if entry is excessive under free trade, then a
restriction on the introduction of small export subsidies would be efficiency enhancing, at
least once countries get sufficiently close to free trade. For this setting, the model there-
fore provides an efficiency-based rationale for a prohibition on the use of export subsidies.
Furthermore, such a restriction could be effective: even when entry is excessive at free
trade, the introduction of a small export subsidy could be unilaterally attractive to the
intervening country. When the market provides excessive entry at free trade, however,
the model does not provide a similar efficiency-based rationale for caps on import tariffs.

We offer as well characterizations of Nash policies. Such characterization are relatively
complicated, since an evaluation of a small tariff change starting at non-zero tariffs requires
consideration of the tariff-revenue changes attributable to changes in entry levels. We show
that, if the overall trade barrier is symmetric across the two directions of trade and the
joint-welfare function is quasi-concave in this symmetric barrier, then the symmetric Nash
equilibrium entails a higher-than-efficient overall trade barrier. Hence, starting at the
symmetric Nash equilibrium, countries can mutually gain by exchanging small reductions
in import tariffs, export tariffs or combinations thereof. Our findings here provide a
possible interpretation for why early GATT rounds emphasized negotiated reductions in
import tariffs while taking a more permissive stance toward export subsidies.

We also provide results about the levels of Nash import and export tariffs, respec-
tively. If the joint-welfare function is quasi-concave and model parameters are such that
the market does not provide insufficient entry under free trade, then, in a symmetric Nash
equilibrium, the import tariff must be higher than the export tariff. We also establish
a limiting result: as the trade cost goes to infinity, the Nash import tariff converges to



a positive number while the limiting sign of the Nash export tariff is positive (negative)
if the market provides excessive (insufficient) entry under free trade. Thus, a Nash ex-
port subsidy is implied when the trade cost is sufficiently high and the market provides
insufficient entry.

We also show that welfare functions can be expressed as functions of local and world
prices. Representing welfare functions in this way, we show that Nash tariffs are inefficient
but that “politically optimal” tariffs are efficient. Our analysis thus indicates a sense
in which the terms-of-trade externality represents the fundamental reason for a trade
agreement in the Melitz-Ottaviano model. This finding complements previous findings
as surveyed by Bagwell and Staiger (2016b) for settings with perfect competition and
for settings with imperfect competition and homogeneous firms. We thus offer here a
first demonstration that politically optimal policies are efficient for a heterogeneous-firms
model. From this perspective, we conclude that firm heterogeneity does not provide a
new rationale for trade agreements; at the same time, we emphasize that the design of
the trade agreement (e.g., whether restrictions on export subsidies are desirable) may be
impacted by parameters that describe the dispersion of heterogeneity.

Finally, we relate our findings to those developed in our sequel paper, Bagwell and Lee
(2018). There, we conduct a similar analysis of trade policies in a two-sector model with
quasi-linear utility but with two main differences: consumer utility in the differentiated-
goods sector is captured by a CES preference function, and, following Melitz (2003),
selection is achieved as a consequence of fixed production costs.® Many trade-policy
characterizations hold in common across the two models; however, a key difference is that
the entry-externality effect is always positive in the CES model. Hence, if countries start
at global free trade, then for the CES model the introduction of an export subsidy always
benefits the intervening country and raises joint welfare. Starting at global free trade,
the CES model thus differs in that it does not provide an efficiency-based rationale for a
restriction on export subsidies. We provide here an intuitive but partial perspective as to
the underlying source of the different entry-externality effects across the two models. We
note that the expected profit of a firm conditional on its survival falls with greater entry
in the Melitz-Ottaviano model but is constant with respect to the level of entry in the
CES model. The CES model thus shuts down one channel for the business-stealing effect
that would otherwise work against a positive entry-externality effect.

Related Work Our work builds on a large literature that studies trade policy for
markets with free entry, imperfect competition and homogeneous firms.” Under Cournot

For tractability and to facilitate comparison, Bagwell and Lee (2008) follow Chaney (2008) and
assume that firm-level productivities are drawn from a Pareto distribution.

A large literature also exists that analyzes strategic roles for trade policies when profits exist and can
be shifted across firms. See Brander (1995) for a survey and Amador and Bagwell (2013), Bagwell and



competition, Venables (1985) establishes firm-delocation effects and a Metzler paradox,
and he further shows that a country gains from the introduction of a small import tariff
or a small export subsidy, where the optimality of the latter intervention is more qualified
but holds for a linear-demand setting. Bagwell and Staiger (2012b) further analyze this
model. Under the assumption of linear demand, they show that total tariffs that deliver
free trade are efficient in the symmetric class, and they develop for this model unilateral
trade-policy results that parallel the three results mentioned above.® They also develop
related findings regarding liberalization paths from the symmetric Nash equilibrium.

Relative to these papers, our contribution is to characterize unilateral, efficient and
Nash policies in a model with monopolistic competition and heterogeneous firms. Our
work thereby forges a link between the incentives for strategic and beggar-thy-neighbor
export subsidy policies on the one hand and parameters related to product differentiation,
trade costs and productivity dispersion on the other hand. Further, since global free trade
is not generally efficient in the model that we consider, a simultaneous ban on export
subsidies and import tariffs receives less support in this model than in the linear Cournot
delocation model that Bagwell and Staiger (2012b) analyze.

In a homogeneous-firms model with monopolistic competition and CES preferences,
Venables (1987) establishes that the introduction of a small import tariff can increase
welfare in the intervening country, by expanding varieties and thereby generating a fall in
the domestic price index.” Campolmi et al (2014) build on Venables’ model and establish
several additional findings. They show that too few varieties are delivered under free
trade. When only trade policies are available, they remark (see their footnote 13) that
such policies can be used in a second-best way to enhance efficiency. They further show
that, starting at global free trade, a country can gain from the unilateral introduction of
a small import tariff or small export subsidy. For this setting, they also characterize Nash
tariffs when each country is restricted to use only import tariffs or only export tariffs.

Our analysis differs in structure and findings. Structurally, we analyze a heterogeneous-
firms model in which selection effects exist and markups are variable. With respect to
findings, while Campolmi et al consider policy scenarios (e.g., regarding the role of domes-
tic policies) that we do not address, we also consider trade-policy scenarios that Campolmi
et al do not address. In our analysis of unilateral policies, for example, we show that a

country can gain from the simultaneous introduction of small import and export tariffs.

Staiger (2012a), DeRemer (2013), Etro (2011), Mrazova (2011) and Ossa (2012) for recent contributions.

8With respect to findings for unilateral trade policies, one difference is that Bagwell and Staiger
(2012b) do not establish for the linear Cournot delocation model that the introduction of a small import
and export tariff results in a decrease in the trading partner’s welfare.

9Venables (1987) assumes a Cobb-Douglas utility function, ensuring that expenditure shares in the
differentiated-goods and outside-good sectors are fixed. See also Bagwell and Staiger (2015), Helpman
and Krugman (1989), and Ossa (2011) for extended analyses. The former two papers assume as here
that the utility function is quasi-linear whereas Ossa uses a Cobb-Douglas utility function.



Regarding efficiency, we formally characterize the entry-externality effect that underlies
the entry distortion in the Melitz-Ottaviano model. We also show that politically optimal
tariffs are efficient.! Finally, our analysis of symmetric Nash trade policies assumes that
import and export tariffs are simultaneously selected, and we characterize the efficiency of
these Nash policies and identify corresponding efficiency-enhancing liberalization paths.!!

Our work is also related to a small literature that explores trade policy under monop-
olistic competition when firms are heterogeneous and preferences take a CES form, as in
Melitz (2003). Nash trade policies are characterized by Felbermayr et al (2013) for the
one-sector Melitz model. Demidova and Rodriguez-Clare (2009) analyze a small-country
version of this model, finding that the optimal unilateral export policy is then an export
tariff. Haaland and Venables (2016) consider a two-sector model with an outside good,
and analyze optimal unilateral trade and domestic taxes for a family of small-country
models. Costinot et al (2016) offer a general treatment of the one-sector model, assume
that each country has available a full set of domestic and trade policy instruments, and
characterize optimal unilateral tariffs both when tariffs are firm-specific and when they
are uniform. They identify a central role for the terms-of-trade externality in their analy-
sis of unilateral trade-policy intervention. Finally, Caliendo et al (2017) examine import
tariffs in a multi-sector model that features entry distortions and trade in intermediates.

Relative to this work, we consider a large-country, two-sector model with a linear
outside good when consumers have quadratic preferences, leading to variable markups,
and domestic policies are unavailable. In this context, we study unilateral, efficient and
Nash trade policies. While we share with Costinot et al an emphasis on a central role for
the terms-of-trade externality, we focus on a different model and base our argument on
the efficiency properties of the politically optimal and Nash trade policies. Finally, our
sequel paper, Bagwell and Lee (2018), considers a model similar to that analyzed here but
with CES preferences for the differentiated-goods sector. A comparison with the results
in that paper clarifies the role of quadratic preferences for our findings. As mentioned
above, the two models have different predictions relating to the entry-externality effect
and the corresponding treatment of export subsidies in trade agreements.

Our analysis of the entry-externality effect is related to recent work by Dhingra and
Morrow (forthcoming) and Nocco et al (2014). For a family of one-sector monopolistic
competition models with heterogeneous firms and additively separable preferences, Dhin-

10Campolmi et al argue that politically optimal policies are inefficient for their model when domestic
and trade policies are available. As Bagwell and Staiger (2016b, p. 465) argue, however, Campolmi et al
impose a different definition of politically optimal policies than is imposed in previous work (see Bagwell
and Staiger 1999, 2001, 2012a, 2015, 2016b).

1 Campolmi et al consider Nash policies when import and export tariffs are simultaneously determined
only when domestic policies are also available to target the monopolistic distortion. In our model,
domestic policies are not available, and so Nash trade policies must be selected with markups in mind.



gra and Morrow show that the market outcome with CES preferences is first best. By
comparison, we conduct our analysis in the Melitz-Ottaviano model, wherein preferences
are not additively separable and an outside good exists. In our analysis of the entry-
externality effect, we also consider a second-best scenario, in which the social planner
directly controls only the number of entrants.

Nocco et al offer an extensive analysis of the efficiency properties of the market outcome
in the Melitz-Ottaviano model. They characterize the equilibrium and first-best outcomes
and show that the market equilibrium level of entry is above (below) that in the first-best
allocation if the demand parameter « is higher (lower) than a critical level. The first-
best outcome can be decentralized through firm-specific per-unit production subsidies
accompanied by a lump-sum entry tax per entrant and a lump-sum tax on consumers.
They also consider a second-best scenario that arises when any per-unit (i.e., specific)
production subsidy must be offered to all firms and financed by a lump-sum tax on
consumers. The second-best level of entry exceeds that provided by the market. Our
analysis of the entry-externality effect is related but can be understood as a different
second-best scenario in which production subsidies are unavailable and lump-sum transfers
between consumers and firms can be used to subsidize or tax the fixed cost of entry.

Other recent work examines trade policy while building on the Melitz-Ottaviano
model. Spearot (2014) enriches that model to allow for heterogeneous dispersion parame-
ters across countries. Among other results, he provides conditions under which a higher
import tariff increases competition in the domestic market.!? Spearot (2016) further
develops this analysis by considering a multi-sector, multi-country model with heteroge-
neous dispersion parameters, in which the outside good is removed. He estimates shape
parameters and provides counterfactual analyses of several trade-policy shocks. Demi-
dova (2017) characterizes optimal unilateral import tariffs for small and large countries
when the outside good is removed from the Melitz-Ottaviano model. She finds that the
Metzler paradox then no longer holds, and she shows that the resulting optimal tariffs are
positive for both small and large countries.'® Our work is complementary. Like a large
body of existing trade-policy research based on partial-equilibrium models, we use an out-
side good to eliminate the general-equilibrium wage effects associated with trade-policy
changes. This approach seems reasonable, for example, when analyzing import or export

12Gee Spearot (2013) for an empirical analysis of the implications of the Melitz-Ottaviano model in
response to tariff liberalizations. Chen et al (2009) also offer empirical support for predictions of the
Melitz-Ottaviano model.

13The optimal unilateral tariff is higher for a large country, due to the terms-of-trade externality. In our
(large-country) model, an import tariff also generates a terms-of-trade gain for the intervening country,
and indeed the Metzler paradox acts to reinforce this gain. The terms-of-trade implications of export
policies in our model are more novel, since an export subsidy results in a terms-of-trade gain for the
exporting country. We discuss this point further following Proposition 10. See also Bagwell and Staiger
(2012b, 2015).



policies for specific sectors, such as is often the case in WTO disputes, since sector-based
trade policies are less likely to generate economy-wide wage effects. Using the additional
tractability that this approach offers, we characterize unilateral, efficient and Nash import
and export policies, as well as liberalization paths.

Ultimately, the relevance of the Metzler paradox is an empirical issue. While a large
literature finds imperfect pass-through for various industries, evidence of a negative pass-
through rate (i.e., a Metzler paradox) is less common. The study by Ludema and Yu
(2016) is of particular interest. They examine the response of US export prices to foreign
tariff cuts at the firm level over a time period when the Uruguay Round was implemented.
The pass-through of the average firm is typically negative, in line with the Metzler para-
dox. They argue, however, that this is partly due to quality upgrading, whereby U.S.
firms respond to foreign tariff cuts by upgrading quality and increasing export prices.
They thus conclude that they find evidence in support of a “quasi-Metzler paradox.”

The paper is organized as follows. Section 2 presents a symmetric, two-country version
of the Melitz-Ottaviano model, modified slightly to include tariffs. Section 3 highlights
the driving forces that emerge from this model and inform our subsequent trade-policy
analysis. Our three findings for unilateral trade-policy interventions are presented in
Section 4, while our characterizations of efficient and Nash trade policies are contained in
Section 5. Section 6 contains our results on politically optimal tariffs and the terms-of-
trade rationale for trade agreements. Section 7 provides a partial perspective concerning
the underlying reason for differences that emerge when preferences instead take a CES
form. Section 8 concludes. The Appendix contains omitted proofs.

2 Model

We develop our tariff analysis in the context of a symmetric, two-country version of the
Melitz and Ottaviano (2008) model. There are two symmetric countries, home (H) and
foreign (F'). The markets are segmented, and international trade entails trade costs as
well as ad valorem export and import tariffs. The key difference between our setup and
that of Melitz and Ottaviano is that we include import and export tariffs. We present
the model with this modest adjustment in order to provide expressions that facilitate our
analysis of tariff policies in subsequent sections.

Consumer Behavior
Each country has a unit mass of consumers. Consumer preferences are defined over a

continuum of differentiated varieties and a numeraire (outside) good. All consumers in



country [ € {H, F'} share the same quasi-linear quadratic preferences given by
1 2 . 1 AN
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where ¢}, ¢!, and pl represent the consumption of the numeraire good in country [, the
consumption of differentiated good i € Q' in country [/, and the price of differentiated good
i in country [. The set 2! represents a continuum of varieties that are potentially available

[.'* Consumer income consists of a numeraire-good holding

for consumption in country
w', aggregate profit II', and government transfers TR!. We discuss the determinants of
consumer income, I', in greater detail below.

The preference parameters «, v, and n are all positive. The parameters o and 7 capture
the substitution level between the differentiated varieties and the numeraire, while the
parameter v measures the degree of product differentiation within the set of differentiated
varieties. For example, in the limiting case where v = 0, a consumer’s preferences regard-
ing the differentiated varieties are completely summarized by the aggregate consumption
of these varieties: Q' = ([;_u ¢idi).

Following Melitz and Ottaviano, we assume that the numeraire good is consumed
(¢4 > 0) and proceed to derive the inverse demand for variety i as p. = a — nQ' — ¢! for
i € Q* where Q* C Q! denotes the set of varieties for which ¢! > 0. The intercept for
the demand for variety 7 is thus o — nQ'. We may now integrate over the corresponding
demand functions ¢! = (o — nQ' — pl) /v to express Q' in terms of the average price and
the measure N' of consumed varieties in Q*. Proceeding in this way yields

1
G = (P — i) for i € 0 (3)
where .
ay + nN'p
Pl = 2 (4)
v+ nN!

defines the key demand intercept term and where

p=(f )

is the average price of a consumed variety in country /. It is now evident that the set Q*

14Such varieties may be produced domestically or imported.

10



is defined as the largest subset of ! for which p! < pl_ . Notice that o > p! . if and
only if o > .

To evaluate welfare, we require a representation of indirect utility. As Melitz and
Ottaviano show, the indirect utility function takes the following convenient form:

1 Y _ _ 1N
Ui=T4 5t q) e =P) + 5oy (6)
where 1
2 _— I =IN\2
pu— s T d 7
Oy = 7 im*l(p, p')di (7)

and where we recall also the assumption that the numeraire good is consumed: ¢}, > 0.

This assumption in turn holds if and only if
! Ll =l e
I'> pigidi =p Q" — N'o,—, (8)
i€Qx! v
where ' is calculated using (3). We also define consumer surplus in this setting as follows:
cs'=vu'-T1, 9)

and we note that consumer surplus is higher when the average price is lower, the variance
of prices is higher, and the level of product variety is higher, where it is understood that

we hold other terms constant when increasing any one term.

Firm Behavior in Domestic Market

Production in this economy utilizes labor, which is the only factor. Labor is supplied
in an inelastic fashion in a competitive labor market. As is standard, labor can be used
to produce the numeraire good under constant returns to scale in a one-to-one manner,
where the numeraire good is sold in a competitive market. We thus set the wage in each
country equal to one: w' = 1. The supply of labor to the differentiated-goods sector is
thus perfectly elastic at the unitary wage.

In the differentiated-goods sector, each variety i € ' is produced by a monopolistically
competitive firm. To enter the market, a firm pays a fixed cost f. > 0 and draws its
marginal production cost ¢;, which indicates the unit labor requirement. The cost ¢; is
drawn from a Pareto distribution with c.d.f. G (¢;) = (¢;/car)” for ¢; € [0, cpr] where
k > 1 represents a shape parameter and c); > 0 represents the upper bound of ¢;. The
parameter k is important and determines the dispersion of productivity. Higher dispersion
corresponds to a lower value for k. For example, in the limit where £ = oo, every firm

has the same marginal cost c,;. Likewise, in the limiting case where k = 1, the level of

11



dispersion is maximized and c¢; follows a uniform distribution.

Depending on its productivity draw, a firm that enters country [ may exit, produce
only in country I, or produce in country [ and also export to country h, where h € {H, F'}
and h # .Y Following Melitz and Ottaviano, we assume that markets are segmented
and that firms engage in monopolistic competition in each market. Thus, a firm makes
separate decisions about its domestic and export prices, and each firm takes as given the
number of firms and the average price in a market when selecting its price for that market.

Consider first the domestic market. A firm located in country [ with cost level ¢ selects
its price in the domestic market, p’,, to maximize domestic-market profit, (p', —¢)(pl,.. —
Pp)=, where py,, is defined above in (4). Let the resulting profit-maximizing price for
domestic sales be denoted as ph(c). Defining ¢h(c) = (p., — plD(c))% and 7h(c) =

1 ! —
pma;%, ¢h(c) = pm;—;c and 7l (c) = %(pinax_c>2'

> c. We may define the cut-off cost level for

(P’ (c) — c)gl (), it follows that p')(c) =
Notice that p%,(c) > c if and only if p!

max

sales in the domestic market, c\), as

by = Phoaxs (10)

With this definition, and following Melitz and Ottaviano, we may represent profit-maximizing
domestic variables for ¢ < ¢}, as

ch+e

Pole) = 2E° (11)
dh(c) = CDQ;C,
rh(e) = %UD 0

A firm with cost level ¢ in country [ sells in the domestic market if and only if ¢ < c,.

Firm Behavior in Export Market

Consider next the export market. A firm located in country [ with cost level ¢ selects
its delivered export price for consumers in country h, which we denote as p’;, while taking
as given the number of varieties sold and the average price in country h. A firm with
cost level ¢ incurs the cost 7 - ¢ when delivering a unit to the foreign market, where we
assume 7 > 1. The trade cost 7 thus ensures that a firm incurs a greater cost when
delivering a unit of its variety to the export market. Notice that we assume the trade cost
is independent of the designation of the export market.

Exported varieties are also subject to ad valorem export tariffs and import tariffs. We

5 Throughout, the use of index h is understood to mean the country other than country [ : h # I.
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assume that the ad valorem export tariff, #, is levied on the exporting firm, with the
factory gate price used for valuation. The ad valorem import tariff, ¢", is paid by the

importing consumer, with the factory gate price again used for valuation. The factory
l ~
gate price is thus %, and the exporting firm thus receives %;ffl

exported. We assume that t* > —1 and # < 1, where the former assumption ensures that

plX for every unit that is

the after-tax consumption price of an imported good is positive and the latter assumption
ensures that the firm’s after-tax price received on a unit exported is positive.

We are now prepared to analyze profit-maximizing choices in the export market. A
firm located in country [ with cost level ¢ selects its delivered export price, p';, to maximize
its export-market profit, z \ z

(p—),j —T-C) Prmax — Px (12)
X Y

where

w1+t
) =

and p" . is defined above in (4), once [ is replaced with h. " is a convenient measure
of the overall trade barrier due to trade policy in exporting from country [ to country h.
Under our assumptions, x” > 0 and x” is increasing in ¢" and ¢'. We note further that
x" > 1 if and only if t" 4+ #* > 0 so that the total tariff along this channel is positive.

Let the resulting profit-maximizing price for export sales be denoted as p’ (c), and

define ¢ (c) = (p"., — Py (c))% and 74 (c) = (2 l’;(}(f) —7-¢)g(c). The cut-off cost level for

sales in the export market, ci, now may be defined as

h h
_ Pmax €D (]_3)

PV

!
Cx

With these definitions in place, we may represent profit-maximizing export variables for
for ¢ < ch as

() = 55 (h+o) (14)
T h

i) = (=)
72 4k

(o) = (- o

A firm with cost level ¢ in country [ sells in the export market if and only if ¢ < .

Free Entry Conditions
In the long run, each entrant expects zero profit. The expected profit for a firm located
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in country [ is given as

l

b x
= / 7 (c)dG (c) + / T (e)dG (c) . (15)
0 0
We may thus express the free-entry conditions as two equations
7 =f forl=H,F (16)

which with (13) may be used to determine the cut-off levels, ¢, and ¢ for | = H, F. The
domestic cut-off levels, ¢, and %, in turn determine p. , and p"__and thus, by (4) and
(5), the number of varieties sold in the domestic and export markets, N' and N”. From
here, the number of entrants, N% and N2, may be determined, as confirmed below.

Following Melitz and Ottaviano, we now proceed in the described fashion and complete
the solution of the model. Solving for the cut-off levels yields:

o 9 - ") =
cp = [1——plph} * (17)
I h .
Cx = CD<?)’““=
where
¢ =2k+1)(k+2)(ca)*f. >0
and

p= () ()T (18)

We assume henceforth that p' € (0,1).15 Our assumptions above imply p' > 0; thus, the
new assumption is that p! < 1.17

The next step is to determine the number of varieties sold in each market. To this
end, we first compute 7'. The expected price in country [ is determined by prices from
domestic firms as well as from exporters in country h. As Melitz and Ottaviano show,
under the Pareto distribution, the expected price in country [ from domestic producers is
the same as that from foreign exporters, and takes the form

= .- 19

6Given 7 > 1, if 71/2 . x! > 1, then p! < 1 for all k > 1. We also assume throughout that
cy > cby for the tariffs under consideration. At global free trade, cp; > ¢l holds if and only if
D ! D
car > (2B,

"Tn a model without firm heterogeneity, Bagwell and Staiger (2012b) impose a related assumption.
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which indicates that a higher domestic cut-off level leads to a higher average price.'®
Substitution of (10) and (19) into (4) now yields a solution for N in terms of cl, :
290 — ) (k + 1)

N = ) . (20)
Ncp

As reported in (17), the free-entry conditions yield a specific value for cl,, which may be
plugged into (20) to determine the free-entry solution for N in terms of model parame-
ters.!?

The numbers of entrants, N%, in the two countries can now be determined as the

solutions to the following two equations
N'= G(cp)Np + G(cx)N, (21)
assuming a positive mass of entrants in both countries. The solution to this system is

1 (CM)k

Nl leh
fa-de

@~ (@

where ¢ = p' - ' < 1 follows from our assumptions.?’ Substituting (20) into (22) yields

[ (22)

2ty a—dy Ea—ch)
W= €€ () ()

(23)

A maintained assumption is that the trade policies under consideration are such that
NL > 0 for | = H,F. Given ¢ € (0,1), we see from (23) that this assumption implies
a > cb, for | = H, F.?! In later sections, we give particular consideration to trade policies

18The expected price on domestic and imported varieties can be respectively computed as

1
G(ch)

2k+1 1

WD) G /O P (€)dG (c).

/0 P (G (¢) = &y |

YGiven a > ¢l the set Q* is non-empty.

200ur assumption that p' < 1 can be restated as 7 7% < x\. For k> land 7> 1, 771 < 77 TF < y/!
holds. Therefore, 7-x! > 1 and fl = (T . Xl)_k < 1 are implied. Using (13), we note that 7 - x! > 1 is
equivalent to c’}( < ch, which is to say that the cut-off cost level for foreign sales in the home market is
below that for domestic sales in the home market.

21We are now in position to represent our assumptions that q(l) >0, N\ >0and N 113 > 0 in terms of
model parameters. For example, if tariffs are symmetric with ¢/ = t* and # = ", so that p! = p” and
chy = ¢l then by (20) and (23) we know for [ = H, F that N! and NY, are positive if and only if o >
chy, which by (17) and the definition of ¢ holds if and only if f. < o**2(1+ p')/[2v(k + 1)(k + 2)(car)¥].
Furthermore, as f. approaches this upper bound from below, we can show that qé — 1. Thus, under
symmetric tariffs and for f. sufficiently close to its upper bound, we can be sure for each country [ €
{H, F} that the numeraire good is consumed in positive quantity (g} > 0) and that the differentiated
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that constitute global free trade (i.e., trade policies for which all import and export tariffs
are set equal to zero). The content of our maintained assumption for this case is thus
that o > &, where cET is the value taken by ¢ = £ under global free trade.

Finally, we return to the expression for consumer welfare U' given in (6). As indicated
in (19), the Pareto distribution delivers a simple expression for p'. It is likewise true that
the price variance confronted by domestic consumers is the same for varieties produced
domestically as for varieties imported from abroad. The corresponding expression is

(p)” k
P4 (k+1)2(k+2) (24)

Using (6), (19), (20) and (24), and following Melitz and Ottaviano, it is now possible to

derive a simple expression for consumer welfare:

lﬂ:ﬂ+ﬁﬁlﬁﬁm krl (25)

o T Pry2

An immediate corollary is that consumer surplus takes the form

!
O ="l

J (26)
Tariff Revenue

In the model described above, consumer income is comprised of a unit of labor income,
profits and tariff revenue. We have already discussed labor income; furthermore, in a free-
entry equilibrium, expected profits are zero. The remaining income source to consider is
thus tariff revenue.

To define import tariff revenue, we first define the value of country /’s imports prior

to the imposition of its import tariff:

h

Nh o ek
IMP! = . +Etl / P (c)q(c)dG (c) .
0

Using (13) and (14), we may substitute and derive that

Np (7 x) 7" - (cp)*+

IMP' =
L4t 29(k +2)(en)"

(27)

Import tariff revenue for country [ is then ' - IM P’
In analogous fashion, we may define the value of country [I’s exports prior to the

sector has a positive mass of entry (N4 > 0) and positive consumption (N! > 0).
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imposition of country h’s import tariff as

l

NL e
BXP = E / P () d (¢) dG(e)
0

Using (13) and (14), we may substitute and derive that

N (7-x")7* - (cp)™*

EXP' =
T+t 29(k+2)(cm)F

Export tariff revenue for country [ is then ¢ - EX P!,

Welfare
We are now prepared to define the welfare function that a national-income maximizing
government would seek to maximize. This is the welfare function against which we will

evaluate trade-policy interventions, and it is defined as

kE+1

o
Ul:1+tl-JMPZ+?-EXP1+M[Q—CZDIH2

2n

] (29)

where we recall from (26) that the last term equals consumer surplus, C'S’. The indirect
utility function in (29) takes the same form as that derived by Melitz and Ottaviano,
except that we include tariff revenue as a source of consumer income. We notice that
tariffs affect tariff revenue and thereby consumer income both directly and also indirectly
through the induced long-run impact on trade values, IM P' and EX P'.

With the model now defined, we are prepared to consider the welfare impacts of trade
policy. We perform this analysis in the following sections. Throughout, we maintain the
assumption that any trade policies under consideration are such that the model assump-

tions presented above are satisfied.

3 Driving Forces

For our purposes, the model has three main driving forces: the selection effect, the firm-
delocation effect, and the entry-externality effect. In this section, we briefly highlight some
key features of the model that are associated with these forces. We note that Melitz and
Ottaviano also derive the selection and firm-delocation effects as part of their analysis of
the consequences of unilateral reductions in trade costs. We briefly highlight these effects
here in order to derive and interpret our trade-policy findings in subsequent sections.
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3.1 Selection Effect

In the heterogeneous-firms model considered here, trade policy affects both the number
and the efficiency of entering firms. A higher import tariff increases the number of entrants
and generates a higher level of competition, so that firms must be more efficient to survive.
In particular, a higher home import tariff (or a higher foreign export tariff) lowers the
cut-off cost level for domestic sales in the home market and raises the cut-off cost level for

domestic sales in the foreign market. We now summarize this discussion in a proposition.

Proposition 1 (Selection effect)

! ! h h
dcp dchp dc}, dc}

= < =
dtl’ dth dtt’ dth
Proof. Proofs are in the Appendiz. m

We note that t! and " affect ¢/, and % only through x! by (17) and (18).%

3.2 Firm-delocation Effect and the Metzler Paradox

We now consider in more detail the impact of trade policy on the number of firms. Intu-
itively, an increase in the home import tariff makes it harder for foreign firms to export.
As a result, the expected profit for home firms increases, and the expected profit for for-
eign firms decreases. To satisfy the free-entry conditions, the number of home entrants
increases and the number of foreign entrants decreases, and the number of surviving vari-
eties similarly increases in the home country and decreases in the foreign country. In this
sense, a home import tariff “delocates” firms from the foreign country to the home coun-
try. A similar logic holds when the home country lowers its export tariff or equivalently
increases its export subsidy. The following proposition summarizes this discussion:

Proposition 2 (Firm-delocation effect) For countries | and h with I,h € {H,F} and
I # h, an increase in country l’s import tariff or in country h’s export tariff results in an
increase in the number of entrants in country l, a decrease in the number of entrants in

22 As Proposition 1 confirms, for each cut-off cost level, higher home import and foreign export tariffs
along a given trade channel push that cost level in the same direction. The magnitude of the shift, however,
may differ across the trade-policy instruments. The asymmetry arises, since, for a given delivered export
price p’)‘( to consumers in country [, a higher import tariff ¢! lowers the corresponding factory gate price,
p% /(1 + t!) whereas a higher export tariff " leaves the factory gate price unaltered. For each of the

1 h h
following three inequalit}es, %7 < i g < ddCT? U%? < Ccll%,
holds if and only if # 4+ " > 0. For the findings of this paper, however, we require only that increases in
these respective tariffs shift the cut-off cost levels in the same direction, a requirement that Proposition

1 provides.

l l 1
X o dep and we can show that the inequality
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country h, an increase in the number of varieties sold in country l, and a decrease in the

number of varieties sold in country h:

dNL dN! AN dN:
E Eo g XE E

dtt 7 dih dtt 7 dih
dN' dN! AN" AN
dtt ’ dth dtt 7 dth

Using (17), (18), (20) and (23), we note that ¢ and #" affect the numbers of entrants and
varieties sold in countries [ and h only through x!.2*

We consider next the implications of trade policy for average prices. In fact, the
firm-delocation effect is strong enough in this model to generate a Metzler paradox. As
Proposition 2 establishes, a higher home import tariff (or a higher foreign export tariff)
increases the number of entering firms in the domestic market and ultimately results in
a higher number of surviving firms selling in this market. A higher home import tariff
thus results in a reduction in the cut-off cost level for sales in the domestic market, which
by (19) implies that the average price in the home market falls. A similar logic indicates

that a higher home import tariff causes the average price in the foreign market to rise.

Proposition 3 (Metzler paradox) For countries | and h with I,h € {H,F} and | # h,
an increase in country l’s import tariff or in country h’s export tariff results in a decrease
in the average price in country | and an increase in the average price in country h:

det’ dth det’ dth

Using (17), (18) and (19), we note that #! and " affect ¢}, and ¢, and thereby p' and
p", respectively, only through x!.?* As noted in the Introduction, the Metzler paradox
is a driving force in other models of trade policy, too, including the homogeneous-firms
Cournot model used by Venables (1985) and Bagwell and Staiger (2012b).

3.3 Entry-externality Effect

An important consideration in characterizing efficient trade policies is whether the market

is distorted in the absence of trade-policy interventions. We thus now consider the exter-

231n particular, N! depends on #! and #* due only to the role of x! in determining c!,, while Ni, depends
on t' and t" due to the role of x! in determining ch, c’b and 51. As in footnote 22, it is also possible
1 l h h
to report relative magnitudes. For each of the following four inequalities, % > %, dfl\t]lE %,
ijg > %’ll dglh %, we can show that the inequality holds if and only if t! + " > 0.
24 As in footnote 22, it is also possible to report relative magnitudes. For each of the following two

—1 —1 —h —h ~
inequalities, jﬁfh < Z% and % < %, we can show that the inequality holds if and only if ¢! 4 " > 0.

and

19



nalities associated with entry in the Melitz-Ottaviano model. In particular, our approach
is to decompose the difference between the market and socially optimal entry levels so
that we can intuitively explain the source of any market failure. This work provides a
context in which to interpret subsequent results in our trade-policy analysis.

Before we characterize the externalities associated with entry, we recall from (25) that

consumer welfare is determined as the sum of income and consumer surplus:

— k+1
Lo (a—cp)r
v L™ o= epi— 5l

where this expression holds for any N' and not just the value determined in the market
equilibrium. In the market equilibrium, the free-entry conditions (7! = f, for [ € {H, F'})
determine the entry level. The marginal entrant, however, does not consider the external
effect of its entry decision on consumer welfare, and so the entry level in the market
equilibrium need not coincide with the socially optimal entry level.

In order to decompose and clarify the externalities associated with entry, we consider
a simple closed-economy setting. As Melitz and Ottaviano show, consumer surplus takes

the same form in the closed-economy setting:

C’SE(&_—

I (30)

where cp denotes the cut-off cost level for the closed-economy model. We may now define
cD
7= / To(c)dG (c)
0

where 7p(c) = %(CD —¢)?, and we likewise require that the number of entrants, Ng, and
the number of surviving varieties, NV, for the closed-economy setting satisfy N = G(cp)Ng
and N = 2v(a—cp)(k+1)/(nep).

We now consider the problem of a social planner who selects the level of entry Ng in
a closed economy with the objective:

max CS+ Ng (17— fe). (31)

In this exercise, the social planner chooses the number of entrants Nz to maximize
consumers’ welfare, which is the sum of consumer surplus and aggregate profit II =
Ng (7 — f.).* Given the relationships just described, when the planner selects N,
choices for ¢p and N are implied and values for C'S and 7 thus follow. We note that
a change in the number of entrants could be implemented in a decentralized setting by

=4 . . . . . .
25We may ignore wage income, which is a constant in this model.
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using lump-sum transfers between consumers and firms so as to subsidize or tax the fixed
costs of entry.20
For the utility function (1) used by Melitz and Ottaviano, we can rewrite consumer

2
05:/ Tg)?di+ 2 (/ q;dz'> (32)
S 2 2 1€Q*

where ¢ = (Pmax — pi)/7 is the optimized consumption level for variety ¢ at price p;,

surplus as follows:

given the number of entrants.?” An interesting feature is that 3 (qf )2 corresponds to the
triangular region under the demand curve for variety ¢ and thus represents consumer
surplus at variety ¢. The first term in (32) is thus the sum of consumer surplus at each
variety; hence, the second term in (32) should be explained by variety effects.

Based on this understanding, and after allowing for profit-maximizing pricing by firms,

we may represent consumer surplus as follows:
CS=Ng-CS+VE

where

5 / T ()26 (0 (33)

represents expected consumer surplus at single varieties and gp(c) = (¢p —¢)/(27). For a
given value of cp, the variety effect, V F, is then defined as the difference between C'S as
given in (32) and Ny - C'S with CS given by (33). As noted above, by choosing Ng, the
planner effectively chooses ¢p and N, and so values for CS, C'S, VE, @ and II follow.

The socially optimal N}, maximizes utility as defined in (31). The first-order condition
takes the following form:

_ dCS dVE dr
Np—= Ng—— 47— f, =
CS + von. tavs P NEg TR f.=0

By contrast, the market determines the entry level to satisfy 7 = f.. We thus define the
externalities that a market economy does not consider as follows:

N N 34
aNs VP gy TP N, (34)

EXT — (ﬁ%— dVE dc's dm )

26Tf the planner sought to decrease Nz below the market equilibrium level, then a per-entrant and lump-
sum entry tax Tg > 0 could be imposed, so that entry would occur until 7 — f. — T = 0. Consumers
would enjoy additional income of Ng(7 — f.) once the tax is redistributed. A lump sum subsidy to entry
is similar except that Tg < 0 and so consumers provide a lump-sum redistribution to entrants.

*"For the closed-economy model, pmax = (ay +ND)/(y + nN), where b = ([,_q. pidi)/N and Q* is
the set of varieties for which ppax > p;.

S
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where in expectation C'S > 0 represents the direct consumer surplus gain from a new
dC’S
<0

represents a substitution effect (i.e., the consumer surplus losses on pre-existing varletles

variety, dVE > 0 represents the beneficial variety effect from a new entrant, Np 3>

when additional entry occurs), and Np-3- < 0 represents a business-stealing effect.
In the Appendix, we derive and sign all of the terms in (34) and establish the following:

Proposition 4 (Entry-externality effect) Starting at the market equilibrium, additional
entry generates a negative externality if and only if o > 2 - c5; that is,

EXT <0 if and only if « > 2 -}, (35)
where cy is the cutoff cost level in the market equilibrium under free entry.

To interpret this proposition, we can image starting with a market equilibrium, where
the level of entry is determined by the free-entry conditions, and then considering the
impact of a marginal change in the level of entry on welfare. In this scenario, ¢ = (¢) w2
corresponds to the cost level in the market equilibrium under free entry.2® According to
Proposition 4, if «v is at least twice as large as this cutoff level, then the last entrant resulted
in a drop in welfare, and so the social planner could generate a gain in welfare with a small
reduction in the level of entry. Intuitively, the number of entrants is increasing in « in
this model, and negative externalities such as the substitution effect and business-stealing
effect are weighted by the number of entrants.

As noted in the Introduction, Nocco et al (2014) also report a critical value for a such
that the market supplies too much entry relative to the first-best level when o exceeds this
value. Our finding is related and complementary. Our result is derived in a second-best
context, however, where the planner does not have direct control over firm-specific output
levels.?

4 Unilateral Trade Policies

In the previous sections, we presented the solution to the model and highlighted three
driving forces. Now we can discuss trade policies and welfare implications of this model.
We focus in this section on unilateral trade-policy incentives when countries start at global
free trade.

28See Melitz and Ottaviano (2008) for the derivation of ¢.

29The critical value that Nocco et al (2014) derive is closely related but has a different coefficient on 3.
Nocco et al also consider a second-best setting in which the planner can use a per-unit production subsidy
financed by a lump-sum tax on consumers. In this case, however, and as they show, c}} is unaffected by
policy. In terms of our decomposition above, such a policy would eliminate all effects in FXT except
CS. As they show, the market thus under-supplies variety in this case.

22



4.1 Introduction of a Small Import Tariff

We suppose that both countries initially adopt free trade with import and export tariffs.
From this starting point, the introduction of a small home import tariff generates a welfare
gain for the home country and a welfare loss for the foreign country.?

Proposition 5 (Small import tariff) For countries | and h with l,h € {H,F} andl # h,
if both countries initially adopt a policy of free trade, then the introduction of a small
import tariff by country | generates a welfare gain for country | and a welfare loss for

country h:
dU! dcs!
W“l:ﬂ:th:{h:o = dtl + IMPZ |tl=£l:th:fh:(] > 0
du” dcs”
W|tl:ﬂ:th:5’1:0 = g lupopnpn_g < O.

When the home country introduces a small import tariff, the firm-delocation effect
implies that the number of home entrants increases and the number of foreign entrants
decreases. Under the Metzler paradox, the average price falls in the home country and
rises in the foreign country. As well, consumers in the home country enjoy greater variety
whereas foreign consumers experience a decrease in variety. Since the average price de-
creases and the variety effect increases in the home country, consumer surplus increases
in the home country while the opposite occurs in the foreign country. Finally, the in-
troduction of a small home import tariff also generates a positive tariff-revenue gain for
the home country, where this gain corresponds to the import value. Due to these price,
variety and revenue effects, the introduction of a small import tariff by the home country

results in a home-country welfare increase and a foreign-country welfare decrease.

4.2 Introduction of a Small Export Subsidy

We also consider the introduction of a small export subsidy under global free trade. The
following proposition shows that the introduction of a small home export subsidy always
decreases foreign welfare while it increases home welfare when the selection effect is strong
(i.e., when the trade cost is low and the dispersion of firms’ productivities is high) or when
the selection effect is weak and the demand parameter « is small.

Proposition 6 (Small export subsidy) For countries | and h with I,h € {H,F} and
I # h, if both countries initially adopt a policy of free trade, then the introduction of a

30In Proposition 5, we assume that both countries initially adopt free trade for simplicity. More
generally, the key requirement is that the country about which the welfare statement is made adopts a
policy of free trade, while the other country adopts any initial policy consistent with positive entry.
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small export subsidy by country | has the following effects: 1). It generates a welfare gain

for country [,

U’ _des!

W |tl:gz:th:,§h:0 77 —{—EXPZ |tz:gz:th:t~h:0 < 0, (36)

when (a) the selection effect is strong in that T < (4 + 2k)"* or (b) the selection effect is
weak in that T > (4 + 2k)"* and

k
1 FT 37
O‘<( +7k—2(k+2)>cD (37)
2). It generates a welfare loss for country h,
du” dCSh
W |tl:{l:th:ghzo = W > 0. (38)

Proposition 6 indicates that the introduction of a small export subsidy (i.e., the in-
troduction of a small negative export tariff) by the home country always hurts foreign
welfare but can raise home welfare. The foreign welfare loss may be understood in terms
of the firm-delocation effect and the logic identified in Proposition 5. The impact on home
welfare, however, is more complicated. When a country introduces an export subsidy, it
must balance any consumer-surplus gain against the tariff-revenue loss, where the tariff-
revenue loss corresponds to the export value. Proposition 6 indicates that the net effect
of a small export subsidy for the home country is positive if the selection effect is strong
or if the selection effect is weak and the demand parameter « is small.

Intuitively, the introduction of a small export subsidy generates a lower average price
and a greater level of variety in the home market, which leads to a gain in consumer
surplus. This gain overwhelms the subsidy expense when selection effects are strong;
however, when selection effects are weak, it is possible that the subsidy expense dominates
in the home-country welfare calculation. We note, though, that the introduction of an
export subsidy does generate a gain for the home country in the weak-selection case when
a is below a threshold value as captured in (37).

To see this tradeoff more clearly, consider the extreme case in which the trade cost
approaches infinity (7 — 00). In this limiting case, the home country can be interpreted
in terms of our closed-economy analysis, and (37) is reducible to the idea of Proposition 4
that additional entry is desirable if and only if o < 2 - lim, ., c5’. Thus, if there are too

few entrants without government intervention, then additional entry generates a positive
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externality, and policies that encourage entry are attractive.?!

Building from this insight, we now establish a simple corollary to Proposition 6:

Corollary 1 If both countries initially adopt a policy of free trade, and if o < 2 - cbET,
then the introduction of a small export subsidy by country | generates a welfare gain for
country [.

The proof is immediate if selection effects are strong. For the situation where selection
effects are weak, the proof follows since v < 2 - ¢h? then implies that (37) holds.

To provide some intuition for Corollary 1, we may refer to the logic underlying the
entry-externality effect as captured in Proposition 4. Based on that reasoning, we may
expect that the market provides the right level of entry or too little entry when o < 2 -

cET 32 Accordingly, the introduction of a small export subsidy then enables the intervening

Y

country to obtain a larger slice of a “global pie,” where the pie itself is unaffected (to the
first order) or expanded as a consequence of the subsidy.

We emphasize that o < 2 - ch7 is sufficient but not necessary for a country to gain
from the introduction of a small export subsidy. Indeed, Proposition 6 indicates that the
introduction of a small export subsidy is attractive to the intervening country when the
selection effect is strong, regardless of the value of «; furthermore, the introduction of a
small export subsidy may also be beneficial to the intervening country when the selection
effect is weak and a > 2 - c5T| provided that « is not so large as to then violate (37).3

We may compare Proposition 6 with Venables’ (1985) findings. For the homogeneous-
firms Cournot model, he shows that the introduction of a small home export subsidy harms
the foreign country but benefits the home country, at least when demand is linear. Our
finding above likewise shows that the unilateral benefit of a small export subsidy is more
qualified than that for a small import tariff, but in the heterogeneous-firms model that we
analyze here the key considerations that determine the unilateral benefit of a small export
subsidy are related to parameters that describe the significance of the selection effect and
the externality associated with entry. Our findings thus suggest that strategic export
subsidy policies may be more effective in some sectors than others. Sectors characterized
by low trade costs and high productivity dispersion (i.e., strong-selection characteristics)
would seem natural candidates for small strategic subsidies according to Proposition 6.

Proposition 6 offers a partial perspective on the WTQO’s prohibition of export subsidies.
To the extent that governments use trade agreements to limit the scope in the long run for

31Under an infinite trade cost, trade policy doesn’t affect welfare. But the sign is maintained as the
1
trade cost goes to infinity, in that % approaches zero from below when a < 2 - lim,_, ch, where

lim, o ¢y = ((p'y)k%ﬂ = ¢}y follows from (17).
32Formal support for this exepctation is provided below in Propositions 8 and 9.

33In Proposition 6, condition (b) can hold even if a > 2 - cET since the parenthetical term in (37)

exceeds 2 when the selection effects is weak.
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beggar-thy-neighbor policies, Proposition 6 suggests that restrictions on export subsidies
could be attractive once governments have achieved through preceding negotiations an
outcome that is sufficiently close to global free trade. In this context, an interesting feature
of the analysis provided here is that the appeal of restrictions is greater under conditions
that may be descriptive of the current trading environment - namely, low trade costs
and high productivity dispersion - since a country has unilateral incentive to introduce a
small export subsidy when these conditions prevail. A more complete evaluation of the
treatment of export subsidies in this model, however, requires a characterization of the
efficiency frontier, a topic we consider below.

4.3 Introduction of a Small Import and Export Tariff

We now consider a different unilateral path from global free trade and allow that the home
country simultaneously increases its import and export tariffs. The idea is to propose a
simultaneous increase in home tariffs so as to maintain home consumer surplus while also
generating tariff revenue. Bagwell and Staiger (2012b) explore such an intervention for
the linear Cournot delocation model. The current setting is more complex, however, as
consumer surplus is influenced by price and variety effects while firms are heterogeneous.
Even so, we are able to utilize the structure of the Melitz-Ottaviano model and deliver
related results. As (26) indicates, the price and variety influences on consumer surplus
are all channeled through the cut-off cost level for domestic sales in the home market.
Building from this insight, we show that the home country can gain by raising its import
and export tariffs so as to maintain its cut-off cost level for domestic sales.

To formally explore this idea, let us consider the tariffs for any country [ that serve to
fix cl,. We suppose again that all tariffs are initially set at free trade. Using (17), we then
find that the introduction of slight changes in country I’s tariffs that preserve cl, satisfy

~ act
atl D
_ ot _ -k
Ot! |th:t"h:tl:£l:0,le - dcky |th:£h:tl:£l:0,le =77 >0 (39)
ot

Intuitively, and as Proposition 1 confirms, a higher import tariff lowers ¢}, whereas a higher
export tariff raises c/,. The particular positive relationship that maintains ¢ then takes
an especially simple form starting from global free trade. Since TR! = t\-IM P'+¢'-EX P!,
we have that

dT R

|tl:gl:0 = [MPZ > 0 and W |tl:{l:U = EXPZ > 0,

dTR!
dt!

and so the proposed tariff changes are also sure to raise country {’s tariff revenue. Referring
to (26) and (29), we may now conclude that the proposed tariff changes leave country I’s
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consumer surplus unaltered, raise country [’s tariff revenue, and thus generate a gain in
country [’s welfare.?*

Further utilizing the structure of the Melitz-Ottaviano model, we also find that the
welfare of country h must fall when country [ departs from global free trade and introduces
this policy variation. To see why, we use (17) and show that the introduction of slight

changes in country [’s tariffs that preserve ¢ must satisfy

~ 8ch
6_tl . . - _3_15? - . =7F>0 (40)
Y th=th=tl=fl=0ch, = ach th=th=tl=l=0,ch, — T )
ot!

where 7% > 7% under our assumptions. Thus, for a given increase in t!, the increase in #'
that maintains cf, is not sufficiently great to maintain c%,. Since Proposition 1 implies that
ch is decreasing in ', we conclude that the proposed tariff variation for country I causes
an increase in c?. Using (26), it is straightforward to show that a country’s consumer
surplus is decreasing in its cut-off cost level for domestic sales.>® Since country h has a
policy of free trade, country [’s policy change has no impact on country h’s tariff revenue.
We thus conclude from (29) that country h is harmed by the proposed tariff variation for
country /.

The following proposition summarizes our findings:

Proposition 7 (Small import and export tariffs) For countries | and h with [, h € {H, F'}
and | # h, if both countries initially adopt a policy of free trade, then the introduction of
a small import tariff and a small export tariff by country | that satisfies (39) is sure to

increase country l’s welfare and lower country h’s welfare.

A notable feature of Proposition 7 is that the welfare implications hold for all trade
costs, demand and dispersion parameters. Proposition 7 is related to Bagwell and Staiger’s
(2012b) finding for the linear Cournot delocation model; however, a novel feature of Propo-
sition 7 is that it also addresses the externality associated with the described intervention.
In particular, Proposition 7 indicates that this unilateral policy intervention, too, imposes
a cost on the trading partner, provided that policies are initially placed at global free trade.

341t is now clear that the home country’s gain from the proposed tariff changes does not require that
the foreign country also adopt a policy of free trade. On the other hand, if the home country’s initial
tariffs were to differ from free trade, then the home country would gain from the proposed tariff change
if and only if the change raises home-country tariff revenue. This tariff-revenue condition holds when the
home country starts at free trade but need not hold otherwise.

35See Lemma 4 in the Appendix.
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5 Efficient and Nash Trade Policies

In this section, we offer characterizations of efficient and Nash trade policies.

5.1 Efficient Symmetric Trade Policies

We begin by considering efficient trade policies. An initial point, confirmed in the following
lemma, is that the sum of the two countries’ welfare functions depends on tariffs only
through the overall barriers to trade, xy” and x*.

Lemma 1 Joint welfare, U = U? + U, depends on individual tariffs, {t, 7 ¢" "},
147 14+¢7

F_
T and X© =

only through x =

As we explain next, this property implies that countries can effect lump-sum transfers
through tariff policy variations that maintain x = ﬁ’; and I = %

To understand how countries may achieve lump-sum transfers, we consider an increase

in t' that is balanced against a reduction in ¢" so as to preserve y! = llftt,ll Using (27),
(28) and (29), we can rewrite U’ as

TR D (5 N - G G I W et N IR &
L+t 2y(k +2)(car)* L+th 2y(k+2)(car)® 2n Dp 427

where c), ¢ NL and N} are all fixed given that x' and x" are unaltered.>* We now
simply observe that an increase in t! that is balanced against a decrease in " so as to
preserve X' acts to raise #ltl It follows that the change raises U'. With the welfare sum
for the two countries fixed by Lemma 1, the increase in U! must be offset by an equal loss

in U".

Lump-sum transfers achieved through tariff instruments operate by changing world
prices at fixed trade volumes, and this mechanism is at work here as well. To develop this
point, we define the (average) world price associated with an import good for country I:

(41)

1+¢
1—th
also preserve ¢}, and thus by (19) P’ as well; hence, country [ enjoys a terms-of-trade gain

must

An increase in ' that is balanced against a decrease in ¢ so as to preserve ! =

from such an adjustment, as the world price of its import good falls. Country h suffers
a matching terms-of-trade loss, as the world price of its export good falls. The resulting

36This can be verified using expression (12) for export-market profit and our maintained assumption
(8) that ¢} > 0 which ensures that tariff revenue does not alter demand in the differentiated sector.
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increase in U' exactly offsets the loss in U", since with ! (and x") fixed there is no change
in the value of trade volumes or in consumer surplus in either country.

Since countries can effect lump-sum transfers, efficient trade policies are those which
maximize the sum of the two countries’ welfare functions, U = U¥ + U¥. Formally, and
using Lemma 1, we can define efficient tariffs using a two-step process. First, we solve
the following program

e UG, x)
so as to determine the overall trade barriers, y” and !, that maximize joint welfare,
U(x®,x"). Second, the set of efficient tariffs is then defined by the set of underlying
tariffs, {¢7,#7 ¢ #"'}, that induce the overall trade barriers as determined in the first
step. Notice that there is a continuum of ways to combine ¢! and # so as to induce a given
value for x!, and so efficient tariffs are not unique.

We focus primarily on tariffs that are efficient within the class of tariffs that generate a
symmetric overall trade barrier along each channel of trade. Let x* maximize U(x*, x*')
over values of y that satisfy y = x = x¥; that is, let x* maximize U(x, ). For any
value y, we say that the tariffs {tH S E } are x-symmetric tariffs if they induce
Y7 = xF = .37 Efficient x-symmetric tariffs are then y-symmetric tariffs for which
x = x*. Efficient y-symmetric tariffs are thus efficient within the class of y-symmetric
tariffs.®® In line with our preceding discussion, we note that y* can be induced by a
continuum of underlying tariffs.

We assume that a maximizer x* exists that is consistent with the assumptions in
Section 2 and interior.?” We thus assume that the associated value of p' satisfies p' € (0,1)
and also that a positive number of firms enters in each country when the overall barrier is

Y7 =t = x*.* Interiority means that y* satisfies the associated first-order condition:
dU (x; x)
e, . —o (12)

We do not maintain an assumption as to the quasi-concavity of U(x, x) but rather intro-
duce this assumption within the propositions below when it is utilized.
Our next proposition considers the specific question of whether global free trade (i.e.,

t = tH = tF = ¢ = () constitutes an efficient trade policy.

37 Among other tariffs, the set of y-symmetric tariffs includes tariffs for which the home and foreign
countries set the same import tariffs (¢ = ¢f') and the same export tariffs (£ = ¢F').

38 As our preceding discussion confirms, countries can effect lump-sum transfers using y-symmetric
tariffs, and so efficient y-symmetric tariffs maximize joint welfare within the class of x-symmetric tariffs.

39t is convenient to note these assumptions here as part of our discussion of efficient y-symmetric
tariffs. The assumptions play no role in our next two propositions (i.e., Propositions 8 and 9).

40 As indicated in footnote 16, given 7 > 1, a sufficient condition for p! € (0,1) at x* for k > 1 is that
xX* > 7712, We also assume that ¢y exceeds cb, as determined by (17).
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Proposition 8 (Free trade and efficiency) If both countries initially adopt a policy of
free trade so that t" =t = tF' =t = 0, then the introduction of a small increase in
any tariff raises joint welfare if and only if o > 2 - c5T, lowers joint welfare if and only if
a < 2-cET and has no first-order effect on joint welfare if and only if a = 2 - ckT.
Proposition 8 thus indicates that global free trade is inefficient whenever a # 2 - i7",

Proposition 8 resonates with Proposition 4, which suggests that additional entry gen-
erates a negative externality for the economy when o > 2-c5”. According to Proposition
8, starting at global free trade, a trade agreement can generate higher welfare for its
members if the agreement calls for a slight increase in any tariff when o > 2 - ¢I)7, and a
symmetric decrease (i.e., a subsidy) in any tariff when o < 2-cE”. Finally, if « = 2 - ¢I7
then a trade agreement cannot induce a first-order gain to its members with a small
movement in any tariff.*!

To explore the implications for trade-agreement design, let us consider a strong-

selection environment so that 7 < (4 + 2k)*/*

. Starting at global free trade, Proposition
6 then indicates that a unilateral export subsidy is attractive to the intervening country.
Therefore, if & = 2 - cf7') then an efficiency-enhancing trade agreement would restrict
small unilateral departures from global free trade in any form, even though each country
has a unilateral incentive to depart from global free trade with a small import tariff or a
small export subsidy. The case of o = 2 - c5T generates results analogous to those found
by Bagwell and Staiger (2012b) under global free trade, since they show that any small
movement from global free trade reduces efficiency in the linear Cournot delocation model.
Other cases are possible here, however. Regarding the treatment of export subsidies, the
unilateral incentive for a country to impose a small export subsidy would be beneficial
(detrimental) for efficiency if a < 2 - ch? (o > 2 cf). Thus, conditional on starting at
global free trade and for the strong-selection environment, the model is consistent with
effective and efficiency-enhancing restrictions on the use of export subsidies in a trade
agreement if o > 2. cET.*2 When a > 2 - ¢I)T', however, the model does not provide an
efficiency-based rationale for restrictions on the introduction of small import tariffs.

Our second proposition is similar but starts with any tariffs that achieve free trade in
the sense that the overall trade barrier along each channel is zero (i.e., I = x!" = 1).

41Our policy analysis here contrasts interestingly with the second-best analysis of Nocco et al (2014).
As described previously, they consider per unit (i.e., specific) production subsidies that are provided on
every produced unit within a closed-economy setting. By contrast, we consider ad valorem policies that
are provided only on traded units within an open-economy setting. The cut-off cost level is impacted by
a subsidy or tariff in the policy analysis that we examine.

42Similarly, in the weak-selection environment where 7 > (4 + Qk)l/ ¥ a unilateral export subsidy is
attractive to the intervening country if o < (1 + ﬁ(kkﬂ))ch’ where the term in the parenthesis
exceeds 2. Conditional on starting at global free trade and for the weak-selection environment, the model
is consistent with effective and efficiency-enhancing restrictions on the use of export subsidies in a trade

agreement if (1 + #&H))CET >a>2-cET.
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There is a continuum of such tariffs, including the tariffs that deliver global free trade.

Proposition 9 (Free trade and efficiency under x-symmetric policies) If the two coun-
tries initially adopt tariffs that achieve free trade so that x* = x¥ = 1, then the introduc-
tion of small tariff changes that induce a small and symmetric increase in x = x* = x¥'

raises joint welfare if and only if a > 2-cET | lowers joint welfare if and only if o < 257,

and has no first-order effect on joint welfare if and only if a =2 - BT

The implications of Proposition 9 for trade-agreement design are similar to those devel-
oped above for Proposition 8, except that Proposition 9 allows for a larger set of initial
tariffs and then considers y-symmetric departures whereby the overall trade barrier ad-
justs symmetrically across the two trade channels. A specific implication of Proposition 9
is that global free trade is not in general an efficient trade policy, even within the restricted
class of y-symmetric tariffs.

An interesting finding in the proof of Proposition 9 is that, starting at y-symmetric
tariffs, a small and symmetric increase in y = x* = x!" raises the cut-off cost level in each
country, c# = ¢f). Consumer surplus then falls in each country, due to the consequent
increase in the average price and decrease in the number of varieties consumed in each
country. Thus, for example, while an increase in a country’s import tariff lowers its cut-off
cost level and thereby raises its consumer surplus, symmetric increases in import tariffs
that maintain symmetry between y”and ! raise each country’s cut-off cost level and
thereby lower each country’s consumer surplus. Melitz and Ottaviano (2008, p. 309)
derive a similar finding when the (symmetric) trade cost 7 is changed.

5.2 Nash Trade Policies and Liberalization Paths

Next, we consider Nash trade policies. A Nash equilibrium is a set of tariffs, {tH S E },
that simultaneously solves
IB%XUZ forl = H, F,

where we recall that t > —1 and # < 1. The tariffs so defined are Nash tariffs. A
symmetric Nash equilibrium is then a Nash equilibrium in which ¢ = ¥ and t = ¥, For
a symmetric Nash equilibrium, we denote the symmetric Nash tariffs as a pair (tV, V),
where tV = t = ¥ is the symmetric Nash import tariff and t¥ = ¢t = ¢¥ is the
symmetric Nash export tariff. Clearly, symmetric Nash tariffs must be y-symmetric tariffs.
We represent the associated symmetric Nash value for x as xV = (1 + V) /(1 — V).

We assume that there exists a symmetric Nash equilibrium that is consistent with
the assumptions in Section 2 and interior. We thus assume that ¢tV > —1, V < 1, the

associated value of p' satisfies p' € (0,1) and also that a positive number of firms enters
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in each country when the overall barrier is given by x = x!" = xV.*3 Our assumption of
interiority means that ¢V and ¢V satisfy the associated first-order conditions:

au’ dU"
Whl:t’t:w,ﬂ:%:iﬂ\’ = ﬁhz:w:w,ﬂthzw =0forl=H,F. (43)

We next establish a condition under which the symmetric Nash equilibrium generates
an overall trade barrier that is higher than efficient. With this result, we are also able to

identify efficiency-enhancing liberalization paths.

Proposition 10 (Nash, efficiency and liberalization paths) If U(x, x) is quasi-concave
in X, then the symmetric Nash equilibrium is inefficient with a value for x that is too
high: x > x*. Starting at the symmetric Nash equilibrium, countries thus mutually
gain by symmetrically exchanging small reductions in import tariffs, export tariffs, or

combinations thereof.

As shown in detail in the Appendix, the approach of the proof of Proposition 10 is to
add the Nash first-order conditions for # and #' as derived from (43), impose symmetry,
and write the resulting summed expression as a function of . Comparing this expression
with the first-order condition for x* as derived from (42) and using the assumed quasi-
concavity of the joint welfare function then delivers ¥ > x*. Proposition 10 thus indicates
that countries enjoy mutual gains using y-symmetric tariffs and starting at the symmetric
Nash equilibrium only if they negotiate reductions in the overall trade barrier along each
channel so that y = x = x¥ falls. Proposition 10 further indicates that starting at the
symmetric Nash equilibrium countries are sure to enjoy mutual gains if they exchange
small and symmetric reductions in their tariffs.**

An interesting finding in this regard is that a small and symmetric reduction in export
tariffs generates mutual gains, even though each country’s policy change then imposes a
terms-of-trade loss on its partner. Bagwell and Staiger (2012b) make a similar observation
for the linear Cournot delocation model. The key intuition is that country I’s export tariff
reduction facilitates a higher average price in country h with less of a terms-of-trade loss
for country h than country h would have experienced had it tried to generate a higher
average price in its own market by reducing its import tariff. Since at a Nash equilibrium
country h is indifferent about small adjustments in its own policies, it therefore benefits

from an export tariff reduction by country I.

43 As indicated in footnote 16, given 7 > 1, a sufficient condition for p! € (0,1) to hold at xV for any
k> 11is that x¥ > 77/2. We also assume that cy; exceeds ¢, as determined by (17).

44Qych tariff changes lead to small reductions in X = y*. An exchange that is small and symmetric
across countries suffices for mutual gains, but mutual gains may not be present under a signficicantly
asymmetric liberalization path. For example, if the reduction in Y = " is achieved through reductions
in the import and export tariffs of one country only, then mutual gains are not present since the liberalizing
country moves away from its best-response tariffs and receives nothing in return.

32



If the symmetric Nash equilibrium entails the use of export subsidies (i.e., negative ex-
port tariffs), Proposition 10 thus provides that countries enjoy mutual gains by exchanging
small and symmetric increases in their export subsidies. More generally, Proposition 10
indicates that trade policies are too restrictive in a symmetric Nash equilibrium. As such,
it offers an interpretation for why early GATT rounds emphasized negotiated reductions
in import tariffs but treated export subsidies in a more permissive way.

Proposition 10 is of special interest when viewed in combination with Propositions 6
and 8. Starting at global free trade, Proposition 6 establishes that the introduction of
a small export subsidy by the home country always hurts foreign welfare but can raise
home welfare. As suggested above, to the extent that governments use trade agreements
to limit the scope in the long run for beggar-thy-neighbor policies, Proposition 6 suggests
that restrictions on export subsidies could be attractive once governments have achieved
through preceding negotiations an outcome that is sufficiently close to global free trade.
At the same time, we note from Proposition 8 that global free trade is generally not
efficient in the Melitz-Ottaviano model; thus, a simultaneous ban on export subsidies and
import tariffs achieves less support in this model than in the linear Cournot delocation
model considered by Bagwell and Staiger (2012b).

We next build on Proposition 10 and provide conditions under which we can sign
the level of intervention in efficient y-symmetric and symmetric Nash tariffs. Our next
proposition establishes conditions under which efficient y-symmetric trade policies entail
a total tariff that is positive (x* > 1) but an overall trade barrier that is below that in a
symmetric Nash equilibrium.

Proposition 11 (Nash and efficient tariffs) Assume o > 2 - i7" and that U(x,x) is
quasi-concave in x. Then YV > x* > 1.

The finding that x» > x* is taken from the Proposition 10, while the finding that y* > 1
follows from Proposition 9 and the fact that y = 1 under global free trade.

In models of trade agreements in which governments have political-economic prefer-
ences and efficiency is measured relative to those preferences, a common finding is that
Nash tariffs exceed efficient tariffs in total, where the total efficient tariff is positive when
governments attach a greater welfare weight to profit in import-competing sectors.*’ In
the present model, we use ad valorem import and export tariffs in a segmented market
setting, and the relevant measure for overall protection into country [ is x!, where x! > 1
if and only if the total tariff ¢! + " is positive. Proposition 11 establishes conditions
under which a similar ranking occurs in the Melitz-Ottaviano model, even though the
model has a zero-expected-profit condition. As Proposition 9 suggests, the assumption

45Gee, e.g., Bagwell and Staiger (2001) and Grossman and Helpman (1995).
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that o > 2 - ¢lT is used in establishing that the efficient y-symmetric tariff policy en-
tails positive protection: x* > 1. Under quasi-concavity of the joint welfare function in
x = ¥ = x¥, we may conclude from Proposition 10 that the protection measure y is
higher in the symmetric Nash equilibrium than under efficient y-symmetric tariff policies.
Bagwell and Staiger (2012b) provide a related result for the linear Cournot delocation
model, but an important difference is that global free trade is efficient in that model.

We next provide conditions under which the levels of the symmetric Nash import and
export tariffs can be ranked.

Proposition 12 (Nash tariff ranking) Assume o > 2 - cET and that U(x,x) is quasi-

concave. Then, in any symmetric Nash equilibrium, tN > tV.

Proposition 12 shows that the symmetric Nash import tariff is higher than the symmetric
Nash export tariff. For example, if both policies are positive, as Proposition 7 suggests
could be the case, then the Nash import tariff is the higher of the two.

For the linear Cournot delocation model with specific tariffs, Bagwell and Staiger
(2012b) establish this ranking as well. The key insight in both frameworks is that an
import tariff both generates tariff revenue and lowers the domestic price whereas an
export tariff provides additional tariff revenue but at the cost of raising the domestic
price. Here, we derive the same ranking, but in a monopolistic competition model with
heteregeneous firms and for ad valorem tariffs.

We now drop the symmetry restriction and consider the limiting behavior of Nash
tariffs as 7 — 00.*% To gain some intuition, we refer to Corollary 1 and observe that
the home country has a unilateral incentive to introduce an export subsidy starting from
global free trade if o < 2 ¢ where lim, o, ¢}, = (go#y)k%‘z =}y follows from (17). We can
likewise show that, for 7 sufficiently large and again starting from global free trade, the
home country has a unilateral incentive to introduce an export tariff if o > 2 - ¢7}. Thus,
when the trade cost 7 is sufficiently large, whether the home country wishes to introduce
an export subsidy or tariff hinges on the sign of the entry-externality effect as defined in
(34) for the closed economy. Based on these findings, we may conjecture that the sign of
the limiting value of the Nash export policy for a given country is determined by the sign
of a —2-c.

The following proposition confirms this conjecture by characterizing Nash import and
export tariffs as the trade cost 7 goes to infinity.

Proposition 13 (Nash in the limit) Nash tariffs in the limiting case of T — oo can be
characterized as: 1
lim Y =~ >0 (44)

T—00 k

46For the following proposition, our assumption is thus that there exist Nash tariffs that are consistent
with the assumptions in Section 2 and interior.
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li — = D 45

AT 22+ k) k (a—dp) (45)

where ¢ = lim, o cby.

Proposition 13 does not impose a symmetry restriction on the Nash tariffs; instead, when
we derive (44) and (45), we confirm that the Nash tariffs must approach symmetric limits.

In line with our expectations, we see from (45) that lim,_. t" is positive if and only
if « > 2- ¢, An interesting implication is thus that an export subsidy can be part of
Nash equilibrium, at least for sufficiently high trade costs and when the market economy
does not provide enough varieties. By contrast, we find that the import tariff is always
positive as the trade cost goes to infinity, with a limit value that is inversely related to the
dispersion parameter k. We note that the characterization lim, ., t¥ = 1/k in (44) is also
implied by Demidova’s (2017) analysis of unilateral import tariffs in the Melitz-Ottaviano
model when the assumption of an outside good is dropped.*’

An interesting finding in the proof of Proposition 13 is that, as the trade cost 7 goes
to infinity, the import tariff ¢ impacts ¢ at a higher order than ¢!, while the export tariff
t' impacts ¢/, at a higher order than c?.*® In effect, the dominant impact of a tariff in
the limit is on the cost type for the country whose products directly incur (rather than
are protected by) the tariff. This explains why the export tariff # plays the role in (45)
of adjusting ¢}, in response to the sign of a — 2 - ¢'1.

5.3 Numerical Example

We consider now a simple numerical illustration of our main model. Consider the following
parameters: a = 2, ¢py = 1, k=11, f, = 0.1, 7 = 1.1 and v = 1 = . Under this
specification, at global free trade, we find that ¢ = 0.885 < 1 = «/2 and that the
consumption of the numeraire good satisfies ¢5 = 0.332 > 0. For this specification, the
efficient symmetric trade policies satisfy x* = 1.03. Thus, consistent with Propositions 8
and 11, this example satisfies o > 2 - ¢I)T and the efficient symmetric trade policies call
for a positive total tariff, y* > 1. The symmetric Nash equilibrium entails the following
tariffs: tV = 0.78 and ¢V = 0.26 and thus y* ~ 2.41. Thus, as Proposition 12 indicates,
the symmetric Nash import tariff exceeds the symmetric Nash export tariff. In line with
Proposition 11, the overall trade barrier in the symmetric Nash equilibrium also exceeds

4T"We refer the reader to Demidova’s (2017) equation (15) in her Proposition 1.

48 As 7 — o0, the derivative of any cut-off cost level with respect to any tariff goes to zero. Our point
here is that, as 7 — oo, certain derivatives go to zero at a lower order than do others. Notice also that
the relative impacts here are consistent with the findings reported for the special case of global free trade
in (39) and (40), since 7% > 1 > 77F.
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that under efficient symmetric tariffs. We can also verify for this specification that U(x;, x)
is quasi-concave over tariffs that are consistent with the assumptions in Section 2.

An interesting feature of this example is that the Nash export tariff is positive. This
feature may be surprising given the optimal export subsidy result in Proposition 6, but it
can be readily interpreted in light of the complementary relationship between import and
export tariffs identified in Proposition 7. Intuitively, when the home country has a positive
import tariff in place, as it does here, it has an enhanced incentive to use an export tariff,
since the resulting expansion in the foreign country’s export value then generates import
tariff revenue for the home country.?? Bagwell and Staiger (2012b) show generally that
the Nash import and export tariffs are both positive in the Cournot delocation model and
interpret their finding in terms of this complementary relationship between import and
export tariffs. Our numerical example confirms the possibility of a similar effect in the
Melitz-Ottaviano model.

6 The Terms-of-Trade Rationale

Our results in the previous section indicate that symmetric Nash tariffs are inefficient and
provide conditions for efficiency-enhancing tariff liberalization. In this section, we explore
the deeper structure leading to the inefficiency of Nash tariffs; in particular, we develop a
sense in which terms-of-trade motivations provide the sole rationale for trade agreements
in this model. Our anaylsis proceeds in two steps. First, we represent country welfare as a
function of local and world prices, and joint welfare as a function of local prices. Second,
using these representations, we examine Nash, efficient and “politically optimal” tariffs.
For our first step, we begin by defining several functional relationships. Recall that the
overall barrier to trade is represented as x' = x!(#,#") where !(#,t") = llfgl

(12). Extending our notation in the natural way, we now make the following definitions:

as noted in

p(x) = ()70~ (46)
Lo _P(Xh)) =

obCxD) = e

CS(x'\ x") = @- C[;(UX X)) o — CD(X’,xh)—Z 1 ;],

where we may use (17), (18) and (26) to confirm that p(x!) = p!, ep(x!, x") = ¢, and
CS(x', x") = CS".

49 dIMP' dEXP! dEXP'! dIMP :
We can show that <, “=5— <0 < “55—, “55—, and the proofs are available upon request.

Indeed, this result confirms that, starting at global free trade, import and export tariffs exert a comple-

2 l y l 1
‘Zt?zg’, = dl%P + dEd)t(lP > 0 at global free trade.

mentary relationship on tariff revenue:
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We are now ready to define the relevant functional relationships for prices:

2k+1

7 (v AP Ul by — L h
= h = : 47
P PO, xY) where (X' x") = ep (X5 X7 - 5 (47)
=1 l h
p” P ww _ (X, x
b= Y x" ) where YN (x X" ) = (—z)
1+1¢
= ! h
_ (X, Xx")
o= 5O y") where p(\, ") = 2o

The price P! is the local (average) price in country [, the price p*! is the world (average)
price for imports into country [, and the price p" is the local (average) price received by
country h’s exporters for exports into country 1.5° As (47) clarifies, the local prices are
determined by the overall barriers to trade, but the world price depends directly as well
on the associated import tariff.

To express country welfare in terms of local and world prices, we define a new function

fod, XM =0 +tHimpP = (1 +tHEXP", (48)

where by (27) and (28) we can understand f(x!, x"*) as measuring the value of trade into
country [ when using delivered (consumer) prices. Using (29), (46) and (48), we may now

rewrite the welfare function for country [ as

# 1

Ul=1 S FOd X" FOM A OSSO XM. 49
1 f(x,x)+1+th SO X)) +CS(X x") (49)
Referring to the definitions in (47), we note that
4 o _pwl swh _ = =l
- £ —lp ) = 2 —h P , and Xl = p_ (50)
1+t D 14 th D "

Using (49) and (50), we can now express the welfare functions for countries H and F,
respectively, in terms of prices. To this end, for [ = H, F', we define

B

_H —F ~H ~F —wH —w p—p p =P pp
Vl(pH7pF7pHapF7p Hap F) = 1+ ]_9l f(pﬁ7ﬁ)+ﬁ—hf(pqapﬁ) (51)
+OS(

where at given tariffs and by construction we have that V! = U'.

50Using ep(x!, x") = ¢}, and for any given underlying tariffs, we may confirm that p'(x!, x) as defined
in (47) indeed equals P! as defined in (19) and that 5*!(x!, x", ') as defined in (47) indeed equals 7*! as
defined in (41).
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We turn next to the joint welfare of the two countries. Joint welfare, or V = VH# 4 VF,

can be expressed in terms of prices as

L0 2 T D I (e Vo N S Y S (b I S U Vil Y T Ty 2l )
=H _ ~F =F _ =H
p-—p p —-Dp
= 24— SO T SO

+CS(T, X))+ CS(xT, XM,

where at given tariffs and by construction we have that V' = U and where we recall from
(50) that \! = g—,ll. A key observation is that the world prices cancel from joint welfare;
that is, the function V' depends only on local prices. Intuitively, tariff adjustments that
preserve Y7 and y*', and that thus preserve local prices, may alter world prices but in so
doing only facilitate lump-sum transfers between countries as described in Section 5.1.

We now summarize our first-step findings with the following proposition:

Proposition 14 (welfare and prices) (i). As indicated in (51), the welfare of each coun-
try can be expressed as a function of local and world prices, p™,p*, p™, p*", p*H and p*r.
(ii). As indicated in (52), the joint welfare of the two countries can be expressed as a
function of just local prices, ™1, p"", p" and p*.
While the model of Melitz and Ottaviano (2008) features selection, price and variety
effects, Proposition 14 indicates that, once the appropriate price definitions are identified,
the welfare functions take on a familiar representation in the sense that country welfare
depends only on local and world prices while joint welfare depends only on local prices.
Using the welfare representations in (51) and (52), we move now to the second step
of our analysis and decompose the first-order conditions for Nash and efficient tariffs in
order to better understand the efficiency properties of Nash tariffs. We thus generalize our
preceding analysis by comparing Nash and efficient tariffs in the absence of any symmetry
restrictions. This approach also directs attention to the “politically optimal” tariffs as
studied in different modeling contexts by Bagwell and Staiger (1999, 2001, 2012a, 2015,
2016b), and we characterize the efficiency properties of politically optimal tariffs as well.
We begin by considering Nash tariffs. We assume that there exist Nash tariffs that
are consistent with the assumptions in Section 2 and interior. The first-order condition
for country H with respect to its import tariff is then

avi <avH opf | ovHop"  ovopt  ovH 61’5F) N )

i O OxH T OpF oxT | O oxH | OpF oy ) ol
ovH (apwH o aﬁwﬂ> OVH GpF axH

op o o T o ) T ot oy o
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The top line in the expression captures the welfare effects for country H of the induced
local-price effects of a change in its import tariff, where such effects reach local prices
through x”. The bottom line captures the welfare effects for country H of the induced
world-price effects of a change in its import tariff, where a higher import tariff generates
a terms-of-trade gain for country H both by lowering its world import price, p**, and by
raising its world export price, p**'.

Consider next the first-order condition for country H with respect to its export tarift:

avi (avH opt  aVH apt  ovH ot gvH aﬁF) O ”

dif o5 OxE | OpF oxF | Opf oxE | opF ox' ) ot
N 8VH 8]_?wH aXF aVH a]—)wF 8XF B 0
apet oxE otH T opvt oxF otH

The top line in the expression captures the welfare effects for country H of the induced
local-price effects of a change in its export tariff, where such effects reach local prices
through x*. The bottom line captures the welfare effects for country H of the induced
world-price effects of a change in its export tariff, where a higher export tariff generates
a terms-of-trade gain for country H both by lowering its world import price, 7, and by
raising its world export price, p*¥.

We can likewise represent the first-order conditions for country F’s Nash import and
export tariffs:

dvF¥ ovEoptt ovFEopt ovEopt  ovE opt\ oxF
THE T —H v F T 9F ovE T 95 v T 9nF 9vE ) ofF (5)
dt¥ op™ Ox op" O0x opt Ox apt Ox ot
ovE opvH oxt'  ovF . opt oxt  opvt\ 0
opeH oxE otF T opet \ oxF ot otF )
and
dvt ovEoptt  ovE opt  ovEop?  ovE opt\ ox®
—E T AvH T 5oF gvE T 9H ovH T 95 gvH ) A7 (56)
dt¥ op™ Ox ap” O0x op™ Oy opt dx ott

. ovVF apvt oxt oV oprt oy
opvH oxH ofF  opvF oxH oFF

These conditions can be interpreted in a similar manner to that given above for country
H’s optimal policies.

We next consider efficient tariffs. We assume that there exist efficient tariffs that
are consistent with the assumptions in Section 2 and interior. Recall that joint welfare
function, V, depends only on local prices, which in turn depend only on y? and y*.
Once the efficient levels for Y and x*" are determined, a continuum of combinations of
home and foreign country import and export tariffs exists that delivers x and x*. The
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first-order conditions for efficiency are given as follows:

% oVE  aVEN opf  fovH  QVE\ opf
df <az‘oH " 613H> oy (01_7F " 5]3F) 9yt (57)
OVH avF\ ot [oVE  aVF\ apF
+(8ﬁH * aﬁH)'@xH* (aﬁF * aﬁF)'axH =0
and
v OVE  oVF\ opf  (OVE  oVF\ opf
axF (816H " aﬁH) T (aﬁF " %F) T (58)
(avH . avF) o't (avH N avF) R
o5 T o5 ) o T\ apr T o ) ok

We now evaluate the efficiency first-order conditions (57) and (58) at the Nash tariff
levels. To this end, we take the Nash first-order condition for ¢ captured by (53) and
divide through by (%H > 0; and we similarly take the Nash first-order condition for
tF" captured by (56) and d1v1de through by 2 8tF > O We then add the two resulting

H
expressions together use a*wH —|— a =0= gZﬂF

mw £ refer to the efficiency first-order

condition for y? as captured by (57) and arrive at the following necessary implication

for Nash equilibrium:
av | _IM pPH
dXH Nash XH

Similarly, we may take the Nash first-order conditions for ¢ and ¢ as given in (55)

<0. (59)

and (54), respectively, perform analogous manipulations, refer to the efficiency first-order
condition for x" as captured by (58), arrive at the following necessary implication for
Nash equilibrium:
av IMPF
dX_F‘Nash = - XF
A comparison of (59) and (60) with the efficiency first-order conditions (57) and (58)
confirms that the Nash tariffs are inefficient.

<0. (60)

Clearly, one reason for the inefficiency of Nash tariffs is the incentive that countries
have to manipulate their world prices. To see if other sources of inefficiency are present,
we follow Bagwell and Staiger (1999, 2001, 2012a, 2015, 2016b) and examine the politically
optimal tariffs. These are the tariffs that countries would choose if, hypothetically, they
were not motivated by the terms-of-trade implications of their unilateral tariff choices.
For the model considered here, when making their respective politically optimal tariff
selections, the home country acts as if gv 7 = % = 0 while the foreign country acts
as if % = gngi = 0. We assume that there exist politically optimal tariffs that are

consistent with the assumptions in Section 2 and interior.
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To characterize the politically optimal import and export tariffs for the home country,

we refer to the home country’s Nash first-order conditions (53) and (54) and impose there
that 277 = 2V

BﬁWH - aﬁwF
country thus satisfy the following first-order conditions:

= 0. The politically optimal import and export tariffs for the home

ovH optt n ovH op” n oV opt n ovH opt oxH _ 0
apt oxH  opt oxH  OpH oxH = opF oxH ) otH
ovH opH . ovH opt n ovH opH n ovH apt\  oxF ~ 0
opt oxF  opt oxF  opH oxF - OpF oxF otH
Equivalently, since %;—,f,’ > 0 and g%; > 0, the home country’s politically optimal tariffs

satisfy

OVE op ovH g5t ovH opft  ovH opf
op7 OxT ot OxT | OpF x| OpF oxF
VI ot oVH gpf  QVE ot avH opF
o5 OxE T OpF oxT | OpH 0xE | OpF oxF

Arguing similarly, the foreign country’s politically optimal tariffs satisfy

OVF o OVE opf  ovFE ot ovF opf
o5 OxF o OxF | Opi oxT | OpF oxF
OVF opft  OVF opF  OVF opft  oVF OpF
o5 O P o T O OxH | OpF ol

= 0 (63)

= 0. (64)

It is now direct to confirm that the politically optimal tariffs are efficient. To see this,
we simply observe that adding (61) and (64) yields the efficiency first-order condition (57)
corresponding to (g(—VH = 0, and that adding (62) and (63) likewise yields the efficiency
first-order condition (58) corresponding to d‘i—vp = 0.

We now summarize our findings:

Proposition 15 (Nash, efficiency and political optimality) After expressing welfare func-
tions in terms of local and world prices, we find that Nash tariffs are inefficient but the

politically optimal tariffs are efficient.

Proposition 15 generalizes Proposition 10 in two ways. First, it establishes that politically
optimal tariffs are efficient. Second, it shows that the Nash equilibrium is inefficient in
the absence of any symmetry restriction. On the other hand, Proposition 10 imposes
symmetry restrictions and the assumption that the joint welfare function U (y, x) is quasi-
concave in y, and then identifies efficiency-enhancing liberalization paths.

Our finding that the politically optimal tariffs are efficient may be of particular interest.
The interpretation is that countries would set their trade policies in an efficient manner if
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they were not motivated by the terms-of-trade implications of their trade policies. In this
sense, the fundamental problem for a trade agreement to address in the Melitz-Ottaviano
model is a terms-of-trade problem. From this perspective, the addition of heterogeneous
firms does not provide a new problem for a trade agreement to solve. As discussed in
the Introduction, this finding is in broad alignment with the findings of Costinot et al
(2016), although they consider a different model and use different arguments to highlight
the centrality of the terms-of-trade externality.

As Bagwell and Staiger (1999, 2001, 2012a, 2015, 2016b) establish, politically optimal
tariffs are efficient in a range of models when governments have a complete set of trade-
policy instruments. For the present paper, Bagwell and Staiger (2015) is most relevant.
They consider two models of imperfect competition with free entry and trade costs when
firms are homogeneous, a linear outside good exists, and import and export tariffs are
available.”> As Maggi (2014) highlights, the models that they consider have no income
effects and perfectly substitutable import and export tariffs (i.e., local prices along a given
channel of trade depend upon tariffs only via the sum of the import and export tariffs
applied on that channel).”? Relative to the settings studied by Bagwell and Staiger (2015),
our model likewise eliminates income effects with the assumption of a linear outside good
but differs in other respects. First, we extend the analysis to allow for a heterogeneous-
firms model of monopolistic competition with variable markups. Second, in the model
considered here, import and export tariffs are not perfectly substitutable. Nevertheless,
as indicated in Lemma 1, countries can use their tariffs to effect lump-sum transfers.

7 Quadratic versus CES Preferences

Our trade-policy findings are derived for the Melitz-Ottaviano (MO) model and thus
utilize the quadratic preferences defined in (1). A natural question concerns the ex-
tent to which our findings would generalize were consumer preferences regarding the
differentiated-goods sector instead described by a CES function. We explore this issue in
detail in a sequel paper, Bagwell and Lee (2018). In this section, we briefly describe how
the results differ across the two formulations, and we also describe a partial perspective
concerning the underlying reason for the differences.

Relative to the MO model considered here, the model considered in Bagwell and Lee
(2018) has two key differences. The first difference is that preferences for differentiated
varieties are described by a CES function. Building on Venables (1987) and following

51One model has segmented markets and Cournot competition, and the other model has integrated
markets, CES preferences and monopolistic competition. See also Venables (1985, 1987).

52For further discussion of conditions under which politically optimal tariffs are efficient, see Bagwell
and Staiger (2016b), DeRemer (2012, Appendix E) and Maggi (2014).
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Bagwell and Staiger (2015) and Helpman and Krugman (1989), Bagwell and Lee assume
that all consumers in country [ € {H, F'} share the same quasi-linear utility function with
CES preferences for the differentiated-goods sector and thus solve the following problem:

6.0

1 o—1 o—1
U= max ¢,+ -~ (/ ¢) " di) st. (2).
{qé’{qﬁ}ieﬂl} vo z‘eﬂl( ) ( )

where 6 € (0,1) and o(1 — #) > 1. The second key difference is that, following Melitz
(2003), selection is driven by fixed production costs rather than by a finite demand inter-
cept. Specifically, a firm incurs a fixed cost fp for domestic sales and a fixed cost fx for
foreign sales (exports), where fx > fp > 0. Firms are again heterogeneous, where firm
productivities are drawn from a Pareto distribution, as in Chaney (2008), with support
[1,00) and dispersion parameter k& where 1 + &k — o > 0.

The two models behave similarly in many respects. Both models feature a selection
effect and generate a Metzler paradox, and as a consequence many policy implications
hold in common across the two models. The models differ importantly, however, when
it comes to the entry-externality effect. For the MO model considered here, the sign of
the entry-externality effect depends on model parameters (Proposition 4); by contrast,
for the CES model considered by Bagwell and Lee (2018), the entry-externality effect is
always positive. Thus, for the benchmark closed-economy setting, it is possible in the MO
model that too much entry occurs in the market equilibrium, whereas the market always
provides too little entry in the CES model.

Due to this difference, the two models provide different policy implications concerning
the use and treatment of export subsidies in the two-country trade model. Starting at
global free trade, if a country introduces a small export subsidy, then both models predict
that the trading partner is hurt; however, the CES model implies that the introduction
of a small export subsidy is always attractive to the intervening country whereas the MO
model implies that whether a small export subsidy is attractive to the intervening country
depends on parameters (Proposition 6). Likewise, starting at free-trade benchmarks, a
small trade subsidy always raises joint welfare in the CES model but raises joint welfare
in the MO model if and only if model parameters are such that a < 2-c5? (Propositions
8 and 9).

The models thus provide different views regarding the treatment of export subsidies in
the WTO. The MO model identifies circumstances leading to an effective and efficiency-
based rationale for a prohibition on export subsidies: if countries start at global free trade
and model parameters are such that a > 2 - ¢f)T'| then the introduction of a small export
subsidy could benefit the intervening country and yet lower joint welfare (Propositions 6
and 8). The CES model, however, fails to deliver a similar efficiency-based rationale for a
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restriction on export subsidies: in the CES model, if countries start at global free trade,
then the introduction of a small export subsidy always benefits the intervening country
and raises joint welfare.

What is the underlying source of the different entry-externality effects across the two
models? In an Online Appendix for the current paper, we explore this issue. We con-
sider there the closed-economy model and offer an intuitive but partial perspective. Our
discussion proceeds in three steps, which we now briefly describe.

First, starting at the market equilibrium, we show that the MO model generates a
positive entry externality if and only if additional entry raises aggregate profit, Ng - 7.
Starting at the market equilibrium, we show that the CES model generates a positive entry
externality if additional entry raises aggregate profit, and we show also that additional
entry indeed raises aggregate profit at the market equilibrium under CES preferences.

Second, we show that additional entry impacts aggregate profit both by changing the
number of surviving firms and the expected profit of a firm conditional on its survival. In
the MO model, the first channel is positive (more firms survive) and the second channel is
negative (due to increased competition, firms expect lower profit conditional on survival).
In the CES model, by contrast, the second channel is absent: conditional expected profit is
constant with respect to the level of entry. The CES model thus shuts down a channel that
lowers aggregate profit and that would otherwise work against a positive entry-externality
effect. This finding offers a partial perspective for why additional entry can lower welfare
in the MO model even while it always raises welfare in the CES model.

Third, to reinforce this perspective, we consider a firm confronting a demand function
from the CREMR (Constant Revenue Elasticity of Marginal Revenue) family defined by
Mrazova et al (2017) as p (¢) = %(q — @b)%, where 5 > 0, 0 > 1 and ¢ > Yo. As
Mrazova et al (2017) observe, this family includes CES demand as a special case: when
1 = 0, the elasticity of demand is constant and equal to o. We focus here on ¢y > 0. We
argue in this context that the property of constant expected profit conditional on survival
can be explained by the role of a constant markup.

The associated profit-maximization problem is

7 (p) = max {mgx Kpc’" (9) — é) q-— fp] ,0}

where fp > 0 and the firm’s productivity is ¢. We assume that ¢ follows a Pareto
distribution with shape parameter k (i.e. G (p) =1 — ¢ %) where 1 + k — o > 0. The
resulting markup is variable and increasing in productivity, as in the MO model, when
1 > 0. By contrast, if ¢ = 0, then the markup is constant with respect to productivity,
as in the CES model.

Defining the productivity cutoff level ¢* by 7 (¢*) = 0, we show that the conditional
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expected profit is decreasing with respect to ¢* for this family except in the special case
of ¢ = 0 for which the conditional expected profit is constant with respect to ¢*. If we
were to embed this analysis into a model of monopolistic competition for which greater
entry raises ¢*, then the expected profit conditional on survival would be constant with
respect to the level of entry only in the CES case. CES demand in this respect defines a
knife-edge case.

8 Conclusion

We analyze unilateral, efficient and Nash trade policies in a symmetric, two-country ver-
sion of the Melitz-Ottaviano (2008) model. Our characterizations are influenced by three
driving forces corresponding to the selection effect, the firm-delocation effect, and the
entry-externality effect. Starting at global free trade, we show that a country gains from
the introduction of (1) a small import tariff; (2) a small export subsidy, if trade costs are
low and the dispersion of productivities is high; and (3) an appropriately combined small
increase in its import and export tariffs. The welfare of its trading partner, however,
falls in each of these three cases. The market may provide too little or too much entry,
depending on a simple relationship among model parameters. Correspondingly, global
free trade is generally not efficient, even within the class of symmetric trade policies. We
also provide conditions under which, starting at the symmetric Nash equilibrium, coun-
tries can mutually gain by exchanging small reductions in import tariffs, export tariffs
or combinations thereof. A numerical example illustrates our findings and the possibility
that Nash import and export tariffs both may be positive. More generally, we show that
Nash equilibria are inefficient while “politically optimal” policies are efficient, indicating
a central role for the terms-of-trade externality. We also discuss why the model’s impli-
cations for the treatment of export subsidies in trade agreements differ from those that
obtain in a model with CES preferences for the differentiated-goods sector.
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9 Appendix

Lemma 2
dck, dch, del, dch,
dth” dt! dtt’ dih
Proof: Using ?9_)5 = 1_1£h > 0 and %‘,ﬁ = (117;;;)2 > 0, we can sign the terms as follows:
dp _ (k1) pp* i.a_xl<0 (65)
dt! (k+2)(1—pph) X' ot
dh (k) o
N RV RONL
% — (k+1) (L= p")p ﬁa_xl>0 (66)
di! (k+2)(1—p) (1 =plph) x' ot
dep _ (htl)  (=php X
a2 (=) (1= ) X oF
[
Lemma 3
dch,  dck dch,  dck
det” dih det 7 dth

Proof: Using c, = c’b(é)%ﬂ from (17) along with (18) and Lemma 2, we find that

dcly det, 1 _ 1 (k+1) (1—p"p ia_xl>0
dt! dtt T T xR (k4 2) (1= ph) (1— plph) X ot
dcly det, 1 _ 1 (k+1) (1 - X
dth dth 7-x" 7 xP(k+2) (1= ph) (1= plph) X! oth

where the inequalities follow given our maintained assumptions that ' > 0 and 0 < p' < 1

forle {H,F}.1

Proof of Proposition 1 (Selection effect): See proof of Lemma 2.1

Proof of Proposition 2 (Firm-delocation effect): Our first step is to establish the

comparative statistics results for N! and

N*. Using (20) and Lemma 2, we obtain

dN' dN'dch, 200y(k + 1) dc,

T ddy ot (ch)?  dtt >0 (67)
D ¢p

d_Nl _ dN'dd, 2ay(k+1) dch, =0

dth - dd, dth  p(dy)? dit
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dN" dN"dch, 2ay(k+1) dch,

—_— = = <0 68
dt! dch, dtt n(ch)?  dtt (68)
dN"  dN"dcl,  2ay(k +1)dc) ~0

dth - dchy dih ()2 dit

Our second step is to establish our comparative statics results for N5 and N We
suppose that # increases. Then x' 1, p' I, ¢, I, ¢ 1 and % || by (18), Lemma 2 and
Lemma 3. Recalling &' = p'y!, we can also easily derive that ' || .

By & |, ¢y I and % 1, the number of entrants in country h decreases: N |.. To see
this, we use (67) and (68) and refer to (22):

- (CM)k Nh é&th
Ne= g bl b e )Y

where the bracketed expression is positive since Nt > 0. Thus, N7 |}.
Referring to (21), we now use (67), N2 |, ¢\, |} and c% |} to find that

N'g4=G(p ) Np+G (i U)-NE UL

It follows that that N% 1 .
Now we suppose that #* increases. Then \! 1, p' |, ¢, |, ¢ f and % | by (18),
Lemma 2 and Lemma 3. Recalling ¢ = p'x!, we can also easily derive that ¢ |}. Therefore,

using (67) and (68) and referring as above to (21) and (22), we may argue as above to
conclude that N |l and NL 1.1

Proof of Proposition 3 (Metzler paradox): As captured in (19), there is a one-to-one
relation between the average price and the cut-off cost level for domestic sales:

L%+ 1
= - Cp-
P =5ry2 P

The proof now follows directly from Proposition 1. B

Lemma 4 Consumer Surplus decreases with the cut-off cost level for domestic sales:

1
4Cs ),

7
dcp,

Proof: Using (26), we find that

dCS"  2(1+k)cp — (3+2k)a
dc, 22+ k)n

<0 (69)

where the inequality follows from a > ¢}, (or equivalently from N' > 0).1
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Proof of Proposition 4 (Entry-externality effect): We begin by confirming that
CS, VE, Ng and 7 can all be regarded as functions of cp. Following (33) and using
qp (¢) = (cp — ¢)/(27), the expected consumer surplus at a single variety, C'S, can be
calculated by integration as

“a_ [ v 2 _ (CM)#‘C (CD)’H2
5= / (a0 (06 (0) = 3B (70)

Referring to (21) and setting N2 = 0 while replacing N%, with Nz, N! with N and ¢,
with cp, we have that

_ N _ 2 (14 k)v(cam)* (o —cp)
G (cp) n (cp)ktt”

(71)

where we use (20) to express N in terms of ¢p after similar variable replacements. The
variety effect, V' F, is derived as the difference between consumer surplus and the sum of
consumer surplus at single varieties. Using the expression for consumer surplus in (26)

and that for Ng in (71), and after making similar variable replacements, we get

(o — CD)2

VE=CS— Ng-CS =
2n

, (72)

where we also use (70). Finally, referring to (15) after setting cf, = 0 and after also
replacing @ with 7 and 7!, (c) with wp(c) = (ep — ¢)?/(47), respectively, we get that

(CM)ik (CD>k+2
29(k +1)(k+2)

(73)

T =

With these derivations in place, we define

dVE dCs dm
+ Ng + Ng "

EXT=CS
AN, iNg AN

and proceed next to sign each term in this expression. From (70), it is evident that

S (CM>_k (CD)k+2
S k1) Y

Using the implicit function theorem, and employing (71) while using o > ¢p (i.e., N > 0),

we obtain

dep _ dNp._  2(1+k)y(em)*(a(l + k) — kep) 4
vy~ Ve, T n(cp)+? )

< 0. (74)
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Combining (74) with (70), (72) and (73), we find

dVE dVE dcp (v — ¢p) dep

dm . dm dCD . (CM)_k (CD)k+1 dCD <0
dNg  decp dNp — 4y(k+1) dNg
dm . dm dCD . (01\4)71C (CD)kJrl dCD < 0.

dNp  depdNg — 2y(k+1) dNg

We have thus now signed each term in £XT.
We now proceed to sign EXT. To this end, we observe from (72) that

dCsS — dVE dC'S
e Np—— =
v, - Ot an, TN,
and so we can write
EXT — dCs LN dm dCS N dw . dcp

It now follows from (74) that

, ., dCS dm

Using (69) after replacing C'S! with C'S and ¢}, with cp, respectively, and using (71) and
(73), we find that Npg~ = (o — ¢p)/n and thus

dCs dm o — 2cp
N =
dep + Edep 2n(k +2)’

whence
sign{ EXT} = —sign{a — 2cp}

We thus have that EXT < 0 if and only if « —2¢p > 0. Finally, to relate this derivation to
the statement of Proposition 4, we may fix c¢p at the market-equilibrium level determined
by the free-entry condition: cp = cj5. B

Proof of Proposition 5 (Small import tariff): We consider first the incentive for
country [ to impose a small import tariff, given an initial situation of global free trade.
Using (29), we find that

dU! d

_ l l l ) [
o = olOS' 1 IMP! 1 EX P,
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Thus, given an initial situation of global free trade, we have that

au’ dCc s
W | tl=tl=th=th=0 — At
dC St dc,
dch, dtt

+ IMPZ |tl:£l:th:£h:0

+ IMPI ’tz:{z:th:t*h:0> O,

where the inequality follows from Lemma 2, Lemma 4 and IM P' > 0 (by N > 0). Thus,
country [ gains from the introduction of a small import tariff, starting at global free trade.

Next, we consider the effect on country h when country [ departs from global free
trade and introduces a small import tariff. Using (29), the externality of an increase in

country I’s import tariff is given by

au” d h o 4h h o Gh h
Starting from global free trade, we then have that
au” dC S
i | tl=fl=th=th=0 = Tl ’tlzflzththzo
dC Sh dch,
dely  dtt

lp—p—ph—in—o< 0

where the inequality follows from Lemma 2 and Lemma 4. Thus, starting at global free
trade, country h is harmed when country [ introduces a small import tariff.ll

Proof of Proposition 6 (Small export subsidy): We begin with part 2 of the propo-
sition and show that, starting at global free trade, country h suffers a welfare loss when
country [ introduces a small export subsidy. Using (29), we find that the externality of
an increase in country [’s export tariff is given by

duh

d ~
i ﬁ[csh +t" IMP"+ " EXP".

Starting from global free trade, we then have that
au” dCS"
W | ti=tl=th=th=0 — W |tl:£l:th:£h:0
dCS™ dch
dely  dfl

lp—p—h—ip—> 0

where the inequality follows from Lemma 2 and Lemma 4. Thus, starting at global free
trade, country h gains when country [ introduces a small export tariff. Equivalently, from
this starting point, country h loses when country [ introduces a small export subsidy.
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We turn now to part 1 of the proposition and determine conditions under which country
[ gains from breaking from global free trade and introducing a small export subsidy. Using
(29), we find that
dU* d -
— = ——[CS"+t - IMP' + 7 - EXP.
et dtt | ]
Thus, given an initial situation of global free trade, we have that
du’ dCS!
i | pfimgh—hy = i + EXP" |_p—ph—in—g
dCS' dct,
dch, dtt

—+ EXPl ‘tl:ﬂ:th:fh:07

where the first term is negative under Lemma 2 and Lemma 4 while the second term is
positive: EXP!' > 0 (by N > 0). Thus, it is not immediately clear whether country I
gains from the introduction of a small export subsidy, even when starting at global free
trade.

To go further, we use (20), (22), (28), (65) and (69) to get

dU" dCs'
Fr [ T EXP' Ju_p_p_pm—o
(1 +k)cp'

[a (77" =2k — 4) + 21" 2+ k — 7))

T 22+ K (- 1)

where cET = by |,n_p_yr—ir—o- The sign of the optimal unilateral export policy is thus

determined by the expression in the brackets. Country [ thus gains from the introduction
of a small export subsidy if and only if

a(mh =2k +2)) <cp’ (27F - 2(k+2)). (75)

Suppose first that 7% > 2(k + 2) or equivalently that 7 > (4 + 2k)&. If 7% = 2(k + 2),
then the LHS of (75) is zero and the RHS of (75) is positive, whence the introduction of
a small export subsidy benefits country [. If 7% > 2(k + 2), then the LHS and RHS of
(75) are both positive, and we may confirm that (75) holds, and thus the introduction of

a small export subsidy benefits country [, if and only if

T FT
< |14+ —F——7r———
o ( +Tk—2(k+2))CD’
which is simply inequality (37) in the statement of Proposition 6. We have thus now

established that the introduction of a small export subsidy benefits country [ in the weak
selection effect defined in part 1b of Proposition 6.
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Suppose second that 7% < 2(k + 2) or equivalently that 7 < (4 + Qk)%. A first subcase
is that k +2 < 78 < 2(k + 2). In this subcase, the LHS of (75) is negative whereas
the RHS is non-negative; thus, (75) holds in this subcase. A second subcase is that
™ < k42 < 2(k + 2). Both the LHS and RHS of (75) are then negative, so that (75)

holds if and only if
k
1 s FT'
~ ( - Tk—2(k+2)) ‘D

This inequality is sure to hold for the subcase under consideration, given a > ¢ff'. Thus,
in the strong selection setting where 7 < [4+4 2k]%, as considered in part la of Proposition

6, the introduction of a small export subsidy benefits country (.l

Proof of Lemma 1: Using (26), (29) and that /M P' = EX P" (as may be easily verified
from (27) and (28)), we have that

U +U"=2+# +t"IMP + (' +t"YEXP' + CS' + CS". (76)
Referring to (27) and (28), we thus have that

s ity AT NE) M) (4 t7) NE(r) ™ (ch)

L+t 29(k+2)(c)k  (1+th) 27(,{:H)(CM),C+Csl+csh.

Next, we observe that
-+t X -1
(1+t) X7

and so

X = INB(rX) ()™ X" = 1 Np(rx") " (clp)"*2
X 2y(k 4 2)(em)” X" 2k +2) (e

U4+U"=2+ +CS' + oS (7)

The result now follows, since ch,, ¢, CS', CS", NL and N2 likewise depend on tariffs

only through x! and x".H

Proof of Proposition 8 (Free trade and efficiency): Using (69) and (76), straight-
forward calculations yield that

dU+ U L 2L+ k)BT — (34 2k)a (dcl,  dch

T | pmph—fi—jr—g = IMP" + ( )7] ( dt + dt ) |tl th=tl=th=0
dUt + U L 20+ k)BT — (34 2k)a [dd,  dd),

T | tl:thzflthzo = EXP (2 + k) Tl ( dfl + d{l > |tl:th:£l:£h:0 N

Using (65), (66) and that EXP' |p_jh_y_j_o= IMP" |n_pn_n_n_o (as may be easily
verified from (17), (18), (23), €' = &" given t" = t" = ¢! = #1 = 0, (27) and (28)), we now
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find that

au' +U" av' +U" (k+1) 71 —77%) il

dtl ’tz:th:gz:gh:(): T |tl:th:ifl:£h:0: (/{ T 2)2 (1 — 7-72k) 277 (Oé — QCgT) .

1 h
Therefore = | _p_p_o=

AU | o> 0 if and only if @ — 2¢ET > 0. W
Proof of Proposition 9 (Free trade and efficiency under y-symmetric policies):
It is convenient to introduce notation that captures the dependence of key functions on
x = X = x¥ when y-symmetric tariffs are used. To this end, we define

plx) = (1) () Y
Ex) = p()x
I hy — ¢7(1_P(Xh))%
00X = T 0t
o8yt = LX) o mEEL

2n k42

Recalling that x! = (1 4+ !)/(1 — "), we may use (17), (18) and (26) to confirm that
p(x) =7, €)= p(X' X = X = € ep(X! X") = ¢p and CS(Y', x") = CS.
Similarly, turning to entry and trade-volume variables, we may define

Cony o 2B+ D(en)y fa—epd X" 0D (@ —epX" X))
NeOGXD) = e e (<cD<xl,xh>>k+1 (e x)F )
L om _ Ne(d, X)(T N7k (ep(d, x™))Fr?
f(X » X ) - (k 2>(CM)k

where by (23), (27) and (28), Ng(x!,x") = N§ and f(x',x") = (1 +t)IMP' = (1 +
tY EX P". Thus, we may understand f(x!, x*) as measuring the value of trade into country
[ when using delivered (consumer) prices.

At this point, we may follow the proof of Lemma 1 and use our definitions above to
define joint welfare,

l h
— X
FOE XM +

1
U ") =2+ 2 — X XD+ CSOE X + CS (XD,

where U(x!, x") = U! + U". Finally, at y-symmetric tariffs, we have

Ulxx) =201+ XT_lf(X, ¥) + CS( X)) (78)
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and with this expression we may evaluate efficiency relative to the class of y-symmetric
tariffs.
To this end, we observe from (78) that

dU(x, x) _ oX =

. — oo+ L Lesi ) (79

(x)?*  dx

and proceed now to further characterize the bracketed expression.

To characterize %C’S (X, X), we begin by showing that

dep(X, x") _ epOd,x") pP(X)p(X")

o' k+2 1—p()p(x") <0 (80)
dep(X,x")  epOd X" =/ (XA = p(X))
o k+2 A= p0N = p0de(n) b (B
from which it follows that
dep(x,x)  —ep(xx)0' (X)
i GE0+e0)) (82

We now have that

iog( LX) = dep (X, X) [2(1 +k)ep(x) — B3+ 2k)a]

<0, 83
dx dx 2n(k +2) (83)

where the inequality follows from (69) given cp(x!, x"*) = c}, and (82).
Starting at tariffs that achieve free trade in that xy = 1, and using (18), (23), (79),
(82) and (83), we obtain

dU (x; x) d
T'XZI = 2[f(1,1)+ @CS(X,X)IX:J
_ dep (X, X) 2(14+k)ep(1,1) — (3 4+ 2k)a
cp(1, )77 (k + 1)
(42 i+ o @ 2o
Ttk + 1) o — 26ET]
(k‘+2) n(1+p(1)) v
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Proof of Proposition 10 (symmetric Nash policies and efficiency): We begin by
considering country [’s welfare. Referring to (29), we have that

(oz—ch)[  E+1

U =1+t IMP' +.EXP! —
+ + + 2 o ch+2

].
Using the definitions developed in the proof of Proposition 9, we may now re-write country
I’s welfare as
! l I h t hol I h
U = 14— FO ") + —— - F ) + CS(d X,
o f(x x)+1+th FOX* X))+ CS(xxY)

where we recall that x! = (1 +#/)/(1 — "). Notice that country I’s welfare cannot be
expressed as a function only of y! and x".

The Nash first-order conditions for country I’s optimal import and export tariffs are

given as follows:

U’ FOEXT) ad  FOE ) df(x" X)) | dCS(, X"

i S 7 T R e !
vt df(d X +f(><h,><l) & df (", x") +d05(xl,xh) 0
. 14t g 1+th " 14th g dtt o
We can now re-write these first-order conditions as
dU’ f(Xl Xh) t! I . h ! ho I . h aXl
— = ’ —_— cs —— =0 (&4
dtl (1+tl)2 +[1+tlf1(X’X)+1+thf2<X 7X)+ 1(X7X)]atl ( )
dU* f(Xh Xl) t! I . h ! hol ox"
— = ’ — CSy (%', X" == = 0.(85
o g +[1+tlfz(x,x)+1+thf1(x,X)+ 2(x5 X")] o7 (85)
Using that %_;;; = ﬁ > 0 and %L; = % > 0 under our assumptions, we may

add the Nash first-order conditions, re-arrange terms and find the following necessary
condition for the Nash equilibrium:
FOEN") FXD

) I ) OGN + £200x7)

t
g O+ L0 O]+ CSIEXT) + OS2 (X"
We are interested in the symmetric Nash equilibrium tariffs, ¥ = t7 = ¢ and
N o=t = F. With N = i%, the necessary condition under a symmetric Nash
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equilibrium takes the form

FONXN) O X)L N+ df(xx)

XN(1+tN)+ (xM)? 1+tN[ dx

dCS(x, x)

= 0.
dx

|x:xN] |x:XN

NN N1
1+tN T N
condition for a symmetric Nash equilibrium in the following form:

SO XN) N dCS(MX)‘
(XN)2 dX X=X

Finally, using that and re-arranging slightly, we may express the necessary

FONAXY) XN = 1[df(x,x)
XN (1+ ) XN dx

|X:XN] —+ N=20

Recalling now (79) from the proof of Proposition 9, we may express the first-order
condition for efficient y-symmetric tariffs in the following form:

dU(x; x) _,x—14d foox) | d
—— =2[——fx) + + —CS(x, x)| = 0.
dx | X dx bex) (x)?  dx 06 X))
This first-order condition determines the efficient value, x*. It is now straightforward to
see that p N
U(x,x)|X:XN _ L0
dx XN (1 + V)

It follows that the symmetric Nash equilibrium is inefficient. Furthermore, if the joint
welfare function U(y, x) is quasi-concave in the symmetric value x, then Y > x*. Ac-
cordingly, starting at the symmetric Nash equilibrium, any combination of tariffs changes
that results in a symmetric reduction in y* = y* would raise joint welfare. Both coun-
tries are then sure to gain if they exchange small and symmetric changes in tariffs that
reduce Y7 = .1

Lemma 5 IftV >0, then tV > V.

Proof: The Nash first-order conditions for country [ are given by (84) and (85). Evalu-
ating (84) and (85) at symmetric trade policies and multiplying (84) by (1 + ¢) and (85)
by (1 — ﬂ, respectively, we get

We now subtract (87) from (86) to get
t t—1
T F060) + 10810620 = 082 (6 0 = 7 [l ) = Al )] (89)
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where using (69), (80) and (81) gives

dC S dét
CSi(xy) = 2% . g
1( ) dClD Xm ’X X=X
dCS' dé,
CS(x,x) = =2%D), . .
2( ) dClD dXh’X X=X

Hence, C'S1(x,x) — CS2 (x,x) > 0. Now we show fa(x,x) — fi(x,x) > 0. Recall the
functional form of f (Xl, Xh) is given by

(md) ™" (en(x xM) "
v (k+2) (en)"

FOEX") = Ne(x".x)
where Ng(x", x!) = Nk and cp(x!, x"*) = c},. Consider the two cases:

1. Suppose x' increases. Then Ng(x", x!) = NI || (by Proposition 2 and using ' =
(1+th/(1 =), (TXZ)_k , and (cp(x', x")) = (c! )k+2 JJ. We conclude that
fl (Xla Xh) |Xl:Xh:X < 0.

2. Suppose X" increases. Then Ng(x", x!) = N { (by Proposition 2 and using
X" = (L+t")/1 —1"), and (ep(x', x" ) = ( )k+2 1. We conclude that
f2 (Xla Xh) |xl:x"’=x > 0.

Therefore, fo(x,x) — fi(x,x) > 0. We now conclude from (88) that, if # > 0, then
t—t>0.1

Proof of Proposition 12 (Nash tariff ranking): Lemma 5 already shows tV > ¢V
if #¥ > 0. In order to show t" >tV if t¥ < 0, we assume a > 2 - b and U? + U¥ is
quasi-concave in y. Suppose tV < 0. We know y" = }JFEN > 1 by Propositions 9 and 10,

and so t > —tV follows. Therefore, t¥ > —tV >0>tN. R

Proof of Proposition 13 (Nash in the limit): Rescaling the objectives, we note
that the symmetric Nash import and export tariffs at 7 — oo are characterized by

lim,_, o 7% ‘fl—(t]ll = lim, Tk(il—%l = 0, rewritten as:
dC S det dIM P! dEX P!
k acp U 4o k ") k _
Th%o dc, dt’ * TLIEOT MP TIE&T dt! TlggoT dt! = 0(89)
dC St det LdIM P! dEX P!
lim 7 ij + lim 7% - EXP' + ¢ lim 7* * lim 7" - 0
T—00 dch t 7'—>oo T—00 tl T—00 dt!

We calculate each term of (89).
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To begin, we refer to (65) and (66), and consider the change of the cut-off cost levels:

tim S =l b = i S = i =
tim 5 = 0
i = g 0 g0
R Al = [ OR
i G = 0

where we recall that ¢} = lim, ., ¢}, refers to the cut-off cost level in the market equilib-
rium under a closed economy. For the rescaled objectives, the above relations show that,
as T — oo, t works only through % but not ¢}, whereas # works through ¢}, but not cf.

We consider now the impact of tariffs on consumer surplus. As 7 — o0, and using
(69), we see that ¢ does not affect C'S' while a reduction in the export tariff (or increase
in the export subsidy) still raises C'S’ :

l l 2(1 mo_ 2 1 _ h
lim deClS dc~D _ 21+ k)ep — B+ 2k)a (k+1) (") (k+2) cﬁ% <0

We note that (89) also has terms related to trade values. Using (27) and (28), we find
that

—k m m —(k+1)
lim 7% . IMP! = lim Np (cp)*** (Xl) _ NEN (cp)+? (Xl)
T—00 e 2’7(]€+2)(CM)k 1 —¢h 27(k+2)(CM)k

>0

i 7+ EXP = i VB (D)

T—00 r—oo 1+ th 2v(k + 2)(cp)¥

where N = lim, oo Ny = [2(k + 1)(car)*y(@ — )] /In(c) 1],

Finally, we note that (89) also has terms related to the derivatives of trade values. To

evaluate these terms, we begin by reporting that, as 7 — oo, the impact of any tariff on
the level of entry in any country approaches zero:

>0

dN! AN dN' AN
E — Jim —£ = lim —£ = lim —£ = 0.
r—oo  dt! rooo  dt! T—o0  (dt! T—00  (t!
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These limiting results can be directly confirmed using (17), (18) and (23). From here, and

using that ! only works through ¢ and # works through c},, we may derive the following
terms:

dIMP! Hy k+ 1) 0y
limTk — _ (X) _ .Ngn'<Can>k+2( + ) X <0
700 di! 2v(k + 2)(car)* (1 — ) X ot
. dIMP
lim 7 =— =
T—00 dt!
EXP!
lim de =0.
dEX P! nr %
lim 7F—— = — () - Ng' - (cg‘)kﬂ—ai~
Using the above relations, we rewrite (89) as:
dIM P!
lim 7% IMP! ¢! Tim 78— = 0 (90)
dEX P! dC St dct
lim TFEX P4 ¢ lim 77— +1mlﬁrcf-ﬁ£:: (91)
T—00 T—00 dtl T—00 dCD dtl

Interestingly, (90) and (91) show that lim, ., " is determined to maximize import rev-
enue while lim,_,o, £V is determined to maximize the welfare of country [ excluding import
revenue. By (90) and (91), and using N = [2(k+1)(car)*y(a—cB)]/[n(cB)* 1], we finish
our calculations and find that

mmN—%>o

T—00

lim fN~ _ 1 (—2-ch)
ool —tN 22+ k)kE (a—cP)
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