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Abstract

We consider unilateral and strategic trade and domestic policies in single and multi-sector versions of
models with CES preferences and monopolistic competition featuring homogeneous (Krugman, [1980]) or
heterogeneous firms (Melitz, 2003). We first solve the world-planner problem to identify the efficiency
wedges between the planner and the market allocation. We then derive a common welfare decomposition
in terms of macro variables that incorporates all general-equilibrium effects of trade and domestic policies
and decomposes them into consumption and production-efficiency wedges and terms-of-trade effects. We
show that the Nash equilibrium when both domestic and trade policies are available is characterized by
first-best-level labor subsidies that achieve production efficiency, and inefficient import subsidies and export
taxes that aim at improving domestic terms of trade. Since the terms-of-trade externality is the only
beggar-thy-neighbor motive, it remains the only reason for signing trade agreements in this general class of
models. Finally, we show that when trade agreements only limit the strategic use of trade taxes but do not
require coordination of domestic policies, the latter are set inefficiently in the Nash equilibrium in order to
manipulate the terms of trade.
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1 Introduction

A fundamental challenge in the research on trade policy is to understand the purpose of trade agreements. In
particular, as a prerequisite for the optimal design of trade agreements, one needs to characterize the interna-
tional externalities that can be solved by coordinating countries’ decisions (Bagwell and Staiger, |2016)). In the
context of perfectly competitive neoclassical trade models, a large literature has shown that trade agreements
solve a terms-of-trade externality. Uncoordinated individual-country policy makers try use trade taxes, such
as tariffs, to manipulate international prices in their favor. This leads to a Prisoners’ Dilemma and countries
end up with inefficiently high trade taxes in equilibrium (Bagwell and Staiger, |1999, 2016)). Surprisingly, it is
still not well understood if these results on the purpose of trade agreements also apply to the workhorse model
of modern international trade theory — the monopolistic competition model with heterogeneous firms (Melitz,

2003).

Moreover, with the fall of tariff barriers during the last decades, the focus of recent trade negotiations —
both at the multilateraﬂ and at the regional leveEI — has shifted away from trade tax reductions towards
coordination of domestic policies (e.g. sector-specific policies, product market regulation, labor standards,...).
The [Melitz| (2003]) model provides a natural framework for studying the role of these policies in the context of
trade agreements, since distortions induced by imperfect competition may lead to inefficiencies in the market
allocation, thus calling for domestic regulation (e.g., sector-specific subsidies). We investigate if domestic policies
induce additional motives for signing trade agreements beyond the classical terms-of-trade externality (Bagwell
and Staiger} |2016]). Importantly, we also investigate the distortions that arise from limiting trade agreements to
the coordination of trade taxes and study if clauses requiring coordination of domestic policies or proscribing

their use should be incorporated into trade agreements.

Our first main result is that neither the presence of firm heterogeneity nor domestic policies affect the standard
wisdom from perfectly competitive models that the only motive for signing trade agreements are terms-of-trade
externalities. When countries can set both domestic and trade policies strategically, domestic policies are set
efficiently, while trade taxes are used to manipulate the terms of trade. Our second main result is that when
trade agreements only limit countries’ ability to use trade taxes strategically but do not require coordination
of domestic policies, individual-country policy makers set domestic policies inefficiently because they face a
trade-off between correcting domestic inefficiencies and manipulating their terms of trade. In order to achieve

these conclusions, we proceed as follows.

Our theoretical setup features two countries, CES preferences and either a single or multiple sectors. Firms
operate under monopolistic competition and are potentially heterogeneous in terms of productivity. In the ver-

sion with heterogeneous firms we allow firm-specific productivity levels to be drawn from arbitrary productivity

1The Doha round of multilateral WTO negotiations deals with issues such as environmental regulation and intellectual property
rights and initially also included competition policy and government procurement.

2E.g., the European Union’s strategy is to sign ”deep” bilateral trade agreements that cover a host of areas in addition to
classical tariff reduction, such as domestic regulation, foreign direct investment and intellectual property rights. Recent examples
are the trade agreements with Canada, Korea and Japan.



distributions. Policy makers in each country can set both sector-specific trade policies (import and export taxes)
and domestic policies (labor taxes). We use the insight of |Arkolakis, Costinot and Rodriguez-Clare (2012)) that
monopolistic competition models with CES preferences have a common macro representation in terms of sec-
toral aggregate bundles. This representation also makes clear that in this class of models the welfare-relevant
terms of trade are defined in terms of aggregate price indices of importables and exportables. As a consequence,
policy instruments can affect the terms of trade both by changing the international prices of individual varieties

(directly and indirectly via selection) and by impacting on the measure of firms active in foreign markets.

We first solve for the allocation chosen by a social planner whose objective is to maximize world welfare in order
to identify the welfare wedges present in the market allocation. Following the approach of [Costinot, Rodriguez-
Clare and Werning (2016)), we separate the planner problem into different stages: a micro stage; a macro stage
within sectors; and a cross-sector macro stage. At the micro stage, the planner chooses how much to produce of
each differentiated variety given the sectoral aggregates. We show that given CES preferences, the solution to
the micro problem always corresponds to the market allocation, i.e., relative firm size is always optimal. In the
within-sector macro stage, the planner chooses for each sector how much to produce of the aggregate bundle that
is domestically produced and consumed and how much to produce of the aggregate exportable bundle. Here,
a consumption-efficiency wedge arises between the planner and the market allocation whenever trade policy
instruments are usedE| Finally, the cross-sector macro stage is present only in the multi-sector version of the
model. At this stage, the planner determines the optimal allocation across macro sectors. The cross-sectoral
allocation corresponds to the market allocation if and only if trade taxes are not used and monopolistic markups
are offset with labor subsidies, otherwise too little labor is allocated to the monopolistically competitive sector

and a production-efficiency wedge is present.

We then turn to the problem of a benevolent policy maker who is concerned with maximizing world welfare and
can set labor and trade taxes. By using the total-differential approach to optimization, we are able to derive an
exact welfare decomposition in terms of macro aggregates that decomposes general-equilibrium welfare effects
of trade and domestic policies and simultaneously identifies the optimality conditions of the world policy maker.
Welfare effects can be decomposed into three terms: (i) a consumption-efficiency wedge, (ii) a production-
efficiency wedge and (iii) terms-of-trade effects. This decomposition is useful for the following reasons: The
efficiency terms in the welfare decomposition correspond exactly to the wedges between the planner and the
market allocation mentioned above. As a result, solving the problem of the world policy maker is equivalent
to setting both consumption and production-efficiency wedges in the welfare decomposition equal to zero.
Moreover, in the symmetric equilibrium terms-of-trade motives of individual countries offset each other at the
world level: an improvement in the terms of trade of one country necessarily implies an equivalent terms-of-trade
worsening of the other. Thus, terms-of-trade effects are a pure beggar-thy-neighbor incentive and hence the
world policy maker disregards them. We show that in the one-sector version of the model production efficiency is

always guaranteed and the world-policy-maker solution corresponds to the (Pareto-optimal) free-trade allocation.

3Dhingra and Morrow| (2019)) establish efficiency of the market allocation in a closed-economy one-sector version of Melitz under
CES preferences.



By contrast, in the presence of multiple sectors the world policy maker closes the production-efficiency wedge

and implements the planner allocation using sector-specific labor subsidies.

Next, we study trade and domestic policies from the individual-country perspective. Our welfare decomposition
makes apparent that in the one-sector version of the model unilateral policies are driven unequivocally by
a trade-off between improving domestic terms of trade and creating consumption wedges, while production
efficiency is automatically guaranteed. By contrast, in the multi-sector version of the model, closing the domestic

production-efficiency wedge becomes an additional motive for individual-country policy makers.

As a preparation for the case of strategic interaction, we study how unilateral policy deviations in individual
instruments affect the terms of trade and production efficiency. We show that in the one-sector model, where
labor supply is completely inelastic, a small unilateral import tariff is welfare enhancing from the unilateral
perspective compared to free trade. A tariff improves domestic terms of trade by increasing the relative wage.
In the presence of firm heterogeneity there are two additional opposing effects: an improvement in the terms of
trade stemming from an increase in the variable-profit share arising from exports and a terms-of-trade worsening
from tougher selection into exporting. Differently, in the multi-sector model with a linear outside good labor
supply is perfectly elastic and a tariff worsens domestic terms of trade by increasing labor demand for the
differentiated bundles and triggering entry into that sector. This reduces the relative price of exportables via
the extensive margin. In the presence of firm heterogeneity there are again two additional opposing effects:
changes in the variable-profit share arising from exports and changes in selection into exporting. At the same
time, when starting from the free-trade allocation, a tariff improves production efficiency by increasing the
amount of labor allocated to the differentiated sector. Similarly, a labor or export subsidy also improves
production efficiency, while worsening the terms-of-trade. Thus, using any individual policy instrument gives

rise to a trade-off between reducing the production-efficiency wedge and worsening the terms of trade.

We also investigate the role of firm heterogeneity in shaping unilateral policies in the multi-sector model. With
homogeneous firms a small tariff is always welfare improving from the unilateral perspective because the increase
in production efficiency always dominates the negative terms-of-trade effect. By contrast, in the presence of
heterogeneous firms and selection into exporting the sign of the welfare effects stemming from unilateral policy
changes — and thus whether a tariff or an import subsidy is unilaterally beneficial — depends on the average
variable profit share from sales in the domestic market. Intuitively, if the bulk of variable profits are made
domestically, increases in domestic production efficiency dominate negative terms-of-trade effects, while the
opposite is the case if the larger part of profits arises from exporting. Thus, these results for unilateral policy

changes suggest that firm heterogeneity can affect trade policy qualitatively.

We then return to the question if domestic policies provide an additional reason for signing free-trade agreements
beyond terms-of-trade externalities. This would be the case if uncoordinated policy makers set them inefficiently,
thereby imposing externalities on the other country. We thus characterize the Nash equilibrium of the policy
game in the multi-sector model where individual-country policy makers set both trade and domestic policies

simultaneously. We show that the equilibrium policies consist of the first-best level of labor subsidies that close



production-efficiency wedges and inefficient import subsidies and export taxes that aim at improving the terms
of trade. This implies that domestic policies do not create any additional motive for trade agreements since
production inefficiencies are completely internalized by individual-country policy makersﬂ Here, we show that
it carries over to trade models with monopolistic competition and heterogeneous firms. Moreover —in contrast
to unilateral policies — the sign of the Nash-equilibrium trade policies (import subsidies and export taxes) does

not depend on firm heterogeneity.

Finally, we turn to the design of trade agreements in the presence of domestic policies. A globally efficient
outcome requires cooperation on trade and domestic policies. We show that when trade agreements only limit
the strategic use of trade-policy instruments but do not require coordination of domestic policies, individual-
country policy makers use domestic policies both to increase production efficiency and to manipulate the terms
of trade. Specifically, we study the Nash equilibrium of a policy game, where only domestic policies can be
set strategically, while trade policy instruments are not available. In this situation, firm heterogeneity has a
qualitative impact on the Nash policies: the Nash policy outcome depends on the variable-profit share from
domestic sales. When at least half of the profits of the average active firm are made in the domestic market
or when firms are homogeneous, the production-efficiency effect dominates and the Nash equilibrium features
(inefficiently low) labor subsidies. In this case a trade agreement that prohibits the use of both trade and
domestic policies provides lower welfare than an agreement that eliminates trade taxes but allows countries
to choose domestic policies strategically. By contrast, when more than half of the average firm’s profits arise
from exports, the terms-of-trade effect dominates and the Nash equilibrium features labor taxes. Intuitively,
the smaller the profit share from domestic sales, the more open the economy is and thus the larger the incentive
to exploit international externalities. In this case a trade agreement that prohibits the use of both trade and
domestic policies fares better in welfare terms than one that eliminates trade taxes but allows countries to set
domestic policies strategically. Finally, we show that when variable or fixed physical trade costs fall and therefore
the profit share from exporting rises, welfare gains from integrating cooperation on domestic policies into trade
agreements become proportionally larger.Thus, the case for deep trade agreements that require coordination of

domestic regulation becomes stronger when physical trade barriers are lower.

The rest of the paper is structured as follows. In the next subsection we briefly discuss the related literature.
In Section [2| we describe a standard multi-sector Melitz| (2003) model expressed in terms of macro bundles. In
Section [3] we then set up and solve the problem of a planner who is concerned with maximizing world welfare.
We separate it into a micro, a within-sector macro and a cross-sector macro stage and compare each stage to
the market allocation in order to identify the relevant efficiency wedges. Next, in Section [f] we solve the problem
of a world policy maker who is concerned with maximizing world welfare and disposes of trade and labor taxes.
As an intermediate step of solving this problem, we derive a welfare decomposition that decomposes welfare
effects of policy instruments into a consumption wedge, a production wedge and terms of trade effects. We then

show that solving the world-policy-maker problem is equivalent to setting all wedges individually equal to zero.

4This result is an application of the targeting principle, which is known to hold in perfectly competitive trade models (Ederington)
2001))



In Section [5| we turn to the problem of individual-country policy makers, derive individual-country welfare and
discuss welfare effects of unilateral policy deviations. Finally, we consider strategic trade and domestic policies.
We first characterize the Nash equilibrium of the policy game where individual-country policy makers set both
trade and labor taxes simultaneously and strategically. We then turn to the Nash equilibrium of the policy

game when only labor taxes can be set strategically. Section [6] presents our conclusions.

1.1 Related literature

Several theoretical contributions have studied the incentives for trade policy in single and multiple-sector versions

of the Krugman)| (1980) and [Melitz| (2003) models and have identified numerous mechanisms through which trade

policy affects outcomes in these models.

Specifically, (1987) and Helpman and Krugman| (1989)) examine the one-sector version of the

(1980)) model with homogeneous firms. They identify a terms-of-trade motive for strategic tariffs, which increase

domestic factor prices. By contrast, studies investigating trade policy in the two-sector version of
(1980) — which features a linear outside sector that pins down factor prices — typically find that strategic

tariffs are due to a home market/production-relocation motive (Venables| [1987; Helpman and Krugman), [1989;

2011)). More recently, [Campolmi, Fadinger and Forlati (2012), allow for the simultaneous choice of labor,

import and export taxes in this model. They show that the tariff result found by previous studies is due to
a missing instrument problem. Once policy makers dispose of enough instruments the strategic equilibrium is

characterized by the first-best level of labor subsidies, import subsidies and export taxes that aim at improving

domestic terms of trade (Campolmi, Fadinger and Forlati, [2014).

A small number of studies analyze trade policy in the (2003)) model with a single sector.

[and Rodriguez-Clare| (2009)) and Haaland and Venables| (2016) investigate optimal unilateral trade policy in

a small-open-economy version of (2003) with Pareto-distributed productivity. While

[Rodriguez-Clare| (2009) identify a distortion in the relative price of imported varieties (markup distortion) and

a distortion on the number of imported varieties (entry distortion) as motives for unilateral policy,

[and Venables| (2016) single out terms-of-trade effects as the only motive for individual-country trade policy.

Similarly, [Felbermayr, Jung and Larch| (2013), who consider strategic import taxes in a two-country version

of this model, identify the same motives for tariffs as Demidova and Rodriguez-Clare| (2009). |[Haaland and

(2016)) also study unilateral policy in the two-sector small-open-economy variant of (2003))

with Pareto-distributed productivities and identify terms-of-trade externalities and monopolistic distortions as

drivers of unilateral policy.

Our contribution is to show that the welfare incentives for trade policy in the previous models can be understood
using a common welfare decomposition in terms of macro aggregates. This approach makes clear that the terms-

of-trade motive is the only externality that needs be addressed by trade agreements in this class of models.

Also closely related is |Costinot et al (2016]), who consider unilateral trade policy in a generalized two-country




version of [Melitz| (2003). Similarly to our approach, they consider the macro representation of the model and
define the terms of trade in terms of aggregate bundles of importables and exportables. They investigate
unilaterally optimal firm-specific and non-discriminatory policies and establish terms-of-trade effects as the
motive for trade policy. Their main interest is to investigate how firm heterogeneity shapes trade policy. They
show that, conditional on the elasticity of substitution and the share of expenditure on local goods abroad,
firm heterogeneity reduces the optimal tariff if and only if it leads to non-convexities in the foreign production

possibility frontier.

We consider our analysis as complementary to theirs. In particular, we show that the incentives for using trade
and domestic policies in models with CES preferences and monopolistic competition can be analyzed with a
common welfare decomposition. Their approach of using optimal tax formulas is convenient for evaluating the
quantitative impact of firm heterogeneity but makes it difficult to isolate policy makers’ welfare incentives, in
particular when the set of policy instruments is insufficient to address all distortions separately. Most impor-
tantly, while their analysis is limited to unilaterally optimal policies we consider the case of strategic interaction
and compare Nash equilibrium domestic and trade policies to the outcome of a world policy maker. Finally,
while |Costinot et al.| (2016)) find that firm heterogeneity potentially affects unilateral trade taxes both quanti-
tatively and qualitatively compared to homogeneous-firm models, we uncover that the sign of the equilibrium
strategic taxes is unaffected by the presence of firm heterogeneity as long as the set of instruments is sufficiently

large.

This paper is also closely connected to the vast literature on trade policy in perfectly competitive trade models
(Dixit} [1985). We show that many insights from this literature carry over to models with monopolistic competi-
tion and firm heterogeneity. Specifically, the result that trade agreements solve a terms-of-trade externality also
applies in our context (Bagwell and Staiger} |2016]). Moreover, also the Bhagwati-Johnson principle of targeting,
which states that optimal policy should use the instrument that operates most effectively on the appropriate

margin, remains valid.

Finally, there is also a close connection with the literature on trade and domestic policies in perfectly competitive
models. [Copeland| (1990)) discusses the idea that in the presence of trade agreements that limit the strategic use
of tariffs individual-country policy makers have incentives to use domestic policies to manipulate their terms of
trade. [Ederington/ (2001)) considers the optimal design of self-enforceable joint agreements on trade and domestic
policies and establishes that such agreements should require full coordination of domestic policies but should

allow countries to set positive levels of tariffs, in order to mitigate incentives to deviate from cooperation.

2 The Model

The setup follows Melitz and Redding| (2015). The world economy consists of two countries i: Home (H) and

Foreign (F). The only factor of production is labor which is supplied inelastically in amount L in each country,



perfectly mobile across firms and sectors and immobile across countries. Each country has either one or two
sectors. The first sector produces a continuum of differentiated goods under monopolistic competition with free
entry. If present, the other sector is perfectly competitive and produces a homogeneous good. Labor markets are
perfectly competitive. All goods are tradable but only the differentiated goods are subject to iceberg transport
costs. Both countries are identical in terms of preferences, production technology, market structure and size. All
variables are indexed such that the first sub-index corresponds to the location of consumption and the second

sub-index to the location of production.

2.1 Technology and Market Structure
2.1.1 Differentiated sector

Firms in the differentiated sector operate under monopolistic competition with free entry. They pay a fixed cost
in terms of labor, fg, to enter the market and to pick a draw of productivity ¢ from a cumulative distribution
G (cp)ﬂ After observing their productivity draw, they decide whether to pay a fixed cost f in terms of domestic
labor to become active and produce for the domestic market. Active firms then decide whether to pay an
additional market access cost fx (in terms of domestic labor) to export to the other country, or to produce only
for the domestic market. Therefore, labor demand of firm ¢ located in market ¢ for a variety sold in market j

is given by:

Lis(@) = qj"g”) + fjiy 4,j=H,F (1)
where
; -
fyi= T
fx JFi

Here g;;(¢) is the production of a firm with productivity ¢ located in country ¢ for market j. Varieties sold in

the foreign market are subject to an iceberg transport cost 7 > 1. We thus define:

1 j=i
T j#Ei

Tji =

5 We assume that ¢ has support [0, 00) and that G(y) is continuously differentiable with derivative g(¢).



2.1.2 Homogenous sector

In case the homogeneous-good sector is present, labor demand Ljz; for the homogenous good Z, which is

produced in both countries ¢ with identical production technology, is given by:
Lzi = Qzi, (2)

where (Qz; is the production of the homogeneous good. Since this good is sold in a perfectly competitive
market without trade costs, its price is identical in both countries and equals the marginal cost of production
W;. We assume that the homogeneous good is always produced in both countries in equilibrium. This implies

equalization of wages W; = W for i # j (factor price equalization).

We also consider a version of the model without the homogeneous sector. In this case, wages across the two

countries will not necessarily be equalized.

2.2 Preferences

Households’ utility function is given by:
U =alogC;+(1—a)logZ;, i=H,F, (3)

where C; aggregates over the varieties of differentiated goods and « is the expenditure share of the differentiated
bundle in the aggregate consumption basket. When « is set to unity, we go back to a one-sector model (Melitz,
2003). Z; represents consumption of the homogeneous good (Krugman| 1980). The differentiated varieties

produced in the two countries are aggregated with a CES function given byﬂ

Ci=|> Cj , i=HF (4)

JjEH,F

e
e—1

) Z‘?J :H7F (5)

N; / " (o) TG ()

ij

Cij =

Here, C;; is the aggregate consumption bundle of country-i consumers of varieties produced in country j, ¢;;()
is consumption by country i consumers of a variety ¢ produced in country j, N; is the measure of varieties
produced by country j. ;; is the cutoff-productivity level, such that a country-j firm with this productivity
level makes exactly zero profits when selling to country 4, while firms with strictly larger productivity levels

make positive profits from selling to this market, so that all country-j firms with ¢ > ¢;; export to country

6Notice that we can index consumption of differentiated varieties by firms’ productivity level ¢ since all firms with a given level

e—1 e=1 =1
= AG(p) + Nj 32 cii(9) T dG()]®
i.e., the model is the standard one considered in the literature. However, it is convenient to define optimal consumption indices.

of ¢ behave identically. Note also that our definitions of C;; imply C; = [Ni f:o cii(p)



7. Finally, ¢ > 1 is the elasticity of substitution between domestic and foreign bundles and between different

varieties.

2.3 Government

The government of each country disposes of three fiscal instruments. A labor tax/subsidy (71;) on firms’ fixed
and marginal costs[] a tariff/subsidy on imports (77;) and a tax/subsidy on exports (7x;). Note that 7,,;
indicates a gross tax for m € {L,I, X}, i.e., 7,; < 1 indicates a subsidy and 7,,,; > 1 indicates a tax. In what
follows, we employ the word tax whenever we refer to a policy instrument without specifying whether 7,,,; is

smaller or larger than one and we use the following notation:

1 =7
Trij = (6)
TIiTXj i?'éj

Moreover, we assume that taxes are paid directly by the ﬁrmsﬂ and that all government revenues are redistributed

to consumers through a lump-sum transfer.

2.4 Equilibrium

Since the model is standard, we relegate a more detailed description of the setup and the derivation of the market
equilibrium to Appendix [A] In a market equilibrium, households choose consumption of the differentiated
bundles and — when available —the homogeneous good in order to maximize utility subject to their budget
constraint; firms in the differentiated sector choose quantities in order to maximize profits given their residual
demand schedules and enter the differentiated sector until their expected profits — before productivity realizations
are drawn — are zero; they produce for the domestic and export markets if their productivity draw is weakly
above the market-specific survival-cutoff level at which they make exactly zero profits; if present, firms in the
homogeneous-good sector price at marginal cost; governments run balanced budgets and all markets clear. We
write the equilibrium in terms of sectoral aggregates. This approach follows|Campolmi et al.| (2012) and |Costinot
et al.| (2016)). Specifically, the one-sector model can be represented in terms of three aggregate goods: a good
that is domestically produced and consumed; a domestic exportable good and a domestic importable good.
The two-sector model additionally features a homogeneous good. This representation in terms of aggregate
bundles (i) highlights that models with monopolistic competition and CES preferences have a common macro
presentation and (ii) makes the connection to standard neoclassical trade models visible. It will also be useful

for interpreting the wedges between the planner and the market allocations and for our welfare decomposition.

7"We impose that the same labor taxes are levied on both fixed and marginal costs (including also the fixed entry cost fz). This
assumption is necessary to keep firm size unaffected by taxes, which turns out to be optimal, as we will show in Section @

8 In particular, following the previous literature (Venables| (1987), (Ossal (2011)), we assume that tariffs and export taxes are
charged ad valorem on the factory gate price augmented by transport costs. This implies that transport services are taxed.
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Finally, the macro representation will make clear that the welfare-relevant terms of trade that policy makers
consider in their objective should be defined in terms of ideal price indices of sectoral exportables relative to

importables.

The market equilibrium can be described by the following conditions:

1

S 0 E—IL((P) =1 o
o |S/50j1' v 11— G(‘ﬂji) sy Ly =HF )
5o fii(1 = G(@j0) ( o
ﬂ - ®
S full - Glow)) ()
k=H,F
i fu 71 i _e o . |
(il]) N (fl]) <77:§j) < ) 7-1] TTU Z,]:I’I,F‘7 Z;éj (9)

3 fﬁu—G(soﬁ))(g;:) e+ S fu(l-Gley), i=HF (10)

j=H,F j=H,F
e—1 = _e_ ..
Cij=\—) fi)7 7 @i GisLey) =", 4,5 =HF (11)
€ _ =t .o
Pij = (8 ) (Efm) TZJTT'LjTLng(pijl (6ijLC'j)571 ) 1,] = H7F (12)
_(l—a) el —1p v o —1p s -
L— Lg; (PiCik) + 115 PjiCji = 11, P Cij, i = H, =F (13)
k=H,F
1-—
Z (L= Lci) = 1j iy (14)
i=H,F i=H,F j=H,F
(1-a) )
Z; = > P;Cy i=HF (15)
* iihr

Condition (7)) defines the average productivity of country-i firms active in market j ($;;), given by the harmonic
mean of productivity of those firms that operate in the respective market. Condition defines d;, the variable-
profit share of a country-¢ firm with average productivity ¢;; arising from sales in market j ﬂ Equivalently, §;;
is also the share of total labor used in the differentiated sector in country ¢ that is allocated to production
for market j. Condition @ follows from dividing the zero-profit conditions defining the survival-productivity
cutoffs — which imply zero profits for a country-¢ firm with the cutoff-productivity level ¢;; from selling in
market j — for firms in their domestic market by the one for foreign firms that export to the domestic market.
Condition is the free-entry condition combined with the zero-profit conditions. In equilibrium, expected
variable profits (left-hand side) have to equal the expected overall fixed cost bill (right-hand side).

Condition can be interpreted as a sectoral aggregate production function Cj; = Qcij(Lc;) in terms of
aggregate labor allocated to the differentiated sector, L¢j, measuring the amount of production of the aggregate

bundle produced in country j for consumption in market ¢. Condition defines the equilibrium consumer

G.:\e—1
91t can be shown that f5:(1 = G(ji)) (i?f) are variable profits of a the average country-i firm active in market j.
ji

11



price index F;; of the aggregate differentiated bundle produced in country j and sold in country ZE

Importantly, condition defines the trade-balance condition that states that the value of net imports of the
homogeneous good plus the value imports of the differentiated bundle (left-hand side) must equal the value of
exports of the differentiated bundle (right-hand side). Note that imports and exports of differentiated bundles
are evaluated at international prices (before tariffs are applied). The model-consistent definition of the terms of
trade then follows directly from this equation The international price of imports TfilPij defines the inverse
of the terms of trade of the differentiated importable bundle (relative to the homogeneous good), while the
international price of exports Tfijji defines the terms of trade of the differentiated exportable bundle (relative
to the homogeneous good). In addition, the terms of trade of the differentiated exportable relative to the
importable bundle are given by (Tfijji) /(17;* P;;), which is the only relevant relative price when a = 1. Given
that terms of trade are defined in terms of sectoral ideal price indices of exportables relative to importables,

they will be affected not only by changes in the prices of individual varieties but also by changes in the measure

of exporters and importers and their average productivity levels. We will discuss this in detail in Section [5.2

Finally, is the the market-clearing condition for the homogeneous g00d|E| and condition defines demand

for the homogeneous good, presented here for future reference.

We normalize the foreign wage, W;, i = F, to unity. Thus, we have a system of 24 equilibrium equations in

25 unknowns, namely d;;, ©ji, ©ji, Cji, Pij, Loi, Z; for i, j = H, F and W; for i = H. To close the model we
note that if @ < 1, so that there exists a homogeneous sector, W; = 1 for ¢ = H, since factor prices must be
equalized in equilibrium; by contrast, if « = 1, so that there is only a single sector, Lo; = L for i = F, since

the domestic labor market must clear.

Observe that when a < 1 the equilibrium can be solved recursively. First, we can use conditions (7)), (9) and
to implicitly determine the four productivity cutoffs ¢;; as well as the average productivity levels in the
domestic and export market for both countries ¢;;, given the values of the policy instruments. Then, we can
determine the variable profit shares of the average firm in each market d;;, since they are a function of the
productivity cutoffs only. Finally, given both ¢;; and §;;, we can recover Cj; and P;; and plug them into the
trade-balance condition and the homogeneous-good-market-clearing condition to solve for the equilibrium levels

of LCj~

Moreover, note that under some additional assumptions the equilibrium equations also nest the one-sector and
the multi-sector versions of the [Krugman| (1980) model with homogeneous firms and exogenous productivity
level ¢ = 1. A sufficient set of assumptions is that f;; = 0 for 4, j = H, F and G(¢p) is degenerate at unity. In
this case, conditions , @ and need to be dropped from the set of equilibrium conditions and

10More precisely, if o < 1, P;; should be interpreted as a relative aggregate price index in terms of the homogeneous good.

' This definition is also consistent with |Campolmi et al.| (2012) and |Costinot et al.| (2016)), who also define terms of trade in terms
of aggregate international price indices of exportables and importables.

12 Alternatively if o = 1 it states the domestic labor-market-clearing condition.

12



and are replaced by

€
—e_—¢€ e ~—€ 1 _¢ —& W,
4y {TTijTij —TLiTL; Tij TT4iTTij <WJ> ]

-1
€ =1 = L
Cij = <5_ 1) L&' (efp)=1 T — , 4,Jj=HF (16)
TriiTij T14iTij
€ 1 = . .
Pij = (8 — 1> (EfE)Eil (TijTTijTLj)WjLéjl, i,j =H,F. (17)

The remaining equilibrium conditions — remain valid.

3 The Planner Allocation

In this section we solve the problem of the world social planner who maximizes total world welfareIE given the
constraints imposed by the production technology in each sector and the aggregate labor resources available to
each country. The solution to this problem provides a benchmark against which one can compare the market
allocation, and the allocations implied by the world policy maker’s and individual countries’ policies. Moreover,
and more importantly, it identifies the wedges between the market and the Pareto-efficient allocation which —

as explained in Section [4]— will exactly correspond to the efficiency wedges in our welfare decomposition.

We solve the planner problem in three stagesE using the total-differential approach. First, we determine the
consumption and labor allocated to each variety of the differentiated good consumed and produced in each
location. Next, we solve for the optimal domestic and export productivity-cutoffs, the optimal allocation across
varieties within sectors, and the measure of differentiated varieties given the allocation across sectors. Finally, in
the third stage we find the optimal allocation of consumption and labor across aggregate sectors. There are two
main advantages in following this three-stage approach: (i) it highlights the various trade-offs that the planner
faces at the micro and the macro level; (ii) it allows comparing the planner and the market allocation in a

transparent way by pointing to the specific wedges arising in the market allocation at each level of aggregation.

3.1 First stage: optimal production of individual varieties

At the first stage the planner chooses ¢;; (), l;;(v) and ¢;; for 4, j = H, F by solving the following problem

13World welfare is defined as the unweighted sum of of individual countries’ welfare. In this way we single out the symmetric
Pareto-efficient allocation.

1 Qur approach is similar to the one of |Costinot et al.|(2016)) for the unilateral optimal-policy problem.

15 The results of this Section are derived in Appendix
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Max u;; (18)

Leij = Nj lij(p)dG(p), i,j=H,F,
Pij

£ _
=

where u;; = Cyj, Ci; = [Nj f:i Cij(‘ﬂ)%dG(‘p)} " il () = (lij() — fi) 7>, and Nj and Ley; — defining
the amount of labor allocated in country j to produce differentiated goods consumed by country ¢ — are taken
as given since they are determined at the second stage. The optimality conditions of the problem imply the
equalization of the marginal value product (measured in terms of marginal utility) between any two varieties
o1 and g € [g@ij,oo)m

5%‘]‘ 5'%‘;‘(501): 5%]‘ 3%‘;’(502)
Ocij(p1) Olij(p1)  Ociz(pz2) Olij(p2)’

i,j=H,F (19)

The solution to this problem also determines the consumption of individual varieties ¢;;(¢), the amount of labor

allocated to the production of each variety /;;(¢) and the optimal sectoral labor aggregator Lc;; and allows us
to obtain the sectoral aggregate production functiorﬂ

~ Bis

Qcij(@ij, Nis Loij) = =2

Tij

{IN;(1 = Gloi)| T Lois — fiIN; (1 = Gloi)| 7T}, isj = HF. (20)

In addition, the optimality conditions of the first stage are satisfied in any market allocation and independent
of policy instruments . This implies that the relative production levels of individual varieties are optimal in any

market allocation.

3.2 Second Stage: optimal choice of aggregate bundles within sectors

At the second stage, the planner chooses C;j;, L¢ij, N; and @;; for 4,7 = H, F' in order to solve the following
problemﬂ

max ‘ Z Uu; (21)

i=H,F

st. Lgi = Nifp + Z Leji, i=H,F
J=H.,F

Cij = Qcij(Pij, Ni, Leij), 4,j=H,F,

16Equivalently, this condition sets the marginal rate of substitution between any two varieties equal to their marginal rate of
transformation.

17"Note that condition is also satisfied in the case of homogeneous firms. In this case equation holds with @;; = 1,
(1 —G(pi;)) =1 and fi; = 0.

18 The results of this Section are derived in Appendix
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where u; =log C;, C; is given by () and Q;;(@ij, Ni, Lci;) is defined in (20)). The first-order conditions of the

above problem lead to the following conditions:

Ou; 0Qcii  Ouj 0Qcy;

= i, j=H,F, 1 ] 22
9Cs Low 90y 0Ly, 0 I # (22)
=y 9Qcyi/ON: y_ pp p (23)
j= HFaQC'jz/aLC]z
0Qcji .
= = Oa ,] = Ha F 24
E (24)

Condition states that the marginal value product of labor of the bundle produced and consumed domesti-
cally (measured in terms of domestic marginal utility) has to equal the marginal value product of labor of the

domestic exportable bundle (measured in terms of foreign marginal utility)lﬂ

Condition captures the trade-off between the extensive and intensive margins of production. Creating an
additional variety (firm) requires fr units of labor in terms of entry cost. This additional variety marginally
increases output of the domestically produced and consumed and the exportable bundles at the extensive margin
but comes at the opportunity cost of reducing the amount of production of existing varieties (intensive margin),

since aggregate labor has to be withdrawn from these production activities.

Condition reveals the trade-off between increasing average productivity and reducing the number of active
firms. From the aggregate production function , an increase in ¢;; on the one hand increases sectoral
production by making the average firm more productive, on the other hand it decreases sectoral production by
reducing the measure of firms that are above the cutoff-productivity level ¢;;. At the margin, these two effects

have to offset each other exactly.

By combining , and , we obtain a sectoral production function for Q¢;; in terms of aggregate labor
LCiZ

e—1

Qcji(Lei) = ( > (efji)=1 T Pji (0jilc)™71, i,j=H,F (25)

This equation corresponds exactly to condition for the market allocation. Thus, consumption of the
aggregate differentiated bundles is efficient in any market allocation conditional on the cutoffs ¢;; and the

amount of aggregate labor allocated to the differentiated sector chﬂ

We now compare the planner’s optimality conditions for the second stage with those of the market allocation.

Even in a symmetric market allocation condition is not satisfied, i.e., there is a wedge between the marginal

9 Equivalently, this condition states that the marginal rate of substitution (in terms of home versus foreign utility) between the
domestically produced and consumed bundle and the domestic exportable bundle has to equal the marginal rate of transformation
of these bundles.

20Note that the planner’s optimality conditions are also valid for the case of homogeneous firms with pi; = 1 exogenous, so
that the first-order conditions are given by and only. Equation also holds with f;; = fg, w;; = 1 and §;; =

e ()7
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value product of labor of the domestically produced and consumed bundle and the marginal value product of

labor of the exportable bundle (both evaluated in terms of marginal utility of the consuming country) whenever

Tr45 # 1t

Ou; OQci  Ouj 0Qcyji
9Cy; OLcyi  0Cy; OLcyi

(TTji)l_Ea l,j = H7 F, { # .7 (26)

Thus, a foreign tariff (77; > 1) or a domestic export tax (7x; > 1) imply that the marginal value product on the
right-hand side must increase relative to the one on the left-hand side, which happens when foreign consumers
reduce imports and home consumers increase consumption of the domestically produced bundle. As a result,
production and consumption is inefficiently tilted towards the domestically produced bundle@ By contrast,

one can show that conditions (23)}**| and are satisfied in any market allocation.

Alternatively, one can also compare the planner solution with the market outcome in terms of allocations. For
the heterogeneous-firm model it turns out that efficiency of the cutoff-productivity levels ¢;; is sufficient for
the market allocation to coincide with the planner solution for the second stage. Simultaneously, a distortion
of the cutoffs implies that all equilibrium outcomes are distorted. Notice that according to conditions ([7))-
distortions of the cutoffs are exclusively due to trade taxes. From @[), in a symmetric equilibrium, the

cutoff-productivity levels in the market are determined by:
=
ji ji

Thus, the cutoff-productivity levels ¢;; and ¢;; are efficient in the free-trade allocation, i.e. gofiT = gpfiB, while
there is a distortion induced on ¢;; whenever trade taxes are used (when 77;; = 77;7x; # 1). In particular,
Tr;; > 1 implies that ¢;;/¢;; is too small relative to the efficient level, so that the marginal exporter is too

productive relative to the least productive domestic producer.

3.3 Third stage: allocation across sectors

The third stage is present only in the case of multiple sectors (o < 1). In this stage, the planner chooses Cj;

and Z; for i, = H, F, and the amount of aggregate labor allocated to the differentiated sector L¢; to solve the

210Observe that this wedge is present independently of firm heterogeneity.
22This condition is satisfied in any market allocation as long as the same labor tax is charged on marginal and fixed costs.
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following maximization problem@

max Z U; (27)

i=H,F
s.t. Cl = QCij(LCj); i,j = H,F
Qzi =Qzi(L—L¢i), i=H,F

> Qzi= > Z

i=H,F i=H,F

where U; is given by and , Qzi(L— L¢;) = L — Leg and Qcij(Le;y) is defined in .

The first-order conditions of this problem are given by:

0Z;  0Z;
Z oU; 0Qcji _ 0U; 0Qzi
0C}; OLc; 0Z; OL¢ci’

i=H,j=F (28)

i1=HF (29)

j=H,F
Condition states that the marginal utility of the homogeneous good has to be equalized across coun-
tries, implying that Z; = Z;, so that there is no trade in the homogeneous good due to symmetry. Since
0Qzi/0Lc; = —0Qzi /0L z;, condition states that the marginal value product of each country’s aggregate
1abor]§| evaluated with the marginal utility of the consuming country, has to be equalized across the three

sectors.

Note that since the aggregate representation of the model does not depend on firm heterogeneity, the planner’s

optimality conditions for the third stage with homogeneous firms are identical to those above.

Condition is satisfied in a symmetric market allocation, while is — in general — violated by the market

allocation unless (i) 77, = <=* and (i) 77y; = 1 for 4,j = H, F. Thus, the cross-sectoral allocation of labor is

inefficient unless labor subsidies equal to the inverse of the monopolistic markup are set by both countries and

trade taxes are not used.

Finally, we compare the planner solution of the third stage with the market allocation

L
LEF=aL<LEP=—2_ —HF
Ci al < Lg; a+e— 1’ ? ) (30)
NFT — al < NFB — ol i=HF
' 8\ ! ’ Piji a ’
e = |nt- e ()] re=1) = 1= Glom) (2)
Jj=H,F j=H,F

23We state the third stage of the planner problem as a choice between C;; and Z; (instead of a choice between C; and Z;) because
this enables us to identify the efficiency wedges in the welfare decomposition, as will become clear below. The results of this Section
are derived in Appendix@

24By construction aggregate labor already incorporates the optimal split of labor in the differentiated sector between the domes-
tically produced and consumed and the exportable bundles.

25In the case of homogeneous firms, NiFT = CE“—J% < Nl.FB = (a+05‘7£1)f’
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According to condition , the wedge in the marginal value product of labor between the homogeneous and the
differentiated sectors implies that the market allocates too little labor to the differentiated sector (LET < LEB)
and thus provides too little variety (NfT < NF'P). This reflects the fact that the monopolistic markup in the

differentiated sector depresses its relative demand.

3.4 Pareto efficiency and market equilibrium
The following Proposition summarizes all optimality conditions that need to be satisfied in order for the market
allocation to be Pareto optimal.
Proposition 1 Relationship between the planner and the market allocation
The market equilibrium coincides with the planner allocation if and only if:
(a)

Ou; 0Qcii  Ouj 0Qcyi
30” aLCii N 80]1 8Lcj¢ ’

(b) and (for the multi-sector model only)

o, _ v,

07, _ 07,
Z oU; 0Qcji _ 0U; 0Qzi
j=H

i=Hj=F

= = H, F
(, 0Cj OLci  9Z;0Le” '

Proof See Appendix[B.5] =

Proposition (I implies that the solution to the first stage of the planner problem always coincides with the
market allocation, so that the relative production of individual firms is optimal in any market equilibrium. By
contrast, for the market equilibrium to coincide with the solution to the second stage of the planner problem,
trade taxes cannot be operative because this would distort the consumption choice of the importable bundles.
Finally, the solution to the third stage of the planner problem (which is present only in the multi-sector model)
coincides with the market solution only when the amount of labor allocated across the differentiated sector is
efficient. This requires eliminating distortions from monopolistic markups with labor subsidies, as shown in the

next section.

4 The World Policy Maker Problem and the Welfare Decomposition

In the previous section we have derived the symmetric Pareto-efficient allocation chosen by the world planner

and have compared it with the market allocation. In this section, we solve the problem of the world policy maker
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who maximizes the sum of individual-country welfare and has all three policy instruments (labor, import and
export taxes) at his disposal. We show that, by solving the world-policy-maker problem using a total-differential
approach, we can obtain a welfare decomposition that: (i) incorporates all general-equilibrium effects of setting
policy instruments under cooperation; (ii) and consequently allows separating policy makers’ incentives driven

by pure beggar-thy-neighbor motives from efficiency considerations.

The world policy maker sets domestic and foreign policy instruments 7p;, 77; and 7x; in order to solve the

following problem:
max Z U; (31)
{053, vji, Pji, Cjis Wi =H,F
Pij, Lo, TLis Tris TXi by jm g p
subject to conditions —.
where U; is defined in 7 and with the additional restrictions that 7r; for i = H, F' is as defined in
@), Wi =1fori=H,Fifa<1andthat Wr =1 and L¢; = L for i = H,F if a = 1]

As a first step, solving the world policy maker problem using the total-differential approach involves taking total
differentials of and the equilibrium equations. We then substitute the total differentials of the equilibrium

equations into the objective to obtain the following welfare decomposition:
Proposition 2 Decomposition of world welfareE]

The total differential of world welfare in can be decomposed as follows:

dU; = (32)
i=H,F
NP A . -1p Jev ==7riTxi — 1) dLc; C..dr71P:)) — Co.d(r:t P
Z (1 — TXZ)P“dC” + (TIZ — 1)7‘17; P”dcu +Z e—1 7 (2 [ " Z Jt (TIJ 7 ) 1] (TIZ 3 ) . # Z
, I; , I; , I; /
i=H,F i=H,F i=H,F
consumption- efficiency wedge production- efficiency wedge terms-of-trade effect

where I; = W; L + T; is household income.
Proof See Appendix[C.1] m

This decomposition implies that changes in world welfare are given by the sum of the differentials of individual
countries’ welfare and can be written as the sum of three terms: a (i) consumption-efficiency wedge; a (ii)
production-efficiency wedge and (iii) terms-of-trade effects. Note that this decomposition is valid both with

heterogeneous and homogeneous firms.

The following Proposition allows interpreting the terms of the welfare decomposition.

26In the case of homogeneous firms, conditions - need to be dropped and (]ﬁ[)-(]ﬁ[) are replaced by and .
27 A predecessor of this welfare decomposition can be found in chapter 1 of [Helpman and Krugman| (1989).
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Proposition 3 Terms in the welfare decomposition

(i) The consumption-efficiency wedge is present in the one-sector and in the multi-sector model. In the market

equilibrium this term correspond to:

oU;
(1= tx:i) Py = S Pyy — 7xi P, i=H,F j#i (33)
807;]'
oU;
9C;;

i.e., it equals the wedges between the marginal rates of substitution of domestic and importable differenti-
ated bundles and their corresponding international relative prices. Hence, this term measures the welfare
effect of distortions in the relative choice of the domestically produced and consumed versus the imported

differentiated bundle.

(i) The production-efficiency wedge is present only in the multi-sector model (o < 1). This term corresponds

to:

€ 0Qcii 15 OQcyi  0Qz;
—TLiTxi — 1 = Txi Pii— - Pj;
e hTx il g, T e T ot

i=HF j+#i (35)

i.e., it equals the wedge between the marginal value product of labor in the differentiated sector and the
homogeneous-good sector evaluated at international prices. Hence, it measures welfare effects of distortions

due to the mis-allocation of labor across sectors.

(iii) The terms-of-trade terms are present in the one-sector and in the multi-sector model. They measure the
welfare effects due to changes in the terms of trade of both countries and sum to zero in any symmetric

equilibrium, .
Proof See Appendix[C.2] m

The consumption-efficiency wedge consist of the difference between the domestic and the international consumer
price of the domestically consumed and produced bundle, (1 — 7x;)P;;, times the differential in its consumption
plus the difference between the domestic and the international price of the imported bundle, (7r; — 1)7‘51Pij,
times the differential in its consumption. Proposition[3]provides an economic interpretation for the consumption-
efficiency wedge in . It represents the wedges between the marginal rates of substitution of the domestically
produced and consumed and the importable differentiated bundles and their corresponding international relative
prices. In order to avoid consumption wedges, the world policy maker should abstain from using trade taxes,
which distort consumption of the domestically produced and consumed versus the importable bundle relative
to their first-best levels. For instance — since consumers always set the marginal rate of substitution of Cj;
and Cj; equal to the bundles’ relative price P /Pij — in the presence of an export tax (7x; > 1) the first
wedge is negative. This implies that consumers allocate too much consumption to the domestically produced

and consumed bundle and too little to the imported one. Similarly, in the presence of a tariff (7;; > 1) the
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second wedge is positive, implying that the marginal rate of substitution of the importable and the domestically
produced and consumed bundle is larger than their international price Tl_ilPij. Thus, consumers allocate too

little consumption to the imported bundle and too much to the domestically produced one.

The production-efficiency wedge is present only in the case of multiple sectors (o < 1). It consists of the difference
between the international producer price of individual varieties and the international price of the homogeneous
good times the differential of labor allocated to the differentiated sector. According to Proposition[3] these terms
measure the difference of the marginal value product of labor between the differentiated and the homogeneous
sector. This term determines whether the allocation of labor across sectors is efficient. To guarantee production
efficiency, the world policy maker should set the labor subsidy 77,; or the export subsidy 7x; equal to the inverse

of the firms’ mark up, (¢ — 1)/e.

Finally, the terms-of-trade terms consist of the differentiated exportable bundle times the differential of its
international price minus the differentiated importable bundle times the differential of its international price.
An increase in the price of exportables raises domestic welfare and decreases welfare in the other country, while
an increase in the price of importables has the opposite effects. At the optimum the domestic and foreign terms-
of-trade effects exactly compensate each other, so that the differential of world welfare consists exclusively of

the consumption efficiency and the production efficiency terms.

Observe that the welfare decomposition in holds independently of the number of instruments at the disposal
of the world policy maker. However, as made clear by the next Proposition, if the world policy maker can set
all three policy instruments at a time, setting all the terms in the welfare decomposition in individually
equal to zero is in fact the solution to the policy problem in . It identifies the optimal coordinated policy

that implements the symmetric Pareto-efficient allocation as a market equilibrium.
Proposition 4 Optimal world policies and Pareto efficiency
When labor, import and export taxes are available,

(a) Solving the world-policy-maker problem in by using the total-differential approach requires to set each
of the wedges in equal to zero.

(b) As a result, under the optimal policy:

auU; oU,
. 5C;; _ o a0, o _ . L
(i) Txi = 1 &= Fp+P;; = 7xiPy and 171; = 1 &= =Py = 1Py for i = H,F and j # i, i.c.,
BC j 8C

the marginal rates of substitution of domestic and zmportable differentiated bundles are equal to their

corresponding international relative prices.

(ii) if a <1, S57riTxi = 1 <= 7xi Py BLCC” + IJIPN%C%CCJ’ = 6QZ1 fori=H,F and j # i, i.e., the
marginal value product of labor in the differentiated sector is equal to the marginal value of product in

the homogeneous-good sector evaluated at international prices.

(i) if o =1, 7x; = 71 = Ti = 1, i.e., in the one-sector model the free-trade allocation is optimal and if

a<l, mx;=71=1and 1; = % for i = H,F i.e., in the presence of multiple sectors the world
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policy maker abstains from using trade taxes and uses the labor subsidy to offset the monopolistic

distortion in the differentiated sector.
(¢) The world policy maker implements the planner allocation given that:

(i) by (b) (i) the second-stage wedge is closed, i.e.:

Ou; OQcii  Ouj OQcji . o
aC’” aLCii 80]1 aLCji’ t ’ J 7é 1

(ii) in the presence of multiple sectors by combining (b) (i) and (b) (ii) also the third-stage wedges are

closed, i.e.:

ou, _ou,
0Z;  0Z;’
> oU; 9Qcji _ 0U; 0Qz;

9C;; OLc; | 0Z; 0Le; |

i=H,j=F

j=H,F

Proof See Appendix[C.4] m

The interpretation of Proposition [4] is straightforward. In the one-sector model changes in world welfare are
given exclusively by consumption efficiency wedges. Production efficiency is always guaranteed in any market
allocation of the one-sector model: the monopolistic markup does not induce any cross-sectoral distortions in the
allocation of labor because of inelastic labor supply. Note that for the case of heterogeneous firms implementing
consumption efficiency is enough to ensure that all productivity cutoffs ¢;; are optimal, since this corresponds
to closing the gap between the marginal rate of substitution and transformation within the differentiated sector
in the second stage of the planner problem (equation ) This implies that the productivity cutoffs ¢;; are
optimal in the free-trade allocation but are distorted whenever trade taxes are used. Consequently, Lo; and
N; are also efficient. Hence, for the case of the one-sector model the free-trade allocation coincides with the

planner allocation.

By contrast, in the market equilibrium of the multi-sector model, monopolistic markups do cause distortions in
the allocation of labor across sectors: the size of the differentiated sector is too small, whereas the size of the
homogeneous sector is too large. Consequently, the world policy maker can fully restore Pareto efficiency by
providing a labor subsidy to the differentiated sector. Again, implementing consumption efficiency is enough to
ensure that all productivity cutoffs ¢;; are optimal. This implies that the productivity cutoffs ¢;; are optimal
in the free-trade allocation but are distorted whenever trade taxes are used. Finally, it follows that only the

measure of firms that try to enter the differentiated sector, IV;, is too low in the free-trade allocation.

Proposition (4] confirms the message from the planner problem: achieving production and consumption efficiency
requires abstaining from the use of trade taxes and, in the case of the multi-sector model, offsetting markups by

subsidizing labor. Most importantly, a key result is contained in points (a) and (c) of Proposition 4t closing the
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wedges in the welfare decomposition one by one is a necessary and sufficient condition for implementing
the Pareto-efficient allocation, which is the allocation chosen by the world policy maker. This makes clear that
the welfare decomposition in internalizes all the equilibrium constraints binding the world policy maker’s
optimal decisions in problem . For this reason, this decomposition incorporates all general equilibrium
effects and all relevant tradeoffs that the world policy maker faces when setting optimal policies. Finally, since
the world policy maker is concerned with implementing an efficient allocation, the terms in the above welfare

decomposition correspond unequivocally to consumption and production efficiency wedges.

5 Policy from the Individual Country Perspective

5.1 Individual Country Policy Maker Problem and the Welfare Decomposition

We now turn to the welfare incentives of policy makers that are concerned with maximizing the welfare of

individual countries and have either all policy instruments (labor and trade taxes) or a subset of them available.

The individual-country policy maker sets domestic policy instruments 7; € {7p;, T1;, Txi} in order to solve the

following problem:

max U; (36)
{053, w53, P43, Cji, Wi

subject to conditions —.

where T; € {rr;, 71;,7x;} for i = H, F and taking as given {rr;, 7/, 7x;}, with j # i. U; is defined in (3],
and with the additional restrictions that W; =1 for i = H, F if @« < 1 and that Wy =1 and L¢o; = L for
i=H,Fif a=1P

Again, as a first step for solving the individual-country policy maker problem given foreign policy instruments,
we take total differentials of the objective function and the constraints and substitute them into the differential
of the objective in order to obtain the welfare decomposition for individual countries. We will then use this

decomposition to solve for the Nash equilibrium of the policy game in Subsection [5.3

Proposition 5 Decomposition of individual-country welfare

28In the case of homogeneous firms, conditions — need to be dropped and — are replaced by and .
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The total differential of individual-country welfare in can be decomposed as follows:

dU; = (37)
(1 = 7x4) PuudCii + (r1: — V)7, PydCi n <6—L17“7Xi B 1) dLci N Cyid(ry;' Pyi) — Cygd (7, Piy) oy
Ii Ii Ii ) J
consumption-efficiency wedge production-efficiency wedge terms-of-trade effect

where I; = W; L + T; is household income.
Proof See Appendix[D.1] =

Note that this welfare decomposition is valid both with homogeneous and heterogeneous firms and independently
of the number of policy instruments that the domestic policy maker has at her disposal. Individual-country
policy makers care about domestic consumption efficiency and production efficiency. Moreover, they also take
into account the terms-of-trade effects of their policy choice, as these are not zero, even in the symmetric
equilibrium. Comparing the welfare decomposition with the one of the world policy maker allows us to separate

incentives aiming at achieving efficiency from beggar-thy-neighbor motives.

From Proposition [4] (b) (iii) we know that in the one-sector model the free-trade allocation is optimal from the
perspective of the world policy maker. It is implemented by abstaining from the use of taxes, which allows
setting the consumption-efficiency term equal to zero. However, for the individual-country policy maker, this
allocation is not optimal because of the presence of terms-of-trade effects. It thus follows that: first, any
deviation from the free-trade allocation must be due to terms-of-trade effects; second, any such deviation is
a pure beggar-thy-neighbor policy, defined as an increase in domestic welfare that is compensated by an equal
fall in the foreign one, i.e., a zero-sum game, because foreign terms-of-trade effects equal the opposite of their

domestic counterpart@

For the case of the multi-sector model, we know from Proposition 4| (b) (iii) that the world policy maker sets a
labor subsidy in order to implement production efficiency. By contrast, the individual-country policy maker not
only has the objective of achieving domestic production efficiency but also tries to manipulate domestic terms
of trade in her favor. Thus, her incentives to deviate from free trade are due to a combination of production
efficiency and terms-of-trade incentives. Consequently, their policy choices aim both at improving efficiency
and at achieving pure beggar-thy-neighbor effects. Observe that policies aiming at improving efficiency may also

induce externalities on the other country as a side effect.

29Costinot et al.| (2016) also emphasize that in the one-sector heterogeneous-firm model terms-of-trade effects are the only
externality driving the incentives of individual-country policy makers. Differently from us, they define the concept of efficiency
from the individual-country perspective as the allocation that a planner concerned with maximizing individual-country welfare
chooses. However, this allocation generally does not coincide with the allocation that is Pareto efficient and thus does not allow
gaining insights into the purpose of trade agreements.
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The following Corollary summarizes these observations:
Corollary 1 Individual-country incentives

(a) In the one-sector model, any deviations of indiwidual-country policy makers from free trade are due to

terms-of-trade effects.

(b) In the multi-sector model, individual-country policy makers’ deviations from free trade are driven by terms-

of-trade and production-efficiency effects.

(¢c) Terms-of-trade effects are the only pure beggar-thy-neighbor effects.

5.2 How Policy Instruments affect the Terms of Trade and Production Efficiency

Before studying strategic policies in Section we first analyze how unilateral policy choices affect the terms of
trade and the efficiency wedges and thereby the welfare of individual countries. We are particularly interested in
explaining the different channels through which policy instruments impact on the terms of trade and efficiency.
As mentioned previously, the macro terms of trade can be influenced both through changes in the international
prices of individual exportable and importable varieties and through changes in the measure of exporters and

importers.

Note that, when starting from a symmetric allocation, the impact of a unilateral policy change on the terms of

trade can be written as:

Cisld(rr;' Pi) = d(r;' Py)] = (38)
drr; drx; aw;  dW; 1 dLc; dLc;  ddys ddi; dy;; dosi;
—1 Li Xi i j Cj Ci ij ' Pij Pji
1p ... _ _ _ _
Al ( Wi W >+5—1 Le, Lo Oy 0u | ( Pij P > ’

(4) (i) (i) (iv)

where deviations are defined as dX;/X; = gi; X%dn,;. We discuss the impact of tariffs (i.e., d7; = d7x; = 0)
in more detail and then provide results for the other instruments. Thus, a domestic tariff influences the terms
of trade (i) by changing the relative wage; (ii) by affecting the amount of labor allocated to the differentiated
sector in both countries; (iii) by impacting on the average variable profit share of domestic and foreign firms in
their respective export markets; (iv) by moving the cutoff productivity levels of domestic and foreign exporters.
Here, (i) corresponds to a a change in the price of individual varieties, while (ii)-(iii) correpond to changes in the
measure of exportables and importables. Finally, (iv), the change in the cutoff productivity levels, impacts both
on the average price of individual varieties and the measure of domestic and foreign exporters@ In particular,

an increase in the domestic relative factor price raises the price of exported varieties relative to imported ones

30An alternative decomposition splits the price index of exportables and importables into an extensive margin [N;(1 —

=~ 5jilei\ 7T (g N 1 W,
G(pji))]t—¢ = (Jéjfiﬂ&) et (%) and an intensive margin lelpji(t,pji) = S5 (75TXiTLi) <¢j1>. Thus, d;; and Lc; only
impact on the extensive margin, and W; only impacts on the intensive margin, while ¢;; affects both margins.
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and improves the terms of trade. By contrast, an increase in the amount of labor allocated to the domestic
differentiated sector worsens the terms of trade by reducing the price index of exportables via an increase in
the number of varieties, while an increase in foreign labor allocated to the differentiated sector improves them
by reducing the price index of importables. Domestic terms of trade worsen with an increment in the average
variable-profit share of domestic firms from exports and improve in the foreign share by changing the measure
of firms that export to each market. Finally, an increase in the domestic cutoff-productivity level for exports
worsens the terms of trade both by making the average exportable variety cheaper and by affecting the measure

of exporters, whereas an increase in the foreign productivity cutoff has the opposite effect.

We first discuss the impact of a small unilateral tariff (i.e., dr; = drx; = 0) in the one-sector model (i.e.,
dLcj = dLc; = 0), starting from free trade. In the presence of a single sector, the terms-of-trade effects of a

small tariff are positive and given byP]

dw,  dw; L, [(déy;  déj de;;  deji
P,.Ci; Lo D I [ L YR >0 39
v (Wi Wj)Jr(E ) (5ij 5j'>+<%'j Wji) (39)
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A tariff raises home’s demand for domestically produced varieties and thus, ceteris paribus, home firms’ profits
and the demand for domestic labor. Since labor supply is completely inelastic in the one-sector model, home’s
relative wage needs to adjust upward in response to a positive change in labor demand ((i)> 0), thereby reducing
equilibrium profits of domestic firms. Moreover, the increase in relative domestic income increases the share of
variable profits of firms from both countries made in home’s domestic market, which improves home’s terms of
trade ((iii)> 0). Finally, the increase in the relative domestic wage leads to tougher selection into exporting at
home and less selection in the other country, which negatively impacts on home’s terms of trade ((iv)< 0). In
the absence of firm heterogeneity the tariff exclusively raises home’s relative wage. Firm heterogeneity leads to
two additional and opposing effects: if heterogeneity mostly affects the variable-profit share from exports, terms
of trade respond more to tariffs compared to the case of homogeneous firms; by contrast, if selection effects are
large firm heterogeneity tends to reduce the response of the terms of trade by reducing the average price of
exported varieties relative to the one of imported varieties. Note also that in the one-sector model production
efficiency is always guaranteed, so the only incentive to deviate from free trade by setting a tariff is the positive

terms-of-trade effect.

Finally, we consider the impact of a unilateral export tax. Differently from a tariff, an export tax increases the
international price of individual varieties directly but reduces the demand for domestic labor and thus home’s
relative wage. In the presence of homogeneous firms, the first effect dominates leading to a terms-of-trade
improvement. By contrast, with heterogeneous firms the direct increase in the international price of individual

varieties is completely offset by a drop in home’s relative wage, while the impact on domestic and foreign

31In Appendix we sign the contribution of each component to the terms-of-trade effect for the one-sector model.
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labor shares and export cutoffs is symmetric, so that these effects compensate each other. Thus, the total

terms-of-trade-effect of an export tax is zero. The following Lemma summarizes these results.
Lemma 1 Unilateral deviations from free trade in the one-sector model

Consider a marginal unilateral increase in each trade policy instrument at a time, starting from the free-trade

equilibrium, i.e., with 7, = 71, = 7x; = 1 for i = H,F. Then:
(a) the production-efficiency wedge is zero for all policy instruments.
(b) the consumption-efficiency wedge is zero for all policy instruments.

(c) the terms-of-trade effect is positive for Tr;, positive for Tx; when firms are homogeneous and zero for Tx;

when firms are heterogeneous.

(d) the total welfare effect is positive for T1;, positive for Tx; when firms are homogeneous and zero for Tx; when

firms are heterogeneous.
Proof See Appendix[D.5] =

We now turn to the multi-sector model (i.e., dW; = dW,; = 0). In this case the terms-of-trade effect of a small

tariff starting from free trade is negative and given by@

dLc;  dLg dé;;  doi; dp;;  dp;;
PGy (e — 1)1 (CJ - C) He—1)t (ﬂ - J) + (‘p] = %) <0 (40)
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A small tariff increases home’s demand for domestically produced varieties and thus, ceteris paribus, the profits
of home firms and the demand for domestic labor. Since wages are pinned down by the linear outside sector
and workers can freely move across sectors, labor supply is perfectly elastic. Therefore, home labor supplied
to the differentiated sector surges in response to the positive change in labor demand, raising the measure of
domestic firms and reducing their equilibrium profits. At the same time, foreign firms experience a drop in
demand and profits, leading to a reduction in foreign labor employed in the differentiated sector. These effects
impact negatively on home’s terms of trade ((ii)< 0). Moreover, in the presence of heterogeneous firms there are
two additional effects, the sign of which depends on whether firms make the larger fraction of variable profits in
the domestic (6;; > 1/2) or in the export market (d;; < 1/2). In the first case, the tariff increases the variable-
profit share of home firms and decreases the variable-profit share of foreign firm made in their respective export
markets, which worsens home’s terms of trade ((iii)< 0) (more home exporters and less foreign exporters). In
addition, the tariff leads to less selection into exporting at home and more selection in the other country, which

positively impacts on home’s terms of trade ((iv)> 0). When d;; < 1/2 the signs of the last two effects switch,

32In Appendix we sign the contribution of each component to the terms-of-trade effect for the multi-sector model.
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but the overall terms-of-trade effect of a small tariff deviation from free trade remains negative.

Because the tariff increases the amount of labor allocated to the differentiated sector, it induces a positive
production-efficiency effect when starting from free trade and thus creates a trade-off between increasing pro-
duction efficiency and worsening the terms of trade. Which of the two effects dominates in welfare terms depends
again on &;;: when d;; is larger than one half, so that the domestic market is more important in terms of profits,
production-efficiency effects are dominant. Intuitively, when firms sell mostly to the domestic market, welfare
gains from improving the terms of trade are small and policy makers care mostly about domestic production

efficiency.

Analogous results hold for export and labor taxes: they improve domestic terms of trade by shifting labor away
from the differentiated sector, which simultaneously worsens domestic production efficiency. Again, the total

welfare effect depends on the magnitude of §;;. The following Lemma summarizes these findings.

Lemma 2 Unilateral deviations from free trade in the multi-sector model Consider a marginal uni-
lateral increase in each policy instrument at a time starting from the free-trade equilibrium, i.e., with 1r; =

71 =7x; =1 fori=H, F. Then:

(a) the production-efficiency wedge is positive for T; and negative for Tx; and Tr;.
(b) the consumption-efficiency wedge is zero for all policy instruments.

(c) the terms-of-trade effect is negative for tr; and positive for Tx; and Tr,;.

(d) the total welfare effect is positive for Tr; and negative for Tx; and 7r; if and only if §;; € (%, 1) or when

firms are homogeneous.
Proof See Appendix[D.6] =

To summarize, the direction in which a particular policy instrument moves the terms of trade depends crucially
on the elasticity of labor supply. Moreover, when considering unilateral deviations in the multi-sector model the
qualitative impact of policy instruments on welfare also depends on firm heterogeneity. In particular, whether
unilateral policy makers would like to set a tariff or an import subsidy depends on the variable profit share
from domestic sales (analogous statements hold for the other policy instruments). However, below we show that
optimal strategic policies are qualitatively independent of firm heterogeneity as long as policy makers dispose

of sufficiently many instruments.

5.3 Strategic Trade and Domestic Policies

After having analyzed individual-country incentives to set taxes in the absence of retaliation, we now turn to
the case of strategic interaction and let individual-country policy makers set policy instruments simultaneously
and non-cooperatively. Since we already know from the welfare decomposition that in the one-sector model

deviations from free trade are exclusively due to terms-of-trade effects, we focus here on the more interesting case
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of the multi-sector model, where both production-efficiency and terms-of-trade motives are present. Moreover,
for the moment we allow both domestic policies 77; and trade policies 77;, Tx;, for i = H, F to be used.
Individual-country policy makers solve the problem described in . Similarly to the world policy maker
problem, the welfare decomposition in holds independently of the number of instruments at the disposal
of the individual-country policy maker and corresponds to the policy maker’s objective. After substituting
additional equilibrium conditions, it can be written in terms of three terms that are individually equal to zero

at the optimum. Proposition [] states this more formally and characterizes the symmetric Nash equilibrium.
Proposition 6 Strategic trade and domestic policies
When labor, import and export taxes are available,

(a) It is possible to rewrite as follows:

1

du; = 7

[QciidCii + QcijdCij + QreidLes)

where Qcii, Qcoij and Qi are defined in Appendiz .

(b) Solving the individual-country policy maker problem in by using the total-differential approach requires

setting Qo = Qcij = Qrei = 0.

(c) As a result, any symmetric Nash equilibrium in the multi-sector model with homogeneous or heterogeneous
firms when both countries can simultaneously set all policy instruments entails the first-best level of labor

subsidies, and inefficient import subsidies and export tazes. Formally,

Nash __ e—1 Nash Nash
TI ==, 77 <1 and 7y > 1.

Proof See Appendix[D.7] m

Our welfare decomposition allow us to interpret the Nash policy outcome stated in Proposition [6} Domestic
policies are set efficiently even under strategic interaction and do not cause any beggar-thy-neighbor effects, while
trade policy instruments are used to try to manipulate the terms of trade. As made clear by the discussion in the
last sub-section, an import subsidy or an export tax both aim at improving the terms of trade. Consequently,
even in the presence of domestic policies terms-of-trade externalities remain the only motive for signing a trade
agreement. Proposition |§| extends the result of |Campolmi et al| (2014) — who find that in the two-sector
model with homogeneous firms strategic trade policy consists of first-best labor subsidies and inefficient import

subsidies and export taxes — to the case of heterogeneous firms.

The result that labor subsidies are set so as to completely offset monopolistic distortions is an application of
the targeting principle in public economics (Dixit}, [1985). It states that an externality or distortion is best
countered with a tax instrument that acts directly on the appropriate margin. If the policy maker disposes
of sufficiently many instruments to deal with each incentive separately, she uses the labor subsidy to address

production efficiency. The trade policy instruments are instead used to exploit the terms-of-trade effect, which
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is the only remaining incentive according to our welfare decomposition. Because there are two relative prices
(the one of the differentiated exportable bundle and the one of the differentiated imporable bundle relative to

the homogeneous good) two trade-policy instruments are necessary to target both.

This result implies that firm heterogeneity neither adds further motives for signing a trade agreement beyond
the classical terms-of-trade effect nor changes the qualitative results (import subsidies and export taxes) of the
equilibrium outcome compared to the case with homogeneous firms. This finding is different from the unilateral
case (Lemma , where the welfare effects of unilateral deviations in trade taxes depend on parameter values,
as summarized by the share of variable profits from domestic sales. It also differs from the results of |Costinot et
al| (2016)), who find in a slightly more general model that the optimal unilateral policy may not only be affected
quantitatively but also qualitatively by firm heterogeneity.

Our finding that domestic policies do not introduce new motives for trade policy coordination is closely related
to the conclusion of Bagwell and Staiger| (1999) and Bagwell and Staiger| (2016]), who uncover that in a large
class of economic models terms-of-trade motives are the only reason for signing a trade agreement.Proposition [6]
extends their result (i) to models with monopolistic competition and heterogeneous firms; and (ii) the presence

of domestic policies.

Finally, we turn to the optimal design of trade agreements from the perspective of monopolistic competition
models. Again, we focus on the multi-sector model, which features a clear motive for domestic policiesﬁ
Obviously, implementation of the first-best allocation requires a trade agreement that includes cooperation
on both trade and domestic policies (see Proposition . However, most trade agreements — in particular,
GATT-WTO - do not regulate domestic policies to the extent that they do not imply outright discrimination
of foreign goods@ We therefore consider a situation where domestic policy is set non-cooperatively in the
presence of a trade agreement that prevents countries from choosing trade policy instruments strategically. For
simplicity, we focus on the case of full trade liberalization, as required, e.g. by a regional trade agreement under
Article 24 of GATT-WTO, but one can also think of a multilateral agreement that prevents countries from
using trade instruments strategically, such as GATT- WTOE In the case where only domestic policies can be
set strategically, individual-country policy makers face a missing-instrument problem and there is a trade off
between increasing production efficiency (calling for a labor subsidy) and improving the terms of trade (calling
for a labor tax). Thus, it is ex ante unclear which motive dominates in equilibrium and one has to characterize

the Nash-equilibrium policies.

33In the one-sector model the free-trade allocation is Pareto optimal and individual-country policy makers’ only incentive is to
manipulate their terms of trade. Thus, the use of any type of policy instruments (both trade and labor taxes) should be restricted
by a trade agreement.

34 GATT Article IIT (1): The contracting parties recognize that internal taxes and other internal charges, and laws, regulations
and requirements affecting the internal sale, offering for sale, purchase, transportation, distribution or use of products, and internal
quantitative regulations requiring the mixture, processing or use of products in specified amounts or proportions, should not be
applied to imported or domestic products so as to afford protection to domestic production. (...) (8 b) The provisions of this Article
shall not prevent the payment of subsidies exclusively to domestic producers, including payments to domestic producers derived
from the proceeds of internal taxes or charges applied consistently with the provisions of this Article and subsidies effected through
governmental purchases of domestic products.

35GATT-WTO features tariff bindings and prohibition of export taxes.
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Proposition 7 Strategic domestic policies in the presence of a trade agreement
When only labor taxes are available,

(a) It is possible to rewrite as follows:
dU; = —*dL¢; (41)

where Q; is defined in Appendiz[D.8

(b) Solving the individual-country policy maker problem in by using the total-differential approach when
T =Txi = 1, i = H, F requires setting ; = 0.

(c) As a result, the symmetric Nash equilibrium of the multi-sector model when trade tazes are not available and
both countries can simultaneously set labor tazes is characterized as follows: it exists, is unique and entails
positive but inefficiently low labor subsidies when the average variable-profit share from sales in the domestic
market, 8;;, is larger or equal than 1/2 or when firms are homogeneous. Otherwise, the Nash equilibrium

generically entails positive labor taxes. Formally:

[ If (5“ Z then 55;1 S Ti\’ash S ].,'

N|—=

o Ifd; < 2 and € > 3 < then Ti\](‘wh > 1;

o Ifd; € {22@13 3 f) and € < 3*?0‘ then TiVash > 1;

o Ifd; € [O, %) and € < ?’_To‘ all of the following cases may occur: non-existence of a Nash

equilibrium; existence of a unique Nash equilibrium with T3 ash > 1; existence of two Nash equilibria.
Proof See Appendix[D-8 =

Proposition [7| extends the result of |(Campolmi et al.| (2014) to firm heterogeneity. Thus, if the average variable-
profit share stemming from domestic sales accounts for the larger part of profits, strategic domestic policies stilt
feature positive subsidies. However, these subsidies are inefficiently low, reflecting the trade off between closing
the production-efficiency wedge and improving the terms of trade. Thus — while an efficient agreement requires
coordination of trade and domestic policies — in this case a trade agreement that prohibits the use of both trade
and domestic policies fares worse in welfare terms than one that allows countries to choose domestic policies
strategically. By contrast, when the variable-profit share from domestic sales falls below one half, strategic
domestic policies feature a labor tax, which worsens the allocation compared to the laissez-faire free-trade
allocation. In this case a trade agreement that prohibits the use of trade and domestic policies fares better in
welfare terms than a trade agreement that allows countries to choose domestic policies strategically. Moreover,
one can show that d;; is increasing in 7;; and f;; for j # i. Thus, as physical trade barriers fall, the variable-profit
share from domestic sales falls and may even become smaller than one half. Therefore, with low physical trade
barriers and uncoordinated domestic policies countries are more likely to end up in a situation that is worse

than the laissez-faire free-trade equilibrium. Consequently, the proportional welfare gains from coordinating
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domestic policies in the presence of a trade agreement rise as physical trade barriers fall. These insights on the

welfare effects of trade agreements are summarized by the following Proposition and the associated Corollary.
Proposition 8 Welfare effects of strategic domestic policies in the presence of a trade agreement

Assume that 71; = 7x; = 1 for i = H, F and let the average variable-profit share from sales in the domestic

market be given by ;.

(a) When 6;; > % or in the presence of homogeneous firms, the symmetric Nash equilibrium when countries can
only set domestic policies strategically welfare-dominates the laisez-faire free-trade allocation with 1, = 1,

i=HF.

(b) When é;; < % the symmetric Nash equilibrium when countries can only set domestic policies strategically s

welfare-dominated by the free-trade allocation with 7, =1, 1= H, F.
(c) ;i is increasing in T;; and fi;, j # t.
Proof See Appendix[D.9] =
Corollary 2 The design of trade agreements in the presence of domestic policies
(a) Implementing the first-best allocation requires a joint agreement on trade and domestic policies.

(b) When 6;; > % or in the presence of homogeneous firms, an agreement that forbids the strategic use of trade
policies and allows countries to set domestic policies freely welfare dominates an agreement that forbids

countries to use domestic and trade policies.

(c) When 6;; < % an agreement that forbids countries to use domestic and trade policies welfare dominates an

agreement that forbids the strategic use of trade policies and allows countries to set domestic policies freely.

(d) The proportional welfare gains from a joint agreement on trade and domestic policies compared to an agree-
ment that only prohibits trade taxes but allows countries to set domestic policies freely are larger when

physical trade barriers are small compared to when they are large.

6 Conclusion

Trade models with monopolistic competition and heterogeneous firm (Melitz, |2003) have become the workhorse
for positive analysis in trade theory. Surprisingly, so far relatively little research has been dedicated to the
normative implications of this framework. In particular, the question which international externalities are solved
by trade agreements in multi-sector models with heterogeneous firms and how to design trade agreements from
their perspective has so far not been addressed by the literature. This is reflected in the review article by
Bagwell and Staiger| (2016]), who limit their discussion of the design of trade agreements to homogeneous-firm

models.
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In this paper we have made progress on several fronts. Starting with the observation that trade models with
CES preferences and monopolistic competition have a common macro representation, we have shown that this
class of models also has common welfare incentives for trade and domestic policies. Solving the problem of a
world policy maker, we have derived a welfare decomposition that decomposes world welfare changes induced by
trade and domestic policies into changes in consumption wedges and production wedges. As long as the world
policy maker disposes of a sufficient set of instruments, she closes these wedges one by one and implements
the first-best allocation. In the multi-sector model this requires using labor subsidies to offset monopolistic

markups.

From the individual-country perspective, welfare incentives for trade and domestic policies are additionally
governed by terms-of-trade incentives. This makes clear that terms-of-trade effects are the only pure beggar-

thy-neighbor externality in this class of models.

Then we have discussed how individual policy instruments affect the terms of trade. We have shown that
firm heterogeneity matters here in two respects: first, through selection into exporting, by affecting the cutoff

productivity of exporters; second, via the impact on the variable-profit share arising from sales in each market.

Finally, we have studied strategic trade and domestic policies within the multi-sector heterogeneous-firm model.
We have shown that when all policy instruments can be set strategically, the Nash equilibrium entails the
first-best level of labor subsidies and inefficient import subsidies and export taxes that aim at improving the
terms of trade. This result is qualitatively independent of firm heterogeneity. Thus, even in the presence of firm
heterogeneity and domestic policies terms-of-trade motives remain the only reason for signing a trade agreement.
Moreover, when a trade agreement prevents countries from use trade policy strategically, domestic policies are
set to balance a trade off between improving the terms of trade and increasing production efficiency. Nash-
equilibrium domestic policies — and thus, whether the strategic use of domestic policies should be proscribed by
a trade agreement — depends on the variable profit-share on domestic sales. When this number is larger than
one half, the Nash equilibrium features positive (albeit inefficiently low) labor subsidies. By contrast, when this

number is smaller than one half, the Nash equilibrium is characterized by positive labor taxes.

To conclude we point out some limitations of our work and discuss directions for future research. The main
restriction of the CES framework with monopolistic competition is that markups are constant and independent
of the level of competition. Empirically, markups tend to be higher for more productive firms and pass through
is incomplete (Hottman, Redding and Weinstein, [2016). Relaxing the constant-markup assumption requires
either to dispense of CES preferences or to introduce oligopolistic firms (Atkeson and Burstein), |2012). See
Bagwell and Lee| (2015]) for an analysis of strategic trade policy in monopolistic competition models with linear
demand. In the presence of variable markups achieving production efficiency necessitates firm-specific subsidies
and in their absence policy makers operate in a second-best environment. A further potential extension of our
study is to analyze optimal trade and domestic policies in the presence of trade in intermediate inputs and

global production chains. Here, Blanchard, Bown and Johnson| (2017) provide some first insights.
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APPENDIX

A The Model

A.1 Households

Given the Dixit-Stiglitz structure of preferences in , the households’ maximization problem can be solved in
three stages. At the first two stages, households choose how much to consume of each domestically produced
and foreign produced variety, and how to allocate consumption between the domestic and the foreign bundles.
The optimality conditions imply the following demand functions and price indices:

Dij - Pyl o
coto)= |22 ey, ey = || o as-mr (A1)

1
1—e

P Py=

JEH,F

1
i—e¢

P; , 4L,j=HF (A_Z)

N, [ teracts)

ij

Here P; is the price index of the differentiated bundle in country i, P;; is the country-i price index of the
bundle of differentiated varieties produced in country j, and p;;(¢) is the country-i consumer price of variety ¢
produced by country j.

In the last stage, households choose how to allocate consumption between the homogeneous good and the
differentiated bundle. Thus, they maximize subject to the following budget constraint:
PCi+pziZi=1;, i=HF

where I; = W; L+T; is total income and 7T; is a lump sum transfer which depends on the tax scheme adopted by
the country-i government. The solution to the consumer problem implies that the marginal rate of substitution
between the homogeneous good and the differentiated bundle equals their relative price:

« Zi_ P;
1—aC;  pzi

, i=HF (A-3)

Then following Melitz and Redding| (2015), we can rewrite the demand functions as
cij(p) = pij(p) “Ai, Ciyy =P %A, Ci=P °A;, i=HF, (A-4)

where A; = Pf*lodi‘ A; can be interpreted as an index of market (aggregate) demand.

A.2 Firms
A.2.1 Firms’ behavior in the differentiated sector

Given the constant price elasticity of demand, optimal prices charged by country-¢ firms in their domestic
market are a fixed markup over their perceived marginal cost (TLi%), and optimal prices charged to country-j
consumers for varieties produced in country ¢ equal country-¢ prices augmented by transport costs and trade
taxes

e W, ..
pji(p) = TR Ty o B = HF (A-5)
The optimal pricing rule implies the following firm revenues:
ri(p) = 7150 (@) () = Triipji(0) T Ay = ery Srpsm W TSI By, i= H,F, (A-6)
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1—¢
where B; = (—1> éAi. Profits are given by:

1—¢
TLiWi l—e,_—¢ Tji(‘)@)
5 ) Te TmaT Wil = =—_—

ﬁji((p) = Bj ( — TLiWifji7 7, = H, F (A—?)

A.2.2 Zero-profit conditions

Firms choose to produce for the domestic (export) market only when this is profitable. Since profits are
monotonically increasing in ¢, we can determine the equilibrium productivity cutoffs for firms active in the
domestic market and export market, ¢;;, by setting 7;;(¢;;) = 0, namely:

75i(pji)
&

mji(pji) = 0= =7LiWi fji (A-8)

As in Melitz| (2003), we call these conditions the zero profit (ZCP) conditions. Using (A-7)) we rewrite (A-8) as

follows:

Bj =T5 1TL1TTJZWE(p]Z 7’3.7 = HaF (A_g)

]Z

A.2.3 Free-entry conditions (FE)

The free entry (FE) conditions require expected profits (before firms know the realization of their productivity)
in each country to be zero in equilibrium:

> / m5i(0)dG(p) = TLiWifE
JEH,F 7 #ii
Substituting optimal profits (A-7)), we obtain

> /.

jEH,F Y Pii

1-¢
(TLl l) lei_ETT_ji- —1LiWifji| dG(p) = TL:WifE (A-10)

A.2.4 Firms’ behavior in the homogeneous sector

Since the homogeneous good is sold in a perfectly competitive market without trade costs, price equals marginal
cost and is the same in both countries. We assume that the homogeneous good is produced in both countries
in equilibrium. Given the production technology, this implies factor price equalization in the presence of the
homogeneous sector:

pzi=pzj =Wi=W; =1

A.3 Government

The government is assumed to run a balanced budget. Hence, country-i government’s budget constraint is given
by:

T; = (r1; — V)77, P Cij + (Txi — )TT]zP iCjit

+ (i = DN | > /

k=H,F "V ki

(‘-”“””w) o)+ fu| i=HF j#i
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Government income consists of import tax revenues charged on imports of differentiated goods gross of transport
costs and foreign export taxes (thus, tariffs are charged on CIF values of foreign exports), export tax revenues
charged on exports gross of transport costs, and labor tax revenues.

A.4 Equilibrium

Substituting ZCP (A-9)) into FE (A-10)), we obtain:
SZ" e—1
S -G () =g+ X 50-Gle)) i=ILE (A-11)
j=H,F Pji j=H,F
where

1
e—1

. 4,j=HF, (A-12)

@,, = /00 908—1 dG(@)
! i 1—G(eji)

which correspond to and (7) in the main text. Moreover, dividing the ZCP conditions (A-9), we obtain

condition @ in the main text:

1 £ £
P faa N8 (o N\ W\t ) -
(2)=(7)" () (W) it = (A13)

The remaining equilibrium equations are then given as follows:

Consumption sub-indices which can be determined using (A-4)) jointly with (A-9)):

e—1
—& € E— —£ ..
CZ” = Pij (E - 1) ETéjTij lT%ij(pzlj W;fija )= H7 F (A_14)

Price sub-indices which emerge from substituting (A-5|) into (A-2]):

1—¢
_ € el
P = (6 — 1) N;(1 = G(ig))(TigTrijrey) @5 "W)™, i,j=H,F (A-15)

Aggregate profits II; are given by II; = R; — 71,;W;Lc; + 70.;W;N; fr, where R; are aggregate revenues,

R, = N; Zj:H ” :ci 7ji(p)dG(p). From the FE condition (A-10) it then follows that IT; = 71, W; N, fr
, i

and thus R; = 7p;W; L¢;. Substituting the definition of optimal revenues ({A-6)) into the previous condition,

we get

miWiloi =eNi ) / Byr} s WS o G ()

j=H,F Y ¥ii

Combining this condition with and (A-9)), we obtain:

Labor market clearing in the differentiated sector

Loi=eNi Y f(1=Glps)) +efeN; i=HF (A-16)
j=H,F

This can be solved for the equilibrium level of N;:
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_ L
a 523‘:11,17 [5i(1 = G(pji) +efe

N; i=H,F (A-17)

Combining this last condition with (10), plugging into (A-14) and (A-15) and taking into account the
definition allow us to recover and in the main text.

In the presence of the homogeneous sector, the trade-balance condition is given byﬂ

(Qzi — Zi) + 7;' P;iCji = 77, PiCiy i=H,j=F

The left-hand side of this equation is the sum of the net export value of the homogeneous goods and
the value of the differentiated exportable bundle (at CIF inclusive international prices), while the right-
hand side is the value of the differentiated importable bundle (at CIF inclusive international prices). In
the absence of the homogeneous sector the first term is zero and we can use this condition directly. By
contrast, in presence of this sector, we can use the fact that > S HF P;;C;; = P,C; to rewrite (A-3) as:

1—
A Gl N PGy i=HF (A-18)

« .
j=H,F

We can combine this equation with the trade-balance condition above and the aggregate labor market
clearing L = L¢; + Lz; to obtain:

Trade-balance condition

(1-a)

L—Lci — > PuCa+ 1, PjiChi = 7, PijCyj, i=H,j=F, (A-19)

k=H,F
which corresponds to condition (|13]).

Finally, when the homogeneous sector is present, we also require equilibrium in the market for the ho-
mogenous good, i.e. > . . nQzi = >,y pZi. Combining this condition with aggregate labor market
clearing and demand for the homogeneous good (A-3) we obtain:

Homogeneous good market clearing condition

Z (L—Lci) = 1;04 Z Z P;;Cij, (A-20)

i=H,F i=H,F j=H,F

which coincides with condition (14).

A.5 From Melitz to Krugman (1980)
In this section we show how the equilibrium equations to need to be modified to obtain the Krugman
(1980) model.
To obtain the Krugman (1980) model with homogeneous firms, the following assumptions are needed:
1. Let f;; =0 for ¢,j = H, F (there are no fixed market access costs).
2. Let G(p) be degenerate at unity.
3. Conditions @, @ and need to be dropped from the set of equilibrium conditions.

36Import taxes are collected directly by the governments at the border so they do not enter into this condition.
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The free-entry conditions are given by

E w5 =T1LWifg, i1=H,F
JEHF

In the absence of fixed market access costs profits are given by:

1—¢
7ji = B, (T“' ) rfre i=H,F (A-21)
Jji =13 o i TTji = 11,

From the free-entry conditions we can solve for B; and B; as function of W;, W; and the policy instruments:

€ € e e—1_¢ W,
TeW; [TLJ' —TLiTi; TTji (WJ

—€,_l—e _ _¢ e—1
[TTisz'j T14iTij }

B, ) } i=HF (A-22)

Moreover, by substituting the optimal pricing decision into the definition of the price indices and observing that
Nj = Loj/(efp):

1

£ 1 1 ..
P = (6 — 1) (efe) = (TijTrijTe;)W;Le;t,  i,j=H,F (A-23)

From the definition of Cj;:

e—1
Oy = P * (5 - 1) eB;, i,j=H,F (A-24)

Substituting the expression for F;; and B;, we obtain

1>
_ —€, —¢€ e —&.—1_¢ —e (W;
€ ! = = {TTijTij T TLiTL; Tij T15iTTij (Wj) ]
Cij = L&' (efep)=1 (A-25)
—1 J —e _1—¢ € e—1
TrijTi;  — T14iTij

Thus, if the homogeneous sector is present (o < 1), the equilibrium is given by equations (A-23) and (A-25|)
together with , and and the fact that W; = 1 for ¢« = H. For the case of « = 1. Lg; = L for
j=H,F

A.6 System of equations for the one-sector model

In this section we show how the equilibrium conditions @- simplify when « = 1, i.e., when there is no
homogeneous sector. In this case Z; = 0 and Ly = L for i = H, F. Remember also that W; =1 for j = F,
implying dW; = 0. Also, in the one sector model we do not allow for labor tax/subsidy as the free trade
allocation is already efficient, i.e., we set 7, = 1 for i = H, F.

The equilibrium conditions @- remain the same but for 7r; = 71; = 1 for 4,j = H, F. Imposing Z; = 0
into gives us:

Y PCi=0 i=HF
j=H,F

which, together with Lo; = L makes an identity. Finally, (13 simplifies to:

T[_jlpjicji = T]_ilpijcija 1= H, j =F (A—26)
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A.7 Solving for the free-trade allocation

Using equations and , we find that
PijC’ij = §ijLCjTTijTLjo ’L,j = H, F (A—27)

Substituting into the trade-balance condition , we obtain:

(1-a)

L—Lg; — Z SirLektrinTouWi + 6jiLeitxitoiWs = 0i;Lojtx oWy, i=H,j=F  (A-28)

k=H,F

In the free-trade allocation, 71, = 77, = 7x; = 1 for i = H, F'. Since the countries are symmetric, the equilibrium
is also symmetric and thus L¢; = Loy, Wy =W, =1, §;; = 6;; for 4,5 = H, F.

Substituting these conditions, we find that

LEF =aL, i=H,F (A-29)

Using this result together with (A-16) and (A-11)), we obtain

NEFT _ al
> |-t (2)]
sj:H,F gi ¥3i)) i

(2

i=HF (A-30)

A.8 Total differentials of the equilibrium equations

Since total differentials of the equilibrium equations are extensively used in the proofs, we present them here
for future reference.

The total differential of gives:

- L glei)  ~ (%i)a_l -
d ii = Vii 1-— = d iis Z,]:H,F A-31
i e—1[1—G(pji)] ! Pji i ( )

Taking the total differential of and using (A-31]) we get:

il — )]s o5 ! o .
PR i) T T P I (A-32)
Fiill = Gpji)les 75

Using the definition of d;; obtained by combining with 7 this can also be written in a more compact way:

dii  ©ji

Combining with , taking the total differential, and using (A-31) and (A-32)), we get:

0is .
déji = — J“ (@Z + (8 — 1))d<pﬂ, 1,] = H,F (A-34)

Pji

_ Q(QD_’i)‘ps‘q‘,&l';E i fi ~},75 .
where ®; = §;; 110(3%-1-]) + 5ji9(f7)G¢@il)L >0,i=H,F.
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Taking the total differential of we obtain:

.. B .. £ .. o
dtpij = %dCU — 5_1<§”d6” — E—le-dLCj, 1,] ZH,F
(%] 1) J

which, using the symmetric condition of (A-34) to substitute out dd;;, becomes:
EPij
Lej(e—1) (5 —1+ flcx)j)

dLc; — Pij Ay, i,j=H,F

d‘pij =
Cl'j (8 -1+ s_%‘l%)

For future use, we substitute the symmetric condition of (A-36]) into (A-34):
5ji(5 -1+ (I)z)
Cji (e =1+ 259;)

_ (SjiE(E -1+ (I)z)
Lei(e —1) (s 1+ E_Llcpi)

ds;; = ac;; dLci, i,j=H,F

Taking the total differential of @, we have:

dpij = Qd@ii + ©ij [ L i 200 + Ty

0 c_1 :|a iaj:HaFa 27&‘7
i

TLj TLi Wj Wl TTij

where dTTji =0if1 = 7 while d’TTji = TXidT[j + TdeTXi if 4 75 J.

B The Planner Allocation

(A-35)

(A-36)

(A-37)

(A-38)

In this Appendix, we derive the main results of Section First, we set up the planner problem and solve it

using a three-stage approach. Finally, we prove Proposition

B.1 The Planner Problem

The full planner problem can be written as follows. The planner maximizes:

ea
e—1

Yooy |y art] a

i=H,F i=H,F | \j=H,F

with respect to Oij7LCij7 Zl', Ni7 Cij((p)7 lij (gﬁ), Pij, for Z,j = Z;I7 F and subject to:

o0 1 551 . ‘
Ci; = Nj/ cij(p) = dG(p) , 4, j=HF
©Yij
TijCij ..
o0
Leij = N; lij(p)dG(p), 4,j=H,F
Pij
Loi=Nife+ Y, Leji, 4,j=H,F
j=H,F
> L=y tar ¥z
i=H,F i=H,F i=H,F
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Notice that by combining L¢;; and I;;(¢) we get:

e Cij .o
Leij = i N; MdG(sﬁ) + N;fi;(1 - G(giz), i4,j=HF

Pij

This problem can be split into three separate stages. The proof that this approach is equivalent to solving the
full planner problem in a single stage is available on request.

B.2 First stage

Here we derive the results used in Section B.11

B.2.1 First-stage optimality conditions

At the first stage the planner solves the problem stated in . Taking total differentials with respect to ¢;;(¢),
lij(¢) and ¢

° Ouyy Ouij
dui; = / I —deij(0)dG(p) + —Ldpi; =0 (A-39)
T Je, Ocij(9) 1¢)AG(e) Opij
9qi;
desip) = G BNl ) (A-40)
ij
o0 aLCZ'j
Nj | dlij(9)dG(p) + —5=dpi; = 0 (A-41)
Pij Pij

By using (A-40) and (A-41)) to substitute out dy;; from (A-39)) we get:

Sl qui oy

Ui Opij J

/ - deii(9)dG(p) =0 (A-42)
y OLci; 0qi;(9) i

oy \Ocii(p) S Suale)

This condition holds for every dc;;(¢) and therefore:

3Uz‘j 3%‘]‘(%0) _ 3Uz’j N,
dcij(p) Olij(p) — OLci;

for all ¢ € [¢;;,00). As a consequence:

Ouij  0gij(p1) Ouij  0qi;(p2)

dcij(p1) Olij(e1) — Ocij(p2) Olij(p2)’

for any @1 € [p;;,00) and @9 € [p;;,00) which coincides with condition in the main text.

B.2.2 First-stage aggregate production function

Plugging in the functional forms into (A-42|) we obtain:

e—1

*° “1/e e Tijcij(piz) = _
/ <cw<¢> e e B >d6ij(¢)dG(s@)—0, (A-43)

ij

43



This condition holds for every de;;(¢) and therefore:

cij(p) = (a i 1) cij((pij))__: T $° (A-44)
(A-45)

Substituting ({A-44)) into the definition of C;;, using the definition of @;;, and noting that N;; = [1 — G(p;;)]N;,
we get:

— -1 € : — ~—€
cilon) =N,y (=57 tatew) o (A-16)

If we substitute this back into (A-44) we obtain:

cij(p) = Ny T Cyy <<p;j> (A-47)

Finally, we can aggregate the production function as follows:

o *cii(p)  dG(p
Leij = N; Lij(p)dG(p) = TijNij/ J(E) ) T G<(<p)z]) + fijNij
Pij Pij
oo =l A
= Tij ij ~ +f’bj 17 ( -48)

)

This leads to the aggregate production function in the main text:

~ _ 952 1 _e ..
Qcij(Bij, Nj, Leij) = = {[Nj(l — G(pij)|= T Leg — [iIN; (1 = G(45)] 57 } i,j=H,F,

Tij

where Qci;(@ij, Nj, Leij) = Cij.

B.2.3 First-stage comparison between planner and market allocation

We want to verify that the consumption of individual varieties chosen by the planner coincides with the one of
the market allocation conditional on Cj;, N;; and ¢;; being the same. Recall that the demand function is:

cij(p) = (p’é@) N Cyj

Since the price index is given by

1

Pij = Ny " pij(Pij)s

it follows that % = %. Thus, we can conclude that in the market equilibrium:
ij (%]

cij(p) = Ny ' Cyj <f;j > : (A-49)

This coincides with (A-47).
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B.2.4 First stage with homogeneous firms

In this case the problem stated in simplifies to choosing ¢;;(w) and [;;(w) for 4,5 = H, F by solving the
following problem:

max u; (A-50)
st cj(w) =¢qj(w), 4,j=HF

Nj
LCij = / lij(w)dw7 Z,] = H, F,
0

and IN; and Lc;; are taken as given since

N; o1 1ET
where uij = Cija Cij = |:f0 ’ cij(w) € d(JJ:| y qij(w) = l”(UJ)%7
they are determined at the second stage. Solving this problem gives back the same condition condition with
derived with heterogeneous firms:
8uij 0qij (wl ) auij aqij (WQ)

8cij(w1) 8l,;j(w1) - 6017'((4)2) 8lij(w2)

This implies that all firms will employ the same quantity of labor and produce the same amount of consumption
good, i.e., l;;(w) = l;; and ¢;;(w) = ¢;;Yw € [0, N;]. Following the same steps as with heterogeneous firms we
can derive the aggregate level of consumption:

Cl‘j = NJ; Cij,
which coincides with the market equilibrium (A-49)). Finally, the aggregate production now simplifies to:

P
Cij = —N;""Lcij
Tij

B.3 Second Stage

Here we derive the results of Section [3.21

B.3.1 Second-stage optimality conditions and aggregate production function

At the second stage the planner solves the problem described in (21]). Taking total differentials:

Ou;
> % 8gijdcij:o

i=H,F j=H,F

1
dN; = —— > dL¢ji, i=HF
ij:H)F
0Qcij 0Qcij . 0Qcij .
dC;; = 14N 945, IdLeii, i,j=H,F
aN, "t g, W T gL, Mo M

Substituting the differentials of the constraints into the objective, we obtain:

Ou; | 0Qcq; , - 0Qci; 0Qci; 1
—dpij + dLcij — — dLcgi| =0
i:;Fj:;,F acﬁ] 8<pij ! aLCij ’ 8Nj e Z J
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Collecting terms:

Ou; 0Qcij Ou; 0Qcqj Ou, 0Qcr; 1

~ g _ — | dLci; =
Z Z C;: G dij + Z Z OC,;: DL Z 9Cy; ON; fg cij =0
J J J J k=H,F J J

j=H,Fi=H,F j=H,Fi=H,F

Since (A-51)) should hold for any dg;; and dLc;; it follows that:

0ci; _ 0, i,j=HF

0Pij
Ouy, 0Qcw; ou; 0Qci; . .
= —H,F
2 aCy, oN, ~Fac, aLey I THL

k=H,F

which leads to conditions , and in the main text.

B.3.2 Second-stage aggregate production function
Using the functional forms, we obtain the following derivatives:

‘ cF N\
gg{ - - (CCJ> ¢l i,j=HF
! >k=m.r Cir !

(A-51)

(A-52)

(A-53)

Pcst = ZHIN,(1 - Gl L2551~ Gliso) — 2 £yl - Gl (=51 ) = Gl ii=HLF

ON; Tij (e—1) Tji
ey _ 1 - N Gly))
5 = Wil = Glep)]=7 Leji = flNi(1 = Glpja)] =7 § = Loji(1 — G(p;0)) 35 ' N

05, =y VL= Gl ™7 Loy = fulNil1 = Gl ™ | = S e Bl L1 = Gl )2

SN (1 — Glz0)] =T el .
i Ll = G Ly gV, g = HLF
Tji(%"jz‘ — P )

0Qcji  Pji L
= \/ 1 — i 6717 s = H, F

This can be substituted into to obtain:

ze—1 ze—1
L¢j; (1 - (%_2%> = f5[Ni(1 = G(pj4))] (1 - (Ne_gfpﬂe_l)> , 4, j=HF

—1
Pji _@ji ) Pii  — Pji

It follows that: 1 1
¢+ (e —1gh

e—1
Pji

Lecji = f;iN:(1 — G(pji)) ( ) i,j=H,F

Moreover, combining the derivatives above with condition (23)) we obtain:

Lecji -
fe= Z [Ni(gc_ 1) - (e —1) fi(1— G(@ji))}

j=H,F

This implies that

eNife + Z e(1 = G(pji))Nifji = feN: + Z Lecji, i=H,F.

Jj=H,F j=H,F
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Using " and Le; = fpN; + Zj:H,F LCji to substitute out LCjz' and fgN; in " we find:

e—1
) . i=HF

Loi= Y afﬁle—G«oﬁ))(jﬁ

j=H,F Ji

We use this last condition to solve for N;:

L¢;

N, = , i=HF (A-56)

We now substitute (A-54) and (A-64) into the definition to obtain in the main text.

B.3.3 Second-stage comparison between planner and market allocation

Next, we check if the optimality conditions of the second stage are satisfied in the market allocation.

First, consider condition (22)). Plugging the relevant derivatives in (A-53), we obtain:

C; 7N 1_ it == N 1— s e—1 :HF
Cj (Ci ) Tii [Ni(1 = G(eii)] C; (Cj ) i [N:(1 = G(pjs)] =T, i JE, j#i

Now consider the market allocation. Using jointly with @, and (A-17)) after some manipulations we
get:

1 (Cu\~ u L1 (Ci\ T G L (Cimiea\ T (fa) T .
_ TRIN; (1= Glpy)]eT = — | =22 IRIN(1 — Glp)]=T [ =L L2 L =H,F,
& () Bmn - = 5 () Bima-Glo (G22) 7 (£) e mri

Thus, in the market allocation:

Ou; OQcii Q Ou; 0Qcji
9Cy; OLow ' 20Cy; OLgys

i:HaFa ]7&7'5

where (2py is the wedge between the planner and the market allocation. Under symmetry:
e—1 =1
Q= (222) 7 (8) 7 immr i
Tii Pji i
. .- . . | . .-
Using condition @[), this can be written as Qpy = Trij- This leads to condition .

Next, consider the planner’s optimality condition . Using the functional forms from (A-53]), this corresponds
to (see (A-55)):

fe= > LcjN! ™% — f5(1 - G(p;)) :

j=H,F

— (A-57)

We now want to check if this condition is also fulfilled by the market allocation. Recalling the labor market

clearing condition in (A-16) and that Le; = 3 °;_y p Leji + Nife, we obtain condition (A-57)) and this proves
that is satisfied in any market allocation.

Finally, consider the planner’s optimality condition (24). As shown in Section [B.3.2] this condition can be

rewritten as (A-54). Now consider the market allocation. Appendix [B.2.3|shows that condition (A-47) holds in

the market equilibrium. As a consequence, also condition (A-48|) holds in the market equilibrium. We can then
A-59)

use (A-48) and substitute it in equation to obtain ( . This confirms that this condition and then
always holds both in the planner and in the market allocation.
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B.3.4 Second stage with homogeneous firms
In this case the problem stated in simplifies to choosing Cyj;, Lcij;, N; for i, = H, F in order to solve:

max u; (A-58)
i=H,F

st. Lcoi = Nifp + Z Lgji, i=H,F
j=H,F

Cij = Qcij(Nj, Leij), i,j=H,F,

The first-order conditions of this problem are given by:

Ou; 0Qcii  Ouj 0Qcy;

= i, j=H,F, 1#]j A-
0Cy; OLci;  0Cj; 0Ly’ ©J o i# g (A-59)
0Qcji/ON; |
= ———, 1=H,F A-60
e 9Qc;i/0Lc: (A-60)

j=H,F

B.3.5 Second-stage aggregate production function with homogeneous firms

Using the functional forms, we obtain the following derivatives:

=1
8ui o Cijs o (CU
aC;; = C;
Zk:H,F Cik
0Qcji v 2= Ly .
Zxar 7 ONET _ZEIr —H F
5‘NZ Tij ¢ (E — 1)7 bJ ’
9Qcji _ ¢ N
OLcj; T

=1
) c7t, i,j=H,F (A-61)

) i?J:H7F

Substituting the functional forms into (A-59)), we obtain:

C. e—1
Cji == 7'236 <Q> Cii’ Z,] == H,F (A—62)
and
fo= 3 || i F (A-63)
. Ni(z‘:‘ - 1) ’ ’
j=H,F

i=HF (A-64)

1
We can then substitute the production function Cj; = L;; N/ ™" 7'];1 into ([A-62) to get:

C' e—1
Ley; = lei_s <C’l> Leii, i=H,F,j#i (A-65)
J
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Substituting this into the labor market clearing Lc; = Leii + Leji + N; fe and using the definition of N; =
Lei/(efg), we find that:

1 C e—171
Leii = Lei <8 — ) L4 77° (l) 1 , 1=HF (A-66)
£ Cj
e—1 e—17"1
i -1 - i . .
Leji =157 ¢ <g> Lei (5 . > L 7e <g> ] , i=HF, j#i (A-67)
j i

Using again the definition of the aggregate production function, we get

e—1\ _, == (C et
Cij:( - )Tij (efE)=TL¢; (d)

B.3.6 Second-stage comparison between planner and market allocation with homogeneous firms

-1
C' e—1
14+7.7° (5) 1 i=HF, j#i. (A-68)

Next, we check if the optimality conditions of the second stage are satisfied in the market allocation.

First, consider condition (A-62)), which can be written as:

1 /Ci\® 1 /Ci\® 1 | oy
1 - = i=HF
C¢<Ci> Cj(cj) o LT I

Now consider the market allocation. From the demand functions we get

Cii P\ °(C\'"°(PCi\°
_ Ci N
Cji (Pj'> (Cj) (chj) ! SIS

This can also be written as:

1 (Ci\® 1 (Cu\T 1 _ [P\ [(PC;\ o
-~ = = — T\ 5 ) :HvFv
Cz‘<0z‘> Cj(0j> T (sz) (PZC,) ' 17

In other words, in the market allocation:

Ou; 0Qcy  Ouj 0Qcy;
0C;; OL¢i; - 86’]1 8LCJ7,

QP27 i:H7Fa ]#Z

where (2py = 7y (P ??) (I;J—g]) is the wedge between the planner and the market allocation. Under symmetry
Qpy = T,;jli.

Next, consider the planner’s optimality condition (A-63]):

_ Leji _
fe= Y gty i=HF (A-69)
j=H,F

We now want to check if this condition is also fulfilled in the market allocation. Recalling the labor market

clearing requires Lo; = e fgN; and that Lo; = Zj:H’F Lcji+ N; fg, we obtain condition (A-69) and this proves
that (A-63)) is satisfied in any market allocation.
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B.4 Third stage

Here we derive the results from Section 3.3

B.4.1 Third-stage optimality conditions

In the third stage, the planner chooses C;, Z; and L¢; for 4,5 = H, F' to solve the maximization problem in
. Taking total differentials of the objective function and of the constraints, we get:

oU; oU;
YodAUi= Y Y odCy+ ~dZ;
i=H,F i=H,F j=H,F 9Ci; i=H,F 0Z;
_ 0Qci; o
dCi; = Lo, dLcj, 4,j=HF
0Q z; .
dQ i = dLei, i=H,F
Qz OLe, “hei i
> dQzi= Y dZ
i=H,F i=H,F

Substituting the total differential of the constraints into the total differential of the objective and rearranging:

ou, 0 oUy 0 ou, 09U,
S =3 | Y ! chk+7k Qzk dLCk+[ j

- \dz;, i=H, j=F
WSF vl e | 0Ci, OLcr — 0Zy OLcy, 0Z; 8Zj]

It follows that at the optimum each term needs to equal zero, which leads to conditions and in the
main text.

B.4.2 Third-stage comparison between planner and market allocation

In this Section we compare the planner and the market allocation emerging from the third stage of the planner’s
problem. Using the functional forms, we obtain:

gg = 1;’ i=HE (A-70)
-1
;)g; _ - aijO‘E‘El L= H.F
j=H,F “ji
CON
ggi =-1, i=H,F

First consider condition (28)). Using the derivatives above we get that (1 — a)Z; = (1 — «)Z;. This condition is
satisfied in any symmetric market allocation.

Next consider condition . Plugging derivatives above in this condition we get:

—1

1 (Cji>5 g Cj‘ l—« .

o — = , i=HF
j:;,F C; Cj e—1 Lcj Zl
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From definition (4)), it follows that:

1
Z— S i=HF (A-T1)
l1—« e

We now compare this with the market allocation. We know that in the market allocation the following holds:
@ ,
ZiT = PC; = Z P;Ciy, i=H,F
j=H,F

Moreover, given and ,

fii(1 = G(pij) (i:)s—l

PijC’Z-j = N1 LCjoTLjTTij» i,j=H,F (A'72)
Zk:H,F fit(1 = Gloix)) (%)
Hence:
fs1 = Gley) (22)
« e—1 £ Lc; ij Pij () e—1 :
Zig— = Lei— > E_lTLjTTijoTC]‘ W~ — | = Lci Qsp, 1=H,F,
S “Y fall-Glew) (22)

k=H,F

where 3p is the wedge between the planner and the market allocation. Notice that in symmetric allocations:

e—1 |~

- o \e—1
c fii(1 = G(gij)) (ij)
Qzp = e > i -
j=H,F Zk:H,F fik(l - G(‘Pik)) (%)
e—1

which implies that 23p =1 if 77; = = and 77y = 1.

B.4.3 Third stage with homogeneous firms

In the third stage, the planner chooses C;;, Z; and L¢; for 4,7 = H, F' to solve:

max Z U; (A-73)
i=H,F

sit. Cij = Qcij(Lei, Lej), i,j=H,F
Qzi =Qzi(L —L¢;), i=H,F

> Qzi= > Z

i=H,F i=H,F

where U; is given by and , Qzi(L — L¢i) = L — Ley and Qcij(Les, Lej) is implicitly defined in (A-68).
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B.4.4 Third-stage optimality conditions with homogeneous firms

Taking total differentials of the objective function and of the constraints, we get:

oU; oU;
Z dU; = Z Z ! dcij + Z ZdZi
i=H,F i=H,F j=H,F 9C; i=H,F 9Z;
0Qcij 0Qcij .
dCi; = L dLc; LdLo;, 4,j=H,F
9Ly ci+ oLc, Ccj, )
0Qz; .
i = L (2] = H7F
dQZ (9[/01' d C 1
Z dQz; = Z dz;
i=H,F i=H,F

Note that

o= () et =L 1o (C) | L immp g
ij = Ti; \EJE Cj Tij Cj , =M, r, JF1

I3

Taking total differentials:

dcij:< . )Ci'chj—c,

-1

e—1 e—2
i - i & . L
1+Tfj*1 (g) 1 (e =175 1(2) d(O)’ i=H,F, j#i,
J J J

e—1 Lcj
where
G\ _ (G o (o2 -
d(cj) — (q) C;7 (O dCy+ Cf dcy)
AN =1 . oy
-(&) @ (G55 dCia+C7 dCy), i=H,F, j#i

Imposing symmetry and combining:

dCy; = (5 < 1) LC Ly — Cyll+ 757 e = )7 [CF (1= 1)dCi +Cif (1 - 1)dCy,
Cj

(6—1) LCj Cjy ? s 4y ]#Z

Similarly,
-1

C‘ e—1
1— (3 .
e () ] S

—1 1 _e
o= (55) Crm =gy

It follows that under symmetry

€ Cii .
ACy; = (€1> [odLo i=I.F

Imposing symmetry on the first-order conditions and substituting the total differential of the constraints into the
total differential of the objective and rearranging we obtain the same first-order conditions as with heterogeneous
firms.
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B.4.5 Third-stage comparison between planner and market allocation with homogeneous firms

Finally, we compare the planner with the market allocation emerging from the third stage of the planner
problem. Observe that the first-order conditions and the functional forms are equal to those of the case with
heterogeneous firms (see ) Condition is satified like in the case for heterogeneous firms, for condition
we have to compare the expression

« e—1

Z; = L¢; , 1=HF
1l -« €

with the corresponding condition in the market allocation. We know that in the market allocation the following
holds:

[0 .
Zimzf)ici: Z P;Ciy, i=H,F
j=H,F

Moreover, from (A-23)) and (A-25), we get:

€
€ e —1_¢ W;
[TLJ‘ —TLiTij; TTji (Wj) }

l1—e ..
PiiCij = Loy Wi (TLimriiTi) — 5 hi=HF
THEr7¢ — 18 75
Tij'ig Tji'ig
Hence:
€
€ e ~—1_¢ Wi
T . — T5:To: Tr::
o e—1 € 4 1,E[LJ Li'ig Tﬂ(Wj) } e—1 .
Ziz—— = Lci > Lo LejWi(TemrijTiy) = Lo Qsp, i=H,F,
l1—« e . -1 soEploe e el £
Jj=H,F Tijij Tji'ij

where Q3p is the wedge between the planner and the market allocation. In any symmetric allocation:

[1 — 75717751”]

c €
1—e¢ ]
Qsp = E p— lTLi(TTijTij) e —
. - - & _ +E -
j=H,F [TTijTij T1iiTij }
which implies that Qzp = 1 if 77; = <<% and 77y = 1 for i, j = H, F since:
e—1 1—¢ e—1 1—¢ e—1
Qsp = Z € 5—1(7__)175 (17 ()= [ry =7 1
- _ v l-e  _e—17 l-e _ ,e—1 - l-e  _e—17
~grpE—1 € (735 ] [r = =757 [r = =757

B.4.6 The first-best allocation

In this section we show how to derive LEP and N/'B reported in condition . Using condition (A-71) and
the labor constraint, Lo; + Lz; = Lo; + Z; = L, we get:

FB _ ael

Ci T T ra—1 i=H,F,

which can then substituted in (A-64)) to find NFZ. Since these expressions are identical in the homogeneous
firm model, NP is also the same.

B.5 Proof of Proposition

Proof

First, we prove that conditions and and (when o < 1) are necessary conditions for the market
equilibrium to coincide with the planner allocation. Suppose that in the market allocation or or
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(when ar < 1) do not hold. Then, not all optimality conditions of the planner problem are satisfied in equilibrium
and the market allocation cannot coincide with the planner allocation.

Second, we prove that if , and (When a < 1) hold then the market allocation coincides with the
planner allocation. If holds then as shown in Appendices and for the heterogeneous-firm model
and and for the homogeneous-firm model all the optimality conditions of the first and second stage
of the planner problem are satisfied in the market equilibrium. Moreover, if for the case a < 1 also conditions

and are satisfied, then — as shown in Appendix and — all the optimality conditions of the
third stage hold. As a consequence, the market equilibrium coincides with the planner allocation. =

C The World Policy Maker Problem and the Welfare Decomposi-
tion

Here we prove the Lemmata and Propositions of Section[d] In order to do this, we first introduce a Lemma that
will be useful for several proofs below.
Lemma 3 In the market equilibrium:
-1
Txi P Cii n 717 PjiCji
Le; Le;

=7xiTLiWi, 1=H,F, j#i (A-74)

Proof In the case of heterogeneous firms, recalling and using (A-72|) we obtain:

P.Cs
% = 7r;iTLi0;:Wi  4,j = H, F

ci
which leads to Lemma [B

In the case of homogeneous firms, using (16)) and (I7), we have that
7xiPiCii + 71, PjiCji = TxitLaWiLeilfg ' rp s Wi *Bi+ fi ' 7y S5 Wy ° By

[ (%) [

where

€
€ £ e . e—1_¢ Wi
fEWj [TLj —TriTi; TTji (Wj) }

e—1 —e _l—e _ _¢ e—1
¥ [TTijTij T14iTij }

B;

Substituting the expressions for B; and B; and multiplying and dividing the first term in square brackets by
T%UTT_;, we find that the terms in square brackets can be written as:

—€ —€
—€,.€ € —€ W, e—1_¢ l—e,_—¢ —€,.€ € —€ W;
Tri TLiTTiiTTji (WJ) T Tri; YTy Ty~ Toi ThiTTi T (WJ) )
e—1 =

Tii

5 l—e_—¢
Tri; v Ty Trji

—1
Therefore, TXZP“C“ -+ TIj PjiCﬂ = TXiTLiWiLCi | ]

Next, we prove Proposition [2]

C.1 Proof of Proposition

Proof The proof is organized in two steps. First, we derive the total differential of individual-country welfare
by using the total differential of the trade-balance condition and we show that this total differential leads
to condition if S57imxidLoi = TxiPudCii + TI_ijjidCﬁ with ¢ = H, F" and j # i. Second, we show that
this condition holds in equilibrium.
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Step 1 Substituting the definition of the consumption aggregator into the utility function , we get:

e—1
- log Y ¢ |+(1-a)logZ;, i=HF

loglU; = «
- j=H,F

Moreover, taking the total differential of this objective function we obtain:

- 1
AU =a—— Y C;Y°dCi; +(1—a)-dZ;, i=HF (A-75)

c Zi

i J=HF
—1/e 1/e 1/e 1/e
Note that lg—la = 117 and azi;'%l = h< Iic = P}Z since (g“) = ];;’; for i = H, F. Then, condition (A-75)
can be rewritten as: '

dU; = I > PydCi; + de, i=HF (A-76)

j=H,F

Then, we can take the total differential of condition and of its foreign counterpardf] and use the fact that
Z; = % Zj:H,F P;;C;; to get:

—deL' — dLCz' + d(TI_jlpji)Cji + TfijjidOﬂ - Czjd(TI_,Llljzj) — (TflPij)dC’ij = 0, = H,F j # 7

Dividing this condition by I; and adding it to (A-76)) , we obtain:

Pii Pz 1 1 C T_'lp'i 01 1 i
dU; = —=dCi; + T?dcij + dei - sz dLCz i —Ld(r; Pi) + ”[ dcy; - Tﬂd(q—ilp@) T“I LY ey
Py 1Py Cji Cyj 77 P
= TdC” + (7—[1 - 1) I J dC” dLCZ Td(lelpﬂ) - Tjd(lel.Pw) + IJI‘ J de’La 7= H, F ] # )

Adding and subtracting terms, this can be rewritten as:

Py Py dLe;  Cji Cij

du; = (1 77‘X1')Tzld0ii + (11 — V)7 Jdcw + ( : —TiTX 1) A (7, Pyi) — I—Ziﬂd(fhlpw)
+ TXi%dC“' + Tfjlpji dzji — i [ TLiTXi difi, i=H,F j#i
Suppose the following condition holds:
TxiPdCyi + 71} PidCyi — S_lefxl-df:&- —0, i=HF j#i (A-77)
If this is true, then:
au; = (1 - TXi)%dCii + (r1i — D7p;t ” dC’U + < c T TLiTXi T 1> di& + C;Z d(lelPﬂ) - %d(rfilpij), i=HF j#

It is easy to show that this leads to condition in the main text. Notice that if (A-77) holds, this last
condition holds also in the case of the one-sector model in which &« = 1 and dL¢; = 0.

Step 2 What remains to show is that in equilibrium (A-77) is always satisfied. First, notice that in the case
of heterogeneous firms we have that (from equation (11)):

aC; aC; .
Pjidei = PJ,L J dLCZ .Pjiijd(pji7 1,] = .I:I7 F
oL Cji a@ji

37This condition can be recovered by combining (13) with (14).
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Similarly, in the presence of homogeneous firms we have that (from (L6))

aaLC i gre, + P 2w, =B F

P;;dCj; = Pj; oW,

Then, showing that in equilibrium (A-77)) is always satisfied is equivalent to showing that:

Cli oC;
- dLci + mxiPyi— d‘pzz + 7x: P

p.. i
TXil44 OLcs a(p“

9C;;
[ A—
5 AW+ (A-78)

0C; 0C}; _ 0C}; . .,
£ dLCz + T]J1P]'L Jd(P]l +TIj1P]l J dW = - i 1TLiTXidLCia = H,F J 7& ¢

—1
P
+ 005 aw,

" OLcs

To see why this is the case, notice that by taking differentials of the equation in Lemma [3] and using the fact

that by (or in the case of homogeneous firms) gfgf =5 LCC we get:

acii —1
8TC«ZdLCZ + TIj le

gf”chZ_ glmmchl, i=HF j+#i (A-79)

7xiPii
Therefore, in order for (A-79) to hold for the case of heterogeneous firms, it must be that in equilibrium:

oCy; oC;;
——dpii + 7 P de; =0, i=HF j#i

P
Tx il 890“ 8(,0;1

To prove this result, first consider that by (A-33]):

0C}; dji = o {

g
— P, +(e—1 :|d(p‘i, i,j=H,F A-80
gy = S (1= @ik (- 1) (50)

Hence

80“ 1 80 g
TXiPii@d@u"f'T[] le 6@ ; d(pﬂ = |:]_ — - 1 ((I)z + (E — 1)):| <7_X72Pii

@d@ii + TIjlpjig]:Z:dSOji> , i=HFj#i,
i

i
which, by and (|A-72)), can be rewritten as:

aC;, ac;, e 5 -5,
W;zd‘ﬁu + lelpﬂ a(pjz d(pji = 7x:;7: Wi Loy |:1 — P (‘I)z + (E — 1)):| ((’;’;d@m + <p]2”d%l)

Txi Py
Finally, recalling (A-32)), we can conclude that, as postulated, this last condition is equal to zero in equilibrium
for all a € [0,1]. Instead, for (A-79) to hold for the case of homogeneous firms, it must be that in equilibrium:

. 0C;;
Xz i 6W

aC”dW =0, i=H,F j#i

AW + 7 P oW,

Note that by and we have that:

0Cy; €TXZTLJTLZ P W Lo . oo
— —H. F # A-81
Txi Py 8W ’TT;;Tle c TT]’L e s ’ J 1 ( )

Moreover: .
aC; eTxiTi; T Wi Loy
—1 Jt j ' Li . . .
P.. _ —HF A-82
TI] 7t 8”7] TT:;T}] e TT]ZE e— 1> 7 ) J 7é 1 ( )

This proves that the terms in (A-81)) and (A-82)) sum to zero. m
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C.2 Proof of Proposition

Proof We prove Proposition [3| point by point.

(a) Recalling (A-1)) and (A-70), we obtain the following condition:

o5}

U;

a0, P .
U, :P__7 ’L:HaFa J#Za
301] E

which, once they are used to substitute for either Pj; or F;; in the consumption efficiency-term in condition
, leads to the conditions postulated in .

(b) If there is is only one sector, then dL¢; = 0 and the production-efficiency effect is absent. In addition, to
see why condition holds it is sufficient to substitute the derivatives in (A-70|) into condition and to take
into account that in the two-sector model W; = 1.

(c) The proof of this point is straightforward. m

Before moving to the proof of Proposition 4] we recall how a constrained optimization problem can be solved by
using the total- differential approach. This will prove to be useful in multiple instances below.

C.3 On the Total Differential Approach

In general an optimization problem in n variables and m constraints with n > m can be solved using the total
differential approach following the next steps.

Step 1 Take the total differential of the objective function and the constraints.

Step 2 Use the total differential of the constraints to solve for m total differentials as a function of the n —m
other total differentials.

Step 3 Substitute the solution of the m total differentials into the total differential of the objective function.
Only then we can claim that the total differential of the objective function must be zero for any of the n—m total
differentials (i.e., for any arbitrary perturbation of the n — m relevant variables) and find the n — m conditions
that need to be zero at the optimum.

Step 4 The n — m conditions found in Step 3 jointly with the m constraints determine the solution of the n
variables.

C.4 Proof of Proposition

Proof We prove Proposition [4] point by point.
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(a) The constrained problem in can be reduced to a maximization problem in 28 variables (22 endogenous
variables plus 6 policy instruments) subject to the equilibrium conditions —. As a first step we take the
total differential of the objective of the world policy maker. In Appendix we showed how — once combined
with the total differential of other equilibrium conditions — this total differential can be rewritten as in .
Then, notice that condition is a function of 6 total differentials only, namely {dC;;, dLCi}iJ: g - At the
same time 6 is also the number of policy instruments available to the world policy maker. This implies that at
the optimum condition must be equal to zero for any arbitrary perturbation of {Cj;, LCi}i,j: HF since for
any arbitrary {dC;;, dLoi}m.: HF the total differential of the 22 equilibrium conditions allows determining all
the total differentials of the other 22 variables. Put differently, at the optimum all the wedges in must be
Zero.

(b) Points b (i) and b (ii) follow directly from the proof of Lemma [3|in Appendix To show point b (iii)
it is sufficient to notice that if 7, = 7x; = 1 and _557x;7; = 1 for i = H, F' then 77, = ’5;—1 fori=H,F.

(¢) Since by point b (i) 7x; = 71; = 1 for « = H, F" and the allocation is symmetric, then by the condition

in point ¢ (i) must be satisfied too so that gg = ggj for i # j. To prove point c (ii) observe that if o« < 1 —

using the derivatives from (A-70) and condition — it follows that in equilibrium:

oU;

aCi; a P;; Z; .

HU‘J = L :PZ Z7j:H7F
8Z1 l-a Zk:H,F Py, Cip,

Moreover, substituting this condition into the condition in point b (i) and taking into account that 7x; = 77, = 1
for i = H, F' we get the next condition:

aU; oU;
9C., Qc Jr%(;‘].l Qoji _  9Qz i—HF j4i
E)Z: 8LCZ' 8ZJ' 8[4(;1' (’)Lcl»

From this — given the symmetry of the allocation implemented by the world policy maker — the second condition
in point ¢ (ii) follows directly. m

D Unilateral and Strategic Policies

Here we prove the Propositions and Corollaries of Section

D.1 Proof of Proposition

Proof Please refer to Proof [C.I] which goes through even for the individual-country policy maker. m

D.2 Preliminary steps to study both unilateral policy changes as well as the Nash
problem in the multi-sector model

We study the Nash problem for the multi-sector case, i.e., « < 1 and W; = W; =1 for ¢,j = H, F. Similarly to
what we did to solve the world policy maker problem, we apply the total differential approach described in
to solve the Nash problem. Therefore, to set up the Nash problem we proceed in three steps:

(1) First, we need the total differentials of the equilibrium equations (7)-(14) as computed in section
We then impose W; = W; = 1, symmetry of the initial conditions, as well as drr; = drx; = drr; = 0, and
combine the equations so as to be left with 3 equations which are linear functions of 6 differentials: dL¢y,
dCy;, dCyj, drrs, drp; and drx;. We can thus use the 3 equations to express 3 differentials as functions of the
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remaining 3. For the Nash problem we use the 3 equations to write the differentials of the tax instruments as
functions of the other three differentials: drr; = A(dL¢;, dCi;, dCj), drri = B(dLci,dCy;,dCy5), and drx; =
C(dL¢i,dCy;,dC;;5). To study the unilateral deviations in Section we solve instead for dL¢;, dCy; and dCj;
as functions of the deviations of the policy instruments: dL¢; = D(drp,, dri,d7x;), dCi; = E(drri, drrs, dTxi),
and dCy; = F (drpi,drri,d7x;). Then, we allow only one policy instrument to vary at a time, while setting the
deviations on the others two to zero.

(2) We use the differentials of the equilibrium conditions as well as the solutions for drr;, drr;, and drx;
derived in step 1, to write the differential of the terms-of trade effect in in terms of only dL¢;, dCj;, dCij:
Cjid(T]_jlpji) — Cyjd(77;* Pij) = S¢iidCii + 4jdCi; + SrcidLe;

(3) Finally, using the new expression for the terms-of-trade found in step 2, we are able to write as
follows:

1
dU; =5 |(1 = 7xi) PudCy + (r1; = V73 Py dCij + (6 - TTLITX ~ 1) dLci + Cyid(ry; Pji) — Cyyd(7r; Pry)

i _
1

=7 [EciidCi; + EcijdCij + EpcidLC; + X04dCii 4+ Xc4ijdCij + EpcidLe)
1

=T [Qc:idCii + Qei;dCi; + QreidLes) (A-83)
3

where Ecyi = (1 — 7x4)Piu, Ecij = (t1i — 1)717;' Pij, Erei = =57m0imxi — 1, Qo = Ecii + Sci, Qcij =

Ecij +Xcij, and Qpci = Erci + Xrci-

D.2.1 Step 1

We impose W; = W; = 1, symmetry of the initial conditions, as well as d7z; = d7x; = d7r7; = 0. In terms of
notation, after imposing symmetry all equations are to be considered valid for i = H, F and j # i. We will thus
omit to specify that for every equation. It is then useful to combine some of the differentials derived in
and express them as functions of dL¢;, dCy;, dC;j, and the differentials of the tax instruments only. Taking the
symmetric condition of , using to substitute out dyj;, solving for dy;; and finally using (A-36) to
substitute out dy;;, we obtain:

Pjj (S“‘ 3 ch'z dCZ
dejj = — : -
(6—14—8_71(132')1—5“ e—1 LCz‘ Cz
dry; drp; o dr; o drxg
_ 3 0 TL _ TLJ+ TIJ+ TX (A—84)
e—1 TLi  TL; o Trj o TXi
Using ([A-33]) to substitute out dy;; from (A-84) we find the following expression for de;;:
dpiy = — i - <TLJ L TTJ) c ( - < - C) (A-85)
1—(5jj e—1\ 7z TLi TTji 1—5“‘6—14—;(1% e—1 Lg; Clii
Using (A-34) to find an expression for dd;; and combining it with (A-84]) we have:
drr; drp;  dr; o drxg
d(sjjzajj(e—uqy){ c ( T Ty Oy TX)
e=1\7mi T  TI;  TXi
1 5” dC” 3 dLCi
— — A-86
( Cl e—1 LCi ) ( )

1+ 0) -5
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Then we proceed as follows. First, combine and ([12):

PijCij = Lcj(sijTTijTLj (A—87)

Second, use (A-87) to rewrite as follows:

al — LCi(a —+ (1 — Oé)[;iiTLi — Oz(]. — 5“')7'[,1'7')(1')
(1= 055)7L7x5(a + (1 — a)7rs)

Lej = (A-88)

Finally, take the total differential of ({A-88|) and use (A-37)) to eliminate dd;;, and ({A-86|) to eliminate dd;;:

dLCj _ dTX]' 4 6j' 6(5—1+(I)j) d’T[j B 1+ 5]” €(€—1+(I)j) d’TLj
Lcj B TXj 1—(5jj e—1 TIj 1—5jj e—1 TLj
1—« LC'L((]- - a)én - Ol(]. - (5”)7')(1) 5]‘]'5(6 -1+ (I)])
- " —dmi- - drri
Oé—l—(l—a)T]i A; (1—(5jj)(€— 1)TLi
LCiC)é(l — 5ii)TLi 5]‘]'5(8 -1+ (Dj)
drxi
" ( A; T -Dma ) X
. 5“‘ <LCiTLi(1_a+aTX'L‘)(5_1+(bi) 6jj)(€—1+‘1>j) ) dCl
e—1+ A; (=651 =) ) Cii
~ Lei(a+ (1 —a)diutri — a(l — &) TriTxi) dLci (A-89)
A; Lei
I €0i; ( (5jj(5— 1+‘I)j) n LCiTLZ‘(l—Oé-i-OzTXi)(E— 1+@1)) dLc;
(e —1)(e — 1+ £20) \(L—d;;)(1 — di) A; Lei

Substituting (A-87)) into , taking the total differential, and then using (A-37)) to eliminate do;;, and (A-86))

to eliminate dd;;, we have:

8;;6(1 — Trimx;)(e — 1+ @,
- (1-a)Llg; <5jj+(15jj)ﬁﬂxj' pell mmg)le Z 1+ J))dTLj

e—1
LchLj 5jj€(1—T[¢TXj)(€—1+‘I)j) drrs
LCiTLz’ e—1 L

- (I—a)Lcg; <6ii + (1 — i) 7rj7Txsi +

- (1-a) (LCi(l — 04i)Tri + Lejdjjetey(1 = mritx;)(e =1 + @)
(8 — ].)T[J'TXZ'

= Lej(T = a)(1 = 65;)mr(Tridrxj + 7x5dr1:) — (@ + (1 — ) 71;(d55 + (1 = 055)71i7x;))dLc;

(1 — a)éu Lcj5jjTLj(1 — T]iTXj)(é‘ -1 + ‘I)j) dOii g chl'
e—1+ 2 1= 05 ~ Lol —mmxa)le =142 ) (55— 27 7,

— (OL + (1 — Q)TLi((sii + (1 — 51'1‘)7'[]'7‘)(1')) dLc; =0 (A-QO)

) (TXidT[j + TdeTXi)

We use (|A-85) to substitute out dep;; from (A-38), and also (A-36|) to substitute out dy;;:

. dTTij dTTji dTLi dTLj + 1— (S“ - 5]” (5 -1 dC“ dLCz

1—-90:)+ 07 + — — >0 A-91
TTij( 33) Tri O TLi 7L (1—5ii)<s—1+q>i5 e Ci Lo (A-91)

e—1

Recall that drr; = drx; = d7r; = 0. This means that drr;; = 77;d7x; and d77;; = Tx;d77;. Imposing those
restrictions as well as symmetry of the initial conditions, we can rewrite (A-91J):

dTLi

— (1= 04i)—— +dii +
TLi TIi TXi (1—64) (5_1_‘_@%&)

A-92
e Oy Lg; ( )

dT[i dTXi 1-— 26“' (E -1 dC“ dLCZ‘) -0
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This is going to be the first out of the three equations used to solve for drp;, drr; and drx;.

Imposing symmetry of the initial conditions as well as dr; = drx; = dr7; = 0, we can rewrite (A-89) as follows:

dLCj . ( o n 6“‘8(8 -1+ (Dz)) drx; (5“(5 -1+ (bz) ( O 1l—a+arx; ) dCs;
Lei I-—a)mita  (1=6di)le-1)/) 7xi  (1-4,) (5 —1+ %) 1-0;  mxi((l—a)ri+a)) Cyu
_ o+ (1 — a)éiiTLi — 04(1 — 6ii)TLiTXi dLc; E(Sii(&' -1+ (I)i) ( Oii 1l—a+arx; ) dLg;
(I=di)mrimxi(l—a)ri + ) Loi (1—=6;(e—1)(e—14+£2) \1-ds  7xi((1—a)r +@) ) Ly
1— 1— a1 — 5 T e — 14 P, 4
. « TIi — ( ( a)él’b a( 621)TX7, - 6”6(5 + 7,)) dTLl (A_93)
O[+(1 70[)7']1' (1 751‘2')7')(1'(0[4*(1 70&)7’[1') (1 75“)(67 1) TLi

Imposing symmetry of the initial conditions as well as drr; = drx; = d77; = 0, and using (A-93)) to substitute
out £€1 e can rewrite (A-90) as follows:

Lei 2

(1—a)(a+ (1 —a)dumr; — a(l — 8;)TLiTxi)
- dry;
a+ (11— o)
= il_ 5(1;?@ - (al(l_ a;);ifx (0 (L= @)disms o (1= @)(1 = i) ramrisi) T
duc(a+ (1 —a)mri)(e =1+ <I>Z-)> drr
(e —1)(1 — 6i5)TLi Li
ala+ (1 —a)dutri + (1 — @) (1 — 64)TLiTriTxi)
(a+ (1 — a)Tri)Txi
+ ((1 —a)(1 = 04)TriTri + dus((1 & Q)I)L(Zl+ac5)iE§TXi1 + (I)Z)) drxi
Sii(e =1+ ®;) Sii(a+ (1 —a)7rs)
(1—6i)(e —1+ =21 <_ 1 —0i
I—a+arx)(a+ (1 —a)dutei + (1 —a)(1 — 8)TLiTriTxi) \ dCu
- (a+ (1 —a)7r)7x3 > Cii

dTLi

T (<1 = )(8ii + (1= 8ii)mrimci) +

d’TXi

+ + (1= a)7mri(1 — mrimx ) (1 — 04s)

a+ (1 —a)dutri — ol — 04)TLiTxi
- -1 1- (033 + (1 = 043) TriTx
[( (1= dsi)(a+ (1 — a)7rs) TLiTx (o + (1= rzalus + J71i7x)
1—a+arx;

(Oé + (1 - Oé)T[i)TXi

0i(e — 14 @) (

B 1—a)0umri + (1 —a)(1 — 04)TLiTriTxs
(1—(515)(5—1)(5—14-;?1) (a+ (1= a)durri + (1 —a)( VTLiTIiTX)
dis(a+ (1 — a)1rs)

1—ds

—(1-6:)1 — a)rr:i(1 - TIiTXi))] dLL(il =0 (A-94)

This is going to be the second out of the three equations used to solve for drr;, drr; and d7x;.

Next, use to solve for ;. Second, substitute the expression for ;; into @ and solve for ¢;;. Finally, use
this expression for ¢;; together with §;; = 1 — J;;, and (A-88)) to rewrite as follows:
Lcidiitri(La— Loi(a+ (1 — a)dymr — a(l — 6ii)TLiTXi))>El

TLi(Oé + (1 — (,Y)T[i) (A_95)

Cij = Cy (

Taking the total differential of (A-95)), using (A-37) to substitute out dd;; and (A-88) and (A-95) to define,
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respectively, L¢; and Cj;, we have:

—1dC.. e—1  dLes —14+®; LeiSiitr s
0="2 dC’J_<dC“€ 4 Cl) (1—( e 1+ )<1+ CléllTLl(l—a—l—ozrxi)))

e Gy Cii ¢ Lei e—1)(e—1+ & A
sz dTl' (6% Lllf(S“Tl
+ Af (+ (1= )b — a(l = 04i)TLiTxi) — ?Iim - dTXiOLC(fZ‘)L

Loy 1
+ d’TLi (C((l — 0[)5” — (]. — 57;1')&’7')(7;) + >
A; TLi

Using (A-88) under symmetry we can rewrite the previous expression as follows:

e—1 dCZ « dT]i dTXi (1 — 04)5“ — Oz(l — 6“-)7;“ dTLi
0= L — + ) - (1 -
( Tri TXi (1—du)rxila+ (1 —a)mri) ) Tri

= Gy ar(-aim
ele—1+d,) ( 0ii(1 — a+ atx;) ) <<€ —1dCy; dLCi>
-1~ s 1+ _
(e—1D(e—1+4) (1—=0:i)mxi((1 — a)T1i + @) e Oy Lci

a+ (1 —a)dyrr; — a(l — 6;)TxiTri dLc;

A-96
(1 —=6s)mxitri((1 — )i + ) Ley ( )
This is going to be the third of the three equations used to solve for drr;, drr;, and drx;.
Jointly solving (A-92)), (A-94), and (A-96]) with respect to drr;, drr;, and drx; gives us
dTLi ES A(chl, dC“, dCZ])
d’T[i = B(dLCZ, dC’”, dC’”) (A—97)
dTXi = C(dLCi, dCii, dC”)

To study the unilateral deviations in Section we will instead jointly solve (A-92)), (A-94)), and (A-96|) with
respect to dL¢;, dCy;, and dCj; to get

dLci = D(drri, drrs, drx;)
dCZ = E(dTLi, dT]i, dTXi) (A—98)
dC;; = F(drpi,drri,drx;)

The expressions for the functions A, B, C', D, E, and F are available upon request.

D.2.2 Step 2

Using and together with 0;; = 1 — 0, drp; = drx; = dr7; =0, (A-33), (A-36) and (A-37)) we obtain:

- 1 — 0i) it S TLiTX P. c Lo

Cid »1P‘i = Lci(1 — 65 ATx AT _Wd[/ i — LA LA AL ! dL i—ild i

51715 Pji) ail J(Tridmi + TxidrLs) e—1 c e—14+550;e—1\e—1 RO
(A-99)

Using and together with §(p;;) = 1 — 6(pj;), drr; = drx; = drr; = 0, (A-85)), (A-86), and (A-93),
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and imposing symmetry of the initial conditions, we obtain:

Cod(rlPyy) = THTX a+ (1 —a)dimri — a(l = 04)TLiTxi dii€ (1-a+tarxi)(e—1+ %) n dii
W 1i3) = "7 TLirxi(a+ (1 — a)rr) e—1+ =0, \ - D(a+(1—a)m)rx: | 1—6,

LcoiTxi (1 —a)bs — (1 — 645)7x4
e—1 (5”6 (a+ (1 —a)mr)Tx4 a7Li

Loi(1 = a)(1 = 04)TriTxi Leitr a
i— die+ (1 =0u) | —F——— | ) drxi
T e Dt G-am) T o1 \CE T oy, ) )
n LeibiiTritxi ((1 —ataryi)(e -1+ ) i Oii ) dC;; (A-100)
Cii (s 1 5%1@1) (a+ (1 —a)r)rxi(e—1)  1-04

Combining (A-99)) with (A-100|) we obtain:

_ _ Leitxi (1 —a)ds — (1l — 6s3)7xs Lei(1— o) (1 — 04i)TriTxi
Cjid(ty; Pji) — Cijd(t; Pij) — <5 1+ 04 (@t (= a)r)rx: drr; e—Dat1=a)mn) drr;

Leitrs (1—10:4)1— ) LcibuTriTxi (1—-a)1 —77xi)(e— 1+ D) 1
E — dTXZ‘ — + dC”
e—1 Oé-i—(l—Oé)T[i Cii (6—1—&-;71(1)1') (Oé—‘r(l—Oé)T]i)TXi(E—l) 1—6;

Tritxi |+ (1 — o) (1 — 0ii)TriTrimxi + (1 — ) 04T
e—1 TLiTxi(a + (1 — a)7p;)

(52‘1‘6 1 5_1+(I)i(1_a>(1_Tii7—Xz’)(5—1+¢i)
o, \1-0; dLoi

+

_ A-101
e—1+ 5 e—1 (e=1D(a+ (1 —a)m)Txi A00

Using (A-97)) to substitute out drr;, drr; and drx;, we can write (A-101) as function only of dL¢;, dCy; and
dC,’jl
Cjid(’r[_jlpji) — de(’r]_llplj) = Ec”dC“ + ECiijij + ZLCidLCi (A—102)

where Yy, Ycij, and Yrc; have been simplified as much as possible using equations — and imposing
symmetry of the initial conditions:

_1
oo fe ' TLiTxq
ci Lcibs dii(e —1)2

(e =11 —a)(e = 0ii)Tri(0i + (1 — 8i)TriTxs) + adii(e — 1) + ae(1 — 84)TriTxs] + ducla + (1 — @) 71]P;

i+ (1 — a)dimri) — (1 — 6ig)Trimxiloe + (1 — @) (1 — d4i)7ri] — 7(57:ffi)€5n[a + (1 — )7L

(Efij)ﬁLCi(]- — 04 ) Tij TLiTX

ECZ" = e
D (Lol = 6i0) 7T i (0 H —T)(e — 1) — §se((L — @)7p + @)(e — 1+ @;))
diele -1+ @,

|:(E -1 + 5”)(62 -+ (]. — a)éiﬂu) — (]. — 57;1')(055 —+ (]. — a)(l — 5ii)Tli)TLi7—Xi — %((1 — OL)TLZ' -+ O[):|

Yo — TLiTXi
Lei 7(5”(Oé + (1 — Oé)(siiTLi) — (1 — 6ii)TLiTXi(Oé + (1 — Oé)(l — 6“')7'[1‘) — gfi (a + (1 — a)TLi)<E -1+ q%)
l1—« € €
[(5 - 51‘1‘)8_71711'(512' + (1 = 03i)TriTxi) + adii + agj(l — i) TLiTxi + 5iim(a +(1- O‘)TLi)q)i:|

with IT = (1 - (5”)(0[ + (1 — Oz)T[,')TLiTXi and H = o + (1 — Oz)TLi[(Sii + (1 - 5,'1')7']1‘7')(,'].
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D.2.3 Step 3

Using and imposing symmetry of the initial conditions, one of the two consumption efficiency terms in
can be written as (77; — 1)7‘12-1Pijd0ij = E¢;;dC;; where:

1
€ fij e ETyTLITX
Ecij=(tri = 1) | ———L— = -
oy = (mi=1) (LCi(l - 5u‘)> (e = D)pij

Therefore,

o 1
QcijTijTritxi(efij) =T

Qci; = Yoy + Eciy = ——
pij(e = D(Lei(1 = 6i)) == [(0sH — M)(e = 1) = biie((1 — @)7ri + ) (e — 1 4 @;)]

where

Qcij=(E—-1)((e=1)(1—=6;)H +er;(0;H — 1)) — dj5e(e — 1+ @) (1 — a)7pi + @) (emri —e+ 1) (A-103)

Using , the second consumption efficiency term in can be written as (7x; —1)P;;dCy; = Ec;;:dC;; where:

1
efii \°'  eTLi
Lcids (e — )i

Ecii = (txi — 1) (

Therefore,

1
_ efi \*'  TLi
Qcii = Xcii + Eci = (LCZ_(S“_) oule —1)?
Qoii

(51'1‘(04 + (1 — a)éiiTLi) — (1 — 6ii)7—Li7'Xi(a + (1 — 04)(1 — (Sii)TIi) — %(O{ =+ (1 — Oé)TLi)

where

Qe =(1 — 7xi)[e(e — 1) (8si(a+ (1 — @)biitri) — (1 — 8i)mrimxi(a 4+ (1 — @) (1 — 63)714))
— (e =14+ 8?0 (a+ (1 — a)7r)]
—7xil(e = 1)(e(1 = @)7Li(dss + (1 = 635)Tramxi) — (1 — )03 Tri (05 + (1 — 0is)TriTx4)
+ ady(e — 1)+ ae(l —6;)7TriTxi) + duc(a+ (1 — a)7r;) D4 (A-104)

The production efficiency term in is given by (E_%TLiTXi — 1) dLC;. Let us define Erc; = —S570i7xi — 1.
Then,

Qrei = XYrci+Erci=
o ﬁLCi(E — 1)71
Oii(a+ (1 —a)0u7ri) — (1 — 8)mrimxi(a+ (1 — ) (1 — 644)714) — gj (a+ (1 —a)ri)(e — 1+ @)
where
Qrei = Siule — Drpirxila+ (1 — a)71i(8i + (1 — 8:)mrimxi) — e(a+ (1 — a)7r)]
— (E — 1)[6“‘(01 + (1 — a)éiiTLi) — (1 — (S“‘)TLZ‘TXi(Oé + (1 — Oé)(l — (S“)TIZ) — 6“»5(04 + (1 — Oé)TLi)]
— (tpitxi — Ddiie(a+ (1 — a)11:) P (A-105)
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D.3 Preliminary steps to study unilateral policy changes in the one-sector model

In the special case o = 1, i.e., when there is no homogeneous sector, we can apply some simplifications to the total
differentials defined in[A-8] Indeed in this case Z; = 0 and L¢; = L for i = H, F so that dZ; = dL¢; = dr; =0
for i = H,F. Also, W; =1 so that dW; = 0 for j = F. Finally, we set 71; = 1 for i = H, F' since the free-trade
allocation is efficient in this case. After taking the differentials we also impose symmetry of the initial free-trade
allocation (77; = 7x; = 1 for i = H, F') as well as dr;; = drx; =0 for j = F.

First, consider the case of heterogeneous firms. Our objective is to retrieve 4 conditions as a function of
dW;,dC;;,dCyj, drr; and drx,;. We proceed in 4 steps.

(1) First, recall that (A-38]) simplifies to:

L d‘Pii - 301] dW ‘|‘
i 1

Second, from (A-36)) we have:

d@ij = @zngTua 1,] = HF, 1 7&.7 (A'106)

dpii = — pii dCy, i=H,F (A-107)
Cii (6 —1 + 5%1‘1)1)

Third, from (A-106) we have dy;; = %dgﬁji — —=7pjjdrrj; which, using (A-33), (A-107), and drrj; = d7x;
when ¢ = H,j = F, can be written as:

i7 5,'1' 9 . .
dpjj = e 15 dCi — ——qvidrxs, i=Hj=F (A-108)
Ci; ( -1+ 5% ) i €

Finally, using (A-33) to express dyp;; together with (A-108]) to substitute out dy;; we have:

9, 1 dii ‘ .
dips; = —LL—o;; dCii + ——drxi |, i=H,j=F (A-109)
1—5 C’ii(€*1+s_%‘1%)1_5” e—1
Using (A-107), (A-109), 6;; = 04, and drri; = d7r; when ¢ = H, j = F, we can rewrite (A-106) as follows:
1—24; —1dC,;
(1 — 5“)dWZ — (1 — Jii)dTIi + 5z‘id7'Xi —+ “ ‘ v — O, = H,j =F (A—llO)
(1= i) (6 - z) e Ci

(2) Recall that simplifies to (A-26)) which, using and together with Lo; = L for i = H, F,
0ji=1—=10; fori,j=H,F, 71; =7x; =1for j=F, and 77; =1 for i = H, F, can be rewritten as:

Using (A-34) for i = j together with (A-108|) we can write:

0ii 1 dC
1—44 (5 — 14+ f1<1>i> Cii

€

dbj; = dii(e =1+ @) | — i AT — (A-112)

Taking the total differential of (A-111)) and using (A-112)) to substitute out dd;;, and (A-34) to substitute out
dd;;, we have:

o Da_s, ) dxi— 2 B
( )( - 5iz’) Cii(1 = 6i4)%(e = 1+ 55 9y)

AW, + (1 + dC;i =0, i=H,j=F (A-113)
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(8) We can rewrite ({A-35)) by imposing dLc; = 0, using (A-109) to substitute out dy;;, and §;; = 1 — 4,
(implying dd;; = —dd;;) together with (A-112) to substitute out dd;; we obtain:

62, 1 e—1 dCi;
_1 . K22 — 1_(b 774: :H:F
)dTX1+(15ii)251+ : @i( s °F ) cp T
(A-114)

s—ldCij+ Oii 6(5—1—!-(1)1')
3 CZ 1*6“' e—1

e—1

(4) Our last equation is given by the total differential of the terms of trade. When evaluated at the symmetric
free-trade allocation of the one-sector model simplifies to:

1 (ds;  dby; doi;  dys
Cild(ry;' Pyi) — d(rp;' Pij)] = PijCyj {dm AW, + —— ( I ]> + (“DJ - %)] (A-115)
e—1\ djj 0ji Pij Pji

Note that at the symmetric free-trade allocation P;;C;; = L(1 — 6;;). We can use dd;; = —dd;; and (A-112))
to substitute out dd;;. Similarly, we can use dé;; = —dd;; together with (A-37)) for j = ¢ and dLg; = 0 to
substitute out ddj;. With (A-109) we can substitute out di;;. Finally, using (A-33) together with (A-36|) we
can substitute out dy;; and rewrite (A-115)) as follows:
Cijld(ry; Pji) — d(7p;' Pij)) = (A-116)
Lo;;®;
Cii (2 =1+ 257;) (1= 0i)(e — 1)

£
Ll =6:)dW:+Ll1=6: 68— &, , iy
( 6zz)d i+ < 511 611 (E — 1)2 z) dTXz + dCu

Then, consider the case with homogeneous firms. In this case condition (A-115) can be written as:
Cij [d(T;ijJ) — d(T;ilPi )} = PijC’ij [dTXi + dWl] (A—117)

Moreover, we can substitute conditions and into the trade balance (A-26|). Taking the total differential
of this condition and evaluating it at the free-trade allocation we get:
eTe T+ (e—-1)7°

AWy, = — T gy - LT
T+ (26 — 1)7¢ " (t+ (26 = 1)79)

drx; (A-118)

D.4 How Policy Instruments affect the Terms of Trade

Lemma 4 Consider a marginal unilateral increase in each of the trade policy instruments at a time, starting
from the free-trade equilibrium, i.e., with 7r; = 171; = Tx; fori= H, F. Then:

(a) In the one-sector model deviating from the free-trade equilibrium induces:

(1) Wi _ Wi > 0 when dry; > 0 and dryx; = 0;

Wi W
dW; dw;
W W_; < 0 when drr; =0 and drx; > 0

(2) % - % > 0 when drp; > 0 and drx; = 0;

G?_i?' — —C?_j_i =0 when drr; =0 and drx; > 0;
i i

(3) —dfi_j — —dj?'f < 0 when drp; > 0 and drx; = 0;
7 ji

% - % =0 when dr;; = 0 and drx; > 0.
ij ji

(b) In the multi-sector model deviating from the free-trade equilibrium induces:

(1) e _ dloi o0 when dry; > 0 and dryx; = 0;

Lc; Lo
dLgj dLg; X
Lcj - chf > 0 when drp; =0 and drx; > 0;
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Proof
(a)

(2)

(3)

(1)

d(;ij _ d67~,;

<0 < 6y >1/2 when drp; >0 and drx; = 0;

5i) 5

C?i_j — % >0 < 0y > 1/2 when dr; =0 and drx; > 0;
ij ji

% — % >0 < 6y > 1/2 when drp; >0 and drx; = 0;
ij Ji

% — % <0 < 6 > 1/2 when dr; =0 and drx; > 0.
Iy i

Combining conditions (A-114), (A-113)) and (A-110) we find dC;;, dW; and dC;; ad a function of the
deviations of the policy instruments. In particular it can be shown that at free trade:

dW; = GdTr; + bpdTx;
§;idrrie(P;+e—1)
517,@164*(671)(175“4*6“(671

Recall that dé;; = —déy; for i,j = H,F and j # i . Then we can use (A-112) and its symmetric
counterpart to obtain:

where a,, =

3y > 0 since € > 1 and 0 < é;; < 1. Moreover b, = —1.

ds;;  doj;

= a5d7'[i
. diiedij(e—1+P;)
5”<I>IE+(€71)(176“+6”(571)

Using the solution for dCy; found in point (a), condition (A-109) and their symmetric counterparts
we obtain:

where as =

)<0for€>1and0<(5ii<1.

dei;  dpji
Pij Pji
<0fore>1and0<d; < 1.

B 0ii€Pij
0ii®ie+(e—1)(1—0ii+055(e—1))

Using (A-93) together with (A-98), imposing symmetry of the initial conditions and 7p; = 77; =
Tx; = 1, and setting to zero drr;, drr;, drr; and drx; we obtain:

where a, =

dLc;  dLc;

L¢j Le;

= a1d7r; + a2dTx;

where a; = — (1—6“')[(e—1)((ll—fgjn)iy((;:ll)Jra))+25m<1>1-] <0Oanday = (1—5“)[(1+a+(216ii2(§;)12?€a7))1()5—1)+26,-,-sq>i]

0. To see that as > 0 it is enough to notice that ag(d;;) = 1+ a + 2d;;(¢ — 1 — ) is linear in J;; and
that a3(0) =1+« >0and a3(1) =2e —1—a > 0.

Recall that 53‘1‘ =1- 6“', implying that d(SJz = —d§” and d6m = —d5jj. USiIlg " to compute d(sm
and (A-86) to compute dd;;, together with (A-98)), imposing symmetry of the initial conditions and
TLi = Tr; = Txi = 1, and setting to zero drr;, d7r;, dr7; and drx; we obtain:

déij déﬂ

= b1 (dT]i — dTXi)

(175“')5“6(5714»@1)
5, (e—1)(205,-1)

Using ([A-33)) and (A-36) to compute dy;; and (A-85|) to compute di;;, together with (A-98)), imposing
symmetry of the initial conditions and 77; = 77; = 7x; = 1, and setting to zero drr;, drr;, dr7; and
drx;, we obtain:

where b = — <0 <= 6y >1/2;

deij _ deji
Pij Pji
where ¢; = mflﬁ >0 < 0y > 1/2.

=C1 (dT]i — dTXi)
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D.5 Proof of Lemma 1

We prove Lemma |1| point by point.

(a) From Proposition [4| (b) (iii) we know that the free-trade allocation is Pareto optimal in the one-sector
model, implying that the production-efficiency wedge is zero for all policy instruments. Formally, in the one-
sector model dL¢; = 0 in (37).

(b) When 77; = 7x; = 1, the consumption-efficiency wedge in is zero for any dC;; and dCj;.

(c) In the case of heterogeneous firms, we can use (A-116|) to write the terms-of-trade effect in as function
of dW;, dCy;, and d7x;. The equations (A-110f), (A-113f), and (A-114]) give us a linear system of equations that
we can solve to express:

dC“ = A(d’]’[i, dTXi)
dWZ = B(d’l‘]i, dTXl') (A—llg)
dCij = C(dT]i, dTXi)

The expressions for A, B, and C' are available upon request. Using ({A-119)) we can substitute out dW; and dCj;
from (A-116)), and express the terms-of-trade effect as function only of d77; and d7x;:

Cij [d(TI_JIP]) — d(TI_iIPij)] =a dTIi + b dTXi
where

>0

a =

L(l — (5”)5”5((8 — 1)2 + E(I)i)
(e—=1)[(e = 1)1 = 65 + 04i(e — 1)) + €6;; P;]
b=0

This means that a small positive import tax generates a positive terms-of-trade effect while small changes in
Tx; do not produce terms-of-trade effects.

In the case of homogeneous firms, if we substitute (A-118)) into (A-117)) we get:

Cijld(r;' Pji) — d(77;' Pij)] = ¢ drpi + d drx;

where
eTt
=—>0
RN [ P
eTt
d=————>0
T4 (2e — 1)1

This means that the net terms-of-trade effect of a small tariff or a small export tax is positive.

(d) Follows from the previous points.
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D.6 Proof of Lemma 2

We prove Lemma [2] point by point. Recall that:
e Production-efficiency wedge: ProdWedge = (ﬁTLiTXi - 1) dLc;

e Consumption-efficiency wedge: ConsWedge = (1 — 7x;)PydCii + (11 — l)TI_ilPiij’ij
e Terms-of-trade effect: TotEf f = Y¢;dCy + Xc45dCi5 + XrcidLe;
e Total welfare change: TotalWelfare = ProdWedge + ConsWedge + TotEff.

Where we made use of to write the terms-of-trade effect as function of dL¢;, dCj;, and dC;;. Next, we use
to evaluate ProdWedge, ConsWedge, TotE f f, and TotalWel fare when the domestic country changes
one instrument at the time. We evaluate those terms at the free-trade equilibrium i.e., 7p; = 77, = 7x; = 1. For
the proof it is useful to remember that: ¢ > 1,0 < a<1,0<d; <1, ®; >0, and Lg; > 0.

(al) When drp; = drx; = 0 then ProdWedge = % [(e = D)((1 —a)(1 —28;) +¢€) + ;] drp;.

Note that even when d;; = 1, then (1 — a)(1 — 2d;;) + € = —(1 — a) + € > 0. Therefore, ProdWedge > 0 <
drr; > 0.

(a2) When drp; = dry; = 0 then ProdWedge = —(152%(%%[(5 - D1+ di(a+20;(1 —a)+e—3)) +
9;;€®;]drx;. A sufficient condition for ProdWedge < 0 <= drx; > 0is Pol(d;;) = 1+ 6i(a + 26;;(1 — o) +
¢ —3) > 0. In what follows we show that this is always the case i.e., Pol(d;;) > 0V d;; € [0,1].

Pol(0;;) is a quadratic function in d;; with:

e Pol(0) =1;

e Pol(l)=ec—a>0

. 8Pol§§¢i) —eta—3 ; 0;
¢ 0;4=0

° 48Pgégfii) - =c+1—-3x § 0;

2 y . . .
. a%lg(_é“) =4(1 — @) > 0 i.e., the function as a minimum;

it

e min Pol(§;) = MinPol(e,a) = — el 220 et

>0

Note that Pol(d;;) > 0 at both extremes of the interval §;; € [0,1]. This implies that if %@ 5
7 77:0

( OPol(8:)

it

< 0) then Pol(d;;) > 0 has to be monotonically increasing (decreasing) and always positive in

dii € [0,1]. Therefore, two necessary conditions for Pol(d;;) < 0 in d;; € (0,1) are 9Pol(4ii)

56.: < 0 and

6;i=0

it

5 > 0ie, max{1,3a -1} <e <3 —a.
=1

The last step is to show that MinPol(e,o) > 0 always when max{l,3a — 1} < ¢ < 3 — a. Note that
OMinPol(e,a) _ 3—e—a OMinPol(e,x) -0
Oe T 41—« Y Pa— o =

, implying MinPol(e,«) increases in €. Our last step is therefore to evaluate the sign of MinPol(e,«) at its
minimum possible level i.e., substituting the minimum admissible range for €. There are two cases. If o > %

then &€ = max{1,3c — 1} = 3a — 1. If instead o < Z, then ¢ = max{1,3c — 1} = 1. In the first case we have

MinPol(3a—1,a) = 2a—1 > 0 when o > 2, which is true. In the second case we have MinPol(1, o) = %.

Note that MinPol(l,a) = 0 for a; = —2(1 +v2) < 0 and as = —2 + 24/(2) > 2. This means that
MinPol(1,a) does not change sign in our relevant range 0 < a < %. Observing that MinPol(1,0) = 1 shows
that MinPol(1,) > 0 when 0 < a < 2 . We can thus conclude that when Pol(d;;) has a minimum in

0 < §4 < 1, such minimum is always positive.

decreases in € and that at the maximum admissible range we have
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(a3) When drj; = drx; = 0 then ProdWedge = Lg; (E_l)[%?i(8+0‘_2)(Iig§;:)(22(5€ta1)—24)]—2(1—5“)5“5‘1’1 drr;. A
sufficient condition for ProdWedge < 0 <= drz; > 0 is Pol(6;;) = 20%(e + o — 2) — 1 — §;;(2e + a — 4) < 0.

In what follows we show that this is always the case i.e., Pol(d;;) < 0V d;; € [0,1].

Pol(0;;) is a quadratic function in d;; with:

e Pol(0) = -1,
o Pol(1) = -1+
o 2AOL|  — 4 p3at2cS0;

2 ;.
OLN) = (e -2+ a) S 0;

e max Pol(6;;) = MaxPol(e, o) = —5 — 8(_+2a+5).

Note that Pol(0) < Pol(1) < 0. This implies that when % > 0, Pol(d;;) has a minimum for 0 < §;; < 1

i1 5 -
and it is always negative in this range. We thus have to show that Pol(d;;) < 0 even when %W <0 ie.,
when the function has a maximum. This means we can restrict our analysis to the case ¢ < 2 — a.. Here there
)

i 0;i=1

are two possible scenarios. When > 0, the function is monotonically increasing, and thus always

negative, for all d; € (0,1]. This happens when ¢ > 2 — 2. When instead 1 < € < 2 — 3q, then Pol(d;;)
has a maximum for d;; € (0,1). The last step is to show that such maximum is always negative. Note that
MazxPol(e,a) = 0 for ey =1 - y1—a— 5 and e2 = 1 + V1 —a — 5. It is easy to see that &1 < 1 and
that e; > 2 — %a, i.e., MaxPol(e, «) never changes sign in 1 <& < 2 — %a and 0 < a < 1. To complete the
proof it is then enough to show that MaxPol(e,«) < 0 at one point in our interval. For example, if o = 0.5,

e=12<2-2a and MazPol(1.2,0.5) = —0.49 < 0.

(b) ConsWedge = 0 for all policy instruments when 77; = 7x; = 1.

(c1) When drp; = drx; = 0 then TotEff = _LCi(1—5“0[(1—‘%‘>(<f:21gF?);gj(lg);1+a>25“)+5”5¢’”dm. Therefore,
TotEff <0 < drp; > 0.

(c2) When drr; = dr; = 0 then TotEff = Lci(l_éii)[(6_1)(5ii+25(7;211',(_€2_6:i))—"2_gzi_?)(21_51i))(1_26ii))+51i5¢i] dryxi. A

sufficient condition for TotEff >0 <= drx; > 01is Pol(8;;) = 6;; +26%(e — 1) + (e + (1 — §;)) (1 — 28;4) > 0.
In what follows we show that this is always the case i.e., Pol(d;;) > 0V d;; € [0,1].

Pol(d;;) is a quadratic function in d;; with:
e Pol(0)=e+a>e—1= Pol(1) > 0 i.e., the function is positive at both ends of the relevant interval;

2 N . . L.
. %{2@”) =4(e — 14 «a) > 0 i.e., the function as a minimum;

e min Pol(d;;) = 4E(a—g(8€:‘11);£¢1)+af)2;

o 2ABW | —9:4a-320.
o 16=1
When € < 37?0‘, then %@“) 5 < 0 implying Pol(d;;) is monotonically decreasing and always positive for
7 77:1
d;i € [0,1]. When £ > ?“TO‘, then ap#fﬁ) > 0 implying Pol(d;;) reaches the minimum in d6;; € [0, 1].

Therefore, the last step we need to show is that min Pol(8;;) > 0 always when & > 352,

This is indeed the case since de(av+e—1) — (1+a)? > 435%(a+ 252 —1) - (1+ )2 =2(1 — a?) > 0.
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(¢3) When drj; = drx; = 0 then TotEff = LCi(1_6”)[(i;fgf;)i;(iy%z_1)+E26”¢)”]dTLi. Note that ¢ — a(26;; —

1) > 0 even when §;; = 1. Therefore, TotEff >0 < drz; > 0.

(d1) When dr; = drx; = 0 then TotalWelfare = LCi(1751'(1'2)([5?_517)((26‘2;1)(170‘)] drr;. Note that 0, < 26;; —

1 < §;; <1 which is always the case, implying that the numerator is always positive. Note also that at the
denominator 26;; — 1 >0 < §;; > % Thus, TotalWelfare > 0 when drj; >0 < §;; > %

(d2) When dry; = drj; = 0 then TotalWel fare = £eti=8ull0=20u) (1) (0u)e] g7, Note that 1 — 20y <

1—4; and 1 —a < e, implying that (1 —26;;)(1 —a) — (1 —d;;)e < 0 i.e., the numerator is always negative. Note
also that the denominator is positive <— §;; > % Thus, TotalWelfare < 0 when drx; >0 < §;; > %

(d3) When dry; = drx; = 0 then TotalWel fare = LetlU=2uU=p) (=0l g, Note that 1 — 25 < 1 - di;
and 1 — a < ¢, implying that (1 —26;;)(1 — «) — (1 — d;;)e < 0 i.e., the numerator is always negative. Note also

that the denominator is positive <= §;; > % Therefore, TotalWel fare < 0 when drp; > 0 < §;; > %

D.7 Proof of Proposition [6]

Proof We prove Proposition [f] point by point.

(a) and (b) The constrained problem in can be reduced to a maximization problem in 25 variables (22
endogenous variables plus 3 policy instruments) subject to the equilibrium conditions —. As a first step we
take the total differential of the objective of the individual country policy maker. In Appendix[D.I]we showed how
— once combined with the total differential of other equilibrium conditions — this total differential can be rewritten
asin ([37). Next, in Appendix[D.2we showed how to rewrite as i.e., as a function of 3 total differentials
only, namely {dCj;,dC;j,dLc;}, £ At the same time 3 is also the number of policy instruments available to
the individual-country policy maker. This implies that at the optimum condition must be equal to
zero for any arbitrary perturbation of {Cj;, Cij, Loi}, ; since for any arbitrary {dCj;, dC;;,dLc;}, 4 the total
differential of the 22 equilibrium conditions allows determining all the total differentials of the other 22 variables.
Put differently, at the optimum all the wedges in must be zero, i.e., in the Nash Qrc; = Q¢ = Qi = 0.
Finally, note that Qrc; = Qcu = Qcij =0 = Qres = Qeii = ﬁcw = 0. We thus use equations —
to characterize the Nash equilibrium in point (b).

(c) For the model version with homogeneous firms see |(Campolmi et al.| (2014]).

For the case with firm heterogeneity, first, note that Qr.c;, Qcus, and ﬁ(;ij are functions only of 8 variables: 77;,
Tliy TXis Piis Pijs Piir Pij> and ;.

Second, note that under symmetry of the initial conditions the equilibrium system of equations — gives
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us the following 5 equations, which allow us to solve for ¢y, ©;i, i, ©ji, and d;; given the 3 policy instruments:

~ o 1 dG(p)

Ji

L fu( G(%z)) @ et ]
8ii = Full— (%))Jrfﬂu Gle0) + f& (%—) (A-120)

g _ (fa) T ()T e

Qi (fﬂ> (TL]> 75 (TriTx)

y Do (6> i fiil1 = Gle3)) (*5)
fii(1 = G(pii)) + f5:(1 = G(pji)) + fE \ @i fii(L = G(pii)) + f1:(1 = G(pji)) + fe \vji

1
e—1

where the last equation makes use of d;; = 1 — dy;.

Solving for the symmetric Nash problem simplifies to searching for {r}Yash rNash rNashy guch that

Nash ,_Nash Nash Nash _Nash Nash Nash Nash Nash
QLCz( s Tr s TX ) QCZ’L( yTT yTX ) QCZ]( Tr yTX ) 0

under the system in (A-120)).
Nash _ e—1

We then proceed in 3 steps. First, we show that in the Nash equilibrium it must be the case that 7; = .
Second, we show that Qpc; ( ash ,T1,Tx) > 0 always when 7x < 1. Therefore, when a Nash equilibrium
exists it must be such that TNU’Sh > 1. Finally, we show that QC”( Nash o T)]}]“Sh) < 0 always when 77 > 1.

Therefore, when a Nash equlhbrlum exists it must be such that TN ash < 1.

(1) We use Qrc; = Qci; = 0 to solve for 77, and 77 and we obtain two set of solutions, (71, 7}) and (72, 72):

1 e—1
L=
1 (1—a)d2(e(1 —7x)+ 7x) — aeTx + 6ue((e = 1 + a)Tx —¢€)

r= (1 —a)(1 = 8i)7x[e(1 = 63) + iimx (e — 1)]

N ducle =1+ a)(e(rx — 1) — 7x)®;
(1 — a)(l — 5“)(6 — 1)27')([6(1 — 5“) + 6ii7’X(5 — 1)]

2 1+e(e—2+9)
L= YD — a)(e — 0u) + ol — 6:)7x] + (1 — a)ed;
 ——

11—«

Note that 77 < 0 which is outside the admissible range for 7;. Thus, the only possible solution is (7}, 7}),
implying that when a Nash solution exists, it must be that 72" = 561 We can thus substitute 7Y into

Qrci, Qcii, and QCij obtaining QLCZ-, ch and QCZ-J-, where the upper index N indicates that these are the

expressions when 7, = 7¥esh;

N N1 =N2
Qrei = Qe + Qe



where

Qpes = (e — 1[0ule — (e — D7x)(e — (1 — a)dis) + 6is(e — Drx (1 — @) (1 = 6:0)717x)
+ 8((1 — (5”)(04 + (1 — Oz)(l — 6ii)TI)TX)]
QY2 =6uce — 1+ a)(e — (e — D)7x)
ﬁgi; =(E-1) [671(5 —14+a)(e(l—71)— 1)+ dumr(ac+ (e — 1)(1 —a)) + (1 — 0:)(e — 1) (a 4 M
(1 — Oé)(é‘ — 1)(1 — (5“)
13

+(1 — 5”)(6 — 1)7‘]7’)( (

ﬁg;j = (52‘1‘(5 -1+ Oé)(&'(l — T]) — 1)‘1)1

—a-(1-a)1- %)n)}

=N =N . =N =N
Note that Q¢;; and -, are collinear. In the next steps we can thus concentrate on Q,; and Q¢,;; to

characterize the Nash solution for the remaining two instruments, 7" and rNosh.

(2) First, note that ¢ — (¢ — 1)7x > 0 <= 7x < -=5. This implies that when 7x < —%5 we have both

=N =N =N
QLgi > 0 and QL(’;QZ- > 0, Therefore, 1, ~; > 0V7x < %=, implying that there cannot be a Nash equilibrium in

e—1?

. . . . aN . .
this region as it will never be the case that Q;; = 0. Thus, in the Nash it must the case that 7" > = >1

(3) The last thing we need to show is that 7/¥®" < 1. We prove this by contradiction.

Assume 7V > 1. In the previous point we already showed that 78%" > 1, thus we also have TN eshrash > 1,
. V.2 ; o e C
First, note that {2¢;; < 0 when T}V ash > 1. Thus, a necessary condition for the Nash equilibrium to exist in the

—N
region 77 > 1 is that 377 > 1 such that chjl > 0.

—N,1
Next, note that Q,; is function of the two tax instruments, the endogenous variable J;;, and the parameters
«a and . Note also that §;; is an implicit function of the tax instruments, the fix costs f and f;, e, and the
distribution function for firms’ productivities G(¢), but not of «, as can be seen from the system (A-120). Thus,

—N,1. .. .
ch‘j is linear in «. Note that:

ol = (6= 12 [=8i(1 = 6+ (1 — 1)(e = 6:1)) — (1 = 6:0)*(1 + (71 — 1))777x] < 0
a=0
. == DP[rrmx — D)1= 8) + bue(rr )] <0

This implies that ﬁg; < 0 for all 77 > 1. Therefore, ﬁg@j < 0 for all 77 > 1 which contradict our original

hypothesis of a Nash equilibrium with 7¥%" > 1. Thus, if a Nash equilibrium exists it must be such that

TIN“Sh <1l. m

D.8 Proof of Proposition [7]

Proof
(a) When only labor taxes are available 77; = 7x; = 1 and drj; = drx; = 0 for ¢ = H, F. Therefore,
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simplifies to:

=17 — 1) dLc; dPsi — Chid P
dU; = (5 1.) + 5 J[CZ Lo (A-121)

production-efficiency wedge terms-of-trade effect

In Appendix we derived a set of 3 equations ((A-92)), , and (A-96)) in 6 variables (drr;, drr4,

drxi, dLci, dCy;, dC;;). We then used the 3 equations to express the differentials of the instruments as
functions of the differentials of the other variables ((A-97))). Now we can impose d7r; = drx; = 0 and search
for the following solution:

dTLZ' = G(chﬁ
dCy;i = H(dLcs) (A-122)
dC;; = I(dL¢y)

The expressions for G, H, and I are available upon request.

Imposing 77, = 7x; = 1 and drj; = drx; = 0 in (A-101) we have a solution for the terms-of-trade effect
(C;;dPj; — C;;dP;;) function only of drr;, dCy;, and dLC;. We can then use (A-122)) to express the terms-
of-trade effect as function of dL¢; only:

(1 — (5”)((1 + (]. — 04)7'[,1')
e—1
(e = D(a(20i — 1)(1 + e(rri — 1)) — e7ri) — 20ue(a + (1 — a)7r:) Ps
(8 — 1) [(1 — 5“)(1 + 257;7;(6 — 1))(CM + (1 — Oé)TLi) + (1 — a)(l — 2(511)(&(7’[,1' — 1) — 57,7,TL1)] + 2(1 — 5“)5“5(04 + (1 — CM)TLZ')CDZ‘
(A—123)

CjidPj; — CijdPsj =

dLc;

Substituting (A-123|) into (A-121]) we obtain :

where

1
(e = D1 —0:)(1 + 200(c — 1)@+ (1 —a)rze) + (1 — ) (L — 20:)(alrrs — 1) — 6u7r:)] + 2(1 — 6:1)dse(a + (1 — a)7rs)®s

and

ﬁi = (E - 1) [(1 + E(TLi - 1))((1 - (5“)(1 —a+ 25“(8 - (1 - a)))(a + (1 - C()TLi) + (1 - a)(l - 2(5“)(04(’7'1,1 — 1) — 5“7'[,7,))
—(1 — 5“)(01 + (1 — a)TLi)&‘TLi] + 2(1 — 5”)5“6((1 + (1 — OZ)TLZ')((:‘ — (1 — a))(TLi — 1)(1%

Characterizing the Nash problem when only labor taxes are available means solving the constrained problem
in imposing 77; = T7x; = 1. The problem can be reduced to a maximization problem in 23 variables
(22 endogenous variables plus 1 policy instrument) subject to the equilibrium conditions —. In the
previous point we showed how to rewrite the total differential of as function of one total differential only,
dL¢i, At the same time 1 is also the number of policy instrument available to the individual-country
policy maker. This implies that at the optimum condition must be equal to zero for any arbitrary
perturbation of Lg; since for any arbitrary dLe; the total differential of the 22 equilibrium conditions
allows determining all the total differentials of the other 22 variables. Put differently, in the Nash €; =0
i.e., Qz =0.
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(c) First, note that €; is function of 6 variables: 7r:, @i, @ij, Piis Pij» and d;;. Second, under symmetry of
the initial conditions and when 77; = 7x; = 1, the equilibrium system of equations — gives us the
following 5 equations, which allow us to solve for ¢y, @ji, Pii, ©ji, and d;; independently from 7z,

_[x o o) 1T
[/ 1_(;(@_)]

ji

ii = [/Oo P dG(((p)“)] e

Jp— fll( G(@u)) @ e-l )
b= Glow) + Fis(1 = Gles)) + fi (%> (A-124)

Pii & ;Tfl

eji (sz‘) 7
_ fia(1 = Glgi)) (so) N f3i(1 = G(g3)) <90>
fi(L = G(pii)) + f3:(1 = G(vji) + fE \ pii fii(L = G(pii)) + f5:(1 = G(vji) + fE \@ji

This means that, differently from the Nash problem with all instruments, the symmetric Nash outcome
will not alter firms’ distribution between domestic and export sectors. Solving for the symmetric Nash
equilibrium thus simplifies to searching for the 72V such that Q;(res") = 0.

To study the Nash equilibrium first note the following:

<l

e O;(71;) is a quadratic function in 7y;.
:(0) < 0 for &; € (0,1] and ©;(0) = 0 when &;; = 0.

o ()
This is so since Q;(0) = —(e — 1)2a[(1 — 6;;)(1 — a + 20 (a+e — 1)) — (1 —26;;)(1 — )] — 2a(1 —
0ii)0ie(a+ € — 1)®@; and we have both 1 —d;; > 1 —20;; and 1 —a+2§;(a+e—1)>1—«a.

i)dii
i(521) < 0 for 6; € [0,1) and Q;(52) = 0 when 6;; = 1.

{O

(1—6:3) (ate—1)[(e=1)+26;; (a+e—1)D;]

== :

This is so since Q;(1) = (20;; — 1)(e — 1) [(1 = §;)(e — 1 + @) + 6;(1 — a)].

This is so since €;(

We now proceed in steps.
(1) Consider the case 0;; > %

Due to the fact that €;(rz;) is a quadratic function, ;(0) < 0, Q;(£=%) < 0, and Q;(1) > 0, when-
ever Q;(7r;) is convex than the two solutions are such that 71 < 0 and 561 < 77 < 1. Given
that our instrument has to be positive, this implies that there is only one Nash solution in the rel-
evant parameter space: % < Tiv ash < 1. In what follows we show that indeed ﬁi(TLi) is al-

ways convex when §; > %. We start by computing the second derivative of €;(7r;): ﬁ;/(TLi) =
2(1 — a)dye [(e — Daa(d;;) + 2(1 — i) (o + € — 1)D;] where aa(d;;) = 20;:(2 — a—e) +2e + a— 3. Note
that if aa(d;;) > 0 when 6;; > %, then we are done. Note that:

aa(d;;) is linear in 0;;;

aa(0) =2c+a—-3>0 < >332

aa(d;;) > 0 when 0;; 2%

aa(l)=1—-a > 0.

When ¢ > 3’7‘3‘ we have that aa(d;) > 0V0; € [0,1] by linearity. When instead £ < 35“ then

aa(d;) > OV > % Note however that % < % when ¢ < 352, Indeed, % <
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5 2;;3_’23 <lande+a—2< 0 when e < 3’?0‘ therefore the inequality becomes 2 + o — 3 >

€+ a—2 <= ¢ > 1 which is always true.

(2) Now consider the case §; < + and & > 252,

In the previous point we have already shown that € (TLl) is convex when ¢ > 3_7‘3“ Due to the fact
that €;(71;) is a quadratic function, ;(0) <0, Q;(<=1) < 0, and €;(1) < 0, than the two solutions are
such that 7} < 0 and 77 > 1. Given that our instrument has to be positive, this implies that there is
only one Nash equilibrium in the relevant parameter space: 77 Nash > 1.

(3) Next, consider the case d;; € [%, %) and ¢ < 352, In this case we still have aa(d;;) > 0 and thus
again there is only one Nash equilibrium in the relevant parameter space: 75 %" > 1.
(4) Finally, consider the case ¢;; € [O, %) and € < 35%. When this is the case we have aa(d;;) < 0,

and we cannot know whether Q;(77;) is convex or concave implying we cannot characterize the Nash
equilibrium. Thus, all the following can happen: no Nash equilibrium, a unique Nash equilibrium with

2e4+a—3
rNash > 1, two Nash equilibria. Note that (2(555 ) _ —2(5};22)2 < 0 implying that the cutoff point
for aa(d;i) < 0 decreases with e. Indeed, lim,__,s—o 722(213:3) =0 and lim._,; 722(213:3) =1

D.9 Proof of Proposition

Proof I We prove Proposition [§ point by point.

(a) According to Propositionlﬂ7 when §;; Z and only domestic policies are available any symmetric Nash equi-
librium — if it exists — is such that 651 § TNU’Sh < 1. Hence, a sufficient condition for the Nash allocation
to entail higher welfare than the free-trade allocation is that in a symmetric equilibrium individual-country
welfare is monotonically decreasing in 77;. In other words, we need to demonstrate that in the symmetric
equilibrium dTLi < 0 as long as 77; > £=%. To show this result, first notice that dUs — ddU djfl Second,

consider that the total differential of utlhty can be written as in condition Then if we combine

this total differential with the total differential of (13 and . 14)) departing from a symmetrlc allocation we

get:
P. P 1
dU; = ——"dCy; — —2dCyj + ——dL¢;
I; I, “Cu T
Moreover, it can be show that under symmetry dC;; = fc = 1)chZ for 4 j =H,F. By substituting

these conditions into the differential above and taking into account conditions and (| we obtain:

B 1 TLi€
dUl = TZ (E 1 - 1) dLC’L (A_125)

This last result follows directly from the fact that symmetric deviations of the labor subsidy from a
symmetric allocation do not have an impact on the cut offs ¢;; and on the market shares. Since we are
starting from a symmetric allocation where import tariffs and export taxes are absent, changes in welfare
are equal to the production-efficiency wedge of condition implying that consumption wedges and
terms of trade effects are zero. Finally, it can be shown that:

dLCi (1 — Ot)LCi
=- <0
dtr; CY—‘rTLi(l—Oz)
This allows us to conclude that jTUL"_ = — Lf" (%715 — 1) #gla) <0 as long as 7p; > 5;1.

(b) In point (a), we just showed that ddT—UL? < 0aslongas 7p; > <=1

it

since when d0;; < % , the symmetric Nash equilibrium is welfare dominated by the free-trade allocation

38The proof is available on request.
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because of the result from Proposition[§ It is easy to show that when starting from a symmetric allocation
condition (A-125)) holds also when firms are homogeneous. Moreover, |Campolmi et al.| (2014) have already
proved that in this case dL¢;/drr; = dN;/drr; < 0.

(¢) By taking the the differential of conditions , and @D with respect to f;; and 7;;, it can be shown
that:
~l—e, e—1
déii _ (E -1+ (I)Z)CS”(I — 6ii)d7‘¢j + Q)Z(S”(]_ - 61’2’)‘»01']‘ E@?j
Tij (e = 1) fi

which confirms that d;; is monotonically increasing in both 7;; and f;;.

dfij

7
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