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1 Introduction

The aim of this paper is to study optimal trade policy in the canonical two-sector Krugman
(1980) model, where one sector is characterized by monopolistic competition, increasing returns
and iceberg trade costs, while the other features perfect competition and constant returns.
Within this framework we study cooperative, unilateral and strategic (Nash) production, import
and export subsidies/taxes.

The common wisdom of the literature! (Venables (1987), Helpman and Krugman (1989),
Ossa (2011)) is that in this model unilateral trade policy is set so as to agglomerate firms
in the domestic economy in order to reduce the domestic price index, thereby increasing do-
mestic welfare. An import tariff makes foreign differentiated goods more expensive relative to
domestic ones so that domestic consumers shift expenditure towards domestic differentiated
goods. As a consequence, domestic firms sell more thus making profits and foreign firms sell
less thus making losses. This triggers entry into the domestic differentiated sector and exit
out of the foreign differentiated sector, thereby reducing the domestic price index — since now
less of the domestically consumed goods are subject to transport costs — and increasing the
foreign one. Similarly, a production or an export subsidy also renders the domestic market a
more attractive location and reduces the domestic price index at the expense of increasing the
foreign one. According to the literature, this home market externality (also called production
relocation externality) provides a reason for protectionist and ultimately welfare detrimental
unilateral trade policy in the Krugman (1980) model and, as argued by Ossa (2011), gives an
alternative theoretical justification to the neoclassical terms-of-trade externality explanation
(Johnson (1953-1954), Grossman and Helpman (1985) and Bagwell and Staiger (1999)) as to
why countries need to sign trade agreements. Similarly, the same mechanism also provides a
theoretical justification for the World Trade Organization (WTO)’s limitation of production
and export subsidies,? which cannot be explained within the neoclassical framework.?

Our contribution is twofold. First, we show that, in contrast to the previous literature, the

LA detailed review of the literature is provided in the next section.

2See, e.g., WTO (2006). GATT Article XVI and the Uruguay Round Subsidies Code prohibit the use of
export subsidies, while the second also establishes that countervailing duties can be imposed on countries using
production subsidies subject to an injury test.

3Production and export subsidies are puzzling within the neoclassical framework because they increase foreign
welfare at the expense of domestic welfare.



home market externality — defined as the incentive to reduce the domestic price index via a
relocation of firms to the domestic economy — is generally not a motive for unilateral or strategic
trade policy in the Krugman (1980) model. Instead, non-cooperative trade policies are driven
by two incentives: on the one hand, domestic policy makers try to increase production efficiency
and, on the other hand, they want to improve domestic terms of trade. Second, we find that
once countries are allowed to simultaneously choose all three instruments, they set production
subsidies to eliminate the production inefficiency and they use trade instruments to improve
their terms of trade. This implies that the only remaining international externality — and thus
the only reason why countries should sign a trade agreement — is due to countries’ attempt to
manipulate their terms of trade.

Observe that the production inefficiency arises because there are two sectors in the model,
so that monopolistic markups lead to a too low provision of variety in the monopolistically

4 Thus, policy makers try to improve the use of domestic resources by

competitive sector.
increasing entry into the differentiated sector. Depending on the set of policy instruments
available, this attempt to increase production efficiency may impose a relocation externality
on the other country. However, such relocation externality disappears once policy makers can
completely eliminate the production inefficiency. Indeed, non-cooperative policy makers do not
have an incentive to exploit the home market externality: They recognize that a reduction
in the aggregate price index due to firm relocation cannot be welfare improving, since it is
exactly offset by a fall in household’s income. Finally, the use of policy instruments required
to achieve greater production efficiency has negative terms-of-trade effects and non-cooperative
trade policy is determined by the trade off between these two motives.

To clarify the interplay between these incentives, we start by considering production subsi-
dies/taxes as the only available policy instrument. A production subsidy increases profits of
firms in the domestic differentiated sector and triggers a relocation of firms from the foreign to
the domestic economy, thereby increasing domestic production efficiency. However, this comes
at the cost of a negative terms-of-trade effect because the production subsidy reduces the in-
ternational price of domestically produced varieties. We show that the balance always tips in

favor of the terms-of-trade effect before production efficiency is achieved: the non-cooperative

4In their seminal paper, Dixit and Stiglitz (1977) show that the market solution is not first-best Pareto
optimal in such a model, and that subsidies on fixed costs and on marginal costs are required to implement it.



outcome is a production subsidy that is always lower than the cooperatively set one. Thus, the
relocation externality — which is a consequence of policy makers” attempt to increase production
efficiency — does not induce inefficiently high production subsidies. Instead, the terms-of-trade
externality leads to an inefficiently low subsidy level.

The result on production subsidies makes it clear that the desire to achieve production ef-
ficiency is an important motive for non-cooperative policy choice. Keeping this in mind, we
next study import subsidies/tariffs. First, we consider a situation where monopolistic distor-
tions have been eliminated by appropriate production subsidies, so that the market allocation
is first-best efficient. In this case the only remaining motive for import policy is the terms-of-
trade externality. As a consequence, the optimal non-cooperative import policy entails import
subsidies, which aim at relocating firms to the Foreign economy and thereby indirectly im-
proving domestic terms of trade: by reducing the number of domestically produced varieties
and increasing the foreign one, an import subsidy increases the welfare-relevant price index of
exports relative to the one of imports. In contrast, when starting from the (inefficient) free
trade allocation production efficiency calls for a tariff, which shifts domestic demand towards
domestically produced varieties, causes entry into the differentiated sector at home, and real-
locates labor to this sector. This imposes a relocation externality on the other country, where
firms exit. However, such a policy comes at the cost of worsened terms of trade due to a fall
in the relative price index of exportables. Overall, production efficiency effects dominate the
indirect terms-of-trade motive and the Nash equilibrium outcome is tariffs.

A similar result holds for non-cooperative export policy. When monopolistic distortions have
been eliminated by appropriate production subsidies, terms-of-trade effects are the only motive
for non-cooperative policy makers. In this case the optimal non-cooperative export policy is
an export tax, which aims at improving domestic terms of trade both directly, by increasing
the international price of exported varieties, and indirectly by triggering exit of firms from the
domestic economy and entry in the foreign one. Differently, when starting from the (inefficient)
free trade allocation non-cooperative policy makers set export subsidies, which intend to induce
entry into the domestic differentiated sector by relocating firms from the foreign economy and
thus improve production efficiency. This motive dominates the negative terms-of-trade effect
of export subsidies.

Finally, we analyze a situation where countries can set production, import and export policy

4



instruments simultaneously. This is the relevant situation if one wants to address the question
why countries need to sign trade agreements, given that in the absence of such agreements the
set of tax instruments that can be used strategically is not limited to a single production or
trade tax. In line with our above results for single instruments, we find that non-cooperative
policy makers choose the level of production subsidies that exactly offsets the monopolistic
distortions, and that they set import subsidies and export taxes, both of which aim at improving
domestic terms of trade (directly or indirectly). This result is important for various reasons:
first, it corroborates our previous claim that relocation externalities are only a consequence of
production inefficiency. If policy makers dispose of sufficiently many instruments to address
both incentives — namely production efficiency and terms of trade — separately, only the latter
imposes an international externality; second, it clarifies that in the Krugman (1980) model the
only role of international trade agreements is to solve international externalities due to terms-
of-trade effects. Relocation effects only become a relevant motive for trade policy, once the set
of policy instruments is restricted, so that production efficiency cannot be improved without

causing other distortions.

1.1 Related Literature

Our results differ markedly from those of the previous literature on trade policy in the two-
sector Krugman (1980) model (Venables (1987), Helpman and Krugman (1989) chapter 7 and
Ossa (2011)). All these contributions find that in this model non-cooperative trade policy is
driven by home market effects, leading to inefficiencies compared to free trade. In particular,
Venables (1987) studies unilateral incentives to set, alternatively, tariffs, production or export
subsidies and shows that any of those can improve domestic welfare compared to free trade
due to the home market effect. However, he does not study the welfare consequences of a
strategic game. Helpman and Krugman (1989) limit their discussion to unilaterally set tariffs,
while Ossa (2011) considers a tariff game, where positive tariffs are set in equilibrium due to
the home market effect. While we also find that non-cooperative import policy leads to tariffs,
these are set to improve production efficiency and not to reduce the domestic price level.

A key difference between those contributions and our paper is the treatment of income effects

generated by the policy intervention. To avoid the complications arising from the revenue



consequences of tax policies, all previous contributions have assumed that tariff income is a
pure waste® and that there are no other taxes, so that income is fixed. However, it is only in
this special case, that the incentive to reduce the domestic price level via a relocation of firms is
present. In the more general case, the relocation incentive is just a consequence of production
inefficiency. Observe that this difference matters: once production subsidies can be set so as
to achieve production efficiency, the relocation externality disappears and import subsidies are
set, which aim at improving terms of trade.

Also closely related to our paper is Bagwell and Staiger (2009), who consider a two-sector
Krugman (1980) model, allowing policy makers to simultaneously choose import and export
taxes. They show that in this case Nash-equilibrium policy choices are explained exclusively by
the terms-of-trade effects and not by the relocation externality, because import-tariff-induced
relocation effects are counterbalanced by export-subsidy-induced relocation effects. While al-
lowing for revenue effects of trade taxes, for analytical tractability they assume quasi-linear
utility. This ensures that tax policies do not generate income effects on the demand for dif-
ferentiated products. Compared to their work our contributions are the following ones: we
provide analytical solutions for the general specification where tax revenues generate income
effects on the demand of differentiated goods; we allow for production taxes in addition to
import and export taxes. The advantage of this more general approach is that it underlines the
crucial role played by production inefficiency and points out the absence of the home market
externality. Finally, in line with Bagwell and Staiger (2009)’s result, we show that when all
three policy instruments can be set strategically, the only remaining international externality
is the terms-of-trade effect.

Other related work is Gros (1987), who studies an import tariff game in the one-sector variant
of the Krugman (1980) model. In that version of the model relocation effects are absent and
the free trade allocation is Pareto-optimal. He finds that in the Nash equilibrium policy makers
set import tariffs which aim at increasing domestic wages due to terms-of-trade effects.

Finally, Flam and Helpman (1987) and Helpman and Krugman (1989), chapter 7 discuss a
production efficiency effect of trade policy, which is very similar to the production efficiency

effect as defined in the present paper. Since with imperfect competition prices are set above

°Ossa (2011) provides a numerical solution for the case when tariff revenues are redistributed. However, he
does non allow for other tax instruments and does not consider the role played by the production inefficiency.



marginal costs, domestic consumption of each variety is too low. Thus, an import tariff (or a
production or export subsidy), which shifts demand towards domestic varieties, can improve
efficiency. However, their effect refers to changes in average cost induced by changes in firm size
and not to changes in the number of domestic firms. Since firm size provided by the market
is optimal in the Krugman (1980) model, there is no room for a production efficiency effect in
their sense.

The paper proceeds as follows. In the next section we set up the model. In section 3 we
compare the market allocation with the planner solution and discuss cooperative and non-
cooperative policy makers’ problems and incentives. Sections 4, 5 and 6 are dedicated to the
study of individual policy instruments: production taxes/subsidies, import tariffs /subsidies and
export taxes/subsidies. Section 7 considers simultaneous choice of all policy instruments and

the last section presents our conclusions.

2 The Model

The setup is exactly as in Venables (1987) and Ossa (2011). The only difference is that we allow
for transfers. The world economy consists of two countries: Home (H) and Foreign (F). Each
country produces a homogeneous good and a continuum of differentiated goods. All goods are
tradable but only the differentiated goods are subject to transport costs. The differentiated
goods sector is characterized by monopolistic competition, while there is perfect competition in
the homogeneous good sector. Both countries are identical in terms of preferences, production
technology, market structure and size. All variables are indexed such that the first sub-index
refers to the location of consumption and the second subindex to the location of production.
Finally, varieties in the differentiated sector are indexed with 4, while countries are indexed

with j.

2.1 Households

Households’ utility function in the Home country is given by:

U(Cu, Zn) = CZy®, (1)
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where C'y aggregates over the varieties of differentiated goods, Zy represents consumption of the
homogeneous good and « is the expenditure share of the differentiated bundle in the aggregate
consumption basket. While the homogeneous good is identical across countries, each country
produces a different subset of differentiated goods. In particular, Ny varieties are produced in
the Home country while Ny are produced by Foreign. The differentiated varieties produced in

the two countries are aggregated with a CES function:®

€

Cy — [C;;Hl O | (2)

NH e—1 ﬁ NF e—1 Eiﬁl
0 0

Here, C'yy is the domestic consumption bundle of varieties produced at Home, C'yr is the do-
mestic consumption bundle of Foreign produced varieties, cg (i) denotes domestic consumption
of a domestically produced variety, cyp(7) is domestic consumption of a Foreign produced va-
riety and € > 1 is the elasticity of substitution between domestic and Foreign bundles and
between different varieties. Analogous definitions hold for Foreign consumption bundles.
Given the Dixit-Stiglitz structure of preferences, the households’ maximization problem can
be solved in three stages. At the first two stages, households choose how much to consume of
each Home and Foreign variety and how to allocate consumption between the domestic and the
Foreign bundle. The optimality conditions imply the following domestic demand functions and

domestic price indices:

crn(i) = {pgs)r Ciun Cout — {Ppiﬂ e @)
cai) = [p ;m O Crar = [%F] e (5)

6Note that our definitions for Cy gy and Cp imply Cy = [fONH cHH(i)%di + fONF cHF(i)E%ldi} e, the
model is the standard one considered in this literature. However, it is convenient to define optimal consumption
indices.



Py = [Pl + P ™ (6)

NH 1%6 NF 1715
Pyy = {/ pHH(i>1€di:| Ppr = {/ pHF(i)lsdil ) (7)
0 0

where Py is the domestic price index of the differentiated bundle, Pyy and Pyp are domestic
price indices of Home and Foreign produced bundles of differentiated goods respectively and
pru (i) (prr(7)) is the domestic price of variety i produced by Home (Foreign).

In the last stage, households choose how to allocate income between the homogeneous good and

the differentiated bundle. Thus, they maximize (1) subject to the following budget constraint:
PyCx +pzeZn = In, (8)

where Iy = Wy L+ Ty, L is the total labor available in each country, Wy is the domestic wage
rate, pzy is the domestic price of the homogeneous good, and Ty is a lump sum transfer which
depends on the tax scheme adopted by the domestic government. The solution to the domestic
consumer problem implies that the marginal rate of substitution between the homogeneous

good and the differentiated bundle equals their relative price:

« ZH_PH

1—040_1{_]?21{

Foreign households solve a symmetric problem.

2.2 Firms

Firms in the differentiated sector operate under monopolistic competition. They pay a fixed

cost in terms of labor, f, and then produce with linear technology:

yu(i) = Len(i) — f, (10)

where Loy (i) is the amount of labor allocated to the production of variety i in the differentiated

sector. Goods sold in the Foreign market are subject to an iceberg transport cost 7 > 1. The



government of each country j € {H, F'} disposes of three fiscal instruments. A production
tax/subsidy (7¢;) 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 € {C, I, X} i.e.,
Tmj < 1 indicates a subsidy and 7,,; > 1 indicates a tax. In what follows, we will use the
word tax whenever we refer to a policy instrument without specifying whether 7,,,; is smaller or
larger than one. We assume that taxes are paid directly by the firms. Given the constant price
elasticity of demand, optimal prices charged by Home firms in the domestic market (pg (7))
are a fixed markup over their perceived marginal cost (7cxWpg), and optimal prices paid by
Foreign consumers for Home produced varieties (pry (7)) equal domestic prices augmented by

transport costs and trade taxes:®

€
e—1

puu(i) = Ton Wy pru (1) = TrpTxaTPHH (1) (11)

Foreign firms adopt symmetric optimal pricing rules:

. €
pFF(Z) = TCFg —

1WF pur(i) = TraTxFTPrF (1) (12)

The homogenous good is produced in both countries 5 with identical production technology:

Qzj = Lzj, (13)

where Ly; is the amount of labor allocated to producing the homogeneous good. Since the
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:

pzu =pzr = Wp = Wp (14)

"Production taxes are levied on both fixed and marginal costs. This assumption is necessary to keep firm
size unaffected by production taxes, which turns out to be optimal, as we will show in section 3.1.

8Following the previous literature (Venables (1987), Ossa (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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For convenience, we normalize pyg = 1.
Using the optimal pricing rules just derived, it is possible to rewrite the domestic price index

of the differentiated bundle as:

1

1—e 1—e| 1-¢
€ g
NH TCH +NF TCFTIHTXFT (15)
e—1 e—1

Py =

Note that trade policy can reduce the price index through three different channels. First,
because of Dixit-Stiglitz preferences, increasing the total number of varieties reduces the price
level. This is the so called love for variety effect. Second, by increasing Ny at the expense of
Np, the policy maker lowers the price level since Home households can now consume a larger
fraction of goods for which they do not pay transport costs. This is the so called home market
externality. Finally, trade policy can reduce the price level through the direct effect of subsidies

on the prices of individual varieties.

2.3 Government

All government revenues are redistributed to consumers through a lump sum transfer 7;. The
government is assumed to run a balanced budget. Hence, the domestic government’s budget

constraint is given by:

Ny

(T1er — V) 7xpTPrpCur + (7xy — 1)TPupCru + (Tox — 1) Wr(yu (i) + f)di =Ty (16)
0

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
production tax revenues from taxes on marginal and fixed costs. The foreign government has

a symmetric budget constraint.

2.4 Market Clearing Conditions

The market clearing condition for a differentiated variety produced at Home is given by:

11



yu (i) = cau(i) + Tepp (i) (17)

A similar condition holds for Foreign varieties. Free entry in the differentiated sector implies
that monopolistic producers make zero profit in equilibrium? and that production of each dif-
ferentiated variety is fixed: yg(i) =y = (¢ — 1) f.19 Moreover, given that firms share the same
production technology, the equilibrium is symmetric: all firms in the differentiated sector of
a given country charge the same price and produce the same quantity. Hence, in equilibrium

1

prn) _ f and Pyp = 7rg7xrTPrp. Using these price relations, the demand functions (4)

Py

and (5) and the fact that the production of each variety is equal to (¢ — 1)f, we can rewrite

the market clearing condition of domestically produced differentiated varieties (17) as:
(E — 1)f = NIFPI;ZT [PIE_ICH + T17€<T[FTXH)7€P}€;CF] (18)

Using the demand functions, the market clearing condition for the homogeneous good — Q) 7z +

Qzr = Zy + Zr — can be written as:

(1-o)

Qzu + Qzr = [PuChx + PrCF] (19)

Equilibrium in the labor market implies that L = Loy + Lzg with Loy = Ny Leoy/(i). Making

use of (10) and (13), labor market clearing can be written as:

Qzm =L — Nyef (20)

Finally, we assume that there is no trade in financial assets, so trade is balanced. The balanced

trade condition is given by:!*

(Qzu — Zu) + 7xu PuuCru = 77xr PrrCrr (21)

The left hand side of (21) is the sum of the net export value of the homogeneous goods and

My (i) = cau (@) pru (i) — cn] + cru (i) [Tpan (i) — T7en] — from = 0.

1ONote that production taxes on fixed costs are necessary for this result, as can be easily verified from the
free entry condition.

HImport taxes are collected directly by the governments at the border so they do not enter into this condition.
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the value of exports of differentiated varieties (at CIF inclusive international prices), while the
right hand side is the value of imports of differentiated varieties (at CIF inclusive international
prices).

As standard in the trade literature (see e.g., Helpman and Krugman (1989)), we define
the direct terms-of-trade effect as a change of the international price of exports (Txypyy =
TxpTon =) Telative to the one of imports (7xrprr = TxrTor-=7) of individual varieties. This
implies that only production and export taxes have direct terms-of-trade effects. In particular,
a domestic production or export tax increases the international price of exports one to one and
improves domestic terms of trade, while a foreign export tax or production tax increases the
international price of imports and worsens domestic individual terms of trade. As will become
clear in section 3.3, where we discuss policy makers’ incentives, it is useful to define also the
consumption-based terms-of-trade effect as a change in the international prices of the aggregate
exported bundle (txgPyy = N 13%11 TXHTCHe%l) relative to the one of the aggregate imported
bundle (7xpPrr = N ;%11 Tx F’/’CF;—I).H The main difference between the two definitions is that
trade policy can influence the consumption-based terms of trade both directly, through its effect
on the international prices of individual varieties, and also indirectly, through its effect on the
number of varieties produced in the two countries. In particular, Home’s consumption-based
terms of trade improve whenever the number of Home varieties decreases or when the number
of Foreign varieties increases. The intuition for this alternative definition becomes clear from
the trade balance condition (21): an increase in the number of Foreign varieties implies that do-
mestic consumers obtain a larger amount of the Foreign consumption bundle — which includes
more varieties and therefore is more valuable for consumers — for each unit of the domestic
consumption bundle. Note that, according to this alternative definition, import taxes do have
indirect terms-of-trade effects through their impact on the number of varieties produced in each
country. When studying trade policy, we will always clearly differentiate between direct and

indirect terms-of-trade effects.

12Defining terms-of-trade effects as changes of the relative international prices of aggregate export and import
bundles follows the convention of the international macroeconomics literature. See, for example, Corsetti and
Pesenti (2001) or Epifani and Gancia (2009).
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2.5 Equilibrium

The optimal pricing rules (11), the good market clearing condition for Home’s differentiated
varieties (18), the labor market clearing condition (20), the corresponding conditions for Foreign,
and the balanced trade condition (21), together with the expressions for the price indices, fully
characterize the equilibrium of the economy.

It is possible to solve this system explicitly for Ny and Ng as functions of the trade policy

instruments:

_ L(Asy — Arr)
AopAogy — AipAvr

_ L(Asr — A1p)
Asp Aoy — A Arr’

Ny Np (22)
where A1y, Aoy, Air and Asp are non-linear functions of Home policy instruments Ay =
{mcn, Tru, Txm} and Foreign policy instruments Ap = {7¢p, 7ir, Txr}. The expressions for
these coefficients, as well as the derivation of the equilibrium allocation, can be found in Ap-
pendix A.

Let the superscript FT denote the market allocation in the absence of trade policies (free
trade allocation). We already showed that production of each differentiated variety is fixed,
thus for both countries y*7 = (¢ — 1)f. Given the assumption of symmetric countries, the
equilibrium allocation is symmetric too and (22) simplifies to N¥T = % In the next section
we compare the free trade allocation with the first-best allocation. We then lay out the general

structure of the policy makers’ problems and discuss the incentives that determine their trade

policy choices.

3 'Trade Policy

3.1 The First-Best Allocation

The first-best allocation constitutes the natural benchmark to which one can compare the
equilibrium outcomes under different policy regimes. The social planner chooses an allocation

that maximizes total world welfare subject to the technology constraints and full employment

14



in each country.!3

max  CHZy; "+ CaZy ™ (23)

Cu.CrZu,%p
subject to (10), (13), (17), Qzy + Qzr = Zyg + Zp, L = Loy + Lzy, the definitions of
consumption indices and the corresponding constraints for Foreign.
Proposition 1 presents the solution to this problem and compares it with the free trade alloca-

tion:™

Proposition 1: First-Best Allocation. The first-best allocation entails the same firm size

but more varieties than the free trade allocation. Formally,

(1) ¥ = fe —1) =y and NFB = oL > NFT = oL

This result replicates Dixit and Stiglitz (1977)’s finding that the market provides optimal firm
size but too little variety. Because of monopolistic competition in the differentiated sector,
individual free trade prices are too high. As a consequence, there is too little demand for
the differentiated goods and thus too little entry. Therefore, the free trade equilibrium is
characterized by a production inefficiency: both countries would be better off by simultaneously

shifting some of their labor force from the homogenous sector to the differentiated sector.

3.2 Optimal Policy Problems

We now turn to the description of the optimal policy problems. We consider three policy
instruments: production, import and export taxes. First, we assume that policy makers choose
only one policy instrument at a time and subsequently we let them choose all three policy
instruments simultaneously. For each case, we study cooperative and non-cooperative policies.

Note that given Cobb-Douglas utility, Home welfare, represented by the indirect utility func-

tion, can be written as:

BMore generally, there exists a whole set of Pareto-efficient allocations such that no country can be made
better off, without making the other one worse off, which can be traced out by varying the welfare weights in
the planner problem. We choose the point on the frontier that corresponds to equal weights of both countries
because we always study symmetric allocations, which seems natural given that both countries are identical.

14 All proofs can be found in the Appendix.
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where Py and [y are functions of the policy instruments Ay and Ap.
The cooperative policy maker chooses Home and Foreign trade policy instruments in order to

maximize total world welfare, which is given by the sum of Home and Foreign indirect utility:

max Vi(Pu(Ag, Ar), In(Au, Ar)) + Ve(Pr(Am, Ar), Ip(Am, Ar)) (25)

AR

where \; € {7¢j, 71;, 7x;j, A;}. Differently, the single-country policy maker chooses the domestic
trade policy instruments Ay in order to maximize Home welfare, given the level of the Foreign
trade policy instruments:

HiaX VH(PH(AH,AF), ]H(AH>AF)) (26)

where again Ay € {7cy, Tru, Txu, Au }-

3.3 Policy Makers’ Incentives

Next, we decompose welfare changes in order to reveal policy makers’ incentives to set policy

instruments.!> Remember that domestic income is given by labor income plus transfers:
Iy=L+Ty =L+ (1ig — 1)77xpPrrCur + (Txu — V)T PuyuCru + (ton — 1)Nu(y + f),
which, using the labor and goods market clearing conditions, can be rewritten as:
Iy = (Zy + PuCh) + (txumPunCru — 77xp PrrCur + Qzn — Zn) (27)

The terms in the first bracket equal domestic expenditure and the remaining terms are net
exports at international prices (i.e., the trade balance). While welfare can in principle be
decomposed in many ways, the decomposition of welfare changes exposed in Helpman and
Krugman (1989), chapter one, turns out to be particularly useful for our purposes. In particular,
they show that changes in indirect utility induced by changes in the trade policy instruments can
be split into: terms-of-trade effects; gains from improved production composition; consumption-

wedges.'® Totally differentiating (24), and using the above expression for income, the change

15 A1l derivations can be found in Appendix C.
16In chapter 1, page 23, they show that M‘f’” = —(C — X)dp* + p*dX + (p. — p*)dC, where C is the

a
ar
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in domestic welfare can be expressed as:

B d Py dPy
Ty TPy

d(TXHPHH)TCFH - d(TXFPFF)TCHF

Iy

(TXHTCHE_LI —)(y+ f)dNu

+
Iy
n (1 —7xu)PupdCupu + (7rz — 1)77xp PrpdCrrp
Iy

Here, the first term is the change in welfare due to changes in the domestic price level, which is
exactly compensated by the first term of the income derivative. Thus, the change in domestic
welfare is actually function of three terms, like in Helpman and Krugman (1989). A first
implication of (28) is that in general equilibrium, domestic policy makers do not try to reduce
the domestic price level via the home market externality (as described in equation (15)) because
they internalize that in terms of utility, any reduction in the domestic price level is always
exactly compensated by a simultaneous reduction in domestic income. Note that if lump sum
transfers/taxes are not allowed for, like for example when taxes are considered to be a pure
waste (as is the case in Venables (1987) or Ossa (2011)'7), income is simply constant and given
by Iy = L. This implies that dVy = —a%. In this case, a reduction in the domestic price
level is not associated with a change in income, and therefore policy makers do have incentives
to reduce the domestic price level by exploiting the home market externality.

The terms in the second line represent consumption-based terms-of-trade effects. They consist
of changes in the international price of the differentiated export bundle times exports minus
the change in the international price of the differentiated import bundle times imports.!®* An
increase in the price of exportables raises welfare, while an increase in the price of importables

reduces it. The change in the international price of the export and import bundle can be further

consumption vector, X is the production vector, p. is the vector of consumer prices and p* is the vector of
international prices. ”The first term on the right-hand side represents the gain from improved terms of trade
[-..] The second term represents the gain from an improved production composition. [...] The last term represents
the consumption-wedge effect.”

ITHe uses this assumption for the analytical results. He only considers the more general case in a simulation
exercise.

18The international price of the homogeneous good does not change and thus drops from this expression.
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decomposed as:

€ -1 TXHTCH € -5
d P, = N, 'd - N, "dN 29
(TXH HH) -1 H (TXHTCH) -1 -1 H H ( )
€ -1 TXFTCF € -
d P = N, 'd - = —— N,.""dN
(TXF FF) -1 r (TXFTCF) -1 —1 r F

Thus, consumption-based terms of trade improve directly through increases in 7xy and 7¢gy,
which make exports more expensive, and through reductions in 7xr and 7¢op, which make
imports cheaper. This is the traditional direct terms-of-trade effect. Moreover, consumption-
based terms of trade improve indirectly through reductions in Ny and increases in Nr because
they increase the international price of exports and lower the international price of imports of
one unit of the respective sub-utility. In this sense, import taxes can also have indirect terms-
of-trade effects by changing the number of varieties produced in each country. Finally, note
that an increase in Ny or a reduction in N cannot be interpreted as a home market externality
because both are welfare reducing, whereas positive welfare effects of such changes would be
required to make them interpretable as such.

The term in the third line represents what Helpman and Krugman (1989) refer to as ’gain
from an improved production composition’. We label this the production efficiency effect. 1t
represents the trade off between producing one more variety of the differentiated good and
giving up Ly (i) = y + f units of Qzp, evaluated at international prices.!® The production
efficiency effect is zero when 7xgToy = Eg—l, i.e., when production and/or export subsidies are
set so as to eliminate the price markup charged by domestic firms. When this is the case, there
are no efficiency gains from relocating labor from one sector to the other. In contrast — as
shown in section 3.1 — at the free trade allocation there is too little provision of differentiated
varieties and too much production of the homogenous good. In this case, the production
efficiency term equals = fdNg, implying that policy makers have an incentive to induce a
reallocation of labor from the homogenous to the differentiated sector. Given that a relocation
of firms to the domestic economy will exactly achieve this goal, they have an incentive to use
trade policy to induce this outcome. However, observe that such relocation motive is no longer
present once production efficiency has been reached. Indeed, the term becomes negative if the

subsidies exceed the price markup i.e., whenever there is over-subsidizing further increasing Ny

Yndeed, in equilibrium, dNg = —fdQzy.
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reduces welfare. This term will be crucial to understand the policy outcomes of the different
instruments.

Finally, the terms in the last line represent consumption wedges due to import or export
taxes. By generating a differences between domestic and international prices, trade taxes induce
domestic households to consume too little or too much of Foreign or domestic differentiated
goods. A tariff, for instance, renders Foreign varieties too expensive for domestic households
and generates an inefficiency by lowering Cyr. Hence, as long as 775y > 1, any increase in the
Home demand for Foreign differentiated goods partially corrects for this distortion and raises
welfare. On the other hand, an export subsidy increases the demand of foreigners for Home
varieties and reduces that of domestic households. As a result, C'yy is inefficiently low and as
long as 7xy < 1, an increase in the domestic demand for Home differentiated goods is welfare
improving. Observe that these terms are zero when there are no trade taxes like, for example,
at the free trade allocation or when production taxes are the only instruments. In fact, in the
absence of trade taxes, domestic and international prices are equal and consumption wedges

are absent.20

4 Production Taxes

In this section we study cooperative and non-cooperative production subsidies/taxes, assuming
that they are the only available policy instruments, i.e., 77gp = 7jp = Txyg = Txr = 1. We first

discuss cooperative production taxes and then turn to a discussion of strategic ones.

Proposition 2: Cooperative Production Subsidy. The optimal cooperative production
subsidy is set to exactly offset the price markup generated by monopolistic competition. This

subsidy implements a symmetric equilibrium with the first-best number of varieties. Formally,
(1) 75" = ==L and NCoP = NP,

To gain intuition for the incentives behind such policy outcome, it is useful to express the

20Helpman and Krugman (1989) pointed out that whenever the trade tax Tmj is close to one, the consumption-
wedge effect is second order in size and can even be disregarded. Nonetheless, we always account for those effects
in our welfare decomposition.
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cooperative welfare changes using (28) for both countries:

(ten== — D(y + f)dNg N (rerz5 — 1)(y + f)dNg

dVyg +dVp =
g+ dVp T Tr

(30)

where dNy = XY droy + 2N drop and dNp = 2NEdrop +

ONE .
Dron Dror Bror ro-dtcn. Under cooperation,

B
the common authority takes into account the externality produced on the other country, so
that consumption-based terms-of-trade effects exactly compensate since they are equal and of
opposite signs. Moreover, when production taxes are the only instrument, consumption wedges
are absent. Therefore, the production efficiency effect is the only driving incentive of the
cooperative policy maker. The cooperative welfare is increasing in the two subsidies (dNy > 0,
dNp > 0)*" as long as =1 < 75 < 1, and is maximized for 75°% = =l

Differently, unilateral setting of production taxes does not lead to the first-best outcome due

to the consumption-based terms-of-trade externality, as formally stated in Lemma 1.

Lemma 1: Unilaterally Set Production Subsidies. The optimal unilateral deviation
entails a reduction in the production subsidy when starting from the efficient allocation. When
starting from the free trade allocation, the optimal unilateral deviation entails a production

subsidy. Formally,

(1) IfTCH:TCF:%, ;_‘g; > 0.
(2) IfTCH:TCF:L ;_‘gj{ < 0.

Using our welfare decomposition, welfare changes induced by unilateral production taxes are

given by:

d(Pyp)TCry — d(Ppp)TClp n (TCHﬁ - 1)(3/ + f)dNH

dVy =
H ]H .[H )

(31)

where dPyy and dPpp can be further decomposed as in (29), and dNy = gTNTZdTCH' Thus,
single-country policy makers’ actions are determined both by the consumption-based terms-of-
trade effect (first term) and the production efficiency effect (second term). There is a trade off

between these two effects: terms-of-trade effects call for a production tax which improves terms

21See Lemma A1 (1) in Appendix D for the proof of the incentives driving cooperative policy choice.
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of trade both directly — by increasing the international price of individual varieties (direct terms-
of-trade effect) — and indirectly — by reducing the number of domestically produced varieties.
Instead, the production efficiency effect warrants a production subsidy that increases domestic
entry and brings factory gate prices down to marginal costs.?? Overall, this trade off leads to a
production subsidy which, however, is inefficiently small. Note also that any production subsidy
that is larger than the first-best level would be clearly welfare detrimental because it would
make both terms-of-trade and production efficiency effects negative. This intuition carries over

to strategically set production taxes, as stated in Proposition 3.

Proposition 3: Nash-Equilibrium Production Subsidies. In the Nash equilibrium both
countries set a production subsidy. However, this subsidy is smaller than the one needed to
implement the first-best allocation. The equilibrium number of varieties larger than in the free

trade allocation, but lower than the first-best level. Formally,
(1) 787 < 7fesh < 1 and NIT < NNash <« NFB,

Thus, single-country policy makers never over-subsidize domestic production, as would be
required if the home market externality were the dominating incentive for non-cooperative
policy choice. Instead, the trade off between production efficiency effects and terms-of-trade
effects leads policy makers to choose an inefficiently low level of production subsidies. This is an
important result, because it contradicts the standard wisdom that in the two-sector Krugman

model countries have an incentive to over-subsidize production in order to attract more firms

(Venables (1987)).

5 Import Taxes

Here, we assume that the only strategic trade policy instrument available is an import tar-
iff /subsidy. Given the results of the previous section, where we pointed out the importance of
the production efficiency effect, we study cooperative and non-cooperative import taxes under
two scenarios. In the first scenario, production subsidies have already been set in a non-strategic

fashion such as to eliminate monopolistic distortions and to implement the first-best allocation

22See Lemmata A1 (2) and A1 (3) in Appendix D for the proofs of the incentives driving unilateral deviations.

21



(i.e., 7oy = Tor = % and production efficiency effects are absent), while in the second scenario
monopolistic distortions are present (i.e., 7oy = 7cr = 1). Let us first study the cooperative

policy maker’s problem.

Proposition 4: Cooperative Import Subsidy. If 7oy = 70r = %, the cooperative policy
maker refrains from using tares on imports and the number of varieties equals the first-best
level. If Tog = Tcr = 1, the cooperative policy maker finds it optimal to subsidize imports.
The number of varieties is larger than in the free trade allocation, but remains lower than the

first-best level. Formally,
(1) If 7oy = Top = <=2, then 77 °% = 1 and N = NFB.
(2) If 7o = 7op = 1, then =+ < 7P < 1 and NFT < NCo» < NFB
Again, we can use (28) for both countries to decompose the cooperative welfare change:

Ten=—=— — 1)(y + f)dN Ter=— — 1)(y + f)dN
AViy + dVp — ( CHZ_7 I)(y f)dNy i ( CF7 7 ])(’y f)dNE
H F

i (T[H — 1)TPFFdOHF + (T[F — 1>TPHHdCFH
IH IF 7

(32)

ON, ON, ON ON oC oC
where dNH = 8711:1 dT]H+ ﬁd’rjp, dNF = ﬁdT[F + ﬁdTIH7 dCHF = 87’?[5 dT[H + aTZde]F

and dCrg = 8805 f drr + %gf If drrg. Thus, the cooperative welfare change can be decomposed
into the production efficiency effect (first line) and consumption wedges (second line). Observe
that when production subsidies are set at the first-best level, 7oy = 7op = %, the terms related
to production efficiency are zero. In this case, setting 7,5 = 77 = 1, also makes consumption
wedges disappear and this solves the cooperative import policy problem. Differently, when
production subsidies are not available, i.e., 7cg = 7cr = 1, the production efficiency effect is
positive and an increase in domestic and foreign varieties (dNy > 0, dNp > 0) increases welfare.
To achieve that, the cooperative policy maker has an incentive to implement symmetric import
subsidies in both countries, which increase the demand for imported varieties and trigger entry
into the differentiated sectors in both countries. However, this comes at the cost of creating
wedges: the domestic price of imported varieties becomes lower than its international price

and this tilts the consumption allocation inefficiently towards imported varieties. This can be

clearly seen from the above formula. When 775 = 7;p < 1, the terms (77; — 1) are negative so
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that an increase in consumption of imported varieties induced by import subsidies (dCyr > 0,
dCrg > 0) reduces welfare.? As a result, when only import taxes are available, production
and consumption inefficiencies cannot be eliminated simultaneously and the cooperative import
subsidy implements a second-best allocation.

Once we move to the case of non-cooperation, trade policy outcomes crucially depend on
whether production efficiency effects are present, as stated formally by Lemma 2 for the case

of unilateral import taxes.

Lemma 2: Unilaterally Set Import Tariffs/Subsidies. Let 7,y = 7/ = 1. The opti-
mal unilateral deviation entails an import subsidy when starting from the first-best allocation
implemented by a production subsidy, and an import tariff when starting from the free trade

allocation. Formally,
(1) If 7o = 7op = <24, then ML < 0.
(2) If ey =1cr = 1, then 37_% > 0.
To understand this difference in import policy choice, we use once more our welfare decompo-

sition (28):

d(Pyp)tCry — d(Prp)TCrp n (ten==5 — (y + f)dNg

dVy =

(33)

where dPyy and dPpp can be further decomposed as in (29) and dNy = g_r%dT[H. Consump-
tion wedges are absent since 775 = 7;p = 1 and the change in domestic welfare induced by
changes in unilateral import taxes is given by consumption-based terms-of-trade effects (first
term) and production efficiency effects (second term). When ¢y = Eg—l, there are no produc-
tion efficiency effects and import taxes have only indirect consumption-based terms-of-trade
effects through their effect on the number of varieties produced in each country. The optimal
unilateral policy choice is an import subsidy which shifts domestic demand towards imported
varieties. This triggers exit of firms from the domestic differentiated sector and entry in Foreign,
thereby indirectly improving domestic consumption-based terms of trade.

In contrast, at the free trade allocation with 7oy = 7¢r = 1, both consumption-based terms-

of-trade effects and production efficiency effects are present. While the first one calls for an

2See Lemma A2 (1) in Appendix E for the proof of the incentives driving cooperative policy choice.
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import subsidy, which indirectly improves domestic terms of trade, the second one warrants a
tariff. This is so because a unilaterally set tariff shifts domestic demand towards domestically
produced varieties and triggers entry into the domestic differentiated sector, where domestic
firms now make profits, at the expense of the Foreign differentiated sector, where Foreign firms
now make losses. As a result, the domestic price level is reduced by entry and the Foreign
one increases through exit, restoring zero profits in equilibrium. This relocation of firms from
Foreign to Home allows Home to shift labor from the homogeneous to the differentiated sector,
thus increasing domestic production efficiency at the expense of the other country (dNgy > 0
and dNp < 0).2* Overall, the production efficiency effect dominates the indirect terms-of-trade
effect and the outcome is a tariff. Thus, while production efficiency is the reason for the tariff,
a relocation externality is the means by which production efficiency gains are achieved.

Our finding for the case 7oy = Tcp = 1 is in line with Venables (1987)’s and Ossa (2011)’s
results that in absence of retaliation import tariffs can increase domestic welfare compared
to a situation with free trade. What is different is the interpretation. According to their
interpretation, the home market externality — defined as the desire to reduce the domestic price
level via reduced transport costs that are achieved by relocating firms from the Foreign to
the domestic economy — is the only incentive driving unilateral import policy choices. Both
Venables (1987) and Ossa (2011) consider tariff income as a pure waste. In this special case, the
motive to reduce the price index is indeed the only incentive for policy makers because effects
of tariffs on income — and thus terms-of-trade effects — are absent. Instead, we have shown
that when allowing for transfers, it is the desire to increase production efficiency which drives
incentives to relocate firms to the domestic economy. Thus, it is the production efficiency effect
which implies a relocation externality. Observe that this is not a purely semantic difference.
The relocation externality is in general only present when the initial allocation is inefficient.
Just in the special case when income effects are not allowed for, the relocation externality is
always present. The next Proposition shows that the results for unilateral case extend to a

setting with strategic choice of import taxes.

Proposition 5: Nash-Equilibrium Import Tariffs/Subsidies. When starting from the

first-best allocation, the Nash-equilibrium policy consists of an import subsidy, implying more

24See Lemmata A2 (2) and A2 (3) in Appendix E for the proofs of the incentives driving unilateral deviations.
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varieties than the first-best allocation. In contrast, when starting from the free trade alloca-
tion, the Nash-equilibrium entails a tariff, implying less varieties than the free trade allocation.

Formally,
(1) If repr = 7op = <=, then 77" < 1 and N7 < NFB < NNash,
2) If Ty = Top = 1, then there exists a 77" > 1 such that NVeh < NFT <« NFB,
T

First, note that on top of the production efficiency effect and terms-of-trade effect described
in Lemma 2, in the Nash equilibrium import taxes also generate consumption wedges. How-
ever, the Nash outcomes are exactly the ones we would have expected from the incentives for
unilateral deviations. When starting from the first-best allocation, the optimal Nash policy is
an import subsidy. The intuition follows from the incentives for unilateral policies: the import
subsidy aims at improving consumption-based domestic terms of trade indirectly by reducing
the number of domestic firms. Yet, in equilibrium no country reaches this aim and entry in-
creases beyond efficiency. According to the second part of Proposition 5, when there is no
correction of the monopolistic distortion, non-cooperative trade policy brings about a positive
tariff. From Lemma 2 (2) we know that the production efficiency effect is behind the choice
of setting a unilateral import tariff. However, in the Nash equilibrium no country manages to
relocate firms to its domestic market thereby failing to increase production efficiency. Instead,

tariffs reduce the world equilibrium number of varieties.

6 Export Taxes

In this section, we consider export subsidies/taxes as the only strategic trade policy instrument

available. In line with the previous analysis, we study cooperative and Nash policies under two

scenarios. In the first one production subsidies have been set such as to implement the first-best
e—1

allocation (i.e., 7o = 7cr = %=~), while in the second scenario monopolistic distortions have

not been corrected (i.e., 7oy = 7cr = 1).

Proposition 6: Cooperative Export Subsidy. If 7oy = Tor = 5;—1, the cooperative policy
maker refrains from using taxes on exports and the number of varieties equals the first-best

level. If Tcg = Tcrp = 1, the cooperative policy maker finds it optimal to subsidize exports.
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The number of varieties is larger than in the free trade allocation, but remains lower than the

first-best level. Formally,
(1) If TCH — TCF — %, then T)C(’OOP =1 and NCOOp = NFB.
(2) If 7oy = 7op = 1, then 75°% < 1 and N¥T < NCo» < NFB,

Incentives to set export subsidies can again be best understood using the welfare decomposition

(28), which now becomes

(TxuTenz= — 1)(y + f)dNy N (TxrTor==5 — 1)(y + f)dNF

dVy +dVp = 7 7 (34)
H F
(1 —7xy)PupdCpyy (1 — 7xp)PrrdCrp
+ + ,
IH IF
Where dNH = ({;’)7{;7(1;1{ dTXH —f- —gg{lédTXF, dNF = (597—1)\7(1; dTXH + gq{il; dTXF, dCHH = %S)I:II; dTXH —I—
%g;’;’ drxr and dCpp = gf}f ~ drxmg + gf)f = drxp. Terms in the first line of (34) are production

efficiency effects while terms in the second line are consumption wedges. When production

£

subsidies are set at their first-best level, i.e., 7oy = Tor = %, it is easy to see that both
production efficiency effects and consumption wedges are zero if Txg = 7xr = 1. In contrast,
when no production subsidies are available i.e., 7oy = 7cr = 1, production efficiency can be
improved by setting export subsidies in both countries, which increase demand for differentiated
varieties and trigger entry into the differentiated sectors (dNg > 0, dNp > 0).2° However, this
comes at the cost of creating consumption wedges. As for the case of import subsidies, this

trade off leads to a second-best outcome, which improves upon the free trade allocation but

does not eliminate all distortions. We now turn to a discussion of non-cooperative export taxes.

Lemma 3: Unilaterally Set Export Taxes/Subsidies. Let 7xg = 7xp = 1. The optimal
unilateral deviation entails an export tax when starting from the first-best allocation implemented
by a production subsidy, and an export subsidy when starting from the free trade allocation.

Formally,

(1) If 7y = 10r = %, then 887‘)/;; > 0.

(2) If TCH — TCF — 1, then % < 0.

25See Lemma A3 (1) in Appendix F for the proof of the incentives driving cooperative policy choices.
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Once again, we use our welfare decomposition (28):

d(TxuPau)TCry — d(TxpPrp)TClp . (txuten== — 1)(y + f)dNgu
[H [H

dViy = (35)

ONg
oTxH

where d(7x g Pypg) and d(1xrPrr) can be further decomposed as in (29) and dNy = drx .
The first term in (35) is the consumption based terms-of-trade effect, while the second term is
the production efficiency effect. When 7oy = 5;—1, production efficiency effects are absent as
long as 7xy = 1. However, policy makers have incentives to unilaterally deviate by setting a
small export tax. Such an export tax indeed improves domestic terms of trade both directly,
through an increase in the international price of domestically produced varieties, and indirectly,
via a reduction in the number of domestic firms and an increase in the number of foreign ones.
Differently, at the free trade allocation with 7¢y = 7¢r = 1 production efficiency effects

are present and call for an export subsidy.2%

Overall, negative terms-of-trade effects of an
export subsidy are out-weighted by production efficiency gains. A small export subsidy triggers
entry into the domestic differentiated sector, thereby improving domestic production efficiency.
This creates a relocation externality, since it induces exit of firms from Foreign. However,
the relocation effect is just the means to increase domestic production efficiency. The next

Proposition shows that the results on unilateral changes extend to a setup with strategic choice

of the export policy instrument.

Proposition 7: Nash-Equilibrium Export Taxes/Subsidies. When starting from the
first-best allocation, the Nash-equilibrium policy consists of an export tax, implying less varieties
than the first-best allocation. In contrast, when starting from the free trade allocation, the Nash
equilibrium entails an export subsidy, implying more varieties than the free trade allocation.

Formally,
(1) If rep = 7op = 2, then 78" > 1 and NV*h < NT'B,

(2) If 7oy = 7or = 1, then 7% < 1 and NfT < NNash <« NFB,

Proposition 7 makes it clear that in this case too, the outcome of the policy game depends

crucially on whether the initial allocation is (in)efficient. When starting from the free trade

26See Lemmata A3 (2) and A3 (3) in Appendix F for the proofs of the incentives driving unilateral deviations.
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allocation the optimal Nash policy is an export subsidy, whereas when starting from the first-
best allocation the optimal non-cooperative policy is an export tax. Again, even though the
export taxes/subsidies will induce consumption wedges in the Nash equilibrium, the intuition is
the one provided for the unilateral policy choice. If the initial allocation is efficient consumption-
based terms-of-trade effects call for an export tax, but in the Nash outcome both countries fail
to improve their terms of trade. If instead the initial allocation is inefficient, the production

efficiency effect prevails and the policy makers choose an export subsidy.

7 Simultaneous Policy Choice

Finally, in this section we allow for simultaneous choice of all three policy instruments.

Proposition 8: Cooperative Policy Instruments. The cooperative policy maker sets the
first-best level of production subsidies and chooses the trade taxes such that TICOOP . T§OOp = 1.

The number of varieties equals the first-best level.

(1) 75°P = &=L gEoP . 7C0% — 1 and NCo» = NFB,
3

This result is straightforward: the cooperative policy maker uses the production subsidy

to reach the first-best allocation and either refrains from using trade instruments (TICOOP =

7¢°? = 1), or uses them in a way that does not create consumption wedges (7 °% - 7$°% = 1).
Differently, non-cooperative policy makers intend to manipulate international prices in their

favor.

Proposition 9: Nash-Equilibrium Policy Instruments. The Nash-equilibrium policy con-
sists of the first-best level of production subsidies, and inefficient import subsidies and export

taxes. Formally,
(1) rdosh = 5P = =1 rNesh <1 and 7" > 1.

The result that production subsidies are set so as to completely offset monopolistic distortions
is an application of the principle of targeting 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. Only when such an instrument is not available, trade policy can be used
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as a second-best policy. This confirms that the inefficiency of the market allocation crucially
affects policy makers’ incentives to set import tariffs or export subsidies. Once uncoordinated
policy makers have all the necessary instruments to eliminate these distortions, the only motive
to set trade policy is the incentive to improve domestic terms of trade. Export taxes achieve this
directly by increasing the international price of domestic varieties and indirectly by reducing
the number of domestically produced varieties, while import tariffs only impact on terms of
trade through this indirect channel.?” Moreover, this finding also strengthens the results from
the previous sections, where first-best production subsidies were set in a non-strategic fashion
and confirms our approach to isolate efficiency considerations from other motives to set trade
policy.

Finally, note that our finding that terms-of-trade effects are the dominating motive for trade
policy in the Krugman model is closely related to Bagwell and Staiger (2009) who derive a very
similar result for the case where countries can set import and export taxes simultaneously but
do not have access to production taxes. They find that countries’ best response to an import
tariff would be to set an offsetting export subsidy, and thus the relocation motive is not present
in the incentives that determine Nash-equilibrium policy choice. Instead, only terms-of-trade
effects survive. This is in line with our result that when additionally production subsidies
are available, they will be set to the first-best level while the trade instruments are driven by

terms-of-trade effects.

8 Conclusions

In this paper we have studied cooperative, unilateral and strategic trade policies in a two-sector
Krugman (1980) model of intra-industry trade, considering production, import and export taxes
as trade policy instruments. It is common wisdom that in this model non-cooperative trade
policies are set in order to try to agglomerate firms in the domestic economy, which reduces
transport costs for domestic consumers and thus the domestic price level (home market effect).

Contrary to the results of the previous literature, we show that in this model the home market

effect is not a motive for non-cooperative trade policy choices. Instead, they are driven by pro-

2Tt is easy to show that using both trade instruments unilaterally improves terms of trade by more than
when relying only on a single one.
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duction efficiency considerations, on the one hand, and by consumption-based terms-of-trade
effects on the other. Indeed, due to monopolistic competition, in the free trade equilibrium
there are too few firms in the differentiated sector and this affects policy makers’ incentives
in a crucial way. Thus, when production taxes are available, non-cooperative policy makers
increase production efficiency by setting production subsidies. However, due to terms-of-trade
effects these subsidies are lower than the cooperatively set ones. When only import (export)
tax instruments are available, non-cooperative policy makers use tariffs (export subsidies) to
increase production efficiency, thereby imposing a relocation externality on the other country.
However, once monopolistic distortions have been offset by appropriate production subsidies,
results turn around: policy makers set import subsidies (export taxes), which improve domes-
tic consumption-based terms of trade. Finally, when policy makers can set all three policy
instruments simultaneously, they choose to set production subsidies, which exactly offset mo-
nopolistic distortions. Moreover, they set import subsidies and export taxes, both of which aim
at improving domestic terms of trade. The implications of our findings are important: also in
the Krugman (1980) model, terms-of-trade externalities remain the only reason why countries

need to sign trade agreements.
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APPENDIX

A Equilibrium

A.1 Equilibrium Allocation and Prices

Substituting the optimal pricing rules (11) and (12) into the definition of Home (6) (and Foreign)
aggregate price indices we obtain:

5 ~ o - ) L
Py = [NHTéHs—I—NF (TIHTXZ*“TTCF)1 E} T b= [NFTéF€+NH (TIFTXHTTCH)l E] v

e—1
(36)

e—1

Combining the market clearing condition (18) with the analogous one for Foreign and substi-
tuting out the expressions for the prices (36), gives:

= SPy*(e = 1) (55) "7 [—77ép + (TrenTirmxn) ) (TiaTxF)° (37)

T2 (T pTXHTIHTXF)S — T2

Cp— fPre(e = 1) (&) “7o[—m7éy + (TrerTinTxr )| (TrrTxn)° (38)

2 2
T2 (T FTXHTIFTXF)S — T

Using the trade balance condition (21), the labor market clearing condition (20), the equivalent
equations for Foreign, and the expressions for C'y, Cr, Py and Pr just derived, we obtain the
following system of equations in Ny and Np:

AigNyg +AopNp — L =0 (39)
The solution to this system is:
Ny — L(Asy — Arr) Ny — L(Aop — Avm) (41)
AspAog — AipAvr AspAog — AipAvr
where:
A feroam® (teuminmirtxutxr) (a+ (1 — a)ton)
1H = 2e € 2 <42>
04(7' (TIHTJFTXHTXF) - T )
+f875§17[aTTéH(TCHTXH — 1) —1en(trerTinTxr) (1 — a+ atxy)]
a2 (TraTIrTXxHTXF)E — T2)
Ay — faTTXFTé}E(—a — (= a)mm)|m7ep — (TTenTirTxn)7) (43)

(T2 (T uTIpTXHTXF)S — T?)

32



fercpm® (tepTinTirTxTxr) (@ + (1 — @) 7cr)
(T (T T IFTXHTX ) — T?)
+f€TC_;T[aTTgF(TCFTXF — 1) — 1or(treuTirTxn) (1 — a + atxp)]
a(TE(TruTIpTxHTXF)E — T2)

(44)

1
AZF = (45)

a2 (TraTIrTxHTXF)E — T2)

A.2 Free Trade Allocation
Let TcH = TCcr —TIH =TI = TXH — TXF = 1. Then (41) simpliﬁes to:

_alL _ NPT

Ny=Np=—=
H F Ef

(46)

B The Planner’s Problem

Proposition 1: First-Best Allocation. The first-best allocation entails the same firm size
but more varieties than the free trade allocation. Formally,

(1) yFB = f(e — 1) = y*T and N'B = ﬁ o NFT _ %

Proof of Proposition 1.
The Lagrangian for the planner’s problem is:

Nu 1 Nr e—1 =1 Nr e—1 Nr e—1 1
L= [ /0 crp(i) = di+ /0 cHF(z')adz'] 7+ [ /0 crp (i) = di+ /0 cFF(i)edz'] zi
Ny Np
+/ )\1(@)[[10}[@) —f—CHH(i) —TCFH(i)]di+/ )\Q(i)[LCF(i) —f—CFF(i) —TCHF(i)]d’i
0 N, N 0
+)\3[LH—|—LF—/O LCH(i)di—/O LCF(’L')dZ'—ZH—ZF]

The first-order conditions are:

-1
—1

a£ Nu e—1 Nr e—1
~ = 0: OéC?I |:/ CHH(’L)TCZZ —|—/ CHF(Z)Edl:| erlifaQrﬂq(i)T = )\1(@) (47)
aCHH(Z) 0 0

oL N e Nr 17 _,
~ = 0: OéC?I |:/ CHH(Z)TdZ + / CHF(Z) € dZ:| leLI_OLCHF(Z')T = T)\Q(Z) (48)
dcnr(i) 0 0

oL o o
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oL

8£ £ 1 NH e—1 NF e—1 -1 e—1
= —0:a——{ Cozl™ )= di ) di Ni)
N, a—— %%y {/0 crn(t) z+/0 cur(t) 1} cun(Ny) = +

-1

NH e—1 NF e—1 e—1
O%Z}v_a |:/ CFH(Z)?CZZ —f-/ CFF(Z)EdZ:| CFH(NH) € } = /\SLCH(NH>7
0 0

(51)

where in the last condition we have already used the fact that Ay (Ng)[ Loy (Ng)—f—cun(Ng)—
TCFH(NH)] =0.

The first-order conditions with respect to Foreign variables are completely symmetric and are
thus omitted for the sake of space. By imposing symmetry we find A;(i) = A2(¢). Combining
(47) and (48) we obtain:

CHF<Z) = CHH(i)T_E (52)

Combining (47), (50) and (51) we get that:

£ NS Neol . N1
——qlenn(t) = +enp(i) =] = Lon(i)enn(i)? (53)
Combining (52) and (53), we obtain:
. 5 o
crni) = [+ 7 (54)

Substituting the expression for cyp(i) and cyp(i) into the resource condition for domestic
varieties Loy (i) = f+cum (i) +Tcru(i), we get Log (i) = € f and using the production function
yr(i) = Log (i) — f we obtain 42 = (¢ — 1) f. Moreover, ciZ (i) = (e — 1) f[1 + 7175]7! and
cpp(i) = (e = Dfre[l+ 7"

Using the resource condition for Zy, we get Zy = L — Nyef. Finally, combining (47), (49)
and (50):

(1—a)Chf = aZyepn(i) ¢ (55)
Substituting the expressions for Zy, Cy, cE% (i) and cfZ2.(7) into (55), we can solve for Ny =
Np=NP =t
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C Derivation of the Welfare Decomposition

In this section we decompose the welfare change due to a change in the policy instruments
following Helpman and Krugman (1989). Totally differentiating indirect utility, we have:

dPg  dlg
d = — () — _—
Vir o P + T (56)

Domestic income is given by labor income plus transfers:
Ip = Ly+Ty = Ly +(1iy — 1)77xp PrrCur+(Txa — )T PunCru+(Ton — 1) Nu(y+ f) (57)
Note that:
(i) From labor market clearing it follows that Ly = Qzg + Nu(y + f);
(ii) From optimal pricing we have 7,4 77xrPrr = Pyr;
(iil) 7euNy(y + f) — TPupCrg = PugCrpy given that:

— From pyy(i) = TCHs%l and y = (¢ — 1) f we have 7y Nu(y + f) = puu (i) Nuy;
— Market clearing (17) implies that pyy (1) Ngy = Nupgu () epg (i) +TNugpp (i) cpm (i);

— From the pricing definitions and the optimal demand equations we have: Nypp g (i)cgp(i)+
TNupun(i)crn (i) = PunCru + 7PanCru

(iv) Finally, remember that PyrCyr + PeuCry = PyCh.
Therefore, we can rewrite (57) as follows:
Iy =Zy + PuChl| + 7xumPuuCruy — 7Txp PrrCrr + (Qzun — Zn) (58)
Totally differentiating this expression, we obtain:

dlg = dZg + PygdCyx + CrdPy (59)
+ d(txgPunp)TCry + (77x 5 Pan )dCry
- d(TXFPFF)TCHF - (TTXFPFF)CZCHF + dQZH —dZy

Note that:

1 1
e From (2) it follows that dCy = (Cf;—HH)E dCuyy + (%)E dCyr. Using the optimal

demand equations (4) and (5) we have: (CCH—HH> ‘= Ijﬁf—HH and <CC;—HF)E = PPL:. Therefore,

e From (iii) we have 7Py yCry = Nypuy(i)y — PugCrpy. Therefore:

d(txgPup)TCry + 7Txu PpudCry =

YNyd(txapun (i) — Cupd(txu Pun) + Txupua(0)ydNy — Tx g PupdCry
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Eote also that from (8) and (9) we have —a% = —(;—gdPH. Therefore, indirect utility is given
y:

Vi — —@dPH i @dPH i YNud(txapru (i) — d(Txg Pun)Cug — d(7xpPrr)TCrp
Iy Iy Iy
dQzu + Txupun(1)ydNy (1 = 7xu)PugdCry + (11 — V)77xp PrrdChp
+ T + Tn (60)

From (44i) and the fact that pyy (i) = Py N5 ' we have Cyy = y]\fj}%1 — 7Crpy. Using this

and observing that N 'd(txgPuy) = Nud(txgpmn(i)) + %_EpHH(i)TXHdNH, we can write
(60) as:

dVy = —@dPH + %dPH (61)
Iy Iy
d(TXHPHH)TCFH - d(TXFPFF)TCHF
Iy
dQzu + Txupuu(1)ydNg + %CUVH
Iy
" (1 = 7xm)PupdCup + (115 — 1)77xp PrrdCrp
Iy

+

Equation (28) follows immediately from this expression by observing that Qzy = L — Nyef,
y= (¢ —1)f and pyp(i) = T7on 5. Thus, the production efficiency effect can be rewritten as:

= 1) (y + f)dNy (62)

) € €
dQzu + TXHpHH(Z)yg—dNH = (TXHTCH5 —

D Production Taxes

In this section we set 71y = T;p = Txg = Txr = 1 and we prove the propositions and the
lemmata of section 4.

Lemma A1: Policy Incentives for Production Subsidies. Assume % < Tcg =Tcr <
1. Then, when there is a symmetric increase in the production subsidies in Home and Foreign,
production efficiency effects are positive. At the same time, when there is an unilateral increase
in the production subsidy in Home, the production efficiency effect is positive in the domestic
economy and negative in the foreign one, while domestic terms-of-trade effects are negative.
Formally,

(1) Let droy = drgp < 0, then (CHET=DWENNG _ (rers—DythdNe o

IH IF

Tog == —1 dN T | dN
(2) Let drey < 0, (ron 255 I)(y+f) "0, (ror =5 I)(y+f) £ <0 and 2PunrCen=dPerrCur
H F H
0.
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Proof of Lemma Al.

(1) By imposing symmetry we obtain:

N, N, N N, N N,
dNH = dNF = 8 HdTCH a HdTCF a il + 8 F dTCH = 8 Ll + 8 F dTCF
OTcH Otcr Otca  Otcm Otcr  Otcr

Then, (1) follows from the fact that if 7oy = 7o = 7¢ < 1t

ONy  ONp  ONw  ONp L(1 - a)a
87’01{ 87—0[{ N aTCF + aTC’F a fi‘f[Oé — (O./ _ 1)7-0]2 <0 (63)

which implies that dNg > 0 and dNr > 0 as long as d7cyg < 0 and drop < 0.

(2) Observe that for =1 < 7oy = 7¢p < 1, we have that (tcy== — 1)(y + f) > 0. Hence
the domestic (Foreign) production efﬁmency effect has the same sign as dNy (dNp).
Moreover, once we impose symmetry, terms of trade effects in (31) can be written as:

(ﬁNH“dT(;H _zen £ NFTGNy 4 TeE £ N ldNF> 7Clp

1e—-1 e—1e—
4
- (o
Thus, to prove (2) it suffices to show that as long as dr¢ < 0, dNg = %Ch‘c]{ > 0 and
dNp = aa ” < 1, then:
ONp
aTCH N
Lam(@*+ (1 —-a®) 1)+ (21 —a)(e — D1+ a2e — 1)) + (1 — a)7* ((1 — a)1¢ + a)] <0
fe(r= =) Ja = (o= Dol [a(r + 79) (¢ — 1) — 7¢(75 = 7))
ONp Lat [a(m — 1) + 7 (2(av — 1)eTe — 20e))] -0
a7'CH fe(re—1)|ja— (o — 1)7'0] (T +78) (10 — 1) — To(75 — 7)]

In fact, the denominator of both expressions is negative whenever 7o < 1. The numerator
of the first expression is always positive being the sum of only positive terms. For the

numerator of the second expression to be positive we would need 7o < %, which
is not possible given that 7o > 0 by definition.

|
Proposition 2: Cooperative Production Subsidy. The optimal cooperative production

subsidy is set to exvactly offset the price markup generated by monopolistic competition. This
subsidy implements a symmetric equilibrium with the first-best number of varieties. Formally,

( 1) TgODP &=l and NCoo» — NFB.
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Proof of Proposition 2. By setting T, COOp = =1 in both countries, the cooperative policy

maker exactly eliminates the price markup charged by the monopolistic firms in the differenti-
ated sector. Indeed, from equation (11) we see that individual domestic varieties are now priced
at their marginal costs i.e., pyy(i) = 1 and pry (i) = 7 and the same holds for the foreign coun-
try. Substituting 7o = 7o = % into equation (41), we obtain Ny = Np = ) 1+a) = NCoop,
This coincides with N¥2 of Proposition 1. m

Lemma 1: Unilaterally Set Production Subsidies. The optimal unilateral deviation
entails a reduction in the production subsidy when starting from the efficient allocation. When
starting from the free trade allocation, the optimal unilateral deviation entails a production
subsidy. Formally,

e—1 6VH > 0

(1) If TCH — TCF — = ron

()IfTCH—TCF—LaT < 0.

Proof of Lemma 1.

(1) If TCH — TCcF — %, then:

Vi _ Qg7 (7% +7) >0
ron  E-D(r—n(alr+ ) + - D —7)
(2) If 7cg = 7cr = 1, then
Vi :_&((1—05)75+T(Oé+€—1)) ~0 (65)

OTcn (e—=1)(rc—1)
| |

Proposition 3: Nash-Equilibrium Production Subsidies. In the Nash equilibrium both
countries set a production subsidy. However, this subsidy is smaller than the one needed to
implement the first-best allocation. The equilibrium number of varieties larger than in the free
trade allocation, but lower than the first-best level. Formally,

(1) COOp<7'N‘15h<1amdNFT NNash  NFB

Proof of Proposition 3. First, we prove that 7o/ < 74" < 1. The Nash solution of this
game will be symmetric due to the symmetry assumptlon for the two countries. Therefore to
derive 7" it is enough to compute the best reply of Home, 2 (P (ron ’g‘iF LIn(romtor)) —
and then impose symmetry, i.e., 7oy = Tcr = 7¢. Here, PH(TCH, Tor) is given by equation (36),
which is implied by the equ111br1um expressions for N H(TCH, Tor) and Ng(Tom, Tor), equation
(41). Moreover, Iy(tcm,Tcr) is given by L + (g — 1)efNu(tcm, Tor). When doing so, we

obtain a quadratic expression in 75"

a(TéV"Sh)2 + bTéVGSh +c=0 (66)
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where a = a(l —a)er?[(3—2c—a)T— (1 —a)r,b=af[(ce -1+ )T+ (1 —a)(e — 1 — a(2e —
)+ (2e—2+a)(e—1—a(2e —1))7'™] and c = a*(e — 1)7°((2e = 1 + )7 + (1 — )7°).
Note that a < 0 and ¢ > 0. To prove that a < 0 it suffices to see that:

(i) 7° > 7 Ve > 1 and V7 > 1;
i) l—a>3—-2c—aVe>1

Hence, (66) has two real solutions, one positive and one negative Ve > 1, a € (0,1) and 7 > 1.
Then, since 75" € [0, 00), (66) implies that the Nash solution always exists and is unique. As
a consequence:

(i) At 7o =1 we have: atd +brc +c = —a(r* = 7)[(e + @ — )7 + (1 — a)7°] < 0, implying
that 75" < 1 since a < 0.

(i) At 752 = =1 we have: ard + brp + ¢ = QDT o o implying 758 < 7y,

Second, we show that N¥T < NNash < NEB, This follows from 75°% < 7% < 1 and
dNg > 0 since gT]ZH + ngF < 0 YTonr such that &=L < 7oy = 70r < 1 (see the proof of point
(1) of Lemma A1l and condition (63)). =

E Import Taxes

In this section, while retaining the assumption 7xy = 7xr = 1, we prove the propositions and
the lemmata of section 5 where we allow for the use of an import tariff as the policy instrument.

Lemma A2: Policy Incentives for Import Subsidies/Tariffs. If rcy = 7cr = 1, then
when there is a symmetric increase in the import subsidies in Home and in Foreign, production
efficiency effects are positive and consumption wedges are negative. At the same time, if Tog =
Tcr = 1 and ;g = 11 = 1 when there is a unilateral increase in the import tariff at Home,
the production efficiency effect is positive in the domestic economy and negative in the foreign
one, while domestic terms-of-trade effects are negative. Instead, if Tcg = Tor = % and
Trg = Trr = 1, a unilateral increase in the import subsidy at Home generates positive domestic
terms-of-trade effects. Formally,
(25 -1 (y+f)dNg

(1) Let TCcH = Tor = 1, g = Tir < 1 and dmjy = dmr < 0, then <= T =

I(y‘i‘f)dNF > O, (TIH_l);PFFdCHF < O and (TIF_]-)TIPHHdCFH < O
F H F

(Z-D(y+f)dNr

(2) LetTCH:TCF:1,T[H:T]F:1anddT]H>0,then >0, = i

(Z5-VD(y+f)dNg
Iy

(3) Let ron = Ter = %, Tiir = T = 1 and dryy < 0, then HPaurCru—dPrerCur (),

Proof of Lemma A2.

39



(1) By imposing symmetry we obtain:

ON ON ON ON, ON ON
dNH:dNF: HCZT[H+—HCZT]F: H+—F dT]H: H—|— d dT]F
871H aT]F 87’]1{ aT[H 871F 871F
oC oC oC oC oC oC
dCHF = dCFH = HFCZT[]{‘F HFdT[F = HE + FH dT]H = HE + rH dT[F
@T[H aT[F aT]H 87’[]{ aT[F aT]F
Then, production efficiency effects are positive since if 775 = 77p = 77 < 1 and 70y =
Tor = 1:
ONy  ONp ONg ONp  L(1—a)ar((e(l —77) +17) 7°7] + 771) <0 (67)
Otip - Oty Omrr - OTrr fer (mr(1 — a) + 7275 + a1)’

At the same time, consumption wedges are negative since if 775 = 770 = 77 < 1 and
Teg = Tor = Lt

0Cyr , OCry _ OCur , OCry
aT]H aT[H N aT[F aT[F

fe (1= )7y + 775 (¢ = a)7 + (= = V)rery)) (Zaezt)
- <0
T (Tan + 7')2 (oﬂ' + (1 — a)TTI + 7—57-15)

which imply that dCy > 0 and dCr > 0 as long as drgg < 0 and drop < 0.

(2) First, note that domestic (Foreign) production efficiency effects have the same sign as
dNp (dNF), given that (-5 —1)(y + f) > 0. Moreover, once we impose symmetry, terms
of trade effects in (33) can be written as:

e—le—1

Iy

(—2 =5V ANy + 2525 N T dNg ) 7Cpe

Thus, to prove (2) it suffices to show that if 7,57 = 77 = 1 and 7¢y = 7¢r = 1, then

dNy = gﬁg drrg > 0 and dNp = ST% < 0 as long as dr;y > 0. Indeed, in this case:

ONg Lot [(14+e—a)r+ (a+e—1)77]

oty fe(r —7m2)2(1 + 79) >0

ONp  Lat|(1— )T+ et + (a+¢e — 1)

Orin felr — 72(r + ) <0

which means that domestic production efficiency effects are positive, Foreign ones are
negative and domestic terms-of-trade effects are negative, since dNy = ONp drrg > 0 and

ON orin
dNp = ﬁdT]H < 0 if drrg > 0.

(3) Similarly to point (2), to prove (3) we need to show that if 7,5y = 7;p = 1 and 7oy =
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Top = %, then:

ONyg  Lar(e —1)[(1 —a)ar®+ (a+e — 1)*7* + (e + a — 1)7'*7]

ory ~ flate—Plalr o)+ e e -] -

ONp _Lom'(s —De—-1D1-a)*+ela+e—1)7*+((6 = 1) + a(2e — 1))751]
Otin flat+e—12[a(r+79) + (e = 1)(7= — 7)] (7% — 72)

<0
|

Proposition 4: Cooperative Import Subsidy. If 7oy = 70r = Eg—l, the cooperative
policy maker refrains from using taxes on imports and the number of varieties equals the first-
best level. If tog = Tor = 1, the cooperative policy maker finds it optimal to subsidize imports.
The number of varieties is larger than in the free trade allocation, but remains lower than the
first-best level. Formally,

(1) If 7oy = 10r = %, then 7—100010 =1 and NP = NI'B,

(2) If 7cg = 7¢r = 1, then % < TICOOP <1 and NfT < NCoo» « NFB,

Proof of Proposition 4. In the case of tariffs, the cooperative policy maker maximizes:

g}w]{ Vi (Pu(tre, 7rr), Lu (Trm, 7ir)) + Ve (Pr(Tim, Tir), Ie (T, Trr)) (68)
T, STIF

where Py (77, T1r) is given by equation (36) once we substitute in Ny (774, 777) and Ny (774, T17)
as implicitly determined by equation (22). Iy (77, 71r) is equal to L+(tcy—1) Ny (Trm, Trr)e f+
_1
(71a—=1)7 Prp(Tra, 1) Crr(Tim, Trr) Where Ppp(Try, Tir) = E_LITCFNF(TIHa 7)==, Curp(Tra, Tir)
_1

= PHF(TIH, T[F)_spH(TIHa TIF)ECH(TIH,TIF), PHF(TIHa TIF) = ijTIHTCFNF(TIH,TIF)l‘E and
finally C'y(7rp, 71r) is given by its equilibrium value in equation (37). Symmetric conditions
apply to foreign variables.

(1) To prove the first part of the proposition it suffices to show that if 7oy = Top = %, the
cooperative policy maker finds it optimal to set 775 = 77p = 1.
By differentiating (68) with respect to 775 and imposing symmetry, i.e. 7,5 = T7p = 77,
the first-order condition can be written as:
aeT (17— 1) ((a + e — D)7%7% + (1 — )71 + e75t178) B
(o8 + 1) (t875 +7711) (e + 6 — 1)7875 + (1 — ) (e — 1)771 + aeT)

Then, it is easy to verify that this condition is satisfied iff 7; = 1.

(2) To prove the second part of the proposition we follow three steps: (i) first, we show
that if 7oy = 7cr = 1, no cooperative solution exists for 7; > 1; (ii) second, we show
that if 7oy = 7orp = 1, there exists a solution for 77 < 1; (iii) third, we prove that if

_ _ Coop FT Coop FB _ _
TcH = Tor = 1 7 < 1l and N"° < Ny < N"%2. If 7eg = 7cr = 1, then by
taking the derivative of (68) with respect to 75 and imposing symmetry, the first-order
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condition can be written as:

where:

AT (7r)
By (77)

AT () = ar(r57 75 (1 (20 — 2+ 2 = 2) + (e — 1)e)

+ 7577 (ela+e—2) — (e = Dr(at+e—1)) + (o — )77 (e7 —e + 1))

BICOOP(TI) =(e—Vr (%77 + 1) (1577 + 777) (71(T — @0T) + 77 + aT)

(i) At the optimum, it must be that AY°?(r;) = AY°?(r7°P) = 0. To prove that no
cooperative solution exists for 77 > 1 it suffices to notice that all terms in A?OOp (17)
are strictly negative for 7; > 1 and thus AY°”(7;) has no zeros for 7; > 1.

(i)

(i)

In order to prove that a cooperative solution exists for 7; < 1, consider that: (a)
AP (1) is a continuous function in 77; (b) AY°?(1) = —(1—a)ar (7 +7)* < 0; (c)
ATP(0) = 0 and AAS?(0)/d7; = (1 —a)a(e —1)73 > 0. Then, by the intermediate
value theorem there exists a value 7; € (0,1) such that AY”(r;) = 0.

Finally, we need to prove that if 7oy = 7¢p = 1, it holds that 7¢°% < 1, NFT <
NCor <« NFB We do this in several steps.

(a)

If 0 < 77 < 1, by symmetrically increasing the subsidy on imports in both
countries the cooperative policy maker increases the total number of varieties.
Indeed, by (67) at the symmetric equilibrium dNy = dNp > 0 since % +
gg’;) < 0 drg = drp < 0. Thus, dNg > 0 together with point (ii) — proving
that the cooperative solution entails 7; < 1 —imply that N¥7 < N€°_ Then, we
are left with the comparison between the cooperative solution and the first-best.
After imposing 7oy = Tor = Txy = Txr = 1 and 77y = 77F in (41), we compute
the number of varieties produced in each country in the symmetric equilibrium:

La(t+(r77)¢ : L
Ny(m) = fe(a”i‘glfé)él()”])s) and we observe that lim,, ,o Ny (77) = T where
# > Lo — NFB gincee >1and 0 < o < 1. As a consequence, there

fle+a-1)
exists a 77 small enough so that the cooperative policy maker can implement

the first-best number of varieties. The question is whether he wants to do so.

Let 70°% = f(a,e,7) and 7/'% = g(a, e, 7) be, respectively, the solution to the
cooperative problem and the subsidy implementing the first-best level of number
of varieties. Thus, 7 °” is such that AP (7E°) = 0, while 7’7 is such that

La(r+(r7/ P)°) o o .
N(r{P) = fe(aT+T(1_a)TIF'IB+(TTIF‘B)5) = f(efa—l) = N¥B. Though it is not possible

to find an explicit solution for 77 2, the condition Ny (7{'B) = N¥'P simplifies to

(17FB)e = —er7F'B +7(e —1). If we substitute this condition into A (/) = 0
we obtain a cubic expression in 7;. The solutions are 7; = {%, 1,1}. However,
none of these solves (777)¢ = —e777 + 7(¢ — 1). More precisely, they all imply a

level of subsidy on imports smaller than what needed to implement the first-best
level of varieties. Thus, we conclude that there is no intersection between the
set of 7+ °? and the set of 7P

The last step is to prove that 772 < 7°°% always. From (67) it will then follow
that N°° < Npp. To this purpose, note that f and g are two continuous
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functions in the space {0 < o < 1,7 > 1,e > 1}. This is so since, by the
implicit function theorem, we can compute the derivatives of 7% and 7°%
with respect to the three parameters and the derivative always exists in such
parametric space. In point (b) we proved that there is no intersection between
g and f. It must then be that one always lies on top of the other, i.e., it either
always holds that 772 < 7°? or the other way around. We evaluate both
functions at {o = 0.5,& = 2,7 = 1.5} and find 772 = 0.39 < 0.63 = 71 °7.28
Thus, the cooperative import subsidy is always smaller than the one needed to
implement the first-best number of varieties.

Lemma 2: Unilaterally Set Import Tariffs/Subsidies. Let 7,y = 7/ = 1. The opti-
mal unilateral deviation entails an import subsidy when starting from the first-best allocation

implemented by a production subsidy, and an import tariff when starting from the free trade
allocation. Formally,

(1) If 7om = Top = <%, then SML < 0.

(2) If Toyg = Tor = 1, then gxlj{ > 0.

Proof of Lemma 2.
(1) If 7y =mp =1 and 7y = Top = 5;—1, it is easy to show that:

Ve _ ar? ((a+ 26 — 1)7° + (1 — a)7) ~0
orrr - ((a(me+7)+(e-(re—7)) (> —72)

(2) If 7y = 11p = 1 and 7oy = Tor = 1, it is easy to show that:

Vyg  ar((a+e—1)7°+ (1 —a)r)

o e—DE-my "

Proposition 5: Nash-Equilibrium Import Tariffs/Subsidies. When starting from the
first-best allocation, the Nash-equilibrium policy consists of an import subsidy, implying more
varieties than the first-best allocation. In contrast, when starting from the free trade alloca-

tion, the Nash-equilibrium entails a tariff, implying less varieties than the free trade allocation.
Formally,

(1) If repr = 7op = =, then 77" < 1 and N7 < NFB < NNash,

(2) If 7oy = Tor = 1, then there exists a 777%" > 1 such that NV < NFT < NF'B,

28The other solutions are either negative or zero, thus we exclude them since 7; > 0.
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Proof of Proposition 5. In the case of tariffs, the non-cooperative policy maker maximizes:

maXVH(PH(TIH,TIF),[H(TJH,TIF)) (69)
TIH

where Py (7, T7r) is given by equation (36) once we substitute in Ny (7ry, 777) and Ne(7rm, Trr)
as implicitly determined by equation (22). Iy (7, 71r) is equal to L+ (g — 1) Ny (T, Tir)e f+
_1
(7ra—1)7 Pep(Tri, 71r)Crp (i, Trr) where Ppp(Try, Tir) = ;_170F(NF(TIH7 71r)) %, Cur(Tim, Trr)

_1
= Pur(71a,7r) " Pu(trm, 71r) Cr(mra, 7ir), Par(tin, 7rr) = 577u7or(Ne(Tim, Tir)) 15
and finally C'y (775, 77r) is given by its equilibrium value in equation (37).

(1) If Tog = T0r = 52—1 and 177y = Trp, the first-order condition of (69) with respect to 775

can be written as:
ANt () 0
B}Vash(7_1> -
where

AN M) = ale — )13 + (a — Ve (a+ €2 — 1) 750375 +2
+(a—1) (2 +e—1) (a+e— 1>t
—(a+e—1)(ac+a+e+e—1) 7ttt
+ (1 = 20)e® + 2(a — 1)e* — (a — D)ae + (a — 1)?) 7° 75!
+e(ale —1) = D(a+e—1)7%25
+e(a+e—1)°7m 7 —cla+e— 1)((2a — 1)e + 2) 7% 27t
+e(a+e— 12747 —e(a+e — 1)’ 74 — (o — 1)%(e — Der'r}
+(a—=1)(e - D' (a(2e = 1) —e+ 1) + (1 — a)a(e — 2)er?r;

B () = 7 (7577 4+ 7m) (573 = 72) (@ + £ = D777 + (@ = (e = 1 — afe — 2)7)
(a+e—=1)7°717 +177(—ae + a+¢e— 1) 4+ aeT)

The first part of Proposition 5 is proved by showing that if 70y = 7or = %: (i) there

is no solution of the Nash equilibrium of the non-cooperative policy game for 7; > 1;

(ii) if € > 2, there exists a solution of the non-cooperative policy game for 7, < 1; (iii)
NNash > NFB > NFT.

(i) In order to show that no Nash equilibrium exists, we need to prove that there are
no zeros of AN"(7;) for 7; > 1. This is so because: (a) AN*" is a second-order

polynomial in «; (b) if @ = 0 or a = 1, AV (1) < 0; (c) %jﬁ(m’azo <0.

(a) It is straightforward to see that ANs" is quadratic in a.
(b) f a =0and 77 > 1

AVt (7)) = —(e = D)(TPB3 e (e + Ve —e(e — 1) + 1)
+ 72 (2 +e—1) 17 — (e — 2)err +¢)
bt (2 e —1) 7 — (2 — 1)e)

+ 777 (e — De (17 — 1)
+ 777 (e(r—1)+1)) <0
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Ifa=1and 77 > 1
ANash(ry = 27578 (1575 4 1) (27’€+17'I€Jrl te(m—D)7r5rF + (e — e+ 2)) <0
(c) To see why AN (77) /01y < 0, first consider that if o = 0:

OAY™11) e ae

= 7%y 4 rietisPe
87'[

Ko + T2€+2TI2€/€3 + T€+3T]€li4 + T4k

where:

k1 =—2(e—1)e(r;—1)

—((2e* +e—2) 71 — 2(c — 1)e)

(e—=2) (2 +e—1) 17+ ((3—28)e — 2)ers + (g — 2)¢
ka=T11 (2 =2) e —2(e — 1)e* + e — 2] + (e — 2)¢?

ks = (e — )17 (2e71 — 36 +2) + (e — 2)e

K2

R3

First, we show that dAY®"(7;)/0r; < 0 for ¢ < 2. Under this assumption
k1 <0, kg <0, k3 < 0 and k3 — k4 < 0. In this case it is sufficient to show that
TRy + T3 Ry + 7715 < 0. Note that 7757% k) + 73 725Ky + Th77R5 <
8(17) where 6(77) = (k1 + K2)T + k5. It can be shown that §'(77) < 0. It follows
then from 0(7;7) = —2¢ at 7, = 1 that §(77) < 0.

Second, we show that OAN®"(7;)/0r; < 0 for € > 2. Under this assumption
k1 < 0, ke < 0 and k5 < 0 . Therefore, in this case it suffices to show that
T4 R + 722725 55 < 0 and 73735 kg + 75375 kg + 777K < 0 or alternatively
that §;(77) = k17 + k3 < 0 and 8a(77) = KoT# + kg + k5 < 0. These last
conditions are always satisfied because at 7; = 1, d;(77) = 2 — 5e and do(77) =
—2 — 3¢ and it can be proved that §,(7;) < 0 and &;(77) <0 .

(ii) This is equivalent to show that there is at least one zero of ANh(r;) for 7, <
1. A sufficient condition for the existence of a Nash solution is ¢ > 2. To see
why this is the case, consider that: a) AN%"(7;) is a continuous function in 77; b)
ANosh(1) = —r(a+e—1) (75 +7)° (1 — )7 + (0 + 26 — 1)7°) < 0; ¢) AV*"(0) = 0
and 9AYh(0)/0r; = (1 — a)a(e — 2)et? > 0 for € > 2. Then, by the intermediate
value theorem there exists a value 77 € (0,1) such that ANash(r;) = 0.

(iii) To prove this statement recall that if 7oy = 70p = %, then

ONy 0Ny __ L0 —a)a(e = )7 (7 (e(L = 71) + 72) 75 + 771)
Ory - Omp fri((a+e—1)rerf +77(1 — a)(e — 1) + aer) 2

for all 7; < 1. We have already proven at point (i) and (ii) that when 7oy = 70p =

%, rhash < 1. As a consequence, NVash > NFB > NFT gince at the symmetric
equilibrium dNg = gﬁgdnH + gi\gdﬁp = (gﬁ’; + gg’;)dnH > (0 for all 7 <1 and

drig = drr < 0.

(2) By taking the derivative of (69) with respect to 775 and imposing symmetry i.e., 7/ =
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Tir = 71, the first-order condition evaluated at 7oy = 7cr = 1 can be written as:

AY (o)

2 N g
By sh(rp)

where

AY M) = (P (r (e = D)(e+ Dr(a+e—1) —a*(2e +1) = 2a(e — 1)e + (e — 1)e + 1)
tasfate—1))+er ™ ((a— 1)1 —a) (e —e+ 1) 75
— e (a4t e—1) —a—e¢)
+(—a—e+ D (e -V —o) 1 — (a— D)1 (o — D1 — ) (e7 — e + 1))
BYNesh (1)) = (e — )7y (7575 + 7717) (7’257'125 — 72) (o = D17y + 7577 — ar) (17(1 — a1) + 7577 + aT)

To prove the second part of Proposition 5 we need to show that: (i) there exist at least

one Nash equilibrium of the policy game for which V" > 1; (ii) for such a 77" > 1,

we have NNash <« NFT < NFB
(i) To show this point consider that:

(a) ANesh(7}) is a continuous function of 77;
(b) If 77 =1 AVesh = 7 (75 — 1) (7"3—1-7')2 [(a4+e—1)1" —aT+ 7] > 0;
(C) If T = ﬁ:

as €
A7 h(a—l) -

er?

(e—1)°

+(1—a)2e— 1) —a)+ (2e = 1)(e — 1)T*(c — a) (56_7—1)

[(5—1)7’(04(5—@)—1—04(1—04)—1—(5—1)(25—1))( il )

e—1

+ale — 1) % (er)*] <0,

Therefore, by the intermediate value theorem there exists a 7V%" € {1, =} such
that AYsh(r*sh) = 0.

(ii) To prove this statement recall that by (67), if 7; < -5, then at the symmetric
equilibrium (i.e., 77y = T7p = 1) gﬁf]dnH + gf_V—II;dT]F < 0. Hence, from (i) and
(67) we can be sure that there exists a solution 77" € {1, ===} such that NVesh <

11
NFT < NFB.

F Export Taxes

In this section while retaining the assumption 7,5 = 777 = 1, we prove the propositions and
the lemmata of section 6, where we allow for the use of export taxes/subsidies as the policy
instrument.
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Lemma A3: Policy Incentives for Export Subsidies/Taxes If oy = 1cr = 1, then
when there is a symmetric increase in the export subsidies in Home and in Foreign, production
efficiency effects are positive. At the same time, if Txyg = Txr = Tcy = Tcr = 1, when there
1s a unilateral increase in export subsidies at Home, the production efficiency effect is positive
in the domestic economy and negative in the foreign one, while domestic terms-of-trade effects
are negative. If Tog = Top = % and Txg = Txr = 1, a unilateral increase in the export tax
at Home generates positive terms-of-trade effects. Formally,

(D (y+f)dNu

(1) Let TCH =— TCF = 1 and g = Txr < 1. If dTXH:dTXF<O, then i =
(efl—l)l(lli'i‘f)dNF -0

(2) Let 7xpg = 7xp = 7cg = Tcr = 1. lf d7xy < 0, then (;71)1(1‘3”)”]1 > 0, (;AQHMNF <
0 and d(TXHPHH)TCFHI;d(TXFPFF)TCHF <0.

d(txuPap)TCra—d(txrPrr)TCHF >

(3) Let rxg = 7xrp=land 7oy = Tor = % Ifdrxyg > 0, then

Iy
0.
Proof of Lemma A3.
(1) Let 7oy = Tcr = 1. By imposing symmetry, we obtain:
ON ON ON ON
dNH:dNF: HdTXH+—HdTXF: H+ F dTXH
aTXH 8TXF 67-XH aTXH

When 0 < 7xg = 7xr < 1 the following derivative is negative:

ONy  ONpg _ _L(l —a)ar(txT + (7x7)*(7x + (1 — 7x))) <0
Otxy  OTxm frxe(ar + (7x7)° + 7x7(1 — a))?

which implies that ANy = dNp > 0 <= dryx = d7xr < 0 i.e., symmetric production
subsidies generate positive production efficiency effects for both Home and Foreign.

(2) Let 7xy = Txr = Tcw = Tcr = 1. The change in the number of Home and Foreign
varieties when 7y g moves unilaterally is given by:

ONy Lat(m? + (e — )t + (e — 1 + a)7' ¢
ANy = d =— d
T orsn X fe(r —18)2(1 + 1°) xn
ONp Lat(at®+ (e = 1)7%* + (e — 1 + a)7'™*
dNp = d = d
"7 oryn i fe(r —72)2 (1 + 79) xH

Therefore, dNyg > 0 and dNp < 0 <= drxg < 0. Thus, unilateral increase in the export
subsidy generates production efficiency effects that are positive for Home and negative
for Foreign.
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Once we impose symmetry and we assume that 7xy = 7xr = 1, terms-of-trade effects in
(35) can be written as:

(%

We just showed that drxy < 0 implies dNyg > 0 and dNp < 0, i.e., unilaterally set
export subsidies generate negative consumption based terms-of-trade effects both directly,
through their impact on the price of exported varieties, and indirectly, through their
impact on the number of Home and Foreign varieties.

N = ldNH N = 1dNF) TCHF

- (70)

(3) It remains to show is that when 7oy = 7cp = % and drxy > 0 then dNy < 0 and
dNp > 0. This follows from the fact that:

ONy Lale = 1)1 (2 (@®+e—1)+ (a2e = 1)+ (e = 1D)H) 75 + (e — a)(a + & — 1)7%)

Orxn flate—-12(r%* = 72) (a(r +7) + (e = 1)(7° = 7))
ONp  La(e—Dr((a+e*—1) 7" + (e = 1)(a+ e — 1)1 + aeT?)

oxn . flate 1E(E a0t D) "

Proposition 6: Cooperative Export Subsidy. If 7oy = Tor = 5;—1, the cooperative policy
maker refrains from using taxes on exports and the number of varieties equals the first-best
level. If Tcg = Tcrp = 1, the cooperative policy maker finds it optimal to subsidize exports.
The number of varieties is larger than in the free trade allocation, but remains lower than the
first-best level. Formally,

(1) If 7o = 7op = ==L, then 7$°% = 1 and NCo? = NFB,

(2) If 7oy = T7op = 1, then 75°% < 1 and NFT < NCoo» < NFB,

Proof of Proposition 6.

(1) If 7oy = 710r = %, the cooperative policy maker solves:

max Vy(Py(txm, 7xr), In(7xm, 7xr)) + Ve(Pr(Txm, 7xF), Ir(Tx 1, TXF)) (71)
TXHTXF
Here, Py(7xm,Txr) is given by equation (36), which is implied by the equilibrium ex-
pressions for Ny (7xp,7xr) and Np(7xg,Txr), equation (41). Iy(Txy,Txr), is given
by LH + (TXH — 1)7—PHH(7—XH7TXF)CFH(TXHaTXF) + (TCH — 1)NH(7_XHa TXF>Ef where
Pun(txu, 7xr) = z57ouNu(xm, xr) 7%, Crua(Txu, 7xr) = Pru(Txu, Txr) “Pr(TxH, TxF)°
o

Cr(txu, 7xr) and Pry(Txm, TxF) = ﬁTTXHTCHNH(TXM 7xr) ¢ . Finally, Cy(7xm, 7xF)
is given by its equilibrium value in equation (37). Symmetric conditions apply to foreign
variables.
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Taking derivatives with respect to 7xy and 7xr and imposing symmetry, the first-order
condition can be written as:

aet(tx — D[(a+e — 1)7%7% + (1 — a)?7x + em57%]

=0
mx(rork + D)7 + [ (a e — Dok + (@ — D)(e — Drrx — aer)

It is straightforward to see that 7x = 1 is the unique solution to this equation. We have
already shown in Proposition 2 that 7oy = 70p = E;—l, Txg = Txr = 1 implements the
first-best allocation. Thus, N¢°? = NF'B,

If 7eg = 17¢r = 1, the cooperative policy maker solves the same problem as in (1) but
income is now given by Iy (7xm, 7xr) = L+ (7xy —1)7PpyCrpg and similarly for Foreign.
Taking derivatives with respect to 7xy and 7xr and imposing symmetry, the first-order
condition can now be written as
c
AS (1)

Zx VX))
B (7x)

where

AP (rx) = ar[r g rx (20 — €2 4+ £ — 2) + (e — 1)e]
+7%57%e(a4+e—2) — (e = Drx(a+e— D]+ (o — 1)7?rx(e7x — e+ 1)]

B)C;OOP(TX) = (e — Drx(t87% + 7)(7°7% + 77x)(7x (T — aT) + 7°7% + aT1)

Note that AS?(rx) = AY°?(r;) and B (7x) = BY°?(;) with the only difference that
they are functions of 7x instead of 7;. Thus, the proof is the same as the one for the
cooperative import subsidy (Proposition 4).

Lemma 3: Unilaterally Set Export Taxes/Subsidies. Let 7xy = 7xp = 1. The optimal
unilateral deviation entails an export tax when starting from the first-best allocation implemented
by a production subsidy, and an export subsidy when starting from the free trade allocation.
Formally,

(1) If 7oy = 10r = %, then —;ﬁr‘;}; > 0.

(2) If 7og = 7¢r = 1, then ;T% < 0.

Proof of Lemma 3:

(1) If TCH — TCF — %, then:

oVy _ar (1—a)r*t + (a+e—1)7% +e7?) =0
OTx (122 = 72) (T + 7))+ (e = 1)(75 — 7))
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(2) If 7oy = 17cr = 1, then:

Vg  ar(tla+e—1+(1—a)7)
Drxn = 1) (= =) <0

Proposition 7: Nash-Equilibrium Export Taxes/Subsidies. When starting from the
first-best allocation, the Nash-equilibrium policy consists of an export tax, implying less varieties
than the first-best allocation. In contrast, when starting from the free trade allocation, the Nash-
equilibrium entails an export subsidy, implying more varieties than the free trade allocation.
Formally,

(1) If ren = 7op = 2, then 78" > 1 and NV*sh < NFB,

2) If TCH = TCF = 1, then TNaSh <1 and NFT < NNaSh < NFB.
X

Proof of Proposition 7.

(1) If 7oy = Tcr = ==+, the Nash policy maker solves:

max Vi(Pu(txm, xr), In(TxH, TxF)) (72)
Here, Py (7Txm,TxF) is given by equation (36), which is implied by the equilibrium expres-
sions for Ny (7xm, 7xr) and Np(Txm, Txm), equation (41). Moreover, I(7xpm, Txr) = L +
(7xg—1)7Puu(7xu, 7xr)Cru(Txm, Txr)+(Ten—1)Nu(Txm, Txr)e f, where Py (Txm, TxF)
= ;_17'CHNH(TXH; TXF)Ey Cru = PFH(TXH; TXF)_EPF<TXH7 TXF)EOF(TXH; TXF); PFH(TXH, TXF)
= S77xuTenNu(Txn, TXF)i and finally Cr(7x g, Txr) is given by its equilibrium value
in equation (37).

Taking derivatives with respect to 7x g and 7xp and then imposing symmetry i.e., Txyg =
TxF = Tx, the first-order conditions at the symmetric Nash equilibrium can be written as

AX* (1x)

BY () )

where

AJ*h (1) = ar {71 [rx ((@® — 1) (e — DeTyx + (—20° + a — 2)e* + (a — 1)* + &%)
+e((a—1)ae + (o — Da —* +¢)]
+ P22 (etx (@@ +ale = 1)2 — (e — 2)(e — 1))
—a?e+ D) +2a(=*+2+ 1)+ (e —1)(e? + 1)) + ae’]
+ 7 a4+ e — 1)[(e — Dy (tx(a(e = 1) +1) — (2a + 1)e) + (a + 1)&?)
— ¥t (a+e—1)(e — V)1x —¢] +Tr2e(a+e — 1)}
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BY*M1x) = x (157% + 77x) (7F7E — ) [(a + e — D775 — (@ + 1)(e — 1)77x + aeT]
(a+e—1)71°7% +17x(—ac+a+e— 1) + aeT]
(i) We first show that no solution with 7x < 1 exists. Focusing on the numerator of the
first-order condition, this is so since all terms of AY*"(7x) are positive for 7y < 1.
(ii) Next, we show that there exists at least one solution with 7x > 1.

(a) For 7y = 1, AN®"(1) = (e+a—1) (7° + 7)* [(1—a)mo 7 +er? + 7% (e —14a)] > 0;

(b) lim,y oo AY®M(7x) = —o0;
(c) Thus, by continuity of AY**"(7y), there exists a 78" > 1 such that AYesh(r{ash) =
0.

(iii) It remains to show that if 78" > 1, then NNos" < NFB When 10y = 7cp = %
and after imposing symmetry i.e., Txyg = Txr = 7x and d7xy = d7xp:

ONgy dren + ONgy I — ONy N ONy I
aTXH 87’XF 8TXH 8TXF
L(1 — a)a(e = V)71 [r75% ((e = 1)7x — &) — 77x]

- frx[(la+e—=1)7m715 +17x(1 —a)(e — 1) + a57]2

dNy =

TXH

Note that drxy > 0 = dNyg > 0 < 71°75%[(e = 1)7x —¢] — 77x > 0. Let us
define the following two continuous and monotonic functions f(ryx) = (¢ — 1)7°75"!
and g(7x) = er°7% + 77x With f'(7x) > 0, f"(7x) > 0, ¢'(7x) > 0 and ¢"(7x) > 0.
Note that f(1) — g(1) < 0 implying that dNy < 0 when 7x = 1. By continuity and
monotonicity of the two functions, only two cases are possible. They either never
cross, in which case dNy < 0V7x € [1,00) and consequently NVesh < NFB_ - QOr,
they cross only once. That implies that 37x > 1 such that f(7x) > g(7x), V7x > Tx

implying dNy > 0 <= 7x € (Tx,o0). However note that:

L E ~E
im Ng= lim (T +7)

— NFB
Tx—>00 x—>00 f ((a+ ¢ — 1)7e75% + 77x(a(—¢) + a+ e — 1) 4+ aeT)

implying that also in this case NVash < NEB,

(2) If 7oy = 7cr = 1, the Nash policy maker solves the same problem as in (1) but income
is now given by Iy (7xu,7xr) = L+ (7xu — )7 Pun(7xn, 7xr)Cru(TxH, Txr). Taking
derivatives with respect to 7xy and 7xpr and then imposing symmetry i.e., 7xg = Txr =
Tx, the first-order conditions at the symmetric Nash equilibrium can be written as:

AR (1x)

BY () i
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with

AJ®M (rx) = o7 rx (Tx (6 — @%e) + 2a%e + (a — D)a—e® + &) —a’(e + 1) + a + (e — 1)e]
+ 72 ¥ rx(rx (@ — 1)e® —a+e4+1) +a(—2e? +e — 1)+ (6 — 1)?) + ae — 1)
+ 732 ¥ rx (e — Drx(a+e—1) — (2a 4+ 1)e? — 2(a — 2)as + (a — 1)a)
te(alate—2)+=—1)]
+ et e(at+e—2) — (e - Drx(a+e—1) + 1% (a+e— 1)}

B)J\(T“Sh( 257')2(5 — 72)(—(a + Vrrx +7°7% + 1)

x) = (e — V)rx(7°7% + 77x) (7

(Tt —ar) +757% + ar
X

(i) In order to show that there exists a solution with 7y < 1, we first show that when
7x = 1, AY%"(1) is negative. This is so given that AY*"(1) = 7(7°—7)(7° +7)*[(a—
Dre+7(—a—e+1)] <0.

(i) Next, we show that for ¢ > 2 there exists a 7x € {0,1} with AY®"(rx) > 0.
By continuity of AN Nash (1) this is enough to guarantee the existence of a solution.

Consider 7x = = . Then,

ARosh(=22) = Bl(e —2)%r*(a+e — 1) + (e — 2)*e! (2 + 262 — 5e + 3ae — 2a)7% +
(6—2)"*oe (44 20— 602 +3(c —2)e) T3+ + (22) ™ (a(6e —4) + (e —2) (€2 —2)) 72+ +

3¢
7 (a?(6e — 4) + 2a(e — 2)(2e — 1) + &%) <(€ 2) ) ] > 0 since each of the coefficients
is positive for € > 2. This proves that a solution with 7x < 1 exists.

(iii) Finally, we show that NVesh < N¥B,

(a) Let 782" = f(a,e,7) and 758 = g(a,e,7) be, respectively, the Nash equi-
librium export subsidy and the export subsidy that implements the first-best
number of varieties . First we show that there is no intersection between the set
of 78" and the set of 75 in the interval [0, 1]. If 7 = 7{ash, ARaesh(rRash) = (.

FB - . La(T+(TTFB) ) o Lo o FB
At the same time 747 is such N = Tt (=a) EP T (BB = FlerasD) = N&2.

This last condition can be rewritten as (77x)° = —e77x + 7(¢ — 1). Note that
when combined, this two conditions are a system of two equations in 7x. We
now investigate if there exists a 7x such that both conditions are satisfied si-
multaneously. Once we substitute the above condition into AY*" we obtain a
fiftth-order polynomial in 7x which can be factorized into two polynomials. The
first polynomial is —e7° (7x — 1) %(av + & — 1), with solutions 7x = {1,1}. None
of these solutions solves (77x)® = —e77x + 7(¢ — 1). The second polynomial is
cubic and we call it AxY%" Tt can be shown that there exist at most one real
solution of AxY" However, evaluating Ax>%" at 74 = 1 and 7x = 0 we find
that both AxN%"(1) < 0 and AxY?"(0) < 0. Thus, by continuity of AxN",

either there exists no real solution or there are at least two zeros of AxN" =0

that are real. Since there exists at most one real solution of Ax%" = 0 in [0, 1],
we can conclude that there is no intersection between the set of 78" and the
set of 757 in the interval [0, 1].

(b) The second step is to show that 758 < 79" in the interval [0,1]. To this
end, recall that f and g are two contmuous functions in the space {0 < a <

1,7 > 1,e > 1}, given that the derivatives of 752 and 7" with respect to the
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three parameters always exists in the permitted parameter space. In point (a)
we proved that there is no intersection between g and f. As a consequence, we
either have 74P < 789" or the other way around. We evaluate both functions
at {a =0.5,e = 2,7 = 1.5} and find 758 = 0.39 < 0.82 = 7" Thus, the non-
cooperative export subsidy is always smaller than the one needed to implement

the first-best number of varieties.

(c) Finally, from Lemma A3 (1) we know that 0 < 7xyg = 7xp < 1 = gfi’; +
% < 0 which implies that dNg = dNp > 0 <= drgx = drxr < 0 i.e,
by symmetrically increasing the export subsidy in both countries policy makers

increase the number of varieties. It then follows that 747 < 7{esh = NNash <

NFB,

G Simultaneous Policy Choice

Proposition 8: Cooperative Policy Instruments. The cooperative policy maker sets the
first-best level of production subsidies and chooses the trade tazes such that T°% . 7$°% = 1.
The number of varieties equals the first-best level.

Coop __ e—1 Coop Coop __ Coop __ FB
(1) 76" ==, 77" - 7x"" =1 and N*°? = N"",

Proof of Proposition 8. We have already proven in Propositions 2, 4 and 6 that the first-
best allocation can be implemented by eliminating the monopolistic distortion and by refraining
from using import or export taxes (i.e., by setting TCCOOP = =1 and 7P — 70 — 1) What

Coo e—1

remains to show is that the first-best allocation can be implement even when 7" = and

7P = 1. To see why this is the case, notice that if 75°” = = and 77 “P7¢°” =1 Ny =
Np = NFB i, this policy implements the first-best allocation. Intuitively, if 75 % = =1 any

policy such that TIC oop T)?OOP = 1 allows to reach the social optimum since the effects of import

tariffs /subsidies are exactly offset by those of export subsidies/taxes. =

Proposition 9: Nash-Equilibrium Policy Instruments. The Nash-equilibrium policy
consists of the first-best level of production subsidies, and inefficient import subsidies and export
taxes. Formally,

<1> 7_é’\fash — 7_goop — %7 7_INash < 1’ T)J(Vash > 1.

Proof of Proposition 9. In order to prove Proposition 9 we follow Dixit (1985) and we use
the primal approach to optimal policy instead of the indirect utility function i.e., we directly
maximize utility subject to the equilibrium conditions. The non-cooperative policy maker
maximizes domestic utility subject to the good market clearing conditions, the trade balance
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and the demand functions of the domestic and foreign economy. The Lagrangian associated
with the optimal policy problem of the non-cooperative policy maker can be formulated as:

L =Py (t1ia7xrPrrCur + PunCrp)
fle=1Ng" = Chrr — TCFH] + X [f(e — 1N = Cpp — TCHF]
. )\3 ( B Oé)

+ M\

(PHHCHH + TTIHTXFPFFCHF) + TTXFPFFCHF - TTXHPHHCFH - QH]

1—
|
«

a)

(PFFCFF + TTIFTXHPHHCFH> + TTXHPHHCFH - TTXFPFFCHF - QF]
— X5 [P Crn — (t7iutxr)° PrpCur| — X [PppCrr — (TTrrTxn)” PhyCru)

where Py, Pyy and Ppp are defined consistently with (6), (7) and (11). Making use of the
constraints and rearranging the first-order conditions of £ with respect to Cyy, Cyr, Crr,
Cru, Ny, Np, 7cg, Trg and 7xg, which we evaluate at the symmetric equilibrium, we obtain,
respectively:

g 1
P]l{;]a [1+(TT]T)()1 a} 1=e :)\1+

TTTx Pl [1 + (TT]Tx)l_a} I = T+ N (TTX + 7'7'17'X> —uTTx — Y5 (777X )°

1
0= XA+ Ya + Y6

o
l—«o

0=M7T—X\377Tx +W4 <7‘TX + TT[Tx) — v (7717x)°

e—1

0:)\1—)\3
ETC

e 1 I . . l—a 1
(1—a) (TT]Tx)l P}{Ha [1 + (TT]Tx)l } = \o€ [1 + 7t (T17x) } + A3 < “

+ —) (rrrrx) ' °

T

l—a -1 _ _
—i—%{ — [1—1—7’1_6 (117x) E} —77° (TTX)l E}

[0 TC
— V5€ + Y6€
—a = 11—« l—a 1 _
(1= )Py [1+ (rri7) ] 77 = X [ -7 (77x) } +74< +7-_) (T717x)
T
+ 75 — V6€
1—«

where 73 = A\3Prm, 74 = MPrn, 75 = APy and 76 = A Py
Combining the previous equations, we can solve for 7o and the multipliers:
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e—1
€

TC =

M= =Plall+ (rrrx) ] &

= Prgo?(l—a)(e(rx —1) —7x)[1 + (TT]TX)H]_ﬁ

i (e — Do+ (1—a)m)rx
75 =0
P}_{}IaaTl_e(TITx)_e 1+ (TT[TX)l_Er%E
Yo =T e—1
Ay = —Y6 — n <76)
a

The first condition in (76) already states that the Nash equilibrium production subsidy com-
pletely offsets the monopolistic distortion. What remains to show is that 7¥%" < 1 and
78" > 1. Substituting the expressions for the multipliers and the solution for 7¢ in the first-
order conditions and simplifying, we are left with two equations, the derivative with respect to
Cyr and the one with respect to Ng. The derivative with respect to Cyp is given by:

Al(T[,Tx)+A2(T],TX)+A3(T],Tx) :0 (77)
where:
A, mx) = —(e = 1)1 — )2 (a+ (1 —a)mp)
As(mr,mx) = —(e— (e — D1x)(arx + 1 — @)
As(rr,7x) = —(a+ (1 = a)y)(77x) =77 °
Note that:

(i) As(1r,7x) < 0 always;
(11) A1<T[,Tx)<0 < 7'1<1;
(111) AQ(T[,T)() <0 <= 7x < z—:le

Thus, a necessary condition for 7; and 7x to solve equation (77) is that if 7x < —=; then
77 > 1. By combining (77) with the first-order condition with respect to Np we obtain a second
condition:

Bl(T[,Tx)+BQ(T[,Tx)+Bg(T],Tx) :O (78)
where
Bi(tr,7x) = —13(e — D(a+ (1 — o)) (1 — (1 — 7))
BQ(T[,T)() = (—6 + TX(€ — 1))(5 — (1 — Oé))TE_l(T[T)(>a
By(11,7x) = —a(—¢ + 1x (e — 1))?
Note that:
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(i) Bs(77,7x) < 0 always;
(i) Bi(r7,7x) <0 <= 17 > =L
(111) BQ(T],T)() <0 <= 7x < E—Ll

Thus, a necessary condition for 7; and 7x to solve equation (78) is that if 7x < —= then
71 < =1, Note that this condition contradicts the one needed for (77). Therefore, the only
possible solution is 78*" > _= i.e., this proves that 78" > 1.

We now have to show that 77V%" < 1. We will prove this by contradiction. First, we show
that a necessary condition for 7V4" > 1 is that 7Vesh . 78¥ash < 1. Second, we show that if
TNash > 1 it must be that 78%" < 1, which contradicts the fact that 7{*" > 1. In order to
show the first point, it is useful to rewrite equation (77) as follows:

—(e—=1D(A—-mp)rx(atx+(1—a)1rx)+((e—=D71x —€)(arx + 1 —a) — (aTx + (1 — a)TIX)(Tl_ETf)?) =0
where 77x = 7/7x. If we solve the previous equation for 7; we obtain:

C (TX ’7'[)()
7_Nash, — 1 ) 79
! CZ(TX771X> ( )

where:

Ci(tx,mix) = (1ix7) “(mix7(1 — @) 4+ (77x7)°e(1l — o — 7 + 2a7y)

arxT + (1ix7)1x (1 — a) + T};ererx(g —1)(1 —a))

+

02(7')(,7‘[)() E—l)TX(Tlx(l—a)+aTx)

Now suppose that 7; > 0 and Cy(7x,77x) > 0, it has to be the case that Cy(7x,77x) > 0 too.
Moreover, for 779" to be greater than 1, Cy(7x, 77x) — Ca(7x, Trx) should be greater than 0:

Cs(11,7x) = C1(7x, 7rx) — Ca(7x, T1x) =
(rrx7) “(mrx7(1 — )+ atrx + (71x7) (1 —a)e + (1 —a+ 21 x(1 —a)(e — 1) — e + 2ae)7x + ae — 1)7')2()

Note that:

(i) Cs(7r,7x) is linear in «;

(ii) @ =0and 77x > 1implies C5 = — (77 x7) (Trx7+ (1rx7)(e+ (e = 1) (Trx — 1)+ 7rx7x (6 —
1))) <0;
(iii) @ =1 and 77x > 1 implies C3 = —(7;x7) " °(77x + (771x)(e7x + (¢ — 1)7%)) < 0;

(iv) By continuity, Vo € (0,1) 77x > 1= C3 < 0 = 772" < 1;
(v) Thus, a necessary condition for 7" > 1is 77x < 1.

However, we have already proven that 78%" > 1 thus, it cannot be that 779" > 1 and
rNash = pNashyNash 1 Therefore, it has to be that 7V%" < 1. =

o6
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