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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 allow for wage, import and export subsidies/taxes. We study non-
cooperative trade policies, first for each individual instrument and then for the case where all
instruments are set simultaneously, and contrast those with the efficient allocation.

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 transport costs. This reduces the domestic price index
thereby increasing domestic welfare.? According to the literature, this delocation motive (also
called home market effect) 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.*

By considering a situation where countries can simultaneously choose all three policy instru-
ments (wage, import and export taxes), we contribute to the literature in three ways. First,
we show that in this more general setting there are four motives behind non-cooperative trade

policies: the correction of monopolistic distortions,® the terms-of-trade manipulation, the delo-

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

2An import tariff makes foreign differentiated goods more expensive relative to domestic ones so that domes-
tic consumers shift expenditure towards domestic differentiated goods. 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.

3See, 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.

4Production and export subsidies are puzzling within the neoclassical framework because they increase foreign
welfare at the expense of domestic welfare.

5Observe that monopolistic distortions arise because there are two sectors in the model, so that monopolistic
markups lead to a too low provision of variety in the monopolistically competitive sector. In their seminal



cation motive for protection, and the fiscal-burden-shifting motive. The last motive arises when
countries use wage subsidies in order to correct for the monopolistic distortions. When this is
the case, there is an incentive to relocate firms to the foreign economy, so as to shift the fiscal
burden of the subsidy to the other country. Second, and most importantly, we show that the
Nash equilibrium is characterized by the first-best level of wage subsidies, and inefficient import
subsidies and export taxes. This result has several implications. It shows that, in contrast to
the previous literature, the delocation motive for protection is not the dominating motive for
strategic trade policy in the Krugman (1980) model once sufficiently many policy instruments
are available. This is so because countries choose to subsidize imports and taxr exports with
the intention to relocate firms to the other economy. It also shows that when all three policy
instruments are available, the Krugman (1980) model cannot rationalize why countries would
set import tariffs and export subsidies in the absence of trade agreements. Finally, following
Bagwell and Staiger (1999) and Bagwell and Staiger (2009), we ask the question which interna-
tional externalities countries try to remedy by signing trade agreements. We do so by looking
at the politically optimal policy, which is defined as the one that noncooperative policymakers
would choose if they did not try to manipulate their terms of trade. We find that the politically
optimal policy is still distortive. This implies that, differently from Bagwell and Staiger (2009)
— who consider simultaneous choice of import and export taxes in the Krugman (1980) model
— terms-of-trade externalities are not the only source of inefficiencies which trade agreements
try to solve. Instead, the fiscal-burden-shifting motive — which leads to import subsidies and
export taxes — is an additional externality that can be eliminated with international trade
agreements. Similarly to Bagwell and Staiger (2009), we also find that the delocation motive
is not an externality which needs to be corrected by international trade agreements, when all
three policy instruments are available.

To clarify policymakers’ incentives, we start by considering wage subsidies/taxes as the only
available policy instrument. A wage subsidy increases profits of firms in the domestic differenti-
ated sector, and triggers a relocation of firms from the foreign to the domestic economy, thereby

reducing monopolistic distortions and exploiting the delocation motive. However, this comes

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. Thus, policymakers try
to improve the use of domestic resources by increasing entry into the differentiated sector.



at the cost of a negative terms-of-trade effect because the wage subsidy reduces the interna-
tional price of domestically produced varieties. We show that the balance always tips in favor
of the terms-of-trade effect before monopolistic distortions are eliminated: the non-cooperative
outcome is a wage subsidy that is always lower than the first-best one. Thus, the delocation
effect does not induce inefficiently large wage subsidies. Instead, the terms-of-trade effect leads
to an inefficiently low subsidy level.

The result on wage subsidies makes it clear that the desire to eliminate monopolistic distortions
is an important motive for non-cooperative policy choice. Keeping this in mind, we next study
import subsidies/tariffs. First, when starting from the (inefficient) free trade allocation, both
monopolistic distortions and the delocation motive for protection call for a tariff, which reduces
the domestic price level. This is the case studied by Ossa (2011). Next, we consider a situation
where monopolistic distortions have been eliminated by appropriate wage subsidies, so that
the market allocation is first-best efficient. In this case the motives for import policy are the
delocation motive and the fiscal-burden-shifting effect. It turns out that the optimal non-
cooperative import policy entails import subsidies, which aim at relocating firms to the Foreign
economy and thereby shifting part of the subsidy burden to the other country. Thus, the
fiscal-burden-shifting effect dominates the delocation motive.

A similar result holds for non-cooperative export policy. When starting from the (inefficient)
free trade allocation non-cooperative policymakers set export subsidies, which intend to induce
entry into the domestic differentiated sector by relocating firms from the foreign economy and
thus reduce monopolistic distortions and exploit the delocation effect. These motives dominate
the negative terms-of-trade effect of export subsidies. In contrast, when monopolistic distortions
have been eliminated by appropriate wage subsidies, the prevailing incentives are terms-of-
trade effects and the fiscal-burden-shifting motive. Indeed, in this case the Nash equilibrium is
characterized by an export tax, which aims at improving domestic terms of trade and shifting
the fiscal burden of the subsidy to the other country.

Finally, we analyze a situation where countries can set wage, import and export policy instru-
ments 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 wage tax or trade tax

instrument. In line with our above results for single instruments, we find that non-cooperative
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policymakers choose the level of wage subsidies that exactly offsets the monopolistic distortions,
and that they set import subsidies and export taxes, which aim at improving domestic terms
of trade and shifting the subsidy burden to the other country. This result is important since
it clarifies that in the Krugman (1980) model the role of international trade agreements is to
solve international externalities due to both terms-of-trade effects and fiscal burden shifting
motives. Delocation effects only become a relevant motive for trade policy, once the set of

policy instruments is restricted.

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 delocation 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 delocation 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 delocation
effect. While we also find that non-cooperative import policy leads to tariffs, this is true only
when wage subsidies and export taxes are not available. Moreover, we find that strategically
set production (=wage) subsidies are welfare enhancing compared to free trade.

Closely related to our paper is Bagwell and Staiger (2009), who consider a two-sector Krugman
(1980) model with quasi-linear utility allowing policymakers 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 delocation motive, because import-tariff-
induced delocation effects are counterbalanced by export-subsidy-induced delocation effects.
Compared to their work, we use the same utility specification as in Ossa (2011), thus allowing for
income effects, and add wage subsidies to the set of policy instruments available to policymakers.
We show that when all three policy instruments can be set strategically and income effects are

allowed for, there is a new international externality — the fiscal-burden-shifting effect — that



can be solved by trade agreements, in addition to the terms-of-trade externality.

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 policymakers
set import tariffs which aim at increasing domestic wages due to terms-of-trade effects.

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 the non-cooperative pol-
icymakers’ problems and incentives. Sections 4 and 5 are dedicated to the study of individual
policy instruments: wage taxes/subsidies, import tariffs/subsidies and export taxes/subsidies.
In Section 6 we consider 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 ¢, while countries are indexed

with j.

2.1 Households

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

U(Cy, Zy) = COZ, (1)

where C'y aggregates over the varieties of differentiated goods, Zg 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 Ng are produced by Foreign. The differentiated varieties produced in

the two countries are aggregated with a CES function:

£
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were cyp(i) denotes domestic consumption of a domestically produced variety, cyp(7) is do-

mestic consumption of a Foreign produced variety and £ > 1 is the elasticity of substitution
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 two stages. At the first stage, households choose how much to consume of each
Home and Foreign variety. The optimality conditions imply the following domestic demand

functions and domestic price index:

Py — [ /0 N ()i 1 /O NF pHp(i)l_Edz'] o (@)

where Py is the domestic price index of the differentiated bundle, and pyy (i) (prr(i)) is the
domestic price of variety ¢ produced by Home (Foreign).

In the second 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:

PyCy +pzuZpy = Iy, (5)

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—aCy  pzu

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) = Lou(i) = f, (7)

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 wage tax/subsidy
(Tw;) 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 € {W, I, X}, i.e., 7,; < 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 (pypg(i)) are a fixed markup
over their perceived marginal cost (rywyWpg), and optimal prices paid by Foreign consumers
for Home produced varieties (prg (7)) equal domestic prices augmented by transport costs and

trade taxes:’

€
e—1

puu(i) = Twn Wy pru (1) = TrrTxaTPHE (1) (8)

Foreign firms adopt symmetric optimal pricing rules:

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

"Following 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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7 W pur(i) = TruTx FTPFF(7) (9)

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

Qzj = Lzj, (10)

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:
pzn =pzr = Wp = Wr (11)

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

l—e | 1-¢
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Note that trade policy can reduce the price index through three different channels. First,

Py =

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 policymaker 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 delocation
effect. 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:

(Trm — 1)/0 ' TxrTprr(i)egr(i)di+ (Txy — 1)/0 : Tpuy(i)cpy (1)dit (13)

(twa — 1) i We(yu (i) + f)di = Ty

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 wage
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:

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: yz(i) = y = (¢ — 1) f.2 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. Using symmetry, the
demand functions (3) 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 (14)

8y (i) = cuu (i) [pau (i) — Twa) + cra (i) [Tpau (i) — TTwH] — frwm = 0.
9Note that wage taxes on fixed costs are necessary for this result, as can be easily verified from the free entry
condition.
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as:

(e = 1)f = vy [PaCu + 7' (11p7x 1) PpCr] (15)

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

Qzr = Zyg + Zr — can be written as:

(1-a)

Qzu + Qzr = [PuCh + PrCF] (16)

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

use of (7) and (10), labor market clearing can be written as:

Qzm =L — Nyef (17)

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

trade condition is given by:!°

(Qzu — Zu) + 7xuNupuncry = TTxr Nrprrcur (18)

The left hand side of (18) is the sum of the net export value of the homogeneous goods and
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
terms-of-trade effect as a change of the international price of exports (Txypuyy = TXHTWHE%I)
relative to the one of imports (7xrprr = TxrTwrz=7) of individual varieties. This implies
that only wage and export taxes have terms-of-trade effects, while import taxes cannot affect
international prices in this model. In particular, a domestic wage or export tax increases the
international price of exports one to one and improves domestic terms of trade, while a foreign
export tax or wage tax increases the international price of imports and worsens domestic terms

of trade.

Tmport taxes are collected directly by the governments at the border so they do not enter into this condition.
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2.5 Equilibrium

The optimal pricing rules (8), the good market clearing condition for Home’s differentiated
varieties (15), the labor market clearing condition (17), the corresponding conditions for Foreign,
and the balanced trade condition (18), 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)
AspAog — AipAvr

_ L(Asr — A1py)
Asp Aoy — A Arr’

Ny Np (19)
where A1y, Aoy, Air and Asp are non-linear functions of Home policy instruments Ay =
{mwu, Tru, 7xm} and Foreign policy instruments Ar = {rwp, 7rr, 7xr}. 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 47 = (¢ — 1) f. Given the assumption of symmetric countries, the equilibrium

al
ef

the free trade allocation with the first-best allocation and show how the first-best allocation

allocation is symmetric too and (19) simplifies to N*7 = 2L Tn the next section we compare

can be implemented. We then lay out the general structure of the policymakers’ problems and

discuss the incentives that determine their trade policy choices.

3 'Trade Policy

3.1 The First-Best Allocation and Its Implementation

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
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in each country.!!

a r7l—a ar7l—a
CH,CI’II}?Z};,ZFCHZH +CRZy (20)

subject to (7), (10), (14), Qzu+Qzr = Zy+Zr, L = Loy~ L g, the definitions of consumption
indices and the corresponding constraints for Foreign.
Proposition 1 presents the solution to this problem, compares it with the free trade allocation

and states how the first-best allocation can be implemented with the available tax instruments:*?

Proposition 1: The First-Best Allocation and Its Implementation.

(1) The first-best allocation entails the same firm size but more varieties than the free trade

allocation. Formally, y*? = f(e — 1) = y''T and NI'P = ﬁ > NIT = %

(2) The first-best allocation can be implemented by setting wage subsidies equal to the inverse

of the markup and choosing trade tazes such that T£'8 - 7£8 = 1. Formally,

FB _ e=1 _FB _FB _ _ NFB
W = 71717y =land N = N"7.

e )

The first part of the proposition 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 in the differentiated
sector. Therefore, the free trade equilibrium is characterized by a monopolistic distortion: both
countries would be better off by simultaneously shifting some of their labor force from the
homogenous sector to the differentiated sector. The first-best allocation can then be achieved
by setting a wage subsidy on marginal and fixed costs equal to the inverse of the markup in
both countries. Simultaneously, trade instruments (77? = 755 = 1) are either not used, or
set in a way that does not distort the prices of imports and exports relative to domestically

ot FB  _FB _ 1\ 13
produced varieties (777 - 74" = 1).

HMore 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.

12 A1l proofs can be found in the Appendix.

130One can show that when wage subsidies are not available, cooperatively set import subsidies or export
subsidies can improve upon the free trade allocation in a second-best fashion. Such subsidies can partially
eliminate the monopolistic distortions, but they cannot achieve the first-best allocation. This is so, since the
markups on varieties produced and consumed in the same country cannot be eliminated with those instruments.
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3.2 Optimal Policy Problems

We now turn to the description of the optimal policy problems. First, we assume that pol-
icymakers choose only one policy instrument at a time. In this way, we can clarify for each
policy instrument which are the driving incentives for policymakers’ decisions. Subsequently,
we allow all three policy instruments to be available simultaneously. For each case, we study
non-cooperative policies and compare them with the first-best allocation.

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

tion, can be written as:

where Py and [y are functions of the policy instruments Ay and Ag.
The non-cooperative policymaker chooses the domestic trade policy instruments Ay in order

to maximize Home welfare, given the level of the Foreign trade policy instruments:
II/{&XVH<PH<AH,AF),IH(AH,AF)) (22)
H
where )\H € {TWH, TIH, TXH, AH}

3.3 Policymakers’ Incentives

We now provide some intuition for the incentives that drive non-cooperative trade policy choices.
We have already pointed out that monopolistic distortions lead to prices of individual varieties
which are too high and hence to too little entry into the differentiated sector. As a consequence,
the domestic price level is too high from the single country’s perspective. Thus, domestic pol-
icymakers will try to set policy instruments in order to reduce prices of individual varieties
and to increase entry into the domestic differentiated sector, both of which lead to a fall in
the domestic price level. More entry into the domestic differentiated sector can be achieved in
different ways: by setting a wage subsidy; by setting an import tariff, which shifts demand to-
wards domestically produced varieties; by setting an export subsidy, which makes the domestic
market a more attractive location for firms.

Second, there is the delocation motive for protection, which has first been highlighted by

14



Venables (1987) and has more recently been emphasised by Ossa (2011). This channel operates
through changes in Ny and Npg that reduce the domestic price level by increasing the fraction
of varieties produced domestically, since domestic consumers do not have to incur transport
costs on these varieties. Again, entry into the domestic differentiated sector can be achieved
by setting, alternatively, wage subsidies, import tariffs, or export taxes. Such policies impose
a delocation externality on the other country by leading to exit of firms from its differentiated
sector and thereby increasing the foreign price level.

Third, there is the classical terms-of-trade externality, whereby a country tries to increase
its income by manipulating international prices in its favor. In the present model both wage
taxes and export taxes have positive terms-of-trade effects, since they increase international
prices of individual varieties one to one. Import taxes, on the other hand, have no effect on
international prices. Observe that exploiting the terms-of-trade externality always comes at the
cost of reducing the number of domestically produced varieties, thereby making monopolistic
distortions more severe and imposing a negative delocation effect on the own country.

Finally, there is what we call a fiscal-burden-shifting externality. This externality exists only
conditional on wage subsidies eliminating the monopolistic distortion being in place in both
countries. In this case, the domestic policymaker has an incentive to reduce its own subsidy
bill at the other country’s expense by implementing policies that induce relocation of firms to
the foreign economy. Import subsidies and export taxes can both achieve this aim. We now

turn to a detailed discussion of non-cooperative tax policies.

4 Wage Taxes

In this section we study non-cooperative wage subsidies/taxes, assuming that they are the only
available policy instruments, i.e., 77y = 77p = Txg = Txr = 1.

Unilateral setting of wage taxes does not lead to the first-best outcome but rather to a wage
subsidy which is too low compared to the first-best level. This can be verified by computing
the derivative of indirect utility with respect to the wage tax at two points.'* First, when both
countries set the first-best subsidy level, i.e. when 7wy = Twr = %, a unilateral deviation

to a lower subsidy increases domestic welfare, since in this case 887‘V/VHH > 0. Still, the domestic

14 All proofs for the unilateral policies with no retaliation can be found in the Appendix.
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policymaker chooses to set a positive level of subsidy: when we evaluate the unilateral deviation

at the free trade allocation, i.e. 7wy = Twr = 1, we find that B(Z://VHH < 0.

This result can be understood as follows. There are two forces that push for setting a wage
subsidy: first, the monopolistic distortion, which requires to increase the total number of dif-
ferentiated varieties above the level provided by the market and, second, the delocation motive,
which pushes for a larger fraction of the differentiated sector being located at home in order to
reduce transport costs and thus the domestic price level. Conversely, the terms-of-trade effect,
which calls for making domestic varieties more expensive internationally, calls for a wage tax.
At the free trade allocation the monopolistic distortion and the delocation motive prevail on
the terms-of-trade effect, while at the first best allocation the terms-of-trade effect induces a

reduction in the wage subsidy.

The incentives from the unilateral deviations translate into strategic outcomes as follows.

Proposition 2: Nash-Equilibrium Wage Subsidies. In the Nash equilibrium both countries
set a wage subsidy. However, this subsidy is smaller than the one needed to implement the first-
best allocation. The equilibrium number of varieties is larger than in the free trade allocation,

but lower than the first-best level. Formally,
(1) 758 < rfjosh < 1 and NFT < NNash < NFB,

Thus, single-country policymakers never over-subsidize domestic wages, as would be required
if the delocation effect were the dominating incentive for non-cooperative policy choice. Instead,
the trade off between the delocation motive and the monopolistic distortions, on the one hand,
and terms-of-trade effects on the other hand, leads policymakers to choose an inefficiently
low level of wage 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
the domestic differentiated sector in order to attract more firms at the expense of the other

country (Venables (1987)). We now turn to a discussion of trade policy instruments.
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5 Import and Export Taxes

Here, we assume that the only strategic trade policy instrument available is either an import
tariff /subsidy or an export tax/subsidy.!® Given the results of the previous section, where we
pointed out the importance of the monopolistic distortions, we study non-cooperative import
and export taxes under two scenarios. In the first scenario, monopolistic distortions are present
(i.e., 7wy = Twr = 1), while in the second scenario wage subsidies have already been set
in a non-strategic fashion such as to eliminate monopolistic distortions and to implement the
first-best allocation (i.e., Ty = Twr = =4).

Again, we can obtain some intuition for the policymakers’ incentives by computing the change

in domestic welfare of unilaterally setting a trade tax. First, we evaluate the change in domestic

indirect utility when we start from the free trade allocation, i.e., when Ty g = 7w = 1. In this

case a small import tariff is welfare enhancing, i.e., gxf;{ > 0, and so is a small export subsidy,
ie., 887‘;’; < 0. However, the opposite is true when wage subsidies are set at the first-best level,

ie., when myy = Twr = % In this case we find that domestic welfare is reduced by setting

oVy

orary > 0

an import tariff or an export subsidy, i.e., 37% < 0 and

How can the difference in outcomes depending on whether first-best wage subsidies are present
or not be understood? In the absence of wage subsidies, the delocation effect and the monop-
olistic distortions push for an import tariff or an export subsidy, both of which reduce the
domestic price index. While tariffs do not have terms-of-trade effects, since they cannot impact
on international prices, an export subsidy worsens domestic terms of trade. In this case there
are no fiscal-burden-shifting effects since 7y = T = 1. Overall, monopolistic distortions and
the delocation motive are the dominating effects, leading to import tariffs or export subsidies.
However, when 7wy = twr = E;—l, an import subsidy or an export tax, can shift the subsidy
burden to the other country by reducing the number of domestic firms and increasing the for-
eign one. Thus, in presence of first-best wage subsidies, monopolistic distortions are absent,
fiscal-burden-shifting effects call for an import subsidy or an export tax, and terms-of-trade
effects also push for an export tax. Taken together, these incentives dominate the delocation
motive.

In order to check the intuition that the fiscal-burden-shifting effect is crucial for the difference

15Tn other words, in this section when we study import (export) taxes we set 7y = 77 = 1 (Txg = 7xr = 1).
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in outcomes, we perform the following experiment.!® Assume that wage subsidies are set at
their first-best level in both countries, but subsidy costs are split evenly, independently of firms’

location. Indeed, we find that in this case — which shuts down the fiscal burden shifting effect

_ OVy

5 >0, so that unilateral policymakers have an incentive to set a tariff.1”
IH

Having gained intuition for the incentives from unilateral deviations, we now provide the
corresponding results for Nash trade policies, when policymakers can either set import taxes or

export taxes.

Proposition 3: Nash-Equilibrium Import Tariffs/Subsidies and Export Taxes/Subsidies.

(1) Letxy = 7xr = 1. When starting from the free trade allocation, the Nash-equilibrium en-
tails a tariff, implying less varieties than the free trade allocation. In contrast, when start-
ing from the first-best allocation implemented with wage subsidies, the Nash-equilibrium
policy consists of an import subsidy, implying more varieties than the first-best allocation
Formally, if 7wy = mwr = 1, then there exists a TIN“Sh’ > 1 such that NVesh <« NIT <

NFB If ryy = twp = %, then 7V < 1 and NI7T < NFB < NNash,

(2) Let Ty = 1ip = 1. When starting from the free trade allocation the Nash equilibrium en-
tails an export subsidy, implying more varieties than the free trade allocation. In contrast,
when starting from the first-best allocation, the Nash-equilibrium policy consists of an ex-
port tax, implying less varieties than the first-best allocation. Formally, if 7wy = Twr = 1,
then 78" < 1 and N*T < NNash < N¥B If 7y = 7ypp = =24, then 79" > 1 and

NNash < NFB

In the absence of wage subsidies, strategic trade policy leads to import tariffs or export
subsidies, which aim at exploiting the delocation motive and reducing monopolistic distortions.
In the symmetric Nash equilibrium with import tariffs no country reaches its objective since
symmetric tariffs actually reduce entry in the differentiated sector in both countries. Strategic
export subsidies instead do increase entry in the differentiated sector, thus getting closer to

the first-best number of varieties. The result on tariffs confirms the finding of Venables (1987)

16See Appendix A.4 for the lay out of the model in this case.

17 Alternatively, one can also implement the first-best allocation with consumption subsidies equal to the
inverse of the markup 7« = % Since consumption subsidies are independent of the location of production,
they do not induce any fiscal-burden-shifting externality. In this case too we find that when we start from the

first-best allocation implemented with consumption subsidies, gxf; > 0.
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and Ossa (2011) that in the absence of other policy instruments countries set welfare reducing
import tariffs. In contrast, when monopolistic distortions have been eliminated with wage
subsidies, strategic import subsidies or export taxes aiming at exploiting the fiscal-burden-
shifting incentive (and in the case of export taxes also the terms-of-trade effect) are set. Again
in the Nash equilibrium no country achieves its objectives. Moreover, import subsidies increase
entry beyond the first-best level, while export taxes reduce it below the efficient level. We now
turn to the scenario where policymakers can choose wage taxes, import taxes and export taxes

simultaneously.

6 Simultaneous Policy Choice

In this section we allow for simultaneous strategic choice of all three policy instruments. Propo-

sition 4 presents our main result:

Proposition 4 : Nash-Equilibrium Policy Instruments. The Nash-equilibrium policy
consists of the first-best level of wage subsidies, and inefficient import subsidies and export

taxes. Formally,
(1) myesh = 7fB ==L 7Vesh < 1 and 7% > 1.

The result that wage 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. The trade policy instruments are instead used to deal with the other
incentives for policy intervention: the terms-of-trade effect, the delocation motive, and the fiscal-
burden-shifting motive, which is a consequence of wage subsidies being in place. Import taxes
address both the delocation motive and the fiscal-burden-shifting motive. The second motive
dominates the first one, thus leading to an import subsidy. In the case of exports, terms of
trade considerations and the fiscal-burden-shifting motive dominate over the delocation motive,
thus leading to an export tax.

Finally, we ask the question which externalities are addressed by international trade agree-

ments in this model. In particular, Ossa (2011) has highlighted the delocation effect as the
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relevant international externality solved by trade agreements when tariffs are the only available
policy instrument. In contrast, Bagwell and Staiger (2009) emphasize that when both import
and export taxes (but not wage subsidies) can be set strategically, the only remaining inter-
national externality is the terms-of-trade effect. To make their point they define the concept
of politically optimal trade policies (see also Bagwell and Staiger (1999)). These are the levels
of tax rates which non-cooperative policymakers would set in a Nash equilibrium if they did
not try to manipulate international prices of individual varieties (i.e., if they disregarded the
terms-of-trade effect). They show that the politically optimal trade taxes coincide with those
that a cooperative policymaker, who maximises total world welfare, would choose.

To define the concept of politically optimal taxes in our context, we follow Bagwell and Staiger
(2009) and write welfare exclusively in terms of destination-level (local) prices (pym, PuF, PrH, PFF)
and international prices (which include transport costs, wage taxes and export taxes but not
import taxes — pwy = TTxgpumg and pwr = TTxpprr). First, observe that terms-of-trade
effects operate exclusively through income. Second, note that domestic income can be written
as: Iy = L+ Nufe(twng — 1) + Np(7ig — 1)7pwrcnr + Nu(pwu — pam)Tcry. Finally, de-

fine the politically optimal taxes as those maximising indirect utility (22) with respect to the

three policy instruments when the terms gﬁ WE and %p WI are set equal to zero in the first-order
WH TXH
conditions. Proposition 5 studies the welfare effects of unilateral deviations from the first-best

allocation once terms-of-trade effects are not taken into consideration.

Proposition 5: Politically Optimal Policy Instruments. The politically optimal policy is
not efficient. Formally,

(1) ATWH‘TWH:TWFzszlaTIH:TIF:LTXH:TXFZI > 0;
(2) ATIH‘TWH:TWF:%77'IH:TIF:177'XH:TXF:1 <0;
(3) ATXH}TWH:TWF:%,TIH:TIF:LTXH:TXle >0
where ATJ.H is defined as the derivative of Vyg with respect to ;4 when gﬁ% =0.

The derivatives of the indirect utility evaluated at the first-best levels of taxes are all different
from zero implying that the politically optimal taxes do not coincide with those which would

implement the first-best allocation. This result implies that when the set of available policy
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instruments consists of wage taxes, import taxes and export taxes, terms-of-trade effects are
not the only international externality which can be addressed by trade agreements. The fiscal
burden shifting motive — which leads to import subsidies and export taxes — is an additional

externality that needs to be addressed.

7 Conclusions

In this paper we have studied first-best and Nash trade policies in a two-sector Krugman (1980)
model of intra-industry trade, considering wage, import and export taxes as 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 thus lowering the domestic price level (delocation motive).

Contrary to the results of the previous literature, we show that in this model the delocation
effect is not a dominating motive for non-cooperative trade policy choices once policymakers
are allowed to use wage, import and export taxes strategically. Instead, they are driven by
the desire to eliminate monopolistic distortions, by the terms-of-trade externality and by the
fiscal-burden-shifting externality. Indeed, due to monopolistic competition, in the free trade
equilibrium there are too few firms in the differentiated sector and this affects policymakers’
incentives in a crucial way. Thus, when wage taxes are available, non-cooperative policymakers
increase efficiency by setting wage subsidies. However, these subsidies are lower than the first-
best ones due to negative terms-of-trade effects. When only import (export) tax instruments
are available, non-cooperative policymakers use tariffs (export subsidies), which reduce the
domestic price level through entry of firms in the domestic economy; thereby policymakers
mitigate monopolistic distortions and exploit the delocation effect. However, once monopolistic
distortions have been offset by appropriate wage subsidies, results turn around: policymakers
set import subsidies (export taxes), which shift the fiscal burden of the wage subsidy to the
other country and — in the case of export taxes — also improve domestic terms of trade.
Finally, when policymakers can set all three policy instruments simultaneously, they choose to
set wage subsidies, which exactly offset monopolistic distortions. Moreover, they set import
subsidies and export taxes, which aim at shifting the subsidy burden and improving domestic

terms of trade. The implications of our findings are important: in the Krugman (1980) model,
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both terms-of-trade externalities and fiscal burden shifting effects are reasons 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 (8) and (9) into the definition of Home (4) (and Foreign)
aggregate price indices we obtain:

€ _ PR — 15
PH:€_1[NHT‘}VE—FNF(T[HTXFTTWF)l 5]1_6 PF:g—l

_1
[NFTI}V_FE + NH (T[FTXHTTWH)l_a} 1=e

(23)

Combining the market clearing condition (15) with the analogous one for Foreign and substi-
tuting out the expressions for the prices (23), gives:

Cy = FPy*(e = 1) (55) "m[=7mr + (Trwumirxn)*)(TiaTxr)° (24)

T2 (T pTXHTIHTXF)S — T2

Cp — fPpf(e = 1) (55) “mfl=m7iyn + (TTwrTinTxr)S) (TirTxn)° (25)

2 2
T2 (T FTXHTIFTXF)® — T

Using the trade balance condition (18), the labor market clearing condition (17), 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:

The solution to this system is:
L(Ayy — A L(Ayr — A
Ny (Ao ) Ny (Aop 1H) (28)

- AQFAQH — AlHAlF - AQFA2H - AlHAlF

where:

A . féTI;/EHTQS(TWHT]HT[FTXHTXF)E(O( + (1 — Oé)TWH)
1H —

29
a(T% (T g TipTxHTXF)E — T?) (29)
i fET‘;/EHT[OéTTﬁ/H(TWHTXH — 1) — TWH<TTWFT[HTXF)E(1 — o+ OéTXH)]
(T2 (TraTIFTXHTXF)S — T2)
. fETTXFTI}V_}?(—Oé — (1 — Oé)T[H)[TTf;VF — (TTWHT[FTXH)E]
Aoy = (30)

(T2 (T uTIpTXHTXF)S — T?)
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A B ng‘;/aFTk(TWFT]HT]FT)(TXF)E(O(+(1 —CY)TWF)
1F —

31
a2 (T TrTxHTXF)E — T2) (31)
i f€T‘;/EFT[OéTTﬁ/F(TWFTXF — 1) — TW]:‘(TTWHT[FTXH)E(l — o+ OéTXF)]
a(T% (T TipTxaTXF)E — T2)
B f&TTTXHTI}I;é(—Oé — (= a)mp)[mriyy — (TTwrTiaTxF)°]
a(T% (T gTipTxHTXF)E — T?)
A.2 Free Trade Allocation
Let TWH —TwWr = TJ]H = TjFp = TXH — TXF — 1. Then (28) simpliﬁes to:
al
w=Ne=21 3

A.3 Some Definitions

For some of the proofs we find it usefull to define the following consumption indeces:

Ny . =1 Np 1 =1
0 0

e=1 =177
Note that Cy = [C’H‘}{ + CHEF} " gives us back consumption as defined in (2). Solving the

standard expenditure minimization problem we obtain:

. r .\ —€ -P —€

crn (i) = p;gj(j) Cun Cun = Pi;} Ch (35)
. r .\ —€ -P —€

CHF(l) = p;zg) CHF CHF = Pi;:| CH (36)

where again Py conincide with the one defined in (4):

1

P = [P + P ] ™

(37)

1

Pyy = { /0 NH pHH(@')l—edz} - Pyp = { /0 " pHF(i)l_Edi} - (38)

A similar thing can be done for Foreign consumption (Crr and Cry) and price (Prp and Pry)
indeces.
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A.4 Fiscal-Burden-Shifting Model

In this section we eliminate the fiscal-burden-shifting motive by assuming that the wage subsidy
is implemented by a central planner who shares the global cost of the subsidy equally among
the two countries, independently of where firms are located.
The only two equation affected by this change are the income and the trade balance. All the
other first order and equilibrium conditions are unchanged. The global cost of implementing
the wage subsidy is given by:

Tworia = (twa — 1)Nu(yg + f) + (twr — 1)Np(yr + f) (39)

Recalling that yg = yr = (¢ — 1) f therefore, we can rewrite the global cost of the subsidy as:
Tworta = f [(twr — 1)Ng + (twr — 1) NE| (40)

If T\yoria is equally split between the two countries, the home income can be written as:

£
Iy = L+(7'1H—1)TXFTNFPFFCHF+(TXH—1)7'NHPHHCFH+—f [(twr — 1)Ng + (twr — 1) Np]

2
(41)
Note that it is conveniente to rewrite income in the following way:
Iy = L+ (g — 1)7xpTNpprreur + (Txuy — )T Napaucrg + (twg — 1) Npef
€ €

so that the first line corresponds to the definition of income for the baseline model, and the
second line contains the transfers between Home and Foreign taking place in this new version.
Given the new income, we can derive the new balanced trade condition:

ef

(Qzu — Zu) + TxuNupuncruy = TTxr Nppprcur + %(TWH —1)Nyg — E(TWF —1)Np (43)

B The Planner’s Problem

Proposition 1: The First-Best Allocation and Its Implementation.

(1) The first-best allocation entails the same firm size but more varieties than the free trade
allocation. Formally, y*? = f(e — 1) = y!'T and NT'P = ﬁ > NI = ‘z—]@

(2) The first-best allocation can be implemented by setting wage subsidies equal to the inverse
of the markup and choosing trade tazes such that 7i'? - 758 = 1. Formally,

FB _ e-1 _FB _FB _ _ NFB
Ty ==, 71 -Tx =1land N = N"".

Proof of Proposition 1.
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(1) The Lagrangian for the planner’s problem is:
NH e—1 NF e—1 :%1 NF e—1 NF e—1 %
L= |:/ cpp (i) = di —i—/ CHF(Z')EdZ':| Z}q_a + [/ crp (i) = di —i—/ CFF(i)sdi] Z};_a
0 0 0 0
NH NF

+/ M () [Lep(i) — f —epu (i) — Tepp(i)]di +/ Mo ())[Lep(i) — f — cpp(i) — Tegrp(i)|di

0 0

NH NF
+)\3[LH+LF—/ LCH(i)di—/ Lep(i)di — Zy — ZF]
0 0

The first-order conditions are:

a£ NH e—1 NF e—1 ! —1
_—0:aC2 [ / cun(i) 2 di + / ——— dz’} 20 ()2 = (i)
dcrp (i) 0 0

8£ NH e—1 NF e—1 ! -1
—0:ace [ / cn(i) = di + / cHF(z’)sdz'] 20 (i) = TA(i)
0 0

aCHF(?;)
(45)
oL ay—a _
97, =0:(1—-a)CuZy” = X3 (46)
oL N
Lo =0 M0 = (47)

-1

3[, 0 19 Ca Zl—a |:/NH (,)e—ld, + /NF (,)E—ld,:| (N )5—1+
—— =0« & 1) = d Car(?) = at c N
aNH c—1 H%H 0 HH 0 HF HH H

e—1

NH —1 NF e—1 -1
C%Zé‘_a {A CFH(Z) € d2+/0 CFF(i) € dl:| CFH(NH) € }: >\3LCH(NH)7

(48)

where in the last condition we have already used the fact that \{(Ng)[Loy(Ny) — f —
CHH(NH) — 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(7).
Combining (44) and (45) we obtain:

CHF<Z) = CHH<Z')T7€ (49)
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Combining (44), (47) and (48) we get that:

£ e—1 e—1

o lenn ()% + enr()] = Lon()enn(i)* (50)
Combining (49) and (50), we obtain:
CHH(Z) = 6_%[1 + 7_1—8]—1 (51)

Substituting the expression for ¢y (i) and cyp(i) into the resource condition for domestic
varieties Lop (i) = f + cgu (i) + 7erpu (i), we get Loy (i) = e f and using the production
function yg (i) = Leg (i) — f we obtain y2 = (¢ — 1) f. Moreover, c¢ii2 (i) = (e — 1) f[1 +
m17¢7 and cEB (i) = (e — 1) fr—[1 + 71¢] 7L

Using the resource condition for Zy, we get Zy = L — Nyef. Finally, combining (44),
(46) and (47):

(1- )0 = aZyenp(i)* (52)

Substituting the expressions for Zy, Cg, cE% (i) and cEE(i) into (52), we can solve for

— — FB __ al
NH—NF:N —m.

(2) In the symmetric equilibrium where 752 = 6;—1 and 7FBrEB =1 | policymakers exactly

eliminate the price markup charged by the monopolistic firms in the differentiated sector.
Indeed, from equation (8) 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

country. Substituting 757 = =L and /PP = 1 into equation (28), we obtain Ny =
Np = f(eflLJra) = NFB. Intuitively, if 757 = %, any policy such that 7/BrE8 =1 allows

to reach the social optimum since the effects of import tariffs/subsidies are exactly offset
by those of export subsidies/taxes.

C Wage Taxes

In this section we set 77y = 71r = Txg = Txr = 1.

Lemma A1l: Unilaterally Set Wage Subsidies. The optimal unilateral deviation entails a
reduction in the wage subsidy when starting from the efficient allocation. When starting from
the free trade allocation, the optimal unilateral deviation entails a wage subsidy. Formally,

e—1 BVH > 0

(1) If TWH — TWFEF — = oTw

oVy
’ OTwH

< 0.

(2) If TWH — TWF — 1

Proof of Lemma Al.

28



(1) If TWH — TWF — %, then:

oVy _ ag?t (15 +71) -0
orn | G- ) (alr + 7+~ D0 = 1)
(2) If TWH — TWF = 1, then
Ve _ a(@-a)rf+7(a+e—1))
Brwn -1 (r—7) <0 (53)

Proposition 2: Nash-Equilibrium Wage Subsidies. In the Nash equilibrium both countries
set a wage subsidy. However, this subsidy is smaller than the one needed to implement the first-
best allocation. The equilibrium number of varieties is larger than in the free trade allocation,
but lower than the first-best level. Formally,

(1) TW < TN‘”h < 1 and NFT < NNash  NFB,

Proof of Proposition 2. First, we prove that 757 < /%" < 1. The Nash solution of this
game will be symmetric due to the symmetry assumptlon for the two countries. Therefore, to
derive Y% it is enough to compute the best reply of Home, 22 (P (o 11 BVT"V’; 21}’ (warwr)) — ()
and then impose symmetry, i.e., 7wy = Twr = Tw. Here, Py(Twn, Twr) is given by equation
(23), which is implied by the equilibrium expressions for Ng(tw g, 7wr) and Ne(twy, Twr),
equation (28). Moreover, Iy (Twu, Twr) is given by L + (twy — D)efNu(twu, Twr). When

doing so, we obtain a quadratic expression in 7"

a(Tp™")? + brg®" + ¢ = 0 (54)
where a = (1 —a)er®[(3 -2 —a)T— (1 —a)r,b=af[(c -1+ )T+ (1 —a)(e — 1 — a(2e —
))r*E+ (26 —2+a)(e —1—al2e — 1)) and c = a?(e — 1)7°((2e — 1 + )7 + (1 — a)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) 1-a>3—-2e—aVe>1

Hence, (54) has two real solutions, one positive and one negative Ve > 1, o € (0,1) and 7 > 1.
Then, since T3*" € [0, 00), (54) implies that the Nash solution always exists and is unique. As
a consequence:

(i) At 7w = 1 we have: ati, + brw +c= —a(7° — 7)[(e + @ — 1)7 + (1 — a)7°] < 0, implying
that T%aSh < 1 since a < 0.

a(e—1)(e+a—1)7(7+7°¢)
€

(i) At 7P = =1 we have: ard, + by +c = ash

> 0, implying 747 < 7/
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Second, we show that NFT < NNash < NFB_This follows from 757 < 7{/*" < 1 and dNg > 0
when dry < 0. Indeed, in the symmetric equilibrium:

N N N N,
dNH: 8 HdTWH+ a HdTWF: 8 il a dl dTW
8TWH aTWF aTWH WH=TW aTWF WR=TW
S €l (55)

fela — (a— 1)mw)?

D Import and Export Taxes

Lemma A2: Unilaterally Set Import Tariffs/Subsidies. Let 7/ = 7/p = Txg = Txr =
1. The optimal unilateral deviation entails an import subsidy when starting from the first-best

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

(1) If g = mwr = %, then 887_% < 0.

oVy
oTry

(2) If TWH — TWF — 1, then > 0.

Proof of Lemma A2.
(1) If g =mp=1and Twy = Twr = %, it is easy to show that:

OVy _ at? ((a+ 26 — 1)7° + (1 — a)7) ~0
OTrm ((a(re+7) + (e = 1)(r2 = 7)) (7% = 72)

(2) If 7y = 7rp = 1 and 7wy = Twr = 1, it is easy to show that:

Ve  ar((a+e—-1)7°+ (1 —a)r)
aT[H— (8—1)(7’26—7'2)

> 0.

Lemma A3: Unilaterally Set Export Taxes/Subsidies. Let T/ = Tjp = Txy = Txr =
1. The optimal unilateral deviation entails an export tax when starting from the first-best

allocation implemented by a wage subsidy, and an export subsidy when starting from the free
trade allocation. Formally,

(1) If g = mwr = %, then 8(2")/51 > 0.
(2) If TWH — TWF — 1, then 867_% < 0.

Proof of Lemma A3:

30



(1) If TWH — TWF — %, then:

oVy _ar (1 —a)T*™ + (a+¢e—1)7% 4 e7?) -0
Orxy (22 —=712)(a(re+ 1)+ (e =1)(18 — 7))

(2) If TWH — TWF — 1, then:

Ve _ ar(rla+e—-1)+(1—-a)r)
Drxn -

Lemma A4: Unilaterally Set Import Tariffs when FBS motive is absent. Let 7/ =

TiF = Txg = Txrp = 1 and Ty = Twr = % When the cost of the wage subsidy is equally

shared between Home and Foreign, the optimal unilateral deviation entails an import tariff.
Formally,

(1) Let income be defined as in (42), and trade balance be defined as in (43). Then, % > 0.

Proof of Lemma A4.
(1) If g =mp=1and 7wy = Twr = %, it is easy to show that:

OV ar((1—-a)T+ (a+2e—1)7%)

Orim 206 — 1)(% — 12) =0

Proposition 3: Nash-Equilibrium Import Tariffs/Subsidies and Export Taxes/Subsidies.

(1) Lettxy = 7xr = 1. When starting from the free trade allocation, the Nash-equilibrium en-
tails a tariff, implying less varieties than the free trade allocation. In contrast, when start-
ing from the first-best allocation implemented with wage subsidies, the Nash-equilibrium
policy consists of an import subsidy, implying more varieties than the first-best allocation
Formally, if 7wy = mwr = 1, then there exists a TIN“Sh > 1 such that NVesh <« NFT <
NEB If ryyy = twr = %, then 7V < 1 and NIT < NI'B < NNash,

(2) Let iy = 7rp = 1. When starting from the free trade allocation the Nash equilibrium en-
tails an export subsidy, implying more varieties than the free trade allocation. In contrast,
when starting from the first-best allocation, the Nash-equilibrium policy consists of an ex-
port tax, implying less varieties than the first-best allocation. Formally, if twy = twr = 1,
then 782" < 1 and NfT < NNash <« NEB If rpy = mypp = a;—l, then 782" > 1 and
NNash < NFB.

Proof of Proposition 3:

31



(1) Let 7xy = 7xr = 1. In the case of tariffs, the non-cooperative policymaker maximizes:

IEIE;X‘/H(PH(TIH,TIF),[H(TIHyTIF)) (56)

where Py (7ry,Trr) is given by equation (23) once we substitute in Ny (7ry,777) and
Npg(1r, 7rr) as implicitly determined by equation (19). Iy (7, 7r) is equal to L +
(TWH - 1)NH(7'IH, T]F)é:;f + (TIH - 1>TPFF(TIH7 TIF)CHF(TIH, T]F) where PFF(TIH7 TIF) =
™wr(Ne(T1m,717)) =%, Cur(Tim,7ir) = Pur(Tim, 7rr) ™ Pu(Tra, 71r) Cu (Tra, Tir),

5]

Pup(tra, 7rr) = 577iaTwr(Ne(Tim, 7ir)) ™= and finally Cy (77w, 7rr) is given by its

equilibrium value in equation (24).

(I) By taking the derivative of 56 with respect to 77y and imposing symmetry i.e.,
Tinw = Tir = Tr, the first-order condition evaluated at 7y = Twr = 1 can be

written as:
AYeh(r)
Breh(m)

where

ANash(ry = a(r2 5372 (rp((a — 1) (e + Drr(a+ e — 1) — a*(2e + 1)

—2a(e—1)e+ (e —1e+1)

tas(at+e—1)+er™((a—Dm—a)(err—e+ 1) 75

— e (r(ad+e—1)—a—¢)

+(—a—e+ D (e - —e)7F — (= )71 ((a — D1 — @) (erp — e + 1))
BN ) = (e — Dy (7575 + 771)

(7'257'125 — 72) ((a = V)y1rp + 75717 — ar) (17(1 — a1) + 7577 + a1)

We need to show that: (i) there exist at least one Nash equilibrium of the policy
game for which 7V%" > 1; (ii) for such a 7V%" > 1, we have NV < NIT < NT'B
(i) To show this point consider that:

(a) ANesh(77) is a continuous function of 77;

(b) If 77 =1 ANesh = 7 (75 — 1) (TE—I—T)g [(a+e—1)1° —ar+ 7] > 0;

(c) If 7 = =

e
e—1

as €
A7 h(s—l) -

+(1—a)2e— 1) —a) + (26 — 1)(e — 1)72(c — ) ( T )

e oplE—Urate—a)+al—a)+ (e~ 1)(2 ~ 1)) (58_71)

e—1
+a(e —1)*7(e7)*] <0,

Therefore, by the intermediate value theorem there exists a 7iV%" € {1, g
such that ANesh(rNash) =,
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(ii) To prove this statement note that if 7; < —= then

ONy

07‘1H

L —o)ar ((e(X —717) + 71) 777 + 771) ~0
ferr (mm(1 — o) + 7875 + a7‘)2

077F

TIH=TI TIF=T]

Then at the symmetric equilibrium, dNg = gﬁlf ’:{ dT]H—l—gZ ’; drip = <2T% + %) drrg >
0 for all T < L and drrg = drrp < 0.

Hence, from (i ) we can be sure that there exists a solution 7V**" € {1, %} such
that NVesh <« NFT <« NFB,

(1) I 7wy = Twr = % and 77y = 7y, the first-order condition of (56) with respect to
Trg can be written as:

Aﬁ\fash(,r]) 0
B (rr)

where

AYM 1) = ale = 2)°° 7 + (a — Ve (a+ 2 — 1) 75737712
+(a—1) (5 +€—1) (a+ e —1)7 2t
—(a+e—1)(as+a+e +e— 1)t
+ (1 = 20)e® + 2(a — 1)e* — (o — Dae + (a — 1)) 7777
+e(ale —1) = D(a+e — )% 27"
+e(ate— 1727 —e(a+e—1)((2a — 1)e + 2)7> 277t
+e(late— 1271 —e(ate— 1)27457';1‘€+1 (a —1)%(e — Der?r}
+ (a—1)(e = 1)1 ’7'1( (2e —1) —e+ 1)+ (1 — a)a(e — 2)err;
BY“M 1) = 1 (151 + 771) (71 = 7°) (a4 e — D)7 + (= 1) (e = V) 771 — ool — 2)7)
(a+e—=1)7°1 + 7171(—ce + a+¢e — 1) + aeT)

We have to show that if Ty = Twp = %: (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) NVash > NFB > NIT,

(i) In order to show that no Nash equilibrium exists, we need to prove that there are

no zeros of ANe*"(7;) for 7; > 1. This is so because: (a) AY®" is a second-order
Na
polynomial in «; (b) if @« = 0 or a = 1, AV (1) < 0; (c) aA—m|a_ < 0.

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

AVt () = —(e = (P (e + Derr —e(e — 1) + 1)
+725+2 (@ +e—1)17—(e—2)er+e)
et (2 +e—1) 71— (e — 1)e)
+ 7457}15(5 —De(r;—1)
+ 7472 (e (= 1) +1)) <0
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Ifa=1and 77 > 1
ANash(ry = 27578 (7575 4 1) (QTE“TIEH te(m—D)7T5rF + 2 (erp — e+ 2)) <0
(c) To see why AN (77) /01 < 0, first consider that if o = 0:

OAY“™11) e ae

= iRy 4 e
(?7'1

Ko + 726”712%3 + T€+3Tf/<a4 + T4k

where:

Rk =—2(e—1)e(rr—1)

—((2e> +e—2) 71 — 2(c — 1)e)

(e=2)(+e—1)77 +((3—2e)e — 2)ers + (e — 2)&?
ki=T11 (2 =2) e —2(e — 1)e* + e — 2] + (e — 2)¢?

ks = (e — )77 (2e71 —3e+2) + (e — 2)e

R9

R3

First, we show that dAN"(7;)/0r; < 0 for ¢ < 2. Under this assumption
k1 <0, ko <0, k3 < 0 and k3 — k4 < 0. In this case it is sufficient to show
that 7579k, + 731738 Ky + 77785 < 0. Note that 77574k, + 73173k, +
Ti11ks < 0(77) where 0(77) = (k1 + K2)77 + ks. It can be shown that
8’ (17) < 0. It follows then from 6(7;) = —2¢ at 7; = 1 that §(77) < 0.
Second, we show that 9AN®"(77) /01y < 0 for € > 2. Under this assumption
k1 < 0, kg < 0 and k5 < 0 . Therefore, in this case it suffices to show
that 7757% k) + 727272Kk3 < 0 and 75175k + 79375k + Th7rRs < 0 or
alternatively that d1(77) = k177 + k3 < 0 and 85(77) = KoT + kg + k5 < 0.
These last conditions are always satisfied because at 77 = 1, §1(77) = 2 — be
and 0y(77) = —2 — 3¢ and it can be proved that §,(7;) < 0 and &;(77) <0 .
(i) This is equivalent to show that there is at least one zero of AN®"(7) for 77 < 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
73 b) AN (1) = —r(a+e - 1) (F+7)* (1 — )T + (a4 26 — 1)7°) < 0; ¢)
ANash(0) = 0 and AN (0)/01; = (1 — a)a(e — 2)er* > 0 for ¢ > 2. Then,
by the intermediate value theorem there exists a value 7; € (0,1) such that
AﬁVGSh(T[) = 0.
(iii) To prove this statement recall that if 7y g = 7w r = %, then

L L1 —a)a(e = 1)1 (75 (e(1 —11) + 74) 75 + 777)
 fra((ate— Drers 4+ (1l —a)(e — 1) + aer) 2

TIF=TI

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

Twr = %1, rhash < 1. As a consequence, NV > NEB > NIT gince at the

symmetric equilibrium dNgy = ONH (fr o + NE G = (8& + %> drig > 0

oty oTrp oty oTrp
for all 71 <1 and drrg = drp < 0.

(2) Let 715 = 17 = 1. In the case of export taxes, the non-cooperative policymaker maxi-
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mizes:

Igilx Vi (Pu(txw, 7xr), In(TxH, TxF)) (57)

where Py (Txm, Txr) is given by equation (23), which is implied by the equilibrium expres-
sions for Ny (7xp, 7xr) and Np(Txy, Txm), equation (28). Moreover, I(txy, Txr) = L +
(TXH_l)TPHH(TXHy TXF)CFH(TXHy TXF)+(TWH_1)NH(TXH7 TXF)€f, where PHH(TXHy TXF) =
Ef—lTWHNH(TXH, 7xr) =%, Cru = Pru(txn, 7xr) “Pr(txu, 7xr) Cr(7xH, 7xF), Pra(Txm, Txr) =

STxaTwaNu(Txm, Tx F)i and finally Cp(7x g, Txr) is given by its equilibrium value
in equation (24).

(I) By taking the derivative of (57) with respect to 7xy and then imposing symmetry
ie., Txg = Txr = Tx, the first-order conditions at the symmetric Nash equilibrium
evaluated at g = Twr = 1 can be written as:

A ()

BY () o

with

A®M(rx) = o7 rx (Tx (6 — @) + 2a%e + (a — D)o —e® + &) —a’(e + 1) + a+ (e — 1)e]
+ 72 2 I (rx (=D —ate+ 1)+ (=262 +e— 1) + (e — 1)) + ale — 1)e]
23 (e — Drx(at e — 1) — (2a + 1)e2 — 2(a — 2)ae + (a — 1)a)
+e(alate—2)+e—1)
+ it (e(a+e—2) — (e - Drx(a+e—1) + 7% (a+e - 1)}

BN“Sh( x) = (e — Drx(757% + TT)()(T2ET)2(E — 7'2)(—(a + V)rrx + 7°7% + ar)

(T —ar) +7°7% + ar
X

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

(i) Next, we show that for ¢ > 2 there exists a 7y € {0, 1} with AY*"(7y) > 0. By
continuity of Aﬁ‘“h (7x) this is enough to guarantee the existence of a solution.

Consider 7y = ; Then,

Afosh(222) = Z[(e—2)*r 4(a—l—5 1)+ (e—2)*¢ 1*45(24—25 —be+3aes—2a)T4 +
(e —2)te¢ ’E(4+2a—6a +3(e — 2)e) 7 + (=2 2)* (a(6e — 4) + (e — 2)(e2 —
2))T2+26+

7 (a?(6s — 4) + 2a(e — 2)(2e — 1) + &%) (@)36] > 0 since each of the coeffi-
cients is positive for ¢ > 2. This proves that a solution with 7x < 1 exists.
(iii) Finally, we show that NVesh < NEB

(a) Let 78%" = f(a,e,7) and 758 = g(a,e,7) be, respectively, the Nash
equilibrium export subsidy and the export subsidy that implements the
first-best number of varieties . First we show that there is no intersec-
tion between the set of 78" and the set of 74P in the interval [0, 1].
If 7y = 7ok Afash( )J(V‘”h) = 0. At the same time 747 is such N =
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Lo(r+(r7¢")°) La — NFB

felartr(—a)r LB+ (rr L)) — fleta—1)
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 7y such that both conditions are satisfied simultaneously.
Once we substitute the above condition into AY*" we obtain a fifth-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%" It can be shown that there exist at most one
real solution of A X%zflh . However, evaluating A Nash gt 7v =1 and 7x = 0

mod

we find that both AxY"(1) < 0 and Ax)%"(0) < 0. Thus, by continuity

mod mod

This last condition can be

of AxNh either there exists no real solution or there are at least two zeros
of Axash = ( that are real. Since there exists at most one real solution of
AxNesh — (0 in [0, 1], we can conclude that there is no intersection between

the set of 78" and the set of 747 in the interval [0, 1].

(b) The second step is to show that 747 < 789" in the interval [0,1]. To
this end, recall that f and g are two continuous functions in the space
{0 <a<1,7>1,e> 1}, given that the derivatives of 758 and 7" with
respect to the 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 747 < 78" or the other way around. We
evaluate both functions at {a = 0.5, = 2,7 = 1.5} and find 74% = 0.39 <
0.82 = 789" Thus, the non-cooperative export subsidy is always smaller

than the one needed to implement the first-best number of varieties.

(c) Finally, note that in the symmetric equilibrium 7xy = 7xr = 7x and
dT XH — dT XF-

dNy =

dTXH+

ONg ONy ONgy ONFg
drxp = + drxm
aTXH aTXF

or XH or XH
When 0 < 7x < 1 the following derivative is negative:

ONy N ONp _ _L(l —a)at(txT + (7x7)(7x + (1 — 7x))) <0
Orxn  OTxm frxe(ar + (7x7)e + 7x7(1 — a))?

which implies that ANy = dNp > 0 <= drgx = d7xr < 01i.e, by symmet-
rically increasing the export subsidy in both countries policymakers increase
the number of varieties. It then follows that 748 < 7{ash = NNash < NFB,

(IT) By taking the derivative of (57) with respect to 7xy and then imposing symmetry
ie., Txg = Txr = Tx, the first-order conditions at the symmetric Nash equilibrium
evaluated at Ty = Twr = Eg—l can be written as:

AX (1)

B )
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where

AR () = ar {71 rx ((@® — 1) (e — DeTy + (—20% + a — 2)e* + (a — 1)* + &%)
+e((a—1)ae + (o — 1a —e* +¢)]
+ P [ (ex (@ +ale = 1) = (e = 2)(e = 1))
—a?(e+ 1) +2a(=e*+ >+ 1)+ (e = 1)(e* + 1)) + a&’]
+ 7 a4+ e — 1)[(e — Dy (tx(a(e = 1) + 1) — (2a + 1)e) + (o + 1)&?)
— ¥t (a+e— 1) (e — D)rx —e] +mr3e(a+e — 1)}

BYh(1x) = x (7°7% + 77x) (7%7% — ) [(a + € — 1)7°7% — (@ + 1) (e — 1)77x + aeT]

[(a4+e—1)m°7% + T7x(—ae + o+ 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%"(rx) are positive
for Ty < 1.

(ii) Next, we show that there exists at least one solution with 7x > 1.

(a) Forry =1, AN*"(1) = (e+a—1) (7° + 7)* [(1—a) T T+’ + 7% (e —14a)] >

0;

(b) lim,y oo AY®M(7x) = —00;

(c) Thus, by continuity of AY*"(7x), there exists a 7{%" > 1 such that AYesh(r{ash) =
0.

(iii) It remains to show that if 7{**" > 1, then NV®" < N¥B When myy g = mwr =
% and after imposing symmetry i.e., 7xg = 7xr = Tx and d7xyg = d7xp:

dNy =

dTXH
aTXH 87—XF aTXH aTXF

Ll —a)ale =1)r[r7% (e — V)1x —€) — 77x]

" frxllate—1)rerg + rrx(l— a)(e — 1) + aer]

ON ON ON, ON,
1 HdTXF: ( 1 + H)dTXH

2dTXH

Note that drxy > 0 = dNy > 0 < 71575 [(e—D71x —¢] — 77x > 0.
Let us define the following two continuous and monotonic functions f(7x) =
(e — D)o and g(7x) = e757% + 77y 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
NNash « NEFB - QOr, they cross only once. That implies that 37x > 1 such that
f(rx) > g(1x), Vrx > Tx implying dNg > 0 <= 7x € (Tx,o0). However note

that:
L € €
lim Ny = lim oy 1) — NFPB
Tx—>00 x—>00 f ((a + e — 1)7e75% + 77x(a(—¢) + a+ e — 1) 4+ aeT)

implying that also in this case NVash < NEB,
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Proposition 4 : Nash-Equilibrium Policy Instruments. The Nash-equilibrium policy
consists of the first-best level of wage subsidies, and inefficient import subsidies and export
taxes. Formally,

Nash __ ~FB __ -1 Nash Nash
(1) mp®" =1y ==, 77" <1l and 75" > 1.

Proof of Proposition 4. Maximizing indirect utility w.r.t. all three instruments, like we
did for the previous propositions, results in an intractable policy problem. To prove Proposition
4 we thus follow an alternative approach. First, we find it useful to rewrite utility as follows:

U(Cy, Zy) = CoZ3 >

1—a 11—«
= ( - PHCH>

11—« 11—« .
- P PyCi

«

1—a 11—«
= ( o ) PI;a (TT[HTXFPFFCHF+PHHCHH)

Next, we maximize utility subject to the equilibrium conditions.'® The non-cooperative poli-
cymaker maximizes domestic utility subject to the good market clearing conditions, the trade
balance and the demand functions of the domestic and foreign economy. The Lagrangian asso-
ciated with the optimal policy problem of the non-cooperative policymaker can be formulated
as:

L

= Py (t7iumxrPrrCur + PaaCrp)
+/\1 f(E—l)N?—CHH—TCFH] +>\2 [f(é“—l)N}?j—CFF—TCHF]
[o-w

(1—0a)

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

— )\

(PFFCFF + TTIFTXHPHHOFH) + TTXHPHHCFH - TTXFPFFOHF - QF]
- )\5 [PEHCHH - (7'7'1HTXF)a P}E?FCHF] - )\6 [P}E?FCFF - (TTIFTXH)8 PEHCFH]

where Py and Pyp are defined consistently with (4), (8), (38) and their Foreign counterparts.
Making use of the constraints and rearranging the first-order conditions of £ with respect to
Cun, Cyr, Crr, Cry, Ny, Np, Twy, Ty and 7xg, which we evaluate at the symmetric
equilibrium, we obtain, respectively:

18This approach is similar to the one used in the public finance literature. See Lucas and Stokey (1983) and
Chari and Kehoe (1999).
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e

— 1
P]l{;[a [1+(TT[T)()1 } 175:)\14‘

o

s 1—
TriTx Pl [1+ (r7i7x)" T =+ A (TTX + c

€
TTsz> — YTTx — 5 (TT17x)

1—
0=+ “

Ya + V6
o

0=M7T—M\37Tx + V4 <7‘TX + TT[TX) — v (T717x)°

-1
0=\ — As"
ETw
—€ —a —e1 7T —& —€ -« 1 —€
(1 —a) (rrmx)' " Ph [1+ (r7i7x)" | =1+ 178 (17x) |+ ( - + ;) (717x)"
I
1 — g — 1 —e —€ — —&
+ 74{ — [1 + 77 (117x) } — T (TTx)l }
« T™W
— V5€ + Y6€
o -« _ l—a 1 _
(L= )Pl 1+ (rme)' ™)™ = da |25 = 07 (| o (24 2 ) ()
I
+ V56 — V6€
1

+ V5€ (TTITX)E_l

_ 1-—
0= A7 (T7x)" " — l - a (rrrx) ™ + 77 (77x) E}
+ 6€ (60)
where v3 = A\3Ppp, 74 = MPpru, 75 = APy and 76 = A Py
Combining the previous equations, we can solve for 7y, and the multipliers:
e—1
W —
€
M =73 =Pyall+ (rrrx) 7] T
| Pl —a)(e(rx — 1) — 7x) [L+ (rry7x) =) T
T (- Dia+ (1—a)m)ry
v5 =0
Plrari = (rrx) S [1 + (TTITX)I*E]_&
Y6 = —
e—1
/\2 = Y% — E (61)
!

The first condition in (61) already states that the Nash equilibrium consumption subsidy com-
pletely offsets the monopolistic distortion. What remains to show is that 7" < 1 and
r¥sh > 1. Substituting the expressions for the multipliers and the solution for 7y in the first-
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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 C'yp is given by:

A1<T[,Tx)+A2<T[,Tx)+A3(T[,Tx) =0 (62)
where:
Ay, mx) = —(e = 1)1 — ) (a+ (1 —a)r)
AQ(T[,T)() = —(6 — (5 — 1)7’_)()(047’)( +1-— Ck)
As(rr,7x) = —(a+ (1 = a)my) (77x) 577 ¢
Note that:

(i) As(rr,7x) < 0 always;
(11) A1<T[,Tx) <0 <= 7171 < 1;
(iii) Ag(17,7x) <0 = 7x < 5.

Thus, a necessary condition for 7; and 7x to solve equation (62) is that if 7y < —=5 then
771 > 1. By combining (62) with the first-order condition with respect to Nr we obtain a second
condition:

Bl(T[,Tx)+BQ<T],T)()+B3(T[,T)() =0 (63)
where
Bi(mr,7x) = —13(e — D(a+ (1 —a)m)(1 — (1 — 7))
By(11,7x) = (—e +7x(e — 1))(e — (1 — )7 (7y7x)°
By(11,7x) = —a(—¢ + 1x (e — 1))?
Note that:

(i) Bs(77,7x) < 0 always;
(i) Bi(rr,7x) <0 <= 71 > =
(iii) Ba(17,7x) <0 <= 7x < 5.

Thus, a necessary condition for 7; and 7x to solve equation (63) is that if 7x < -5 then

71 < =1, Note that this condition contradicts the one needed for (62). Therefore, the only

possible solution is 7§*" > —£- i.e., this proves that 75" > 1.

We now have to show that ¥ ash < 1. We will prove this by contradiction. First, we show

that a necessary condition for 77" > 1 is that 7Vosh . 789" < 1. Second, we show that if
rNash > 1 it must be that 7" < 1, which contradlcts the fact that 78" > 1. In order to
show the first point, it is useful to rewrite equation (62) as follows:

—(6—1)(1—T[)Tx(OéTX—l—(l—Oé)T])()—i-((E—I)TX—8)(aTx+1—a)—(OtT)(—i-(l—Oé)T[)()( 1= 57_1—;) 0
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where 77x = 77x. If we solve the previous equation for 7; we obtain:

Nash _ Ci(7x, Trx)
Co(7x, T1x)

where:

Ci(tx,11x) = (1ix7) “(1ix7(1 — @) + (17x7)%e(l — a — Tx + 2a7x)

arxT + (1rx7)°7x(1 — a) + 7'11;(_87'67')((5 -1 —-a)

+

OQ(T)(,T[X> = (€ — 1)7’)((7'[)((1 — Oé) + OéTx)

Now suppose that 77 > 0 and Cy(7x,77x) > 0, it has to be the case that Ci(7x,77x) > 0 too.
Moreover, for 77V%%" to be greater than 1, Cy(7x, 71x) — Ca(7x, Trx) should be greater than 0:

Cs3(tr,7x) = C1(7x,71x) — Co(Tx, T1X) =
(rix7) (rrxT7(l —a)+ arrx + (7rx7) (1 —a)e+ (1 —a+21x(1 —a)(e = 1) — e + 2ae)7x + a(e — 1)7)2()

Note that:

(i) Cs(7r,7x) is linear in «;

(ii) @ = 0and 77x > 1implies C5 = — (77 x7) (1 x7+ (1rx7)(e+ (e = 1) (Trx — 1)+ 7rx7x (e —
1)) <05
(iii) o =1 and 77x > 1 implies C3 = —(77x7) " (77x + (771x)%(e7x + (6 — 1)7%)) < 0;

(iv) By continuity, Vo € (0,1) 71x > 1 = C3 < 0 = 7Vash < 1;

(v) Thus, a necessary condition for 74" > 1is 77x < 1 .

However, we have already proven that 78" > 1 thus, it cannot be that 7V®" > 1 and

Thgsh = pNashpNash < 1 Therefore, it has to be that 7V*" < 1. m

Proposition 5: Politically Optimal Policy Instruments. The politically optimal policy is
not efficient. Formally,

(1) A7'VVH‘ e— > O,

1
TWH=TWF="7"TIH=TIF=1,Tx H=TxF=1

(2) Any‘ o < 0;

1
TWH=TWF="7"TIH=TIF=1,Tx H=Tx =1

(3) A 1 > 0;
TXH}TWH:TWF:LE TIH=TIF=1,Txg=Tx =1 !

Proof The politically optimal policy is defined as in Bagwell and Staiger (2009). First, we
rewrite income in terms of local and international prices:

€ 5
cur + NuTTxuTwn
e—1 e—1

Iy =L+ Nyfe(twy — 1) + Ne(mrg — D) 1pwrenr + Nu(pwr — pun)TCru (65)

Ig =L+ Npgfe(twy — 1) + Ne(trg — 1) 77xrTwr CFH

where pwy = TTxgpuy and pwr = TTxrprr are the two international prices. Second, we

define A, , as the derivative of Vi with respect to 7,7 when 9pwa — (). Then we find that

TiH OTwH
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(1)

To show (1) consider that:

A

TWH ‘TWH=TWF=E%1,T1H=TIF=1,TXH=TXF=1
£ (0% g
- - - 66
TE0rE-n E-Dr+ (ta-ortE-1tam, O

Note that A = eTA/B where:

TWH |TWH=TWF=E€;1,TIH=TIF=1,TXH=TXF=1

A=c(a(t*+71)+ (- =71)(7+7°)—a(t° = 7)(am® +7)+ (¢ = 1)(7° — 7))
—ele=1)(m" =7)(7° + 7)r

B—(e ~ 1) — 1) + D)alr +7) + (¢~ (7~ 7)

Moreover, B > 0 always while A = a((1 + a)7% + (1 — a)7% + (4e — 2)7'"¢), implying
that A > 0 too. Therefore, A, , > 0, when 7wy = Twp = %, g = Trr = 1 and
TXH — TXF — 1.

To prove (2) recall that:

A

ar?(t—ar+ (e = 1+ a+e)7°)
TIH ‘TWH:TWF:sgl7TIH:TIF:177'XH:TXF:1 - ((1 +a— 8)7’ + <& +e— 1)7-5)(7-2 _ 7-25)

with 7—ar+(e—14+a+e)m® = 7(1—a)+(a+2e—1)7° > 0and (1+a—¢)7+(a—1+e)7° =
(e—=1)(r° —7)+a(t®+7) > 0. As a consequence, A =

< 0 when Ty = Twr = —,
T[H:T[FZI and TXH:TXF:L

3

Finally, to see why (3) holds note that:

| at?(1+a)t — (1 + a — 26)7°)
TXH |\t p=rwpr="2t rig=rrr=17xH=TxF=1 (1+a—e)T+ (ate—1)79) (1% —72))

A

where (1+a)r—(1+a—-2e)"=(1+a)7+2ec—(1+ ) >0and (1+a—¢e)7+
(—=1+a+ &)t =(e—=1)(7°—7)+a(r*+7) > 0. Hence, A, > 0if rpy = T = =2,
T]H:T[F:1 and TXH:TXle-

€
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