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Abstract

We study trade policy in a two-sector Krugman (1980) trade model, allowing alterna-
tively for production subsidies, import tariffs or export subsidies. For each instrument,
we consider the unilateral trade policy without retaliation, the Nash solution and the co-
operative solution and contrast those with the efficient allocation. While previous studies
have identified the home market externality, which gives incentives to agglomerate firms
in the domestic economy, as the driving force behind non-cooperative trade policy in this
model, we show that this, in fact, is never the case. Instead, the prevailing incentives for
a non-cooperative trade policy arise from the desire to eliminate monopolistic distortions
and to improve domestic terms of trade. As a consequence, uncoordinated trade policies
are not necessarily protectionist and allowing countries to set production or export subsi-
dies strategically can be welfare improving compared to the free trade equilibrium. The
implications are relevant: the Krugman (1980) model provides no rationale for prohibiting
production and export subsidies.
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1 Introduction

The aim of this paper is to study optimal trade policy in the canonical two-sector Krug-
man (1980) model, where one sector is characterized by monopolistic competition, increasing
returns and iceberg trade costs, while the other features perfect competition and constant re-
turns. Within this framework we study cooperative, unilateral and strategic (Nash) production
subsidies/taxes, import subsidies/tariffs as well as 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. As first shown by Venables (1987), in the presence of transport costs
an import tariff can lower the domestic price index, thereby increasing domestic 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)) for the World Trade Organization (WTO)’s
rules on tariffs. More importantly, the same mechanism also provides a theoretical justification
for the WTO’s limitation of production and export subsidies,? which cannot be explained within

the neoclassical framework.?

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.



Our contribution is twofold. First, we show that, in contrast to the previous literature, the
home market externality in fact cannot help explain unilateral or strategic trade policy in the
Krugman (1980) model. Instead, trade policy outcomes are driven by the domestic policy
maker’s attempt to alleviate the underprovision of varieties in the differentiated sector due to
monopolistic distortions, and to improve domestic terms of trade. Second, the implications of
this result are very relevant: Although the Krugman (1980) model indeed provides a justification
for the prohibition of import tariffs, it cannot help justify the prohibition of production and
export subsidies, as unilateral and Nash-equilibrium subsidies may be welfare increasing relative
to the free trade equilibrium.*

To give a concrete example, consider production subsidies. Given the monopolistic distortions,
the price level in the free trade equilibrium is inefficiently high.® A unilateral production subsidy
reduces it through three channels. First, the direct impact of the subsidy is to reduce the price of
domestically produced varieties. Second, by increasing entry in the monopolistically competitive
sector, the world number of varieties rises (love for variety effect). Third, the subsidy leads
to an agglomeration of firms in the domestic economy, reducing transport costs for domestic
consumers (home market effect). However, this comes at the cost of a lower income due to a
negative terms-of-trade effect. We show that the balance always tips in favor of the terms-of-
trade effect before monopolistic distortions are completely eliminated: while optimal (unilateral
and Nash) production subsidies are positive, they are always lower than the cooperatively set
ones. Thus, the home market externality cannot explain production subsidies. Moreover, the
equilibrium with non-cooperative trade policy entails welfare gains compared to the free trade
equilibrium because it mitigates underprovision of variety.

The result on production subsidies makes it clear that policy makers’ incentives are, to a
large extent, driven by the desire to eliminate monopolistic distortions, and that deviations
from the free trade allocation which increase variety are welfare improving. We show that
these findings also apply to the cases of import tariffs and export subsidies. The difficulty in

disentangling incentives arises because both an increase in the world number of varieties and

4More precisely, this is always the case for production subsidies and can be also true for export subsidies.

5The 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 competitive sector. In 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.



the home market effect can reduce the domestic price level. Although policy makers sometimes
exploit the home market effect to reduce the domestic price level towards the efficient one, it is
the means to reduce the domestic price level rather than the cause. To tackle this problem, we
start by considering two different policy scenarios with the purpose of disentangling efficiency
considerations from other incentives to set trade policies. Once those have been clarified, we
study the welfare properties of the Nash solution.

In the first experiment we follow the literature and consider trade policies starting from the
(inefficient) free trade allocation. Not surprisingly, we find that the optimal unilateral policy is
to set import tariffs or export subsidies. These results have previously been interpreted in the
light of the home market effect, i.e.: policymakers use trade policy in a protectionist fashion
to attract firms to the domestic economy. However, we show that this outcome is instead
driven by the desire to reduce the domestic price level in order to correct for the monopolistic
distortion. We do so by considering a second experiment, where distortions have been eliminated
by appropriate production subsidies so that the market allocation is first-best efficient. In this
case, the optimal unilateral trade policy entails import subsidies or export taxes, both of which
relocate firms to the Foreign economy and improve domestic terms of trade.® Intuitively, the
reason for this switch in policy is that at the free trade allocation gains from reducing the price
level are large, while the income cost of worsened terms of trade is relatively small. This is so
because the number of varieties is inefficiently low, which implies a high price level and a small
volume of intra-industry trade. Thus, the choice of an import tariff/export subsidy. However,
at the first-best allocation the price level is efficient, thus gains from further reducing it are
small, while the terms-of-trade effect gains importance due to the higher volume of trade, and
this explains the switch to an import subsidy/export tax.

Finally, we analyze welfare under the Nash solution. For import tariffs/subsidies we find that,
independently on whether the initial allocation is the free trade or the efficient one, the Nash
solution always leads to welfare losses for both countries. This confirms Ossa (2011)’s result
that Nash tariffs are inefficient compared to the free trade allocation. We now turn to export

taxes/subsidies. When the initial allocation is efficient, the Nash solution, which entails export

6Note that even import tariffs have terms-of-trade effects. Even though they cannot influence international
prices of individual varieties, they affect the number of Home and Foreign varieties and thus change aggregate
price indices of imports and exports, which are relevant for policy makers’ decisions.



taxes aiming at improving terms of trade, is welfare reducing. However, when starting from
the free trade allocation, Nash export subsidies can deliver higher welfare than free trade. The
reason is that Nash export subsidies mitigate the underprovision of variety.

Note that we consider the scenario where the initial allocation is efficient with the sole purpose
of clarifying the incentives behind policymakers’ actions. We believe that the interesting case is
in fact the one where monopolistic distortions are present. However, the conclusions drawn from
the counterfactual scenario become particularly relevant when considering the welfare effects of
production or export subsidies without the correction for distortions, since the model provides

no rationale for prohibiting production or export subsidies in that case.

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 trade policy is driven by home
market effects, leading to aggregate inefficiencies. In particular, Venables (1987) studies uni-
lateral incentives to set tariffs, production and export subsidies and shows that any of those
can improve domestic welfare 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. The main reason why we obtain different results
from the aforementioned contributions is that they have neglected the fact that monopolistic
distortions render the free trade equilibrium inefficient, thus affecting policy makers’ incentives.
As a consequence, they have overlooked that deviations from free trade, first, are not driven by
home market effects” and, second, need not necessarily be welfare reducing in a Nash equilib-
rium. Our analysis is also more general than the previous contributions because: we study all

the main trade policy instruments (production subsidies, import tariffs and export subsidies);

"To increase analytical tractability, Venables (1987), Helpman and Krugman (1989) and Ossa (2011) (see
section 2) do not allow for lump-sum taxes/transfers to consumers and thus require tariffs to be non-negative.
As a result, the best achievable allocation under cooperation is the free trade equilibrium, while without such
a restriction cooperative policy makers would actually use import subsidies in order to improve the efficiency
of the allocation by increasing the number of firms in the differentiated sector. Hence, a seemingly innocuous
assumption has led those contributions to overlook monopolistic distortions and to choose a misleading reference
point. This has led to a misinterpretation of the tariff result as being due to the home market effect.



we allow for revenue generating trade policies; and we compare cooperative, unilateral and
strategic policies. In particular, we are the first comparing welfare of the Nash solution with
the free trade allocation for production and export subsidies.

Flam and Helpman (1987) and Helpman and Krugman (1989), chapter 7 discuss the pro-
duction efficiency effect of trade policy, which is related to our monopolistic distortion effect.
Since with imperfect competition prices are set above marginal costs, domestic consumption
of each variety is too low. Thus, an import tariff (or a production or export subsidy), which
shift demand towards domestic varieties, can improve efficiency. However, this effect refers to
changes in average cost induced by changes in firm size and not to changes in variety. Since
firm size is optimal in the Krugman (1980) model, there is no room for a production efficiency
effect in the narrow sense.

Also closely related to our paper is Bagwell and Staiger (2009), who consider a two-sector
Krugman (1980) model with quasi-linear preferences. Differently from our work, they allow
policy makers to simultaneously choose import tariffs 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 home market externality, because import-tariff-induced home market effects are
counterbalanced by export-subsidy induced home market effects. We differ from their work
along two dimensions. We show that monopolistic distortions are the main driver for unilateral
trade policy, whereas home market effects are not, even in the case when only one policy
instrument is available. Moreover, they do not study the welfare effects of deviating from the
free trade allocation. We instead show that the Nash solution can differ from the cooperative
(optimal) outcome, and still be preferable to the free trade solution, i.e., showing that the Nash
and the cooperative solution do not coincide is not sufficient to justify trade agreements, that
limit the use of production or export subsidies.

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 agglomeration 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.

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. The sections 4, 5 and 6 are dedicated to



the study of individual policy instruments: production taxes/subsidies, import tariffs/subsidies

and export taxes/subsidies. The last section presents our conclusions.

2 The Model

The setup is exactly as in Venables (1987) or Ossa (2011). The only difference is that we
allow for transfers. The world economy consists of two countries: Home and Foreign. 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. In what follows Foreign variables will be denoted by a

().

2.1 Households

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

UC,2)= coz'-e, (1)

where C' aggregates over the varieties of differentiated goods, Z represents 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, N varieties are produced in the Home
country while N* are produced by Foreign. The differentiated varieties produced in the two

countries are aggregated with a CES function:®

£

c=[o +C7 |7 e (2)

e—1 e—1

8Note that our definitions for Cy and C imply C' = UON c(h)= dh+ fON* c(f)= df] :, i.e., the model is
the standard one considered in this literature. However, as will become clear soon, it is useful to define optimal
consumption indices in order to understand the trade policy makers’ incentives.




Cy = UON c(h)szldh} - Cp = UON c(f)ildfrl (3)

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 domestic and foreign variety and how to allocate consumption between the domestic and
foreign bundle. The optimality conditions imply the following demand functions and domestic

price indices:

o(h) = [%)] s Cy [%] c @)
tn = |40] e cr= 2] e 5)
P= [Pk +P}‘€}i (6)

P[] - = " 1) - @

Finally, households choose how to allocate income between the homogeneous good and the

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

where I = WL + T, W is the wage, pz is the price of the homogeneous good, P is the
price of the differentiated bundle and T is a lump sum tax/transfer which depends on the
tariff /subsidy 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:

«

Z
1—aC py (9)




Foreign households solve a symmetric problem.

2.2 Government

The government of each country disposes of three fiscal instruments. A production tax/subsidy
(1¢) on firms’ fixed and marginal costs, a tariff/subsidy on imports (77) and a tax/subsidy on

9 All government revenues are redistributed to consumers through a lump sum

exports (Tx).
transfer T'. The government is assumed to run a balanced budget. Hence, the government’s

budget constraint is given by:
N
(r1 = V)rer P Cr + (rx — 1) PaCit (re — 1) / (y(h) + f)dh =T (10)
0

Government income consists of import revenues charged on imports of differentiated goods
gross of transport costs and Foreign export taxes; export taxes charged on exports gross of

transport costs; and production tax revenues.

2.3 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:

y(h) = Le(h) — f, (11)

where Lc(h) is the amount of labor allocated to the production of the differentiated good h.
Goods sold in the Foreign market are subject to an iceberg transport cost 7 > 1. Given the
constant price elasticity of demand, optimal prices charged by Home firms in the domestic

market are a fixed markup over their perceived marginal cost 7¢W and optimal prices paid by

9In general, 7; indicates a gross subsidy/tax for i € {C,I, X} i.e., 7; < 1 indicates a subsidy and 7; > 1
indicates a tax. We assume that subsidies (taxes) are received (paid) directly by the firms. Equivalently, we
could have consumers receiving (paying) them from (to) the government.



Foreign consumers equal domestic prices augmented by transport costs and tariffs:'°

p(h) = 1¢ W p*(h) = 77rx7p(h) (12)

e—1

Foreign firms adopt a symmetric optimal pricing rule.

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

Qz =Lz, (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:

pz=py=W=W" (14)

For convenience, we normalize p; = 1.

2.4 Market Clearing Conditions

The good market clearing condition for each differentiated variety produced at Home is given

by:

y(h) = c(h) + 7c*(h). (15)

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
differentiated variety is fixed: y(h) = y*(h) = (¢ — 1)f . 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

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.

HTI(h) = c(h) [p(h) — 7c] + c*(h) [rp(h) — T7c] — frc = 0.

10



’;S—Z) — N7 and Pr = 117%7T Pj;. Using these price relations, the demand functions (4) and (5)

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

market clearing condition (15) as:
(e—1)f = NT= Py [P°C + 7' (1] 1) (P*)°C"] (16)

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

Q7 = Z + Z* — can be written as:

Qs +Qp = “;00 [PC + P*C”] (17)

Finally, equilibrium in the labor market implies that L = Lo+ Lz with Lo = N Le(h). Making

use of (11) and (13), labor market clearing can be written as:
Qz=L— Nef (18)

2.5 Balanced Trade Condition

We assume that there is no trade in financial assets, so trade is balanced. The balanced trade
condition is defined as:!'?

TixPaCp + (Qz — Z) = 775 PpCr (19)

The left hand side of (19) is the sum of the net export value of the homogeneous goods and
the value of exports of differentiated varieties, while the right hand side is the value of imports
of differentiated varieties. Equation (19) can be rewritten as:
% Ph

T7Cp + (TxPu) N (Qz — Z) = T P

TCF (20)

This condition implicitly defines the terms of trade as (%), the relative international price

of imports of the Foreign differentiated bundle in terms of exports of the Home differentiated

bundle!® and (7x Pg) ™!, the relative international price of imports of the homogeneous good in

2Import tariffs/subsidies are collected directly by the governments at the border so they do not enter into
this condition.
13Defining terms of trade as the aggregate price of imports relattive to exports follows the convention of the

11



terms of exports of the Home differentiated bundle.

Using the definition of the price indices, we can write terms of trade as <:§ JP;E ) = ( Ji,v ) = %
Thus, terms of trade of the differentiated bundle depend directly on Home and Foreign produc-
tion taxes 7¢, 7¢ and export taxes Ty, 7% through the impact of those taxes on the international
prices of individual varieties. In particular, a domestic production or export tax reduces the
relative price of imports and improves domestic terms of trade. Moreover, terms of trade
improve whenever the relative number of varieties produced in Foreign increases. Intuitively,
an increase in the relative number of Foreign varieties implies that domestic consumers obtain
larger amount of the Foreign consumption bundle — which includes relatively more varieties and

therefore is relatively more valuable for consumers — for each unit of the domestic consumption

bundle.'*

2.6 Equilibrium

The optimal pricing rules (12), the good market clearing condition (16), the labor market
clearing condition (18) and the corresponding conditions for Foreign, the market clearing con-
dition for the homogeneous good (17) and the balanced trade condition (19), together with the
expressions for the price indices, fully characterize the equilibrium of the economy.

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

instruments:

Ady — A4

S v 21
AsAy — A A @)

where A, Ay, A7 and A} are non-linear functions of 7¢, 75, 77, 7/, 7x and 7%. The expressions

for these coefficients, as well as the derivation of the equilibrium allocation, can be found in

international macroeconomics literature.

4The use of optimal price indices for defining terms of trade is standard in the macroeconomic literature
(see, for example, Corsetti and Pesenti (2001) and Epifani and Gancia (2009)). Note that previous literature
(Venables (1987), Helpman and Krugman (1989), Ossa (2011), Bagwell and Staiger (2009)) has defined terms
of trade as relative prices of individual varieties in international markets without considering that terms of
trade are also affected by the relative number of varieties produced in the other country. This more restrictive
definition of terms of trade has the advantage of having a more obvious empirical counterpart, but departs from
the microeconomics of optimal aggregation and is thus not very helpful for studying welfare effects of price
changes.

12



Appendix A.

Let the superscript FT denote the market solution in the absence of trade policies (free trade
allocation). Then (21) simplifies to N7 = (N*)I'T = % In this case the marginal rate of
substitution between Z and C' (equation (9)) becomes:

a 2" er_ €
1—aCFT e—1

(N (L 7t (22)

In the next section we compare the free trade solution with the first-best allocation. We then
lay out the general structure of the policy makers’ problem 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
outcomes of the different policy games. The social planner chooses an allocation that maximizes
total world welfare subject to the technology constraints and full employment in each country.

ar7(l—a) x\a( r7x\1—a
ag}f‘iz}’(Z*O Z + (CH)*(Z7) (23)

subject to (11), (13), (15), @z + Q% = Z + Z*, L = Lc + Ly, the definitions of consumption
indices and the corresponding constraints for Foreign.

Proposition 1 presents the solution to this problem and compares it to the free trade solution:!?

Proposition 1: First-Best Allocation. Let 7 > 1, ¢ > 1 and 0 < a < 1. Then, at the
first-best allocation, the marginal rate of substitution (MRS) between the differentiated bundle
and the homogeneous good equals their marginal rate of transformation (MRT). The free trade
allocation entails the same firm size as the one chosen by the planner. However, due to the
presence of monopolistic competition in the differentiated sector, the MRS s higher than the

MRT. In particular, the market price level is higher than the one required to implement the

15 All proofs can be found in the Appendix.

13



first-best allocation. As a result, the free trade allocation provides too little variety. Formally,

1 1

o ZFB _ . . . a
(1) E% = (NFB)=[1 + 717¢]7= = P¥B implying y!'Z = f(¢ — 1) and N¥'P = (6_1_€a)f
(2) ﬁg—i; = s%(NFT)l%E[l + 717¢]7= = PFT_implying y*7 = f(c — 1) and N¥T = %

This result just replicates Dixit and Stiglitz (1977)’s finding that the market provides optimal
scale but too little variety. Because of monopolistic competition in the differentiated sector,
individual prices are too high and there is too little variety. The price level P is inefficiently
high and that creates a wedge between the marginal rate of substitution and the marginal rate
of transformation between the sectors. In particular, the marginal rate of substitution between
C and Z under free trade is higher than what would be efficient, i.e. households would be
better off by consuming less of Z and more of C. In order to correct for this inefficiency, policy

makers have an incentive to use their policy instruments to reduce P.

3.2 Optimal Policy Problems

We consider three policy instruments: production subsidies/taxes, tariffs/import subsidies and
export subsidies/taxes. In each case, we assume that policy makers choose only one policy
instrument at a time and we study cooperative and non-cooperative (Nash) policies.

Note that given Cobb-Douglas utility, welfare, represented by the indirect utility function, can

be written as:

V(P(7i,7), I(7:, 7)) = —alog (P(7, 7)) 4 log (I(73, 7)) (24)

where P and [ are functions of the policy instruments 7; € {7¢, 77, 7x } only.
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 V(P (7, 77), [(15, 7)) + V(P (75, 77), [" (73, 7}")) (25)

TZ',TZ-

Differently, the single-country policy maker chooses the domestic trade policy instrument
7; € {7, 71, Tx } in order to maximize Home welfare, given the level of the Foreign trade policy

instrument:

max V (P(7;), I(1;)) (26)

Ti
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In both cases, trade policy affects indirect utility through two channels. On the one hand,
through its effect on the relative price of the differentiated good and, on the other hand, through

the impact of trade policy on income.

3.3 The Price and the Income Channels

In order to better understand the incentives of the single-country and the cooperative policy
makers, we further decompose the price and the income channels as follows.

The effects of changes in trade policy on the price of the differentiated bundle can be disen-
tangled by rewriting P as:

1—¢ l1—e| I—-¢
P:(N—i—N*)i [s (85170) +(1—19) (eilTéTIT;{T) ] (27)

N

Whel"e S = W

is the share of differentiated varieties produced at Home. First, trade policy
changes P by altering the total amount of varieties available at the world level, a love for variety
effect — due to Dixit-Stiglitz preferences, everything else being equal, more varieties lower the
expenditure needed to achieve one unit of utility. Second, it has a direct impact on the prices of
individual varieties by changing 7¢, 77, 7x or their Foreign counterparts. More specifically 7,
71, Tx affect directly the wedge between the individual price and the marginal cost of producing
in the Home and in the Foreign market. Finally, unilateral trade policy influences the price
index by changing s. An increase in s benefits domestic consumers via a larger fraction of goods
on which they pay no transport cost. This is the home market effect. To study the effect of

trade policy on income, it is instructive to look at income as implicitly defined by the trade

balance:

(7xPy) '[(L —efN) — (1 —a)I] +7C5 — (T;(?j'}) 7Cr =0 (28)

TxXI'g

Implicitly differentiating this equation with respect to the generic trade policy instrument

15



7; € {7¢, 71, Tx } and rearranging, we obtain:

(1—-a) ol
(TXPH> 87'2' -
A Ll ) (57) 720k (T;(Pff) P2r
7x Py 0T; or; oT; oT; 7x Py oT;
BT, BT, BT3 BTy

(29)

Here, BT, is the opportunity cost effect in terms of production of the homogeneous good —
a change in the trade policy instrument varies income by modifying the production in the
homogeneous sector which is linked to the differentiated sector via the labor market clearing
condition. BT, is the import weighted terms-of-trade effect: a unilateral change in the trade
policy instrument shifts domestic terms of trade by changing the relative prices of imports. The
term BTj is the change in Foreign imports of differentiated goods induced by the variation in
trade policy. Similarly, BT} is the change in domestic imports of differentiated goods induced
by the variation in trade policy.!® In the next section we use this decomposition to understand

the incentives behind each policy choice.

3.4 Trade Policy Makers’ Incentives

When trade policy moves cooperatively and the initial allocation is symmetric, terms of trade

* *
o xLu
Tx PH

effects are absent, since ———* is zero and the homogeneous good is not traded. Moreover,
7

BT; + BT, = 0, since those effects are identical and of opposite signs. Thus, the only effect on

: : : . Ol _ _ el ON
income is the opportunity cost effect: 5 = T1-adn

. Similarly, under cooperation the home
market effect is absent because N = N*. Therefore, the only relevant effects of cooperative
trade policy on the aggregate price index are the love for variety effect and its direct effect on
individual prices. As shown in Proposition 1, monopolistic competition in the differentiated
sector induces a wedge between the marginal rate of substitution and the marginal rate of
transformation of C' and Z — the prices of individual varieties are too high and the number of

varieties is too low. The cooperative policy maker optimally sets subsidies on production or

16 As shown in the Appendix, the term BT, can be further decomposed into income and substitution effects
in order to derive an explicit expression for the change in income induced by the trade policy instrument.
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on imports or on exports in order to reduce the price index and she is willing to give up some
income in order to do so.

Differently, the single-country policy maker — beside the desire to move the domestic price
index towards the efficient level — has two additional and opposing motives to set trade policy.
First, the home market effect induces her to use the policy instrument to relocate firms to the
domestic economy. This reduces the domestic price index by increasing s. Second, a unilateral
change in trade policy has a terms-of-trade effect. Since an improvement in domestic terms
of trade requires a relocation of firms from Home to Foreign, this effect goes in the opposite
direction to the home market effect.

As we will show in the next section, the prevailing motives for unilateral and non-cooperative
trade policies are, on the one hand, the desire to move the domestic price index towards the
efficient level and, on the other hand, the incentives to improve domestic terms of trade. It
crucially depends on the (in)efficiency of the initial allocation whether the balance tips towards
the first or the second effect. The home market effect, though present, is always dominated by

either one or the other.

4 Production Subsidies

In this section we study cooperative and non-cooperative production subsidies. We have al-
ready investigated how the cooperative policy maker trades off the incentive to reduce the price
index by increasing the total number of varieties (love for variety effect), and by lowering the
price of individual varieties against the income cost of such a policy in terms of the reduced
production of the homogeneous good (opportunity cost effect). The optimal policy in such a

case is summarized in Proposition 2.

Proposition 2: Cooperative Production Subsidy. Let 7 > 1, > 1 and 0 < a < 1. Then
the optimal cooperative production subsidy is set to exactly offset the price markup generated by
monopolistic competition. This subsidy implements an equilibrium with the first-best number of

varieties and the first-best price level. Formally,

Coop __ e—1
(1) 6™ ==
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(2) NG™ = NP
(3) PE* = P

Proposition 2 implies that the cooperative production subsidy is determined solely by the
desire to reach efficiency. Such a subsidy lowers the price of differentiated varieties and closes
the wedge between prices and marginal costs. Welfare is maximized, because with this subsidy
the marginal rate of transformation between C' and Z equals their marginal rate of substitution
(see Proposition 1).

Single-country policy makers’ actions are instead driven by two additional effects. On the one
hand, a unilateral increase of production subsidies reduces the price index through the home
market effect. On the other hand, it lowers income through a deterioration of the terms of

trade. This is shown in Lemma 1.

Lemma 1 Let 7> 1,e>1and 0 < a < 1. If 7o = 75 < 1 then a unilateral increase in the
production tazr increases the domestic price index gT]Z > 0) both directly through an increase in
the individual price of domestic varieties, and indirectly through a reduction in the total number
N+N*

T

of varieties (a(a—c) < 0) and in the share of varieties produced domestically (88750 < 0). Income

increases 8‘% > 0) due to terms-of-trade and opportunity cost effects.

Whether the price channel or the effect on income predominates, crucially depends on the
(in)efficiency of the initial allocation, as shown in Proposition 3 for unilateral deviations without

retaliation.

Proposition 3: Unilaterally Set Production Subsidies. Let 7> 1, > 1 and 0 < a < 1.
Then the optimal unilateral production subsidy is positive but strictly smaller than the efficient

subsidy. Formally,

(1) 2Gebite) <0
Te=T=1

9) 2V (Plre).I(rc)) -0

(2) Bre i

ro=rg=3

The intuition behind Proposition 3 is as follows: at the free trade allocation, the domestic

price level is inefficiently high and thus single-country policy makers try to reduce it by exploit-
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ing the love for variety effect, the home market effect and by reducing the wedge between price
and marginal cost at the level of individual domestic varieties. At the same time, the effect
on income is small. The reason is twofold. First, the homogeneous good is inefficiently abun-
dant, thus opportunity cost effects of reducing its production are small. Second, the volume of
intra-industry trade is inefficiently low and therefore terms-of-trade effects are relatively weak.
Differently, at the first-best allocation, the price level is efficient and thus gains from further
reducing it are small, while the effect on income becomes more important. This is so, since
there is an efficient provision of the homogeneous good, so that the opportunity cost effect of a
further reduction in production is large. Moreover, the volume of intra-industry trade is larger,
strengthening terms-of-trade effects.

Lemma 1 and Proposition 3 provide the crucial insight regarding the incentives behind unilat-
eral trade policies. Proposition 3(1) confirms Venables (1987)’s finding: single-country policy
makers have an incentive to deviate from the free trade allocation by introducing a produc-
tion subsidy. But why do they do so? Because they want to mitigate the under-provision of
differentiated goods due to monopolistic competition. In fact, Lemma 1 shows that although
a production subsidy clearly worsens domestic terms of trade, it increases welfare by moving
the price index towards the efficient level, thanks to both love for variety and home market
effects. However, according to Proposition 3(2), once we remove efficiency considerations by
starting from the first-best allocation, the terms-of-trade effect predominates i.e., the trade-off
is between efficiency and terms-of-trade. Proposition 4 proves that these results carry over to

a situation where both countries set production subsidies strategically.

Proposition 4: Nash-Equilibrium Production Subsidies. Let 7 > 1, > 1 and 0 <
a < 1. Then the Nash solution of the trade policy game between the two countries implies a
production subsidy strictly smaller than the one needed to implement the first-best allocation.
The total number of varieties is larger than in the free trade allocation, but remains lower than
the first-best level. At the same time, the price level is lower than in the free trade allocation

but higher than the first-best level. Formally,
(1) 1> glesh > 7EB.

(2) NFT < Né\fash < NFB.
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(3) PFB < PévaSh < PFT

Thus, single-country policy makers never over-subsidize domestic production, as would be re-
quired if the home market effect were the dominating incentive for non-cooperative policy choice.
Instead, terms-of-trade effects lead policy makers to choose an inefficiently low production sub-
sidy. We therefore conclude that the terms-of-trade effect and the desire to reach efficiency
outweighs the other effects in the non-cooperative choice 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)). The policy implication of this result is crucial: the Nash equilibrium of this
game entails welfare gains for both countries compared to the free trade allocation. Indeed, the
aggregate number of varieties moves towards efficiency even though it does not go all the way
to the first-best allocation. Thus, according to this model production subsidies should not be

banned since they are welfare improving even when set in a strategic way.

5 Tariffs

Here, we suppose 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 (in)efficiency of the allocation, we study cooperative and non-cooperative tariffs under two
scenarios. In the first scenario monopolistic distortions are present (i.e., 7 = 75 = 1), while
in the second scenario a production subsidy has already been set in a non-strategic fashion
such as to eliminate monopolistic distortions and to implement the first-best allocation (i.e.,

To=TH = 5;—1) Let us first study the cooperative policy maker’s problem.

Proposition 5: Cooperative Import Subsidy. Let 7 > 1, ¢ > 1 and 0 < a < 1. Then, if
TC = Te = %, the cooperative policy maker refrains from using subsidies/tariffs on imports.
If ¢ = 78 = 1, the cooperative policy maker finds it optimal to subsidize imports. The total
number of varieties is larger than in the free trade allocation, but remains lower than the first-
best level. At the same time, the price level is lower than in the free trade allocation but higher

than the first-best level. Formally,
(1) If 7¢ = 75 = =L then, 7;°” = 1, Ny *? = N5 and P;°” = P}?
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(2) If 7o = 78 = 1 then, 77°% < 1, NFT < NJ°? < NFB and PFB < P < pFT

Proposition 5 is the counterpart to Proposition 2. As for the cooperative production subsidy,
the cooperative policy maker’s decisions are driven by the sole desire to improve efficiency.
If the inefficiencies due to monopolistic distortions have already been offset by production
subsidies, the equilibrium allocation coincides with the first-best and there is no need for further
policy interventions. Differently, if there is no correction for the monopolistic distortions, the
cooperative policy maker subsidizes imports. This is the same outcome as in the case of
cooperative production subsidies. However, import subsidies cannot close the wedge between
market price and marginal cost in the domestic market for domestically produced varieties.
Thus, the price level remains too high and the wedge between the marginal rate of substitution
and the marginal rate of transformation cannot be fully eliminated.

Finally, Proposition 5 implies that the free trade allocation is not the constrained efficient
allocation and thus cannot be taken as the reference point to which to compare the non-
cooperative outcome.!”

Once we move to the case of non-cooperation, both the home market effect and the terms-
of-trade effect become crucial to understand trade policy interventions, as shown in Lemma

2.

Lemma 2: Let 7> 1, e >1, 0<a <1 and 71 =77 = 1. Then,

e—1

— and € — 1 > o'® a unilateral increase in the import

(V) If re=18=1o0r1c=1%4=

tariff increases the price of imported varieties, decreases the total number of varieties

(8(N+N*)

o < 0) and increases the share of domestically produced varieties (g—f[ > 0). Over-

all, the domestic price index decreases (3—71_j < 0).

(2) If 7 =75 =1, then a unilateral increase in the import tariff increases income (g—TII > 0)

@, then the effect on income is negative (59_711 < 0). Moreover,

while if ¢ = 75 =
terms-of-trade and opportunity costs are always negative, while other effects on income

are always positive.

1"Note that Ossa (2011) constrains tariffs to be non-negative and does not allow for transfers. Thus, zero
tariffs is the constrained efficient allocation in his model. Those assumptions are not innocuous, as will become
clear in Proposition 6 and 7.

18Note that the condition € — 1 > « is needed only for 22 -1 < 0.

oty ITe=74="3
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According to the first part of Lemma 2, a unilateral tariff has three effects on the price index.
First, by shifting demand towards domestic varieties, a tariff induces a relocation of firms to the
domestic economy, thereby increasing s and reducing transport costs for domestic consumers
(home market effect). This has a negative effect on the domestic price index. Second, it reduces
the world number of varieties (love for variety effect) and third, it introduces a wedge between
prices and marginal costs for imported varieties. This has a positive effect on the domestic
price index. Independently of the (in) efficiency of the initial allocation, the home market effect
is the strongest of the three. This implies that the only way to reduce the domestic price index
towards the efficient level is to set an import tariff. The second part of Lemma 2 says that when
starting from the free trade allocation, the effect of a tariff on income is also positive. However,
this result turns around when we consider an initial allocation that is first-best efficient. In
this case, the effect of a tariff on income is negative. The switch in the sign of the derivative
of income can be explained as follows. Intuitively, when starting from the first-best allocation,
the volume of trade is larger than when starting from the free trade allocation, because the
total number of varieties in the differentiated sector is higher. Therefore, the income loss due
to a terms of trade worsening is larger as well. Similarly, the opportunity cost of increasing
the domestic production in the differentiated sector in terms of homogeneous good is higher
because the homogeneous good is no longer inefficiently abundant. Next, we show that this

difference in incentives results in differences in import policy choices.

Proposition 6: Unilaterally Set Import Tariffs/Subsidies. Let 7> 1,¢ > 1, 0<a <1
and 71 = 7 = 1. The optimal unilateral import policy is to set an import tariff when starting
from the free trade allocation and to set an import subsidy when starting from the first-best

allocation implemented by a production subsidy. Formally:

oty

(2) IfTC:Tézﬂthen%’g’l(’n))<o

)

Proposition 6 proves that when starting from the free trade allocation, single-country policy
makers set an import tariff in order to move the domestic price level towards efficiency. Differ-
ently, when the production subsidy implements the first-best allocation, policy makers actually

set an import subsidy which induces the exit of firms from the domestic market, increases the
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domestic price level and improves domestic terms of trade. Proposition 6 allows to interpret
existing results in a new light since we show that, again, the real trade-off is between efficiency
and terms-of-trade considerations. The reason for setting a tariff when starting from the free
trade allocation is that it is the only way to move the domestic price level towards efficiency.
However, policy makers refrain from trying to reduce the price level by agglomerating firms in
the domestic economy, when the price level without trade policy intervention equals the first
best. This implies that in the case of import tariffs too, the dominating incentives are the desire
to eliminate monopolistic distortions and terms of trade effects.

Our findings are in line with Venables (1987)’s and Ossa (2011)’s results. What is critically
different is the interpretation. According to their interpretation, the home market effect is the
only incentive driving unilateral trade policy. This is so because they take the free trade allo-
cation as the reference point. As a consequence, they overlook that the desire to set unilateral
import tariffs is crucially driven by the incentive to eliminate monopolistic distortions in order
to get closer to the efficient allocation. Instead, we show that even if import tariffs reduce the
domestic price index through the home market effect, the home market effect is not sufficient
to induce policymakers to set import tariffs. What is required is an inefficiency of the initial
allocation i.e., the home market is the means to reduce the domestic price level rather than the
cause. Proposition 7 presents the outcome of the Nash policy game where both countries set

import tariffs simultaneously.

Proposition 7: Nash-Equilibrium Import Tariffs/Subsidies. Let 7 > 1, ¢ > 1 and
0 < a < 1. When starting from the free trade allocation, the Nash-equilibrium tariff is positive
implying less varieties and higher price level than the free trade allocation. Differently, when
starting from the first-best allocation, the Nash-equilibrium policy consists of an import subsidy

implying more varieties and lower price level than the first-best allocation. Formally:

(1) If 7 = 75 = 1 then, there exists a 77" > 1 such that NNosh < NIT < NFB and

PINash > PFT > PFB.

(2) If 7o = 7¢ = == then, 7}/ < 1 and N} > N¥B > N1 and PFT > pFB > pNesh,

According to the first part of Proposition 7, when there is no correction of the monopolistic
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distortion, non-cooperative trade policy brings about a positive tariff. The incentive to set a
positive tariff is the same as in Proposition 6, however, in the Nash equilibrium no country
manages to relocate firms to its domestic market thereby failing to reduce the price index.
Instead, tariffs reduce the world equilibrium number of varieties and increase the price level
thus being welfare detrimental compared to the free trade allocation.

When starting from the first-best allocation, the optimal non-cooperative policy is an import
subsidy!® which aims at improving domestic terms of trade. Yet, in equilibrium no country
reaches this aim and, again, the Nash equilibrium is welfare detrimental compared to the initial
allocation. Thus, for import tariffs we confirm the policy implications of existing literature: the
Krugman (1980) model provides a rationale for international agreements prohibiting the use of

import tariffs because uncoordinated policies are welfare detrimental compared to free trade.

6 Export Subsidies

As a last experiment, we consider export taxes/subsidies 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 monopolistic distortions have not been corrected (i.e.,
Tc = 76 = 1), while in the second production subsidies have been set such as to implement the

. . . -1
first-best allocation (i.e., Tc = 75 = ===).

Proposition 8: Cooperative Export Subsidy. Let 7 > 1, > 1 and 0 < o < 1. Then,
if 7o =T = Eg—l, the cooperative policy maker refrains from using subsidies/tariffs on exports
and the number of varieties and the price level equal the first-best ones. If 7 = 75 = 1, the
cooperative policy maker finds it optimal to subsidize exports. The total number of varieties
increases compared to the free trade allocation, but remains lower than the first-best level, while
the price level is lower than in the free trade allocation, but higher than the first-best one.

Formally,
(1) If 7 = 75 = =L then, 7(°” = 1, Ny*? = N5 and P{°” = PFP

(2) If 7o = 75 = 1 then, 7$°% < 1, NFT < N{°? < NFB and PFB < p{*? < PFT

19Tn the proof of Proposition 7 we also show that & > 2 is a sufficient, though not necessary, condition for the
existence of a Nash equilibrium when the initial allocation is efficient.
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Again, the cooperative policy makers’ decisions are driven by the desire to improve efficiency.
When the equilibrium allocation coincides with the first-best, there is no need for further policy
intervention. However, when this is not the case, the cooperative policy maker subsidizes
exports. This lowers the price of the exported bundle and reduces the wedge between the price
and the marginal cost for exported varieties. Like in the case of cooperative import subsidies, it
is not possible to correct the monopolistic distortion for those varieties produced and consumed
within the same country. As a consequence, the first-best allocation is not achievable.

In the case of non-cooperation, the home market effect and the terms-of-trade effect also play

a role in trade policy choices.

Lemma 3: Let 7> 1, e >1,0<a <1 and 7x =75 = 1. Then,

£

(1) If tc = 76 =1 or 7¢ = 78 = =%, a unilateral increase in the export tax decreases the

total number of varieties (8(%:*) < 0) and reduces the share of domestically produced

varieties (-2 < 0). As a result, the domestic price index increases (2£- > 0).
oTx ’ oTx

e—1
e

(2) Ifrec=1t=1orme =14 = a unilateral increase in the export tax increases domestic
income 687; > 0). Moreover, terms-of-trade and opportunity costs are always negative,

while other effects on income are always positive.

According to Lemma 3, a unilateral increase in the export tax increases the domestic price
index because of a negative home market effect and a decrease in the world number of varieties
(love of variety effect). Income always increases as a result of a unilateral increase in the
domestic export tax due to a positive opportunity cost effect and a positive terms-of-trade
effect. Thus, like in the case of production subsidies, the non-cooperative policy maker always

faces a trade-off between reducing the price index and increasing the level of income.

Proposition 9: Unilaterally Set Export Taxes/Subsidies. Let 7 > 1, > 1,0 < a <
1 and 7x = 7% = 1. The optimal unilateral export policy entails a positive export subsidy
when starting from the free trade allocation, and an export tax when starting from the first-best

allocation implemented by a production subsidy. Formally:

(1) If o =15 =1, then%jfﬁx))<o
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(2) IfTCZTé:%thenw>o

oTx

Like in the case of production subsidies and import tariffs, the differences in outcome are
driven by the (in)efficiency of the initial allocation. The mechanisms for export taxes are
exactly the same as the ones outlined for production subsidies in section 4. At the free trade
allocation the domestic price level is inefficiently high, while income effects (given by terms-of-
trade effects and opportunity cost effects) are weak, and thus policy makers try to reduce the
price level by setting export subsidies, exploiting the love for variety effect and the home market
effect. Differently, when starting from the first-best allocation, gains from further reducing the
price level are low, while income effects are large. This is so because terms-of-trade effects and
opportunity cost effects are strong, since the volume of intra-industry trade is larger than at the
free trade allocation and the homogeneous good is no longer inefficiently abundant. Proposition
10 extends the result of Proposition 9 to a trade policy game, where both countries set export

taxes simultaneously.

Proposition 10: Nash-Equilibrium Export Taxes/Subsidies. Let 7 > 1, ¢ > 1 and
0 < a < 1. When starting from the free trade allocation, the Nash-equilibrium policy consists of
an export subsidy implying more varieties and lower price level than the free trade allocation.
Differently, when starting from the first-best allocation, the Nash-equilibrium policy consists
of an export tax implying less varieties and higher price level than the first-best allocation.

Formally:
(1) If 7o = 78 = 1, then 7{*" < 1, NI'B > N{ash > NFT and PFB < pfash < pFT,

(2) If 7o = 75 = =4, then 78" > 1 N{o" < N¥B and py*h > PFB.

Proposition 10 makes it clear that in this case, too, the outcome of the policy game depends
crucially on whether the initial allocation is (in)efficient. While when starting from the free
trade allocation the optimal Nash policy is an export subsidy, when starting from the first-best
allocation the optimal non-cooperative policy turns out to be an export tax. It can be shown
that in the first case, in which export subsidies are set in order to increase domestic efficiency, the

Nash outcome can be welfare improving compared to the free trade allocation.?’ Therefore the

20A supplementary appendix on this result is available upon request.
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Krugman model does not provide a theoretical justification to ban export subsidies. Conversely,
in the second case, where the decisions to set export taxes are driven by terms of trade effects,

the Nash solution is welfare detrimental.

7 Conclusions

In this paper we have studied unilateral, strategic and cooperative trade policies in a two-sector
Krugman (1980) model of intra-industry trade, considering production taxes, import tariffs and
export taxes as alternative 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 non-cooperative
trade policies are actually never determined by the home market effect. Instead, they are driven
by the incentive to reduce the domestic price level towards the efficient one on the one hand, and
by terms-of-trade effects on the other. Indeed, due to monopolistic competition, the domestic
price level is too high in the free trade equilibrium and this affects policy makers’ incentives
in a crucial way. Thus, when production taxes/subsidies are available, non-cooperative policy
makers reduce the price level by setting production subsidies and manage to increase welfare
compared to the free trade allocation. However, due to terms-of-trade effects these subsidies are
lower than the cooperatively set ones. When import tariffs or export subsidies are available, non-
cooperative policy makers use these instruments to reduce the price level towards efficiency, as
long as the allocation without trade policy is inefficient. However, once monopolistic distortions
have been offset by appropriate production subsidies, policy makers set import subsidies or
export taxes, which improve domestic terms of trade and increase the domestic price level.

Our analysis has important policy implications: non-cooperative trade policies are not always
protectionist and can improve welfare compared to the free trade allocation. As a result,
although the Krugman (1980) model justifies the ban on import tariffs, it does not provide a

rationale for prohibiting production or export subsidies.
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APPENDIX

A Equilibrium

A.1 Equilibrium Allocation and Prices

Substituting the optimal pricing rules (12) and p(f) = 7;7%7p*(f) into the definition of Home
(6) (and Foreign) aggregate price indices we obtain:

€ 1 15 1—8] i

P = — [NTEs + N* (ryrierrl) 5] Pr = — [N*(78)' 75 + N (r{7x77¢)

(30)

Combining the zero profit condition (16) with the analogous one for Foreign and substituting
out the expressions for the prices (30), gives:

FP=(e = 1) (:5) "o (=7(72)° + (rremimx)*) (T} )
T2 (T TXTITY )E — T2
o TP E =) () T (o) + (rrem)) () )

T2 (TiTxTITR)E — T2

C = (31)

Using the trade balance condition (19), the labor market clearing condition (18), the equivalent
equations for Foreign, and the expressions for C', C*, P and P* just derived, we have the
following system of equations in N and N*:

AN+ AN —L =0 (33)
AN+ AIN*— L =0 (34)
the solution of which is:
L(A, — A* L(A:— A
N A - M A (3)
A5Ay — AL A% A5Ay — A1 A%
where:
A — fETc_s(TQE(T(jT[T;TXT;()E(CY + (1 —a)re) + m(arté(torx — 1) — o (t78mm%)° (1 — oo + atx)))
! a(T2 (T TX TR )E — T2)
(36)
 _ JeT) = (L= Q)i (r(re) ~ (rremiTa)’) -

a2 (TymiTX TS ) — T2)
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e = 120 (T remmimx i) (a + (1= )7e) + 7(at(7e) (re7xk — 1) = 16(r7emiTx)*(1 — a + a7%)))
* =

a(T2 (T TX T )E — T2)

(38)
A* _ fET a( o — (1 B Oé)TI*)TX(TTE B (TTETIT;()E) (39)
a(r2 (i TX TR )E — T2)
A.2 Free Trade Allocation

Let 7o =785 =11 =7f = 7x = 7% = 1. Then, (30) becomes

P=pP = _Nt= 147977 = PIT (40)
and (35) simplifies to:
L

N:N*:j—fENFT (41)

B The Planner’s Problem

Proposition 1: First-Best Allocation. Let 7 > 1, ¢ > 1 and 0 < o < 1. Then, at the
first-best allocation, the marginal rate of substitution (MRS) between the differentiated bundle
and the homogeneous good equals their marginal rate of transformation (MRT). The free trade
allocation entails the same firm size as the one chosen by the planner. However, due to the
presence of monopolistic competition in the differentiated sector, the MRS is higher than the
MRT. In particular, the market price level is higher than the one required to implement the
first-best allocation. As a result, the free trade allocation provides too little variety. Formally,

a FB 1 P S . . a
(1) E%Z(NFB)l—E[l—i—TI fji—= = PFB implying ¢y = f(e — 1) and N¥'B = = lfa)f
(2) ﬁg—i; = ﬁ(NFT)i[l + TH]i = P'T implying 4" = f(e — 1) and N¥'7T = ‘,’E‘f

Proof of Proposition 1.

(1) First-Best Allocation

The Lagrangian for the planner’s problem is:

L= UONc(h)EZldm/oN*c(f)

i / M(W)[Le(h) — [ — e(h) — 7" (h))dh + / M(DILES) — f — & (f) — relf))df

Exx

N* e—1
edh+/0 c*(f)g_eldf} (2

N

Edf:| Zla_+_|:

0

+ ML+ L — /N Le(h)dh — / Lo(f)df — Z — Z7]
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The first-order conditions are:

affm =0:al? [ /ON e(h)= dh + / : c(f)tldf] CremE —am @)

aaﬁ =0:aC" {/ON c(h)= dh + /ON* c(f)ssldf] B 20 f)F = h0(f) (43)

c(f)
oL oo _
a7 =0 (l-a)C°Z7 = ) (44)
oL
oLk Ai(h) = A3 (45)

oL 5 1 N e—1 N* e—1 - e—1
a—N:O:ag_l{C’Z {/0 c(h)sdh+/0 c(f)sdf] c(N) =+

£—

(C)(Z7) e VON c*(h)F dh + /ON* c*(f)ildf] h c*(N)Esl} = M\ Lo(N),

where in the last condition we have already used the fact that A;(N)[L.(N) — f —c¢(N) —
7c¢*(N)] = 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 \j(h) = Ao(f).
Combining (42) and (43) we obtain:

co(f) = c(h)T™* (47)

o 1[C(h) = +c(f) =] = Le(h)c(h) (48)
Combining (47) and (48), we obtain:
c(h) = 5 i 1 [1+ 77! (49)

Substituting the expression for ¢(h) and c¢(f) into the resource condition for domestic
varieties L.(h) = f + ¢(h) + Tc(f), we get L.(h) = e f and using the production function
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y(h) = L.(h) — f we obtain y*® = (¢ — 1) f. Moreover, c/'B(h) = (e = 1) f[1+7!7¢]7! and
By =(e—=1)fre[1+ 751

Using the resource condition for Z, we get Z = L — Nef.
Finally, combining (42), (44) and (45)

1

(1-—a)CF =aZc(h) ¢ (50)

Substituting the expressions for Z, C, ¢B(h) and P(f) into (50), we can solve for
NFB — al )
Feta—D)

Finally, from (50):

a 74 1
—=C
l1-aC
Using N = N*, (47) and (49) into the definition of C we obtain:

N —1 N* e—1 Eiﬁl
C = UO c(h) dh+/0 c(f)= df}

€

e—1

- [Nc(m% + Nc(h)?flfs}

€

= Neic(h) [1+717¢]T (52)
Therefore,
1 1 _1
(CTBY=% = (NFB)T=c(h) % [1+7ie] T (53)
So that the first-best allocation can be written as:
a Z"° FB\—- 1-e] 102
—acrs — W) (1477 (54)
Free Trade Allocation
o ZFT T
1—aCFT — P (55)
with PFT = ﬁ(NFT)l%s 1+ 7'1_5]1%5, therefore:
ZFT 1 _1
- = 5 NPTy 14 717] 7 (56)

1—aCFT -1

Because of the monopolistic distortion the price level is too high (=% > 1), thus the free
trade allocation in inefficient.
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C The Effect on Income of a Change in the Trade Policy
Instrument

In this section we recover an explicit expression for the effect on income induced by a change in
a trade policy instrument as function of the corresponding changes in the different components
of the trade balance. This decomposition of the effect on income allows to assess whether the
change in income due to a specific trade policy can be exclusively attributed to the terms of
trade effect and the opportunity cost effect. In section 3.3 we obtain condition (29) by implicitly
differentiated the trade balance, that is:

(1—a)ol
(TXpH) 87} -
f ON O(rx Py) ! o(Z)\ e /rpny\ oc
__c _ — o — (L — O\TxH) ™xPu F_(TxtH F
Tx Py 07; <[(1 )l = (L —efN)] oT; +7CF oT; t oT; (TXPH) T or;
N——— ~
BT1 BTS BT4
BT,
(57)
In this condition the term Taa% can be further decomposed into income and substitution
effects as follows:
a P 1—¢ 155 C
Py 1 = =
OC {(PF) + ] N Py 1_€+1 e ap—lhr Py 1_6+1 ol
=T T —— 0% T — ey
4 87’1’ 871» J PF 873- PF P@T,
BTy, Substitution Effect o g B g
I ncom;rE ffect
(58)

Then by substituting (58) into (57), the total effect of trade policy on domestic income can
be explicitly expressed as:

I 1— + P BTs] " + P
or _ F 0‘)+(7X H) or ﬂ [BT1+BT2—(TX H)(BT41+BT42>+BT3

87‘i N (T)(PH) TXPH P TXIH
(59)
Similarly, BT3 = T% can also be further decomposed into income and substitution effects:
oCy
T 87’2‘ _

1—¢ 1—¢

o) +1] e I I

|: Py + . P[*{ 1 a+1 1 8(P*)71[*+ P;I 1—¢ X 1 o OI*

T T x «o _
R I7; ) Pr oT; Py P* 97,
BTs:, Substi?gtion Effect h BEQ < ~ B}gg _
Incom;,Effect

(60)
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D Production Subsidies

In this section we set 7 = 7 = 7x = Ty = 1 and we prove the propositions and the lemmata
of section 4.

Proposition 2: Cooperative Production Subsidy. Let 7 > 1, e > 1 and 0 < a < 1. Then
the optimal cooperative production subsidy is set to exactly offset the price markup generated by
monopolistic competition. This subsidy implements an equilibrium with the first-best number of
varieties and the first-best price level. Formally,

(1) 760 = =L

(2) NCOOP NFB
(3) PS5 = pFB

Proof of Proposition 2. By setting 7o = % in both countries, the cooperative policymaker
exactly eliminates the price markup charged by the monopolistic firms in the differentiated
sector. Indeed, from equation (12) we see that individual domestic varieties are now priced at
their marginal costs i.e. p(h) = W and p*(h) = 7W and the same holds for the foreign country.
Substituting 7¢ = 75 = <=+ into equation (35) we obtain N = N* = f(a‘_’—fw) = NY°P_ This
coincides with the N¥B of Proposition 1. From equation (30) it follows that 7c = 74 = %

implies P57 = (NFB)T=[1 + 71~5]7= = P, m

Lemma 1 Let 7> 1,e>1and 0 < a < 1. If 7 = 75 < 1 then a unilateral increase in the
production tax increases the domestic price index gTP > 0) both directly through an increase in
the indiwidual price of domestic varieties, and indirectly through a reduction in the total number

of varieties (ﬂ < 0) and in the share of varieties produced domestically (3~ = < 0). Income

increases (7~ > 0) due to terms-of-trade and opportunity cost effects.

Proof of Lemma 1.

aN*

(1) First, we prove that 2% - <0, 5o >0and [F |arc| < 0.
oON _
1o -
TC=TE

La[r?(a®?+ (1 —a?)1e) + 7 (2(1 —a)(e = Do+ a(2e — 1)) + (1 — a)7% ((1 — a)7¢ + )]
fe(re —1) o — (a0 — 1)7’0]2 [a(T 4+ 78) (10 — 1) — 1o (75 — 7)]

ON*
87‘0

_ Lat (a7 — 7) + 7 (2(av — 1)eTe — 20e))]
s fe(m =)o~ (@~ Dl lalr + 1) (rc — 1) — 7(r* — 7]

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 < a% which
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is not possible given that 7 > 0 by definition. Finally, aN “| — ]%| = %]TVC* + aaT]\é =
. L(l—a)a <0
fela—(a—1)1c]? )
Second, it follows from (1) that ﬂ < 0. Also,
Os  (I+a)7?+ (1 —a)7* + (de = 2)7'"° ~0

Otc A(re = 7)|[a(T + 7)1 — 70) + (75 — )70
Second, we prove that = > 0.

oP 1 e\ ON 1 ON*
- — Ps —€ -1 N 1l
ro=rg €1 (5—1) [TC eIV -7 (8TO+75_1 37(1)}

87’0

which is positive given that

AN 1 ON* __ —_e | ar?+(1—a)t® (a+(1—a)tc)+7i e (a(2e—a)+(1—a) (2e—1—a)TC :

otc + =1 g T Lar |: fela—(a—1)7c)?[a(r+78) (ro—1)—To (T8 —7)] ] <0, since the
numerator is a sum of positive terms while the denominator is negative for 7o < 1.

Next we prove that 3~ - > 0.

For the derivative of income it is enough to remember that I = L+ Nef(7¢ — 1) and that
< 0.

67'0

Finally, we prove that income increases due to terms of trade (BT; > 0) and opportunity
cost effects (BT} > 0) since all the other effects on domestic income are negative (BTy; +
BTy, <0 and B15 < 0)

(a) BT) > 0: This is so given that BT} = [ fp—%} and 2% ~ < 0.
(b) BTy > 0: When 7¢ = 7 the equilibrium is Symmetrlc thus there is no trade
o o o 2
. ) (7) _
in the homogeneous good and BT, = —7« ( P) B o Note that e =
aP;I — BPHP ) i .
% < 0 given that 2 = EIN*(H) (—m%%) < 0 and %% =
L T,
ﬁN(H) (1 ~ N ) > 0.
(C) B15 < 0:

x BT3 + BTz < 0: This is so given that
BTy + BT32 —ra($) 1 (F) [ St + (e - D],

0P}, TC ON 8P* _ _ p* ET

oo = Tl ( N ore ) > 00 Grglre=re=t = —P ey < 0 and
orP* e2r

8TC|TC —rp== R ey (wwe e prm e SR

* —€ *
x BTs3 < 0: This is so given that BT33 = {7‘& (PF> (Pl) 2—217 I"=L+ (1t —

P*
1)efN* and g% = (18 — 1)€ngJ\Z <0
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(d) —(BTy + BTy2) < 0: Note that since (

~(BTy + BTa) = 7o (%) 4 [ (3)

o (5) R [o (P07 2 — (- D82 <0

ot C
: oPp _ e Ar(1iz & ON* P
given that 78 = 75N () (—(8_1)N* 87’(;) < 0and 77= > 0.

Proposition 3: Unilaterally Set Production Subsidies. Let 7> 1, >1and 0 < a < 1.

Then the optimal unilateral production subsidy is positive but strictly smaller than the efficient
subsidy. Formally,

(1) BV(P(;?%J(TC)) <0
To=T4H=1

(2) 3V(P(g§g:1(‘rc)) >0
TC:Tézszl

Proof of Proposition 3.

(1) OV (P(r¢),I(1¢)) a((l—a)ré+7(a+e—1))

d7¢c .1 - (e=1)(re—1) <0
TC=TE=
OV (P(r¢),I(1¢)) o ag?7(T54-1)
(2) otc R T (e=1)(rE=7)(aT+7E)+(e=1) (T —T)) >0
To=TE=52

Proposition 4: Nash-Equilibrium Production Subsidies. Let 7 > 1, ¢ > 1 and 0 <
a < 1. Then the Nash solution of the trade policy game between the two countries implies a
production subsidy strictly smaller than the one needed to implement the first-best allocation.
The total number of varieties is larger than in the free trade allocation, but remains lower than
the first-best level. At the same time, the price level is lower than in the free trade allocation
but higher than the first-best level. Formally,

(1) 1> 7fesh > 7EB.
(2) NFT < Né\fash < NFB.
(3) PFB < PévaSh < PFT

Proof of Proposition 4. The Nash solution of this game will be symmetric due to the sym-
metric assumption across the two countries. Therefore, to derive 75/%" it is enough to compute
the best reply of Home, V(P (TC’TC) Ire7g)) = 0, and then impose symmetry, 7 = 75. Here,
P(1¢,75) is given by equation (30) ‘which is implied by the equilibrium expressions for N (7¢, TC)
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and N*(7¢, 78), equation (35). Moreover, I(7¢, 75) is given by L+ (7¢ —1)e fN(7x,7%). When

doing so we obtain a quadratic expression in 75"

CL( Nash) + bTNaSh Le=0 (61)
where a = a(1 —a)er®[(3—2c—a)T— (1 — ), b=af[(e -1+ )+ (1 —a)(e — 1 — a(2e —
)7+ 2e—2+a)le—1—ae—1))r'"and c = a?(e — 1)75((2e — 1 + )7 + (1 — a)7°).
Note that a < 0 and ¢ > 0. To prove that a < 0 it suffices to see that:

(i) 78 > 7 Ve > 1 and V7 > 1;
(i) l—a>3—-2c—aVe>1.

This implies that Ve > 1, « € (0,1) and 7 > 1, (61) has two real solutions, one positive and
one negative. Given that 7o € [0, 00), this implies that the Nash solution always exists and is
unique.

(1) (i) At 7¢ =1 we have: ard +brc+c= —a(t*—=7)[(e+a—1)7+ (1 —a)7°] < 0 implying
that 72" < 1 since a < 0.

o(e—1)(e+a—1)T(T4+7°)

Nash

(i) At &P = =L we have: ard+bro+c = > 0 implying 757 < 78

(2) Follows from (1) and Lemma 1 where we proved that d(]g+N <O0Vre=15<1.
(3) Follows from (1) and Lemma 1 where we proved that 8P >0Vre =15 < 1.

E Tariffs

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

Proposition 5: Cooperative Import Subsidy. Let 7 > 1, > 1 and 0 < a < 1. Then, if
To =TH = %, the cooperative policy maker refrains from using subsidies/tariffs on imports.
If 7o = 785 =1, the cooperative policy maker finds it optimal to subsidize imports. The total
number of varieties is larger than in the free trade allocation, but remains lower than the first-
best level. At the same time, the price level is lower than in the free trade allocation but higher
than the first-best level. Formally,

(1) If 7c = 75 = =L then, 77 °” = 1, N{*? = NP and P;°” = PP

(2) If 70 = 74 = 1 then, 70°% < 1, NFT < N < NFB and PFP < pFo® < pFT

Proof of Proposition 5. In the case of tariffs, the cooperative policy maker maximizes:

max V (P(rr,77), L(rr,77)) + V(P* (71, 77), I*(71,77)) (62)

TI,T]
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where P (77, 77) is given by equation (30) once we substitute in N (77, 7/) as implicitly determined

by equation (21). I(77,7}) is equal to L+ (17 — 1)7%7 P}y (71, 71)Cp (11, 77) + (10 — 1) N (77, 7} ) f
- * *\—€& *\E * *

where P} (17, 7]) = 5%17'5(]\[*(77,7'}“))1*6, Cr(11,717) = Pp(7y,77) ¢ P(77,7})C (77, 75), PR(11,77) =

ST TE(N (71, 7 ))1%5 and finally C(77, 77) is given by its equilibrium values in equation (31).

Symmetric conditions apply to foreign variables.

(1) To prove the first part of the proposition it is sufficient to show that if 7o = 75 = % the
cooperative policy maker finds it optimal to set 7, = 77 = 1.
By taking the derivative of (62) with respect to 7; and imposing symmetry, the first order
condition can be written as:
aet (71— 1) ((a + & — 1)7%7% + (1 — o) 7?77 + e757%) _
11 (15 + 1) (to7s + 71r) (a0 + € — 1)7e7s + (1 — a)(e — 1)771 + aeT)

It is easy then 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 if

Tc¢ = 7& = 1, no cooperative solution exists for 7, > 1; (ii) second we show that if
T = 76 = 1, there exists a solution for 7; < 1; (iii) third we prove that if 7o = 75 =1
TP < 1, NFT < N9 « NFB and PFB < PP < PFT If 1o = 75 = 1 then, by
taking the derivative of (62) with respect to 7; and imposing symmetry, the first order
condition can be written as:

A7 ()

By (r)

where:

A?OOP(TI) = ar(r'7] (11 2 — 2+ —2) + (e — 1)e)
+77 (el +e—2) — (e = V(e +e— 1) + (= )71, (e77 —e + 1))
BfOOp(TI) = (e—Vr (517 +71) (7577 + 777) (71 (T — 1) + 75717 + aT)

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

(ii) In order to prove that a cooperative solution exists for 7; < 1, consider that: (a)
AP (71) is a continuous function in 773 (b) AY?|. _; = —(1 — a)ar (7° +7)° < 0;
(c) AS°P|__y = 0 and (DAS° /07)|,,—0 = (1 — @)a(e — 1)7® > 0. Then by the fix
point theorem there exists a value 7; € (0,1) such that A (r;) = 0.

(iti) Finally we need to prove that if 7¢ = 7 = 1 7v°% < 1, N¥T < NY” < NFB and
PFB < pEo? < PFT 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
and reduces the price level. Indeed totally differentiating N at 7o = 75 =1, we

obtain: ON aN
dN = —d ——dT}
oy T or} 71



which after imposing symmetry can be read as:

dN O(N + N¥) __L(l—oz)om'(TE (e—=(e—=Dmp) 15 +7717) <0
dry ory r=rt fer (mr(1 — a) + 7275 + a1)’
At the same time when totally differentiating P we find:
c (1—¢)
v
e—1\e—-1
ON ON _. [ ON* 0N* e e
[a—ﬁdn + 87’}de1 + (r77)* (3 e dr} (9 - d7'1> — (e = 1)1 =N dn]

which once we impose symmetry can be written as:

>0

TI=T]

P P € (N + N¥)
dT]— e—1

e— 1)(1_6) {O T m)') T e 1)716716}

First note that <0 and > 0, together with point (ii) proving that the
cooperative solutlon entails 7'1 < 1, imply that N7 < N¢oP and PFT > pCoop,
Thus, we are left with the comparison between the cooperative solution and
the first-best. Imposing 7 = 75 = 7x = 7% = 1 and 77 = 7/ into (35) we
compute the number of varieties produced in each country in the symmetric

equilibriurn' N(rp) = fa(mifgfg):ﬁgﬁl)g). Thus, lim,, 0 N(77) = % Note
that > Lo — NFB for ¢ > 1 and 0 < o < 1. This implies that there

f(e—i-a 1)
ex1sts 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°7 = f(a,e,7) and 778 = 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 A7 - -Coop = 0 while 7B is such that

Lo T+(TTFB) o
N(r{P) = fe(om-—l—r(l( o)t +(T)TFB) 9 f(afa N = NFB Though it is not possible

to find an explicit solution for 7FB | the condition N(7fB) = NP simplifies to
(r7FB)e = —er7F'P +7(e —1). If we substitute this condition into A (7;) = 0
we obtain a cubic expression in 7;. The solutions are 7; = {*— =1, 1} However,
none of these solves (777)¢ = —e777 + 7(¢ — 1). More prec1sely, 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 /% < 7 always. From (i) it will then follow

that N°°” < Npg and PE” > PFB. To this purpose, note that f and g are
two continuous functions in the space {0 < o < 1,7 > 1, > 1}. This is so
since, by the implicit function theorem, we can compute the derivatives of 7§
and TCOOP 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 is either always 7/'% < 7C°% or the other way around. We evaluate both
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functions at {& = 0.5, = 2,7 = 1.5} and find 772 = 0.39 < 0.63 = 7°°% 2!
Thus, the cooperative import subsidy is always smaller than the one needed to
implement the first best number of varieties.

Lemma 2: Let 7> 1, e >1,0<a <1 and 71 =177 = 1. Then,

(1) If e =75 =1o0r 7c =75 = <% and € — 1 > « a unilateral increase in the import

tariff increases the price of imported varieties, decreases the total number of varieties

(8(]\;;;\]*) < 0) and increases the share of domestically produced varieties (5975] > 0). Over-

all, the domestic price index decreases (g—i < 0).

(2) If 7 =75 =1, then a unilateral increase in the import tariff increases income (g—TII > 0)

while if 7o = 15 = =D then the effect on income is negative (g—f] < 0). Moreover,

terms-of-trade and opportumty costs are always negative, while other effects on income
are always positive.

Proof of Lemma 2.

(1) In order to prove the first part of Lemma 2 we need to show that if 7« = 75 = 1 or
TC:Té:%ande—1>o¢, then:

(l) O(N+N*)

g < 0. This follows from:

ON Lot [(1+e—a)T+ (o +e — 1)77]
- = . . >0
7 - Jelr =72 +7)
ON* Lat[(1—a)m? +em® + (a+e — 1)751]
o == £)2 € <0
I | rgere 1 fe(r — 1) (1 + 79)
Summing the previous derivatives we obtain:
I(N + N*) L(1 —a)ar
aTI Te=TH=1 f€(7’ +T )
Moreover:
ON  Lar(e—1)[(1-a)ar® + (a+e—1)*7 + (e + a — 1)7'] -
a7 romrt—e=1 N fla+e—=12[a(r+7)+ (e = 1)(rc —7)] (7% — 72)

2IThe other solutions are either negative or zero, thus we exclude them since 77 > 0.
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ON*
07’1 TO:TéZE;I

_LOzT(e —De-1D1-a)r?+ela+e—1)7%+ ((e = 1) + a(2e — 1)) ~0
fla+e—=12[a(r+75) 4+ (e = 1)(78 — 7)] (7% — 72)

Again summing the previous derivatives one can show that:

_ L(1 —a)ar(e —1)
1 fla+e—1)%(1+79)

To=TH=5+

A(N + N*)
87’[

<0

(ii) 2= > 0. This can be seen from:
oty

s _rllat2e-Dria-ar
Oty To=T&=1 4(r— 7'5)2
ﬁ _ (e—Dr[(a+2e =17+ (1 —a)7]
011zt A=l —1) + = D=7

(iii) 52 < 0. Indeed:

opP __PT[€T+04(7'5—7')]
Orr To=T5=1 B (e —1) (% —712)
oP Pla(l—a)+ (e =1 —a)e] 72 '
il _ .
o ro=rf=5=1 (a+e—=1)(re+7)[a(t+7°)+ (e = 1)(7¢ — 7)] <0 ife-1>a

(2) In order to prove the second part of Lemma 2 we need to show that

(i) If 7o = 7& = 1, then 2L - > 0. Indeed:

oI Lart

el - >0

oTy romrimt T
Conversely, if 7o =785 = &= 1 then - < 0. In fact:
ol ~ Lae=D[((e=1)*+2e(c =D +ae—1)7° = (e =1)* =) 7] ~0
OT | g et B (a+e—1)2(f=7) (8 +7)[a(r+75) + (¢ — 1)(75 — 7)]

(ii) If 7c = 7% = 1 or 7¢ = 75 = == then a unilateral increase in the domestic tariff

has a negative opportunity cost effect (BT1; < 0), a negative terms of trade effect
(BT, < 0), a positive Foreign substitution and income effect (BT3 < 0) and a positive

domestic substitution and income effect (—(BTy + BTy2) < 0).

(a) BT, <0:
This is so given that BT} = [ ef < 1 ) 871} and > 0.
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(b) BT2 < 0:

(7)

Since we start from a symmetric equilibrium, BT, = —7« (P—If)_E 113 5 . Note
o(F) _ Gra-tpar (=
. T T _ * s _ ON*
that e 7 r Oglventhat— = 5N () ( (E_SN* an) >
oP _ +E T
0 and 5% = = N <—(5 G o, ) <0.

B15; < 0: Remember that BT5; = BT3, + B13y + BT3ss.
- BT3; + BT3, < 0: This is so given that

BTy + BTy = o () ' (%) [-eb 5k + (e - D2,

OPp T 0 * T

am_ 5N (1— (IJ)N&]—V>>O’ e lro=rg=1 = —P* =gt=y < 0
* 27'

and aTc ro=TE=51 T —-pP (a+s—1)((a+sil)75+(a—s+1)7—) <0.

- BT33 < 0: This is so given that BT53 = {Ta (1;;:
(18 — 1)efN* and g% = (18— 1)e %T]\Z <0
_<BT41 + BT42) > 0:
Note that ~(BT+BT) = 7 (%) 4 [e ()" (%P = 27r) + 354] =
ro (%) [P — (e DR p] > 0
given that %I:F TTCE N*(1 s) (1 R » 8_17\_/;‘> and
e \(17¢) pe_1-e —e e pT _cON*

o ==2(5) TP [(6—1)71 TTEN* — (g—;j+<m>1 %%)] <0.

Proposition 6: Unilaterally Set Import Tariffs/Subsidies. Let 7 > 1, e >1,0<a <1
and 11 = 7 = 1. The optimal unilateral import policy is to set an import tariff when starting
from the free trade allocation and to set an import subsidy when starting from the first-best
allocation implemented by a production subsidy. Formally:

(1) If TC

=75 =1, then

OV (P(r1),I(7r))
PUEGAE > 0

(2) If 70 = 74 = ==L, then 2XECDIEN

(97'[

Proof of Proposition 6.

(1) If 7o = 75 =1, it is easy to show that:

OV (P(ry), I(1))
87’[

at ((a+e—1)7° + (1 —a)71)
- ==

> 0.

Te=TH=1

(2) If 7 = 75 =1, it is easy to show that:

aV(P<TI), I(T[))

at? ((a+ 26 — 1)7° + (1 — a)7)

— < 0.

oty e (a(re +7) + (e = 1) (72 — 7)) (% — 72)
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Proposition 7: Nash-Equilibrium Import Tariffs/Subsidies. Let 7 > 1, ¢ > 1 and
0 < a < 1. When starting from the free trade allocation, the Nash-equilibrium tariff is positive
implying less varieties and higher price level than the free trade allocation. Differently, when
starting from the first-best allocation, the Nash-equilibrium policy consists of an import subsidy
implying more varieties and lower price level than the first-best allocation. Formally:

(1) If 7 = 75 = 1 then, there exists a 77" > 1 such that NNosh < NFT < NFB and
P[Nash > PFT > PFB.

(2) If 7o = 7 = = then, 7}/ < 1 and N} > N¥B > N1 and PFT > pFB > pNesh,

Proof of Proposition 7. In the case of tariffs, the non-cooperative policy maker maximizes:

max V (P(rr,7}), I(77,7])) (63)

TI
where P (77, 77) is given by equation (30) once we substitute in N (77, 7/) as implicitly determined
by equation (21). I(17,7}) is equal to L+ (1p — 1) 7% 7P (71, 71)Cp (711, 7F) 4+ (¢ — V)N (11, 7] )e f
where P} (17, 7]) = 6_%7’5(]\[*(7'], )<, Cp(7y, 7)) = Pp(1r, 7)) P(11,71)°C (71, T1), PR(T1,7}) =

STTx 1N (71, 7T ))1715 and finally C(77, 77) is given by its equilibrium values in equation (31).

(1) By taking the derivative of (63) with respect to 7; and imposing symmetry, the first order
condition evaluated at 7o = 75 = 1 can be written as:

AﬁVaSh(TI) 0
B ()
where
AYMr) = a(@ P (r (= D+ Dr(a+e—1) —a*(2e + 1) —2a(e — e + (e — 1)e + 1)
—|—as(a + e—1))+ 57’€+4 (=1 —a)(err—e+1)75
—er¥ 2 (r(a+e—1) —a —¢)
H—a—e+ D (e =D —e) 7 — (a— 1)1 ((a — D1 — @) (erp — e + 1))
BYNesh(r)) = (e — 1)1y (7575 + 777) (7'267'126 — 7'2) (o = D)1y + 75717 — ar) (17(1 — a1) + 7577 + a1)

To prove the first part of proposition 7 we need to show that: (i)there exist at least one
Nash equilibrium of the policy game for which 72" > 1; (ii) for such a 7V%" > 1, we
have Nszsh NFT NFB and PNash PFT PFB

(i) To show this point consider that:

(a) ANes"(77) is a continuous function of 77;
(b) ANesh|_ | =7 (75 —7) (75 + 7')2 (a+e—1)7°—ar+71] >0
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Aya5h|712551 — e ((g -7 (a(e —a)+a(l —a)+ (2e* — 3+ 1)) (58_7_1>

ET

+(1—a)(2e = 1)7*(e — @) + (2e — 1) (e — 1)7%(c — @) (5 —

<0

) +ate = 1 (er)

where the last inequality follows from the fact that f(g) = (262 =3¢+ 1) > 0
when ¢ > 1 because f(¢)|.=o = 1 and f'(¢) = 4e — 3 > 0.

Therefore, by the fix point theorem there exists a 1 < 7; < %5 such that AY*"(r;) =
0.

(ii) To prove this statement we recall that by point (2)-(iii) of proposition 5 the total
differential of N and P evaluated at the symmetric equilibrium (7; = 77), satisfies
the following conditions:

€ dN dpP
<— = — <0 — >0 64
TI e—1 dT[ dT[ ( )
Hence, from (i) and (64) we can be sure that there exists a solution 1 < 7Y*" < ==

such that NVosh < NI'T < NFB and pNesh > prT > prB,

(2) f e =75 = % and 7; = 77, the first order condition of (63) with respect to 7; can be

read as:
Aoy
BYesh(ry)
where
AY 1) = ale —2)E* P + (e — 1)e (a+ &% — 1) 775t

+a—-1)(+e—1) (a+e -1+
—(a+e—1) (045 +at+e+e— 1) phetlpdetl
+ (1= 200" 20— D)e? — (o~ Das + (a — 1)) 774775+
+e(ale = 1) = 1)(a+e — 1)7*t2
te(a+e— 127 —g(a+e - 1)((2a — 1)e + 2)7* 2=t
bela+e— PP ok e — IPrEEER (o — 12— er's?
+a—1)(e - D)7 (a2e —1) —e+1) + (1 — a)a(e — 2)et*r;
BY“M ) = 7 (7 +1r) (7 =) (e + e — )77 + (a — 1)(e — )77 — e — 2)7)
(a+e—-1)7171] +777(—c + a4+ — 1) + aeT)

The second part of Proposition 7 is proved by showing that if 7o = 75 = %: (i) there is no

solution of the Nash equilibrium of the non-cooperative policy game for 7; > 1; (ii) there

exists a solution of the non-cooperative policy game for 77 < 1; (iii) NNesh > NFB > NIT
and PT > pr'B > pNash,

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

polynomial in «; (b) if « =0 or a = 1, AVs" < 0; (c) a%{jm la=o < 0.

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

AYoh = (e = 1) (P (e + Verr —e(e — 1) + 1)
T (P +e—1) 17 — (e — 2)er +¢)
frietlpde ((82 +e— 1) 1 — (e — 1)8)
+7¥ (e — De (7 — 1)
+7r 72 (e(rr—1)+1)) <0
Ifa=1and 7 >1

ANash = _ 278 (rer8 1 1) (27“%17}54'1 te(m—D7r5rE + 2 (e — e+ 2)) <0
(c) To see why OAN®" /91, < 0 first consider that if a =0

Nash
a14[ 4e__4e

5 = 1%k + T Ry + TR ks + TRy + T ks
TI
where:

kK = —2e—-1e(rp—1)

ke = —((28%+e—2) 77 —2(e — 1)e)

ks = (e—2)(+e—1)17+((3—2e)e — 2)er; + (e — 2)¢”
ke = 1r[(8—2)err —2(e —1)e* + e —2] + (e — 2)¢?
ks = (e— 117 (2e17 —3e+2)+ (e — 2)e

First, we show that 0AN®" /97, < 0 for e < 2. Under this assumption x; < 0,
ko < 0, k3 < 0 and k3 — k4 < 0. In this case it is sufficient to show that
T4 R + T3 kg + Th ks < 0. Note that 77574 k) + 735 7% 0y + 7hks <
§(17) where 6(77) = (k1 + k2)T# + k5. It can be shown that §'(77) < 0. Tt follows
then from 6(7;) = —2¢ at 77 = 1 that §(77) < 0.

Second, we show that dAN" /01, < 0 for € > 2. Under this assumption x; < 0,
ke < 0 and k5 < 0 . Therefore in this case it suffices to show thatr/e7%k; +
T2 226 < 0 and 733Ky + 79375k, + Tk < 0 or alternatively that
81(77) = K1T¥ + k3 < 0 and 65(77) = Ko7 + kg4 + k5 < 0. These last conditions
are always satisfied because at 7; = 1, 6;(77) = 2 — 5e and d2(77) = —2 — 3¢ and
it can be proved that &,(7;) < 0 and §;(r7) <0 .

(ii) 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®" is a continuous function in 77; b) ANesh| _, =
—rla4+e—-1)T+7)(1-a)7+ (a+2—1)7°) < 0; ¢) AV**|__y = 0 and
(0AN®h /911)| =0 = (1 — @)a(e — 2)et® > 0 for € > 2. Then by the fix point
theorem there exists a value 77 € (0,1) such that AY*"(7;) = 0.
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(iii) We follow the same line of reasoning at point (1),(ii). To prove the statement we
show that if 7o = 75 = E;—l then dN/dr; < 0 and dP/dr; > 0 for 7; < 1. Totally
differentiating IV, imposing symmetry and assuming that 7o = 75 = ‘t—l lead us to
recover the following condition:

dN (N +N*)
d’T[_ 87‘]

_ L -a)ale -7 (°(e = (e = Dm) 7] +771)
. frr((a+e—-Dreri+7m(1 —a)(e — 1) + aer) 2

TI=T]

<0

for all 7; < 1. This implies also that dP/dr > 0 since:

dP Ps e (N + N*)
- = 1 l—e_1-€\ Z\"" * °" J -1 1—¢ —€ N*
dry e—1 <5 - 1) [( ) oT1 (e =D ]

TI=T]

F Export Subsidies

In this section while retaining the assumption 7; = 77 = 1, we prove the propositions and the
lemmata of section 6 where we allow for the use of export subsidies as main policy instrument.

Proposition 8: Cooperative Export Subsidy. Let 7 > 1, > 1 and 0 < a < 1. Then,
if To=T4H= ‘t—l, the cooperative policy maker refrains from using subsidies/tariffs on exports
and the number of varieties and the price level equal the first-best ones. If 7« = 75 = 1, the
cooperative policy maker finds it optimal to subsidize exports. The total number of varieties
increases compared to the free trade allocation, but remains lower than the first-best level, while
the price level is lower than in the free trade allocation, but higher than the first-best one.
Formally,

(1) If 7o = 78 = =L then, 7% = 1, N{*? = NFF and P{*” = PFB

£

(2) If 7o = 75 = 1 then, 7°” < 1, N*M < N{°? < N¥B and PP < P < PFT

Proof of Proposition 8.

(1) If 7¢ = 7 = =21, the cooperative policy maker solves:

max V(P(7x,7x), [(tx,7%)) + V(P*(7x,7%), I"(7x,Tx)) (65)

TX,Tx

Here, P(7x,7%) and P*(7x,T%) are given by equation (30), which is implied by the equi-
librium expressions for N(7x,7%) and N*(7x,7%), equation (35). I(rx,7%), I*(7x,7%)
are given by L + (7x — 1)7Py(7x,7%)Cr(7x,7%) + (t¢ — 1)N(7x, 7% )ef and L* + (1% —
1)TP;I(TX7 T)*()CF(TX’ T;{)+(Té_1)N*(TX7 T)*()Ef, where PH(TXa T)*{) = Ei_lTCN(T)ﬁ 7-)*()17—5’
1
Pr(rx,7%) = 576N (7x, 7%) 7=, Cr(7x, 7%) = Pp(7x, 7%) “P(7x,7%)°C(7x, 7% ), Cp(7x, 7%) =

Pi(rx,m%) P (1x,7%)°C*, Pp(rx,7%) = Ei—lTTXTgN*(Tx,T;()i, and Pi(rx,7%) =
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—=717xT7ecN (Tx,T)*()i. Finally, C(7x,7%), C*(7x,7%) are given by their equilibrium
values in equation (31).

Taking derivatives with respect to 7x and 7% and imposing symmetry, the first-order
condition can be written as

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

=0
Tx (1575 + 1) (775 + Trx) [~ (e + e — )7 + (e — 1) (e — 1)T7x — QeT]

It is straightforward to see that 7x = 1 is the unique solution to this equation. We have

already shown that 7. = 77 = %, Tx = Tx = 1 implements the first-best allocation.

Thus, N{°? = NFB and P{*? = PFB,
(2) If 7¢ = 75 = 1, the cooperative policy maker solves the same problem as in (1) but income
is now given by I(7x,7%) = L+ (7x — 1)7PyC} and I*(7x,7%) = L* + (7% — 1)7P};;Cp.

Taking derivatives with respect to 7y and 7% and imposing symmetry, the first-order
condition can now be written as

A (rx) _0
)
where
AP (rx) = ar[rt i rx Qo — e + e —2) + (e — 1)e] +
T r¥e(a+e—2) — (e — Drx(a+e—1)] + (o — 1)7?1x(e7x — e+ 1)]
B)C(OOP(TX) = (e—Drx (7575 + 7)(7°7% + 77x) (7x (T — a1) + 7°7% + a7)

Note that AS°P(rx) = AYP(r;) and BY*P(rx) = BY°P(r;) 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 of Proposition 5. It also implies that the cooperative
policymaker implements the same equilibrium allocation independently on whether he is
using import or export subsidies.

Lemma 3: Let 7> 1,e > 1, 0<a <1 and 7x =7y = 1. Then,

(1) If tc = 76 =1 or 7¢ = 78 = =%, a unilateral increase in the export tax decreases the
total number of varieties (8(]:;+;V*) < 0) and reduces the share of domestically produced

varieties (-2 < 0). As a result, the domestic price index increases (2£- > 0).
orx ) oTx

e—1

(2) Ifre =16 =1 or7¢ = 78 = ==, a unilateral increase in the export tax increases domestic
income (2

I 0). Moreover, terms-of-trade and opportunity costs are always negative,
while other effects on income are always positive.

Proof of Lemma 3.
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(1) We first consider the case 7¢ = 75 = 1:

ON  Lar((a+e-Drt + (e —a)7* +7°) <0
Irx fe(r =79 (= +7)

and that
ON* Lot ((—a+e+ D7t +ar? + (e — 1)7%) -0
OTx fe(r =1 (15 +71)

Moreover, taking differences of the above derivatives, it is straightforward to show that

ON  ON* __L(l—a)a7<0
orx  Orx |  fe(re+71)
Also
Os T((2—-1—a)r*+(1+a)7)
= — 5 <0
Otx 4(r —7°)
and
orP  _t(ar+ (e — a)1°)
oy L e—nrE=m) Y
and
ﬁ Lart

= >0
Oty T84T

(2) We now consider the case 7¢ = 7¢, = =+

ON  Lae— )7 (P2 (@ +e—1)+ (a2e — 1)+ (e — 1)2) 7 + (e — a)(a + € — 1)7%)

ox Flate— 12 (r% — 72) (a(r +7) + (e = ) 7))
ON* _ La(e—1)r((a+e® 1) + (e — 1)(a+e— 1)7* + ae7?) =0
OTx flate—=12(r% -1 (a(re+7)+ (e = 1)(7¢ — 7))
ON ON*] = Ll—a)ale—1)7
{%+ aTX} a2t
Os e—D71((2e—a—-1)"+ (a+1)7) <0

OTx 4(rs = 71)(a(te+7)+ (e = 1) (75 — 7))

orP T(aeT + (e —a)(e + a — 1)79)
Orx P(a +e—1D(r+71)(a(r+7)+ (e =1)(m — 1)) >0

0I _ La(e—Dr((a— (e —1)*) 75 + (26 — 1)(a+ e —1)7* + (¢ — 1)e7?) -
O (a+e—-12(% —71)(a(r +7°) + (e = 1)(7° = 7))
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where the last inequality follows from the fact that 7% > 757! and |(2e — 1)(a+e—1)| >
o — (e = 1)?].

(B)Let 7>1,e>land 0 < a <1 If ¢ =75 =1 or 7¢ = 75 = = then a unilateral
increase in the domestic export tax has a positive opportunity cost effect (BT} > 0), a
positive terms of trade effect (BT» > 0), a negative Foreign substitution and income effect
(BT3 < 0) and a negative domestic substitution and income effect (—(BTy; + BTys) < 0)

OTx

(i) BT} > 0: This is so given that BT, = [ ef ( ) —} and 2 < 0,

(ii) BT3 > 0: Since we start from a symmetric equilibrium, BTy = —7ta (££) 7 £ 9
_ T T * s _ T ON*
Note that — 5 = 2350 = = () ( G B‘rx> <
Py _ — ON
0 and # = ﬁN(lfe) (-mﬁ> > 0.
(iii) If 7« = 75 = 1 then BTy = BT3 + BT3y + BT33 < 0: This is so given that
BT3 + Bl3y =
P:\ "¢ ., 2 OP;
or () 1 () e ok (e~ D3] 5 = rros N (1- 4425 ) >
0 and
opP* (P2 (—ate) T2+ (—14ate) T )] <0

Te=TE=1 (=2 + 7))
(iv) Also, if 70 = 75 = 1 then BT3; + BT33 < 0 This is so given that BT3 + BT3e can
—1 a(i)
c (P_F> A @L]
P* TX 87—X P* ’
where the term in square brackets is given by:
57’3(—0z2+82—35+2)—[a2(5—1)+a(3(€—1)5+1)+2(5—1)25]TE+2+(04+€—1)(2a€—a—52)728+1
(at+e—1)(r26—72)[(a+e—1)Te+T(a—e+1)]
The negative sign follows since the first term in the numerator is strictly dominated

by the second term and also the third term is negative, while the denominator is
positive.

Moreover, BT33 < 0: This is so given that BT33 = {Toz (112:)76 (L) ﬂ], I =
L+ (78 = 1)efN* and §& = (16 — 1)ef G5 <0.

(v) =(BTy + BTy2) < 0:
Note that —(BTu + BTi) = 7o (%) 4 [o (3)" (3P — 85 0) + 853] =

ra(82)° L [guaF)—lfﬁ— (e — 1)8—%] <

OTx

Pr\ ¢
also be expressed as 7 < N ) C*

<0

P P oTx TX 0
; opp _ e aApe(12) (o _Tx__aN* P
given that e = TSN () ( =N 87X> <0Oand 5— >0

Proposition 9: Unilaterally Set Export Taxes/Subsidies. Let 7 > 1,e > 1,0 < a <
1 and 7x = 7% = 1. The optimal unilateral export policy entails a positive export subsidy
when starting from the free trade allocation, and an export tax when starting from the first-best
allocation implemented by a production subsidy. Formally:
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(1) IchzTé,:17 then%jﬁx))<o

(2) IfTC: é:%thenW>o

oTx

Proof of Proposition 9.

(1)
aV(P<Tx), I(Tx))

aTX

== (T(éti)_(gj_(;; 7)< (66)

Te=TH=1

(2)

OV (P(rx),I(rx))
aTX

_ar((l—a)r '+ (et e = 1)7* +er?)
o =)@+ - D - 1)

ro=rE =2

>0 (67)

Proposition 10: Nash-Equilibrium Export Taxes/Subsidies. Let 7 > 1, ¢ > 1 and
0 < a < 1. When starting from the free trade allocation, the Nash-equilibrium policy consists of
an export subsidy implying more varieties and lower price level than the free trade allocation.
Differently, when starting from the first-best allocation, the Nash-equilibrium policy consists

of an export tax implying less varieties and higher price level than the first-best allocation.
Formally:

(1) If 7o = 78 = 1, then 7{*" < 1, NI'B > N{ash > NFT and pFB < pfash < pFT,

(2) If 7¢ = 75 = =1, then 78" > 1, N{*" < N¥P and pPy*sh > pPFB.

Proof of Proposition 10.

(1) If 7 = 75 = 1, the Nash policy maker solves:

max V(P(rx,7x), [(Tx,7%)) (68)

TX
Here, P(7x,7%) is given by equation (30), which is implied by the equilibrium expres-
sions for N(7x,7%) and N*(7x,7%), equation (35). Moreover, I(7x,7%) is given by
L+ (rx — )7Py(1x,7%)Cr(7x,7%), where Py(rx,7%) = E%TCN(TX,T)*()i, Cr =
Pp(rx,7%) " P(7x, 7% )°C(7x, 7% ), Pr(7x,7%) = S 77x7EN* (7%, T)*()%E, and finally C(7x, 7%),
is given by its equilibrium value in equation (31).

Taking derivatives with respect to 7x and 7% and then imposing symmetry, the first-order
conditions at the symmetric Nash equilibrium can be written as

AY" (1x)

BY () o
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with

A= (1) = ofr M rx (Tx (e — a?e) + 20%e + (a— Da—e® +¢) —a?(e + 1) +a+ (e — 1)eg] +
T I (rx((a— 1) —a+e+ 1)+ a(—2e +e— 1) + (e — 1)*) + (e — 1)e] +
72 ¥ Irx(ale = Drx(a+e— 1) — 2a+ 1)e* — 2(a — 2)ae + (o — 1)a) +
elala+e—2)+e—1)]+
T E(e(a+e—2) — (e — Drx(a+e— 1) + m°mk(a +e — 1)}
BY*M1x) = (e — Drx(r575% + 177x) (%75 — 1) (—(a + D77y + 7°7% + a1)

(tx (T — ar) + 7575 + aT)

(i) In order to show that there exists a solution with 7y < 1, we first show that
A¥ash(ry = 1) is negative. This is so given that AY*"(rx = 1) = 7(7° — 7)(7°
+7)2[(a =171+ 7(—a—ec+1)] <0

(i) Next, we show that for € > 2 there exists a 7x € {0,1} with AY*"(7x) > 0. By
continuity of AY"(7x) this is enough to guarantee existence of a solution. Consider
Tx = % Then,

AJosh(rx = 22) = B[(e—2)*m* (a+e—1)+(e— 2)45 1748 (24-2e2 — e+ 3ac —2a) T+
(5—2)1+€e—8(4+2a 602 +3(c —2)e) 75+ + (222)™ (a6 —4) + (e —2) (2~ 2)) 724> +
3¢
7 (a?(6e — 4) + 2a(e — 2)(2e — 1) + &%) <M> ] > 0 since each of the coefficients
is positive for ¢ > 2. This proves that a solution with 7x < 1 exists.
(iii) Finally we show that N¥" < Npp and PY*" > PFB. We follow the same line of
reasoning we used in Proposition 5.
(a) Let 789" = 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. Hence, if 7y = 7" A¥esh(rlash) = 0. At the same time

8B is such Ny = fs(mff((fjog;fi()”x)e) = f(afg_l) = NFB_ 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 simultaneously. Once
we substitute the above condition into A" we obtain a fifth-order polynomial
in TX which can be factorized into two polynomials. The first polynomial is
—e7? (1x — 1) (v + € — 1), with solutions 7x = {1,1}. None of these solutions

solves (77x)¢ = —er7x + 7(¢ — 1). The second polynomial is cubic and we
call it AxNeh Tt can be shown that there exist at most one real solution of
AxNash - However, evaluating Ax %" at 74 = 1 and 7x = 0 we find that both
Axlash(ry = 1) < 0 and AxYN%"(7x = 0) < 0. Thus, by continuity of Ax> %",

either there exists no real solution or there are at least two zeros of AxY%" = (

that are real. Since we already showed that 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 7¥%" and the set of 757 in the interval [0, 1].

(b) The second step is to show that 758 < 78" in the interval [0,1] for any
{a € (0,1),7 > 1,e > 1}. To this end, recall that f and g are two continuous
functions in the space {0 < o < 1,7 > 1, > 1}, given that the derivatives
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of TEB 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 742 < 789" for any {a €
(0,1),7 > 1,e > 1} or the other way around. We evaluate both functions at
{a =05, =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 note that %(Tx) = %(TI) and %(TX) = 5—5(77) with the only dif-
ference that they are functions of 7y instead of 7;. Thus, from Proposition 5
we know that by symmetrically increasing the export subsidy in both countries
policy makers increase the number of varieties and reduce the price level, i.e. at

the symmetric equilibrium:

dN dP
— <0 — >0
dTX< dTX>

It then follows that N¥" < Npp and P{aesh > pFB,
(2) If ¢ = 7¢ = =1, the Nash policy maker solves the same problem as in (1) but income is
now given by I(7x,7%) = L+ (7x — 1)7Py(7x, 7% )Ci(7x,7%) + T N(7x, 7% )e f

Taking derivatives with respect to 7x and 7% and then imposing symmetry, the first-order
conditions at the symmetric Nash equilibrium can be written as

R = ™
where
A () = ar{—7"Pr rx((@® — 1) (e — DeTy + (—20° + a —2)e® + (a — 1)* + &%) +
e((a—1ae+ (a—Da—e*+¢)] +
¥ Irx(erx (@ + ale = 1)* = (e = 2)(e — 1)) —
Ple+1)+2a(—*+2+ 1)+ (e —1)(e%+ 1)) +ae’] +
P e — D](e - Drx (x(afe = 1) +1) — 2a + 1)) + (o + 1)e?] —
T (a+e— 1)} (e — \)7x —¢] +tirie(a+e - 1)}
BY*M1x) = 1x (7% + mx)(7%7E — ) |[(a+ e — )75 — (a+ 1) (e — 1)77x + QeT]

[(a4+e—1)71°7% + 77x(—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 7x < 1.

(ii) Next, we show that there exists at least one solution with 7x > 1. Note that
AVosh(ry = 1) = (e+a— 1) (°+7)[1 — )77 + e + 7%(c — 1 + )] > 0.
Thus, for a Nash solution with 7x > 1 to exist, by continuity of AY%"(7x) it is
enough to find a 7y > 1 such that AY*"(7y) < 0. It is straightforward to show that
lim,, o ANV (7x) = —00. Therefore, there exists a solution with 78" > 1.
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(iii) It remains to show that if 78®" > 1, then N¥h < NIFB and pYesh > pFB. In

a way similar to what we did in Proposition 5, we first look at % evaluated at

TC=Te = 52—1:
dN  O(N + N*) Ll —a)ale - )7 [r°75% ((e = 1)7x — &) — 77x]
drx OTx = JTx[(a+e -5 +77x(1 —a)(e — 1) + aet]?

Note that 2~ > 0 <= 775 [(e — 1)7x — €] — 77x > 0. Let us define the following

two contlnuous and monotonic functions f(7x) = (e —1)757¢™ and g(7x) = e77% +

TTx with f’(TX) >0, f"(tx) > 0,9 (7x) > 0and ¢"(7x) > 0. Note that f(1)—g(1) <
0 1mp1y1ng < 0. By continuity and monotonicity of the two functions, only two
cases are pos&ble They either never cross, in which case 4=~ < 0V7x € [1,00) and

consequently N¥e" < NFB_ Or, they cross only once. That implies that 37x > 1
such that f(TX) > g(7x), Vrx > Tx 1mp1y1ng >0 < 7x € (Tx,00). However

note that:
L € ~E
lim N = lim ok +7) = NFB
TX—>00 x—>o0 f((a+¢e—1)me7% + m7x(a(—¢) + a + ¢ — 1) + aeT)

implying that also in this case N§®" < NEB,

Finally, P{" > PIB follows from N{®h < NEB rlash > 1 and the fact that
1

_1
P)](Vash — (N)](Vash)liis [1 4 (TT)](Vash)l_Ei| 1—e while PFB — (NFB)ﬁ [1 —|—Tl_€]:-
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