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Abstract

We study trade policy in a two-sector Krugman-type trade model with home market effects. We conduct a general analysis
allowing for three different instruments: tariffs, export taxes and production subsidies. For each instrument, we consider
unilateral trade policy without retaliation.

When carefully disentangling the different effects that determine policy makers’ choices and modeling general equilibrium
effects of taxes/tariffs, we find — contrary to the results of previous studies — that production subsidies are always

inefficiently low and driven by the incentives to improve the (welfare relevant) terms of trade.

In the cases of tariffs and export taxes results depend crucially on whether the free trade allocation is efficient. When
starting from an allocation that is distorted because of monopolistic competition, the home market effect (and in the case
of export taxes also the desire to correct for the monopolistic inefficiency) induces policy makers to set a tariff (an export
subsidy). However, when monopolistic distortions are corrected, terms of trade effects dominate the choice of trade policy

and lead to an import subsidy (an export tax).

JEL: F12, F13, F42.
Keywords: home market effect, terms of trade, tariffs and subsidies.

Osszefoglalas

A tanulmany célja a kereskedelempolitika vizsgilata egy kétszektoros, Krugman-féle modellkeretben, amelyben megjelenik
a hazai piaci hatds. Elemzésiinkben hirom gazdasagpolitikai eszkdzre koncentrdlunk: vam, exportadd, és termelési tdmo-
gatds. Mindegyik eszk6z esetében az egyoldali, ellenintézkedés nélkiili esetet vizsgaljuk. Miutdn gondosan elkiilonitjiik a
gazdasigpolitikai dontéshozdkra gyakorolt kiilonféle hatdsokat, illetve figyelembe vessziik a vimok/addk éltaldnos egyen-
stlyi hatdsait, korabbi tanulményokkal ellentétben azt taldljuk, hogy a termelési timogatdsok talsigosan alacsonyak, és a
(j6léti szempontbdl relevins) csereardny javitdsdnak igénye hatirozza meg Gket. VAm és exportadé esetén az eredmény attdl
fiigg, hogy a szabadpiaci egyensily hatékony-e. Amennyiben a szabadpiaci egyensilyt monopolisztikus versenybdl adédé
torzuldsok jellemzik, a hazai piaci hatas (illetve exportad6 esetén a monopolisztikus torzuldsok korrekcidjanak igénye) arra
Osztonzi a dontéshozokat, hogy vamot vessenek ki (exporttdmogatést). Ha azonban a monopoltorzuldsok megsziintek, a

cserearanyhatdsok domindlnak és az optimalis politika az importtdmogatds (exportado).
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1 Introduction

The aim of this paper is to study trade policy in a version of the Krugman (1980) model of intra-industry trade
with monopolistic competition and increasing returns. We consider a two country version of the Krugman
model with two sectors: one with monopolistic competition, increasing returns and iceberg trade costs and
one that features perfect competition and constant returns. Within this framework, we study the unilateral
incentives to set production subsidies/taxes, import subsidies/tariffs, as well as export taxes/subsidies.!

In our analysis, we disentangle three different effects that drive policy makers’ incentives to set trade policy
unilaterally and which they have to trade off against each other. First, a standard terms of trade externality
- the desire to manipulate international prices in favor of the domestic economy by decreasing the relative
price of imported bundles. Second, a home market (production relocation) externality. This externality leads
policy makers to induce firms to locate in the domestic economy, so that domestic consumers can save on
transport costs and benefit from a lower price level. Third, a misallocation between the differentiated and the
homogeneous sector due to monopolistic pricing that implies a too low number of firms in the differentiated
sector.’

When a production subsidy/tax is the only instrument available, single country policy makers subsidize
domestic output, but never up to the level that would implement the Pareto-optimal allocation. The reason
is that the terms of trade externality always dominates the other effects. Lower subsidies imply lower relative
prices of importables in world markets, whereas the home market effect would call for over-subsidizing
production in order to attract firms to the domestic economy:.

In the cases of import tariffs and export taxes, the novelty of our analysis is to show that optimal unilateral
policy choices depend crucially on whether the initial allocation is efficient. There are two reasons for this.
On the one hand, when the initial allocation is inefficient, the volume of trade is low because there are too
few firms in the differentiated sector.> Consequently, the terms of trade externality is less relevant than in the
case of efficiency. On the other hand, the price level is higher because less varieties are available, therefore the
incentive to decrease it is stronger. Thus, the home market effect is more important than when the allocation
is Pareto-optimal.

Specifically, when starting from an inefficient allocation - the case considered in the previous literature -
single countries’ policy makers subsidize domestic production using import tariffs or export subsidies. They
do this in order to save on transport costs (home market effect) and, in the case of export subsidies, also to
correct for the monopolistic distortion. In contrast, if the inefficiency of the initial allocation is eliminated
with production subsidies, the terms of trade externality dominates. Thus, policymakers find it optimal to
reduce the number of domestic varieties using an import subsidy or an export tax.

Finally, if we allow for an elasticity of substitution between varieties that is larger than the trade elasticity, im-
port subsidies (export taxes) are optimal for most of the relevant parameter space, even when not correcting
the monopolistic distortions.

Our results differ from those of the previous literature that has analyzed trade policy in a two-sector Krug-
man model. There are several reasons for this. First, we consider income effects of trade and production
taxes, while previous contributions have either assumed that tariffs are a pure waste (Venables (1987), Ossa
(2008)) or that utility is quasi-linear (Helpman & Krugman (1989) Bagwell & Staiger (2009)). While these
assumptions guarantee analytical tractability, both eliminate important general equilibrium effects. Second,

Twe investigate cooperative and strategic determination of trade policy in Campolmi et al. (2010).

2 The inefficiency arises because there are two sectors in the model — a perfectly competitive one and one with monopolistic competition. In their seminal
paper, Dixit & Stiglitz (1977) showed that the market solution is not first best Pareto optimal in their model and that subsidies on fixed costs and on
marginal costs are required to implement it. More recently, Bilbiie et al. (2007) find a similar distortion in a closed economy model with endogenous
variety once they introduce endogenous labor supply (a second sector).

*Ina symmetric equilibrium all trade is intra-industry.
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INTRODUCTION

we use an alternative definition of the terms of trade, which turns out to be extremely useful if one wants
to understand optimal trade policy choices. While the previous literature has considered relative prices of
individual varieties in world markets as the terms of trade, we define the welfare relevant terms of trade as
the relative optimal price index of imported goods.* This definition highlights that also policy instruments,
which do not have a direct impact on world market prices of individual varieties (e.g. tariffs), have terms of
trade effects.” This is because all policy instruments affect the number of domestic and foreign differentiated
varieties and therefore the welfare relevant price indices. Third, we are the first to underline the role played

by the inefficiency of the initial allocation on trade policy. This allows to interpret existing results in a new
light.

For example, Venables (1987) interprets the result that a small production subsidy or an export subsidy
increases welfare in the light of a home market effect, while we show that the subsidy is always smaller than
the one that implements the Pareto-optimal allocation. This implies that domestic policy makers try to
improve their terms of trade rather than to increase the number of domestic firms above the efficient level.
Still, they choose a positive level of subsidy because the number of firms in the decentralized equilibrium
without policy intervention is too low.® Turning to his results on tariffs, which has recently been confirmed
by Ossa (2008) in a strategic setting, he finds that a country’s welfare is always raised by a unilateral increase in
its import tariffs because of the home market effect. However, we show that this result does not go through
and that the terms of trade effect dominates when the initial allocation is efficient.”

Finally, Bagwell & Staiger (2009) consider a variant of the two-sector Krugman model with quasi-linear utility
and allow policy makers to simultaneously choose tariffs and export taxes in a strategic setting. They show
that in this special case Nash-equilibrium policy choices are explained exclusively by the desire to manipulate
international prices and not by the home market externality. We study strategic interaction in our more
general framework in Campolmi et al. (2010).

Summarizing, the main contributions of our paper are the following ones. We isolate the different incentives
that determine policy makers’ objectives and show how they interact. Moreover, we show that home market
effects never determine trade policy in the case of production subsidies/taxes and that when considering
tariffs and export taxes as the trade policy instrument results depend crucially on the (in)efficiency of the
initial allocation. We also clarify what the welfare relevant terms of trade are in this model and make clear
that both home market and terms of trade effects coexist even when we consider a linear outside good and
tariffs as the only policy instrument.

The paper proceeds as follows: The next section sets up the model and Section 3 presents the equilibrium
conditions. In the following sections we discuss the definition of the terms of trade and the different incen-
tives that determine policy makers’ choices. Section 6 is dedicated to studying trade policy, while Section 7
concludes.

* This welfare based definition of the terms of trade is common in the international macroeconomics literature. See for example Corsetti & Pesenti (2001)
and Epifani & Gancia (2009).

5 This statement holds true with constant returns in the homogeneous sector (which implies factor price equalization).
® Romer (1994) emphasizes that the effect of trade policy on the number of differentiated varieties in the economy has large welfare effects that dominate

other effects of trade policy (such as terms of trade effects). Here, we show that this statement is correct as long as the number of varieties is inefficiently
low.

7 As shown by Gros (1987), this would not be the case in a one-sector economy where it is always optimal to set an import tariff due to terms of trade
effects. In the one-sector model, the number of varieties is fixed and the competitive equilibrium (with or without trade) is Pareto-optimal. Hence,
neither monopolistic distortions nor the home market effect play any role for policy makers’ incentives. At the same time, without the linear outside
good, trade policy has an effect on factor prices and affects the terms of trade. Thus, our results are consistent with his.

MNB WORKING PAPERS ¢ 2010/6



2 The Model

The world economy consists of two countries: Home and Foreign. Each country produces a homogenous
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 homogenous good sector. Both countries are identical in terms of
preferences, production technology and market structure. In what follows Foreign variables will be denoted

by a (¥).
HOUSEHOLDS

Household’s utility function in the Home country is given by:

U(C,z)= cez'~= 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 homo-
geneous 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. We allow
for a general specification of the consumption aggregators with two different elasticity of substitutions, one
between Home and Foreign goods (1) and one between goods produced in the same country (¢):®

i/

21 71 n—1
C= [CH” +C,’ ] n>0 @

N = N* 1 =
CH:UO c(b)%ldh] CF:UO c(f)%df] e>1 3)

Foreign consumers have an analogous utility function. Let p(h) (p*(h)) be the price paid by Home (Foreign)
consumers for domestically produced varieties while p(f) (p*(f)) is the price paid by home (foreign) con-
sumers for imported varieties. In general, p(h) # p*(f) and p*(h) # p(f) because of transport costs, taxes
on production, on imports and on exports. Households inelastically supply L units of labor. The budget
constraint of Home consumers reads as follows:

PC+p,Z=WL+T, 4)

where W is the wage, p, is the price of the homogeneous good, P is the price of the differentiated bundle
and 7T is a lump sum tax/transfer which depends on the tariff/subsidy scheme adopted by the domestic
government and which will be defined later. The solution to the consumer problem gives the following
demand functions and price indices:

e Home’s and Foreign’s demand for differentiated varieties produced by Home:

—1

N e N* =
8 Note that when n = ¢, C = [fo c(h)y=dh+ fo c(f)= df] " i.e. the model collapses to the standard one considered in this literature. Al
our main results on trade policy are derived under the assumption n = ¢.
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THE MODEL

(e o O]
c(h)= [E] Cy c(f)= [ P ] Cr ®)
= [PFH}_WC Ci= [%] _WC* ©6)

e Home’s and Foreign’s demand for differentiated varieties produced by Foreign:

— “p] 7
c(f):[%[)} C c*(h):[pp(* )] c %
H
P77 P
c=[2]"c c;:[];j] c ®)

l—a P 1—aP*
Z= — Z"= —C )

a pz a py

e Domestic price indices:
P=[P;"+P, ] (10)
N == N* =
Pu=| [ pras] pe=| [ prar] an
0 0

e Foreign price indices:

Pr=[pP; 74Py E (12)

N* — N 1+
Py = UO P*(h)l_sdh} Py = Uo P*(f)l_gdf] (13)
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FIRMS IN THE DIFFERENTIATED SECTOR

Firms in the differentiated sector operate in a regime of monopolistic competition. They pay a fixed cost in
terms of labor f and then produce with a constant returns to scale technology:

y(h)=Lc(h)—f, (14)

where L-(h) is the amount of labor allocated to the production of the differentiated good 5. Goods sold
in the foreign market are subject to an iceberg transport cost T > 1. Governments in both countries can
use three policy instruments: a production tax/subsidy on fixed and marginal costs (7), a tariff/subsidy
on imports (7;) and a tax/subdsidy on exports (ty).” A (*) indicates the Foreign policy instruments. We
assume that subsidies (taxes) are received (paid) directly by the firms. Equivalently, we could have consumers
receiving (paying) them from (to) the government.

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 7o W and optimal prices paid by Foreign consumers
equal domestic prices augmented by transport costs and tariffs:!°

e

p(h)=7c w p'(f)=rx7p(h) (15)

e—1

In the same way, Foreign firms’ optimal pricing decisions lead to:

e

ph=r

wr p(f)=rrry7p(h) (16)

c—1
HOMOGENEOUS GOOD SECTOR

Both countries can produce a homogenous good using the same production technology:

Qz=1Ly (17)

where L, is the amount of labor allocated to producing the homogeneous good. The good is sold in a
perfectly competitive market without trade costs. Consequently, the price equals marginal cost and is the
same in both countries:

pr=W Pz="0y (18)

Due to the assumption of constant returns to scale, and as long as the homogeneous good is produced in both
countries in equilibrium, which we will assume for the rest of the paper, there is factor price equalization:

pr=p,=W=W" (19)

? In general T, indicates the gross subsidy/tax for € {C,I,X } i.e., T; < 1 indicates a subsidy, 7; > 1 indicates a tax while when 7, = 1 the policy
instrument is not used.

10 Following the previous literature (Venables (1987), Ossa (2008)), we assume that tariffs and export taxes are charged ad valorem on the factory gate
price augmented by transport costs. This implies that transport services are taxed.
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THE MODEL

GOVERNMENT

The government of each country disposes of three fiscal instruments. A production tax/subsidy (7.), a
tariff/subsidy on imports (7;) and a tax/subsidy on exports (). All government revenues are redistributed
to consumers through a lump sum transfer 7'. The government is assumed to run a balanced budget. Hence,
the government’s budget constraint is:

N
(r; = D)1y tP;,Cp+(tyy — )Py Cr+(1¢ — 1)WJO (y(h)+[f)dh=T (20)

Total 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 the
production tax revenues.

MNB WORKING PAPERS  2010/6 11
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3 Equilibrium

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. This implies
that in equilibrium price indices can be written as:

h “(h
P) _ Ph) s 1)

Py, P
Pp =175, TP Pr=1,7x7tPy (22)

FREE ENTRY IN THE DIFFERENTIATED SECTOR

The assumption of free entry in the differentiated sector implies that monopolistic producers make zero
profits in equilibrium:!!

II(h) = c(h) [p(/o)— TCW] +c*(f) [Tp(h)— TTCW] —frcW=0 (23)

Combining the optimal pricing rule with equation (23), we obtain:

c(h)+zc(f)=(—-1f (24)

Substituting the demand functions into (24) and using (21) and (22), the zero profit condition for firms in the
domestic differentiated sector can be rewritten as:

e () (e (2fe]
T ?, ?, CO G,

An analogous condition can be derived for firms located in Foreign:

(e —1)f =N*"T= <P—H> N [(P—> ' C* 4,1k gln <£>n C] (26)
P, ?, X P,

GOODS AND LABOR MARKET CLEARING CONDITIONS

For each differentiated variety produced by Home the following market clearing condition must be satisfied:

y(h)=c(h)+c'(f) 27)

Therefore, the zero profit condition (24) and market clearing (27) imply that the production of each variety
is fixed and the same is true for the varieties produced by Foreign:

1 Remember that firms pay (receive) taxes (subsidies) to (from) the government. Taking this into account, firms’ revenues from exporting are given by

C(NEL = (F)ep(h)

T TX
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EQUILIBRIUM

y(h)=(e=1)f yi(h)=(e=1)f (28)
The market clearing condition for the homogeneous good is given by:

Q+Q,=Z+7", (29)

which, using the demand functions, can be written as:

(=[P P
QZ-I-QZ‘:— |:—C+—C] (30
a |p, 1

Finally, equilibrium in the labor market implies that L = L + L, with L, = NL-(h) in the symmetric
equilibrium. Making use of (14) and (28), we have:

Lo=Nef Q,=L—Nc¢cf (31
and for Foreign:

Lo=N¢ef Q,=L"—N'¢f (32)

BALANCED TRADE CONDITION

The model is solved under the assumption of financial autarky, so trade is balanced. Net-exports of the
homogenous good by Home are defined as:

l1—a P
¥ _M=q,-—2" ¢ (33)
a  pz
Hence, the balanced trade condition reads as follows:!?
Tty Py Crt py <ZX - ZM> =17, P;,Cr (34)

The left hand side of the above expression is the sum of 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.

Combining (33) with (22), (34) and the demand functions, we can rewrite the balanced trade condition as
follows:

1—a) P P\ /P \" P\ (P
Q,= ( a)_C_i_TI—’)(T;T)l—O <_H> <—> C - T}‘_”(TXT)l_v <_H> <_> c” (35)
a  p, p; Pz Pz P

12 Import tariffs/subsidies are collected directly by the governments at the border so they do not enter into this condition.
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PRICE INDICES

Using the optimal pricing rules (15) and (18) together with equations (17) and (21) (and the corresponding
ones for Foreign), relative prices can be written as follows:

Py € L o Aps
— = TcNT= — = TN (36)
p, ¢—1 p, ¢—1

P P 1-n P* 1-n 7 Px P* 1—7) P 1-n llﬁ
- [<_H> +(7y7ye) <—H> ] —= [(—H> +(7y7x7) " <—H> ] (37)
2 b, P, b, b, b,

The free entry conditions for the two countries (25) and (26), the market clearing condition for the homo-
geneous good (30) and the balanced trade condition (35) together with the expressions for price indices just
derived and (31) and (32) fully characterize the equilibrium of the economy. For the case 7 = ¢ it is possible to
solve the system explicitly for N and N*. The expressions for these variables can be found in the Appendix.

1
1—

Before going into the details of trade policy choice under different instruments, in the next two sections we
clarify two main points. First, the relevant definition of the terms of trade. Second, the different economic
incentives that determine unilateral trade policies.

14  MNB WORKING PAPERS * 2010/6



4 The Welfare Relevant Terms of Trade

One crucial aspect of our study of policy makers’ incentives to set trade policy is to define the terms of trade
in the way that is relevant for policy makers. All previous contributions in this literature (Venables (1987),
Helpman & Krugman (1989), Ossa (2008), Bagwell & Staiger (2009)) have defined the terms of trade as the
pi(h) THTE
T);P(b) ot
of a linear outside good, relative wages are one. Consequently, only export and production taxes can affect
these relative prices.

relative prices of individual varieties in international markets, . Because of the assumption

However, these are not the relative prices in international markets that are welfare relevant. Domestic con-
sumers — and thus domestic policy makers - are interested in how many units of foreign bundles they can
buy for a given amount of domestic bundles. This relation is reflected in the trade balance condition (34).

Dividing (34) by (t7yPy) we obtain C; + <T7.'§—ZPH> VAV <%> Cp, where the left hand side is
the value of domestic exports and the right hand side is the value of domestic imports. In this relation all

variables are written in terms of optimal consumption indices.!®> Consider the case in which Home imports
the homogeneous good (ZX = 0). In this case an increase in the relative world market price (before tariffs

. . . . . . TP} .
are applied) of the Foreign differentiated bundle in terms of the domestic bundle <TX = > hurts domestic
X*H
consumers because the amount of Foreign differentiated goods they can buy for a given amount of domestic
goods decreases. Similarly, an increase of the relative price of homogeneous goods in international markets
p,/(tTxPy) in terms of domestic exports also lowers the purchasing power of domestic exports in terms of

Foreign goods.

As a consequence, the two relative world market prices that are of interest for domestic policy makers - and

thus the welfare relevant definition of the terms of trade - are (73, P};)/(7x Py) and p, /(t7x Ppy) if Home is

an importer of the homogeneous good.!*

. .. . e g . TP}
Using the definition of the price indices, we can write the welfare-relevant terms of trade as <TX - > =
X*H

<N£> ot TX TC Hence, the relative international price of imports of differentiated goods in terms of exports
X*tC

depends positively on the relative number of varieties produced domestically. It also depends directly on

domestic and Foreign production subsidies 7, 7/, and eXPOrt taxes Ty, T % - Note that the previous literature

has only considered the second part of the above expression as the terms of trade, omitting the part that

1
N*) ~'. Intuitively, an increase in N* for a given N

increases the utility derived from a given expenditure on the Foreign bundle.

depends on the relative number of domestic varieties, (K

It becomes clear that with the definition of the terms of trade we propose here, all policy instruments (pro-
duction subsidies, tariffs and export taxes) affect the terms of trade indirectly, by changing the distribution
of firms located in the domestic and in the Foreign economy.

B The consumption indices are the Hicksian demand functions for the respective bundles, which minimize expenditure for a given utility level.

! If Home is an exporter of the homogeneous good, (TT)*(P;I)/pZ is the second relevant relative price.
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5 Single Country Policy Makers’ Incentives

In this section we clarify the role played by different inefficiencies/externalities in affecting a country’s deci-
sion over its trade policy.

For the case commonly studied in the literature 7 = ¢, it is possible to derive closed form solutions for the
equilibrium allocations and prices. In that case we can use the representative consumer’s indirect utility
function to disentangle the different effects that determine unilateral trade policy choices. In the rest of this
section and whenever we want to provide analytical results, we will restrict preferences to this special case.

Up to a constant, indirect utility in logs can be written as'

log(V(P/p,,I))=—alog <P£> + log <pi> (38)

The first term, which can be interpreted as an inverse measure of the real wage, is decreasing in the relative
price of the differentiated bundle. The second term is income in terms of the homogeneous good (labor).
Differentiating indirect utility with respect to the dummy trade policy instrument 7;, we obtain

ax/p,)  9d/p,)
é)log(‘/(P/ppI)) _ 37,‘ 37,‘

8Ti a ap/pz +1/pz

Thus, trade policy affects indirect utility through two channels. On the one hand, it impacts on indirect

utility through its effect on the relative price of the differentiated good. Since pﬂ can be written as [N +

z

(39)

N*]1+ [s*rcl_5 + (TET]T;}T)I_E(l —s)] ﬁ, where s = ﬁ,
and indirectly (through changes in s and in (N + N*)). On the other hand, indirect utility changes through
trade policy’s impact on domestic income.

trade policy affects relative prices both directly

Note that income can be expressed from the trade balance.!® Using the definition of consumption indices,
and substituting the labor market clearing condition, the trade balance condition can be rewritten as:

PN N I [, I\ (5P (P oy
(#) () () (om0 ) = (22)(3) (5)er @

z

Totally differentiating this equation with respect to the policy instrument and collecting terms, we obtain:

2(3)

ar;

1

=B~ (B, +B,+B;+B,+B;), (41)

Pz

where B, = (L—efN—(l—a)p#) M—Q<P—F>_E <P_) L&](;i(iZ)

z ng'

s () 2]

15 gee appendix for derivations.

16 Alternatively, income in terms of the homogeneous good can also be expressed as L + T/pz. However, starting from the trade balance makes it
easier to identify the different economic channels.

MNB WORKING PAPERS ¢ 2010/6



SINGLE COUNTRY POLICY MAKERS’ INCENTIVES

= [ ) () ) £ 200 (39 () 421
o=[+(3) (1) () w0- ()]

We are now ready to discuss the different channels that determine unilateral trade policy.

First, with positive transport costs, there is a home market (production relocation) externality. Domestic
policy makers try to induce firms to relocate to the domestic economy, so that domestic consumers can
benefit from lower prices, since they save on transport costs. In terms of indirect utility, this effect works
through a decrease in P/ p, by changing the relative weights of domestic and Foreign varieties, s and (1 — ).

Second, there is a terms of trade externality. Countries have market power both in import and in export
markets - they face an upward sloping export supply and a downward sloping import demand curve. Hence,
single country policy makers try to render the relative prices of imported bundles cheaper in order to maxi-
mize the total purchasing power of domestically produced goods in international markets. In this way they
can increase domestic income by importing more for each unit of exports.

In fact, the terms of trade externality is an income effect.!” Condition (41) clarifies exactly this. In this
expression By is the impact of the policy instrument on the domestic terms of trade for given quantities of
imports. If the domestic country is an importer of the homogeneous good the first term is negative. Hence,
if the change in the policy instrument reduces the relative import price of homogeneous goods - for example
by reducing the number of domestic varieties - this affects domestic income positively. The second term is
the relative price of imports of the differentiated bundle in terms of exports of the differentiated bundle. A
reduction in this price also increases domestic income. It is clear that there is an inherent trade-off between
the terms of trade effect and the home market externality, since the first implies a reduction in the number

of domestically produced varieties while the second one calls for an increase.!®

Third, there is an efficiency effect of trade policy. Without trade policy intervention, the number of differenti-
ated varieties at the world level, N + N* is too low relative to the amount of production of the homogeneous
good. This is due to monopolistic price setting in the differentiated sector. In particular, if not corrected
by the production subsidy, the price markup charged by firms in the differentiated sector leads to an equi-
librium with an inefficiently low number of varieties and an inefficiently high level of production of the
homogeneous good because the marginal rate of substitution between the two sectors does not equal the
marginal rate of transformation. In order to correct for such an inefficiency, policy makers have an incentive
to subsidize production. By doing so, they can either completely (production subsidy) or partially (import
or export subsidy) eliminate the price markup in the differentiated sector, thus increasing the world number
of varieties, N + N*. This monopolistic distortion incentive enters P/p, where it induces policy makers
to increase N + N*. Hence, it is easy to confuse the desire to correct the inefficiency due to monopolistic
competition with the home market effect. In addition, both the home market effect and the efficiency effect
enter I/ p, through the term B, that reflects the opportunity cost in terms of production of the homogeneous
good of increasing N.

17 This is well known. See, for example, Obstfeld & Rogoff (1996), Chapter 1.

18 As explained below, 32 is the opportunity cost in terms of production of the homogeneous good of a change in domestic production of differentiated
varieties that is caused by a change in trade policy . The terms B3 and B4 measure Foreign substitution and income effects induced by changes in
domestic trade policy. Other things equal, an increase in Foreign demand for domestic goods due to a fall in their relative price or due to higher Foreign
income, augments domestic income. This is because it allows Home to import more Foreign goods. Similarly, 35 is the domestic substitution effect.
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6 Trade Policy

We now study optimal trade policy without retaliation for production taxes (¢, 7(.), import tariffs (7, 77)
and export taxes (7,7} ). In each case, we analyze only the choice of one instrument at a time, so we do
not allow, for example, policy makers to set simultaneously import tariffs and export taxes.!” A detailed
analysis of coordinated trade policy and strategic trade policy interaction for each instrument is provided in
Campolmi et al. (2010).%°

In order to better understand the results for the different policy instruments, it is useful to consider the
efficient allocation as a benchmark. While we refer to Campolmi et al. (2010) for the formal derivations,
here it is enough to summarize the main result. The first best allocation can be reached by setting the
production subsidy in each country at the level required to eliminate the price markup in the differentiated
sector (T¢ =T = i, T =T, =Tx =Ty = 1)

For each of the policy instruments we then investigate two cases. Under the first hypothesis, the monopo-
listic distortion in the differentiated sector is not corrected (i.e. 7 = 7 = 1), while under the second one
it is offset by an appropriate production subsidy (i.e. 7c = 7 = (¢ —1)/e). These two scenarios allow to
disentangle the consequences of the inefficiency caused by monopolistic pricing in the differentiated sector
from the other effects.

For comparison with the existing literature, our main set of results is derived under the assumptions n = ¢.
For this case we provide analytical proofs.

We also show how results change when 7 # ¢. In this case the general equilibrium and the optimal policy
problem do not have explicit analytical solutions. Thus, we have to rely on numerical simulations.

PRODUCTION SUBSIDIES

In this section we consider the case of a production subsidy/tax. We assume that this is the only available

policy instrument, i.e. weset 7, =7; =Ty =Ty = L.

Benchmark case: n=ce

We start from a situation where none of the two countries is using the production subsidy (i.e. 7c =77 =1)
and ask what the optimal choice of 7 for Home would be under the assumption that Foreign keeps 7. = 1.

We first present a numerical example to illustrate the different economic mechanisms at work.?!

Figure 1 shows the behavior of some key variables for both countries as functions of the domestic production
subsidy. An increase in the domestic subsidy increases demand for domestic differentiated goods and thus,
other things equal, generates positive profits for producers located in the domestic country. This causes firms
in the differentiated sector to enter the domestic market and to leave the Foreign one until zero profits are
reached. Hence, the subsidy to production causes agglomeration. Overall, the increase in N more than
compensates the decrease in N* and pushes the number of varieties available at the world level closer to

19 Hence, when policy makers choose import tariffs, 7y and T; are always set equal to one. This is an important difference with respect to the analysis
in Bagwell & Staiger (2009).

20 |n that paper we investigate optimal trade policies both from the perspective of single country policy makers, studying the Nash equilibrium of the game,
and from the perspective of a cooperative authority that maximizes average welfare of the world economy.

21 For our numerical example we consider ¢ = 4 and transport costs 7 = 1.4, which are standard values in the literature. Anderson & Wincoop (2004)
estimate an international trade cost excluding policy barriers of around 60% for industrialized countries. This splits into a transport cost of 21% and
a 32% international trade costs excluding policy barriers, such as language and information costs (0.6=1.21*1.32-1). We view this as rather high but
our results are perfectly robust to choosing this number for trade costs. We set the expenditure share on the differentiated sector « = 0.4, as in Fujita
et al. (1999). We use this calibration throughout the paper.
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efficiency. This comes at the cost of worsening domestic terms of trade. Domestic utility as a function of the
subsidy is hump-shaped, reflecting this trade-off. Overall, the terms of trade externality predominates and
utility is maximized at a level of domestic subsidy that is strictly smaller than the efficient one (7 = %1 =
0.75). Interestingly, even though now production is more efficient at the world level, Foreign is worse off.
This is due to the higher transportation costs Foreign consumers have to pay after the relocation of firms to

Home.

To abstract from the role played by the desire to correct the inefficiency caused by monopolistic competition,
we run a second experiment starting from the first best allocation, i.e. we set 7o = 5. = <=1, This is done
in Figure 2. A unilateral decrease in the domestic subsidy from the efficient level increases domestic utility,
even though it lowers domestic consumption of differentiated goods. Hence, the optimal strategy given
that the other country chooses an efficient subsidy, is to deviate to a smaller subsidy. This causes exit of
firms in Home and entry in Foreign and improves domestic terms of trade, while lowering the aggregate
level of efficiency. Home is under-subsidizing and not over-subsidizing domestic production as the home
market effect would require. We can then conclude that in the case of production subsidies the terms of trade

externality dominates.??

Having gained some intuition, we now move to proving these statements formally.? First, we show that an
increase in the domestic subsidy indeed increases the number of domestic firms at the expense of Foreign.

Lemmallett>1,¢>land0<a<l Ifrc =17 <1then <O >Oand|g |- |3N|<O

Lemma 1 implies that, starting from a symmetric equilibrium where either no country is using the subsidy
or both are subsidizing at the same rate, a unilateral increase in the domestic subsidy 7-2* increases N at the
cost of a reduction in N*. At the same time the world level of differentiated varieties, N + N*, increases.

Next, we decompose the welfare effects of an increase in the domestic production subsidy using (39) and the
following Lemma:

Lemma2LetT>1,5>1andO<a<1.IfTC:Téflthen%>Oand%>O.
Tc Tc

Increasing the production subsidy has two opposing effects on indirect utility. On the one hand, it increases
indirect utility by lowering the domestic price index. This welfare gain reflects both the home market effect
and the reduction in the monopolistic distortion. Both increase indirect utility by improving the purchasing
power for a given income level. On the other hand, it decreases indirect utility by reducing domestic income.
Intuition for the sources of this welfare loss can be gained from (41). The term B, > 0% implies that an

22 An alternative interpretation of the difference in outcomes depending on the (in)efficiency of the initial allocation could be based on Grossman &
Helpman (1991), pages 82-83. The authors shows (in a closed economy setting where the equilibrium number of varieties is efficient) that the
introduction of an an additional variety to the economy has two effects: 1) a gain in consumer surplus and 2) a profit destruction effect (negative
income effect). When starting from an efficient number of varieties, these effects exactly cancel each other. If, however, — as in our case — the number
of varieties is inefficiently low, the gain in consumer surplus from more variety outweighs the profit destruction effect. Thus, a policy maker would
subsidize production of differentiated goods in order to increase variety. This is also true in our setup when considering the perspective of a world
policy maker that maximizes average welfare of the world economy. In our setting things are more complicated from the domestic policy maker’s
perspective, since domestic income is determined in world general equilibrium. Thus, domestic policy makers do not trade of the world’s marginal
gain in consumer surplus against the world’s marginal income effect. Instead, they take into account that in the presence of trade costs introducing
an additional domestic variety cuts disproportionately more into the profits of domestic firms than into the one of Foreign firms, causing negative
income effects at Home. We interpret this effect as a worsening in the welfare relevant terms of trade. Alternatively, one could split the change in the
welfare-relevant terms of trade into a profit destruction effect and a change in the terms of trade of individual varieties (which worsen because of the
production subsidy). The conclusions remain the same.

Al proofs can be found in the Appendix.
24 Recall that higher subsidy means moving 7 from 1 to 0.

2 The proof of the signs of the B’s can be found in the appendix.
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increase in the production subsidy causes the terms of trade to move against Home. Moreover, the cost of
reducing monopolistic distortions augments as indicated by the term B, > 0 which captures the domestic
opportunity cost in terms of reduced production of homogeneous goods.?® Whether the price or the income
effect predominates crucially depends on the (in)efficiency of the initial allocation. This is proved in the next
Theorem:

Theorem 1 Let > 1, >1and 0 < a < 1. Then:

W
1) Tee ) <0
Te=1,=1
W
@ 5| 7"
Te=Te=T
(3) L& >0if r<4ore—1>a.
dre
TC:"E;I,Tézl

The first part of Theorem 1 states that starting from a free trade equilibrium countries always have an incen-
tive to set a small subsidy. Parts 2 and 3 state that this subsidy is always®” inefficiently low, independently of
whether the other country also subsidizes production. We therefore conclude that the terms of trade effect
always outweighs the other effects in the choice of the production subsidy. This is an important result be-
cause it contradicts the standard wisdom that in the two-sector Krugman model countries have an incentive
to oversubsidize production in order to attract more firms (Venables (1987)).

The intuition for Theorem 1 is the following. At the free trade allocation the gains from lowering the price
index are high due to the inefficiently low number of varieties. In addition, the opportunity cost from
reducing the homogeneous good is negligible due to its abundance. At the same time, the income effect is
small because the volume of trade is low, thus the terms of trade externality is weak. However, as we move
towards the efficient allocation, the gain from lowering the price index decreases while the opportunity cost
increases, thus weakening both the home market and the inefficiency considerations. Moreover, the terms of
trade externality is strengthen as the volume of trade increases.

Implications of 7 75 £

Next, we check if the previous results generalize to the case 7 < ¢.2® The main advantage of this more general

ification is th hut off the h ket effect? (b i =1 dth listic dis-
specification is that we can shut off the home market effect™ (by setting 7 = 1) or/and the monopolistic dis
tortion (by letting ¢ — 00). The drawback of this more general model is that it cannot be solved analytically,
so we have to rely on simulations.

In Figure 3 we report both the subsidy that implements the first best allocation (top) and the optimal do-

mestic subsidy/tax (bottom) for the case when 7. is set to one. We consider = € [1,2] and ¢ € [2,8].%°

26 There are also some other effects but all go in the same direction as the home market effect. The Foreign substitution effect is positive ( B3 < 0), since
Foreign demand shift towards Home differentiated varieties and this more than compensates for the shift of Foreign demand towards homogeneous
goods. In the case in which Foreign sets a positive subsidy, there is a positive income effect in Foreign (B4 < 0). The increase in the domestic subsidy
increases Foreign income because it reduces the Foreign subsidy bill through its effect on firm delocation. Finally, Home demand shifts away from
Foreign varieties and away from homogeneous goods. This also has a positive effect on domestic income ( B5 <0).

% Note that the third part of the theorem is always satisfied for £ > 2, a standard value for the trade elasticity.
28 n < ¢ guarantees that demand for varieties is increasing in the sectoral price index.

2 With 7 = ¢ and no transport costs domestic and foreign varieties are perfect substitutes, so that a positive production subsidy set by one country
induces the whole differentiated sector to locate in that country i.e. it induces full specialization.

30 Given that n < g, for this exercise we set n= 2 in order to study also cases with very strong inefficiency due to monopolistic distortion.
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TRADE POLICY

Several things are worth noticing. First, the efficient production subsidy does not depend on the level of
transport cost and approaches one (no subsidy) as ¢ increases. Second, the domestic country always chooses
a production subsidy lower than the efficient one, independently of the level of the monopolistic distortion
and the level of the transport costs. Third, without the home market effect (v = 1) and with sufficiently low
monopolistic distortions (high ¢) the terms of trade externality becomes strong enough to induce domestic

policy makers to tax production at a positive rate. Results are qualitatively the same when considering the
=131

&

case T =

TARIFFS

Here, we explore what drives single country policy makers’ incentives when the only instrument available
to them is an import tariff. Again, we analyze the impact of a unilateral change in the domestic tariff in the
absence of Foreign policy intervention (7} = 1).

Benchmark case: n=c¢e

First, we study the effects of a unilateral change in the domestic tariff when the number of varieties is inef-
ficiently low (i.e. 7c = 7 = 1). In this scenario a positive tariff improves domestic welfare. This result is
consistent with Venables (1987) and Ossa (2008) and can be explained as follows.

When unilaterally setting a tariff/subsidy on imports (see Figure 4), the domestic policy maker faces a trade
off between different effects. On the one hand, a tariff induces firms to relocate to the domestic economy and
allows domestic consumers to save on transport costs. On the other hand, a tariff worsens domestic terms of
trade and exacerbates the inefficiency due to monopolistic competition by reducing N+ N*, the total number
of the varieties produced in the differentiated sector. Differently from the case of the production subsidy, here
the home market effect prevails: a tariff on imports increases domestic welfare by boosting consumption in
the differentiated and in the homogenous sectors. The impact of a unilateral change in the domestic tariff
on the terms of trade is weaker than in the case of the other policy instruments because tariffs affect terms
of trade only through their indirect impact on the relative number of varieties (Nl) At the same time, the
potential efficiency gain of subsidizing imports is smaller than the one of a production subsidy since tariffs do
not allow to correct distortions in the price of domestically produced goods. However, under the assumption
that the monopolistic distortion is removed by a production subsidy (Figure 5), the optimal unilateral policy
is an zmport subsidy. An import subsidy renders local differentiated goods relatively more expensive and
induces households to increase their demand for Foreign goods. As a consequence, firms agglomerate in the
Foreign economy and the number of domestic varieties is reduced while the Foreign one is boosted. This
increases the domestic price level but also improves domestic terms of trade, which allows Home to import
more differentiated goods for each unit of exports. In other words, when the monopolistic distortion is
removed by an appropriate production subsidy, the terms of trade externality more than compensates the
rise in transport cost generated by an import subsidy.

We now turn to a more formal analysis. First, we show that an increase in the domestic tariff always increases
the number of domestic varieties at the expense of Foreign. In addition, setting a higher tariff always reduces
the total number of differentiated varieties. Lemma 3 summarizes these results.

Lemma3Llett>1,6>1,0<a<land7;=7;=1. Then,whenrc =7. =lorrc =71
IN* dN IN*
_871 <Oand|9_‘r1|_|371

c~ = > dr;

| <O.

3 The figure is not reported to save space but is available on request.
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Again, we can decompose the welfare effects of an increase in the domestic tariff using (39). We first consider
the case in which the initial allocation is inefficient.

aP/p,

1/p,
dr |7C:TE’71:T ”

— % —_
971 |TC—TC,TI—TI

Lemma4Llett>1,6>1,0<a<1,7;=1and v =1. Then
0.

;<Oand

When there are no policy interventions a positive tariff always increases welfare. The mechanism behind this
is the home market effect, which increases the relative weight of cheap domestic varieties in the domestic
consumption basket. This outcome dominates the negative effect on the world number of varieties that
exacerbates the inefficiencies due to the monopolistic distortions. Lemma 4 formally proves the impact of
tariffs on the Home price index and on domestic income. It confirms Venables (1987)’ and Ossa (2008)’s
results and their claim that in their analysis (where there is no correction of the monopolistic distortion)
ignoring income effects by considering tariffs to be a pure waste is not a restrictive assumption. In fact, in
this special case the income effect due to a tariff is always positive and reinforces the home market effect.’?
However, results turn around when we consider an initial allocation that is efficient:

dP[p,

— -k —_
dr; |TC—TC,T1—T

LemmaSLetT>1,5>1,O<a<1,TI:13ndTC:@. Then

| —_— — K
El 7, lTe=T0T=1

;<Oif€—1>aand

According to Lemma 5, as long as ¢ — 1 > a, a tariff renders domestic differentiated goods cheaper even
when the monopolistic inefficiency is completely offset by an appropriate production subsidy. Conversely
the income effect is negative in this case. This switch in the sign of the derivative of income can be explained
as follows. When starting from an efficient equilibrium, the volume of trade is larger than when starting
from an inefficient equilibrium 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
in terms of homogenous good of increasing the domestic production in the differentiated sector is higher
because homogeneous goods are no longer inefficiently abundant.

Theorem 2 formally proves that the optimal unilateral tariff is positive when starting from a free trade allo-
cation and negative (an import subsidy) when starting from the Pareto-optimal allocation implemented by a
production subsidy.

Theorem2Let v >1,¢>1andO<a< 1. lf 7o = . =1, then g_%n:r;:l > 0. However, if 7 = Te =

e—1 dw
- then 3_7-1|T]—T;:1 < 0.

On the one hand, the first part of Theorem 2 confirms Venables (1987)’s and Ossa (2008)’s result that the
optimal unilateral trade policy is a positive tariff, even when we allow for redistribution of tariff revenues. On
the other hand, the second part of Theorem 2 makes clear that this result depends crucially on whether the
initial allocation is efficient. When starting from the Pareto optimal allocation, the optimal unilateral policy
turns out to be an import subsidy. Like in the case of the production subsidy, at the efficient allocation
the high volume of trade strengthen the terms of trade externality. Simultaneously, the relative low price
level implies a weak home market effect and a high opportunity cost of reducing the production of the
homogeneous good.

32t we look at the decomposition of (41), it becomes clear that the income effect is positive because the terms of trade effect is dominated by other
effects. A positive tariff implies a shift in Foreign demand towards domestic varieties (B3 > 0). Similarly, domestic demand shifts away from Foreign
varieties ( Bs > 0). Both effects increase domestic income. In contrast, the terms of trade externality and the opportunity cost decrease income
(B1 <0, B2 < 0). Finally, the Foreign income effect, B4, is zero, since there is no Foreign policy intervention.
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Implications of 7 75 £

Here we check if these results are robust to allowing ¢ to be different from 7.

Again, let us first treat a situation where the production subsidies 7 and 7, are set equal to one. Figure
6 plots the optimal tariff/subsidy on imports as functions of the elasticity of substitution among varieties
¢ €(2,8) and the iceberg cost T € [1,2] with 7 being equal to 2.

Consider first the case T = 1. This implies that the home market effect is absent and the only incentives
for policy makers are terms of trade effects and the elimination of monopolistic distortions. Consequently,
the optimal policy is an import subsidy (i.e. 7; < 1). As ¢ becomes larger and larger, policy makers are
less willing to subsidize imports (i.e. the optimal import subsidy tends to one). When ¢ increases, the
differentiated sector converges to a competitive sector which produces a single variety and the elasticity of
N with respect to tariffs becomes zero. As a consequence, both motives (the correction of the monopolistic
distortion and the incentive to improve the terms of trade) for subsidizing imports vanish.

Moving next to positive but sufficiently low levels of transport costs, single country policy makers still find
it optimal to subsidize imports while for high transport costs the optimal policy is a tariff. The intuition
is straightforward: while terms of trade effects and monopolistic distortions determine policy choices for
low transport costs, the home market effect prevails for high transport costs. Note, however, that if ¢ is
sufficiently bigger than 7, the optimal policy is an import subsidy even for transport costs of around 40%.

We can then conclude that the results of Venables (1987) and Ossa (2008) are not robust to the plausible case
in which the elasticity of substitution between varieties is greater than the trade elasticity, even when we start
from an inefficient allocation.*®

EXPORT TAXES

Finally, we briefly discuss the case of export taxes under the assumption that r;, =t =7} = 1.

Benchmark case: n=e

Once more, in the first scenario we study unilateral deviations from free trade under the assumption that
the monopolistic distortion has not been eliminated. Figure 7 shows how a deviation to a positive subsidy
on exports that attracts more firms to the domestic economy and increases the overall number of varieties
available at the word level improves domestic welfare. The intuition is the same as in the production subsidy

case.34

The second scenario (Figure 8) considers the case where the monopolistic distortion has been eliminated by
production subsidies (tc =77 = ;1) Now a unilateral deviation to a positive tax on exports, that relocates
firms to the Foreign economy and induces an overall reduction in the number of differentiated varieties,
is welfare improving since it improves domestic terms of trade. Again, at the efficient allocation, the high
trade volume leads to a strong terms of trade externality. At the same time, the price level is low and the
opportunity cost of reducing production of the homogeneous god is sizable, thus implying a weak home
market externality.

3 Our finding that a positive import subsidy is optimal if the monopolistic inefficiency is corrected remains valid independently of the values of 7 and ¢.
The figure is omitted to save space but is available from the authors on request.

3* Gains from reducing the price level are high and opportunity costs of reducing Z are low because the number of differentiated varieties is too low. At
the same time, the terms of trade externality is weak due to the low trade volume.
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Implications of ;é &

In Figure 9 we report the optimal domestic export tax/subsidy for the case 7c = 75 = 1and 7}, =1
for different values of ¢ and 7. While the home market effect and the monopolistic distortion call for a
subsidy, in the benchmark case the terms of trade externality would require a tax and the first two effects
predominate. Figure 9 shows that this result does not go through in a more general setup where we allow
for the intra-industry elasticity ¢ to exceed the trade elasticity 7. On the one hand, one might consider this
result as not so surprising given that, by increasing ¢, we are reducing the monopolistic distortion and also,
as explained earlier, the home market externality. On the other hand, ¢ needs to be only marginally bigger
than 7 for the optimal strategy to be an export tax, thus underlining the weakness of the previous result.
When considering the case 7o = 7 = 57_1, it is always optimal to set an export tax, independently on the
level of 7 and ¢, thus the terms of trade and revenue externalities always predominate in this context.”

3 To save space we do not include this figure. The relevant figure is available on request.

24  MNB WORKING PAPERS * 2010/6



7 Conclusions

In this paper we have studied unilateral trade policy in a two-sector variant of the Krugman (1980) model
of intra-industry trade. We have isolated the different incentives that drive policy makers’ choices. These
are determined by three main effects: a terms of trade effect, a home market externality and a distortion in
the aggregate allocation due to monopolistic pricing. In addition, our analysis has revealed what the welfare
relevant terms of trade in this model are. Contrary to the point of view of the previous literature, which has
considered the prices of individual varieties in international markets as the terms of trade, we have shown
that policy makers care about aggregate relative price indices of importables and not only about the prices
of varieties. This implies that terms of trade effects and the home market externality coexist even when
considering tariffs and a homogeneous good produced with constant returns that fixes relative factor prices.

Our main contribution has been to show that all previous results on trade policy in the two-sector Krug-
man model depend crucially on the inefficiency of the free trade allocation. Indeed, monopolistic distortion
implies an inefficiently high price level and a low volume of trade, thus strengthening the incentive to agglom-
erate firms and weakening terms of trade externalities. This leads to the optimality of import tariffs/export
subsidies and production subsidies. Differently, at the efficient allocation, gains from further reduction in
the price level are small while opportunity costs of reducing the production of the homogeneous good are
high (weak home market effect). At the same time, the terms of trade externality becomes strong due to the
high volume of trade. Thus, domestic policy makers optimally choose to set import subsidies/export taxes
and inefficiently low production subsidies.

The analysis in this paper sets the foundations for studying strategic trade policy in this set-up. Now that pol-
icy makers’ incentives have been clarified, Nash equilibrium policy outcomes, where many of the incentives
that determine policies are obscured by strategic interaction, can be investigated. We relegate this analysis to
our companion paper, Campolmi et al. (2010).
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Appendices

A Equilibrium allocation and prices for the case
nN=¢

Under the parametric restrictions 7 = ¢, it is possible to recover the equilibrium allocations and prices
(and then implicitly single country welfare) as a function of the parameters of the model and of the policy

instruments. Since we are studying production subsidies and tariffs, we set Ty =7} =1.

Under those assumptions relative prices in (37) simplify to:

P I L
P_z:z?il [Nee+ N (mree) ] p_Z:ei1 [N 4N (rere) )T @)

Combining the zero profit conditions (25) and (26) and substituting out the expressions for the relative prices
(36), it 1s possible to derive the following expression for C and C*:

fle=D () () () ((erje)” = (zL))

C= >

(43)

x\¢ . 2¢
TT) T =T

fle=1(5) G (o) (o) 7))

2

e (44)
(7777)° o _r

Using the trade balance condition (35), the labor market clearing condition (31), the equivalent equations for
the foreign country, and the expressions for C, C*, p£ and Z;— just derived, we have the following system of

equations in N and N*:

—L+AN+A,N =0 (45)
—L +A§N +A91‘N* =0 (46)
the solution of which is:
L(A, —A* LA*—A
— % N* = % (47)

where:

(- a)s(TT])ETé_E <(TT;TC)€ - T(T*C)E> ~ fsfm'lc_‘? ((TT]TZ,)S - TT€C>

a <T26(T[T;)€ — 72> 25(717;‘)5 — 7?2

A= +fe (48)
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f(1— a)sﬂ'lc_E ((TT]TE)S — "L'Té) fs’rrlc_s <(T'L’1T*C)E — TT?)
T

A= (49)
2 a <T2€(TI’Z';)€ —T2> ZE(TIT;)E — 2
— et (T ((rr¥rn ) — o(Th)° (TN ((rrpo1m8) — 7(rh)°
Asz(l 2)er( §> <f ; i) ( C>)+fe (te) 25(( *CE,> : (z2)) 50)
a<T (ryr) =7 ) () -7
1—a)e(rtd) ()= ((vr;78)° — 2t er(ti) ((rrite) — v(Th)F
A;:f( ) ( ]<) EE(C> *)S(_ 12>C> C> _f < T25(<T T:)EC_ ,1_2 ¢ >+f5 (51)
a (7t (r;7 T 7]

Finally substituting equation (9) into the budget constraint, it is possible to write consumption as a function
of income:

I /P\7!
c=al <_> 52)
7, \p,

where I = WL+ T. Substituting (9) and (52) into the utility function, taking logs and disregarding the
constant, gives the (log) indirect utility:

74 1 <P>+1 <1> (53)
=—alo — fo) —
5 2 5 Y2

An increase in the production subsidy on a one hand increases W due to the reduction in the price level, but
on the other hand it also reduces it due to the negative effect on income.
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B Production Subsidy 7.

We can now proceed to prove the lemmas and theorem relative to the production subsidy. First, we compute
the derivatives of N and N* w.r.t. 7 and evaluate their sign starting from a symmetric situation 7o = 7.

3N|

Lemmallett>1,¢>1land0<a<1l.Ifrc =17 <1then <O o= T&—|E.

JIN
Proof. 5=

—
TC=Te

La[t? (2 + (1—a?) o) + 77 (2(1—a)(e = Do+ ae = 1)) + (1 — )™ (1 —a)tc + ) |

i (54
fe(rf—1) [a —(a— 1)TC] [a(f + 1)t —1)— (7 — T)]
JIN* _ Lat [a(tf — 1)+ 7° (2(a — 1)eTe — 2a¢) ] 55)
dtclee=r,  fe(z*—71)[a=(a—)1c]’ [a(r+75)(rc = 1) = 1c(z° = 7)]

The denominator of both expressions is negative whenever 7~ < 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 7. < aﬁ, not possible given that 7~ >= 0 by definition. Finally, | | -

IN _ L(1—a)a
|5’TC| gfc drc ™ fc'[a—(a—l)fc]2<o "

Next, we prove the effects of a change in the production subsidy on relative price of the differentiated goods
and on domestic income.

oL a-L
Lemma2Llet t>1,e>1and0<a <1.If 7¢c =77 < 1then 5~ >0and 52~ >0.
Tc Tc

Proof.

P P p 1 e \I= /PN . DN — ol IN 1 JN* 5
p_z / TCTC:TE_€—1<£—1> p_z felem DN =7 &)TC+TE_18TC G6)

For the derivative of the price index it suffices to notice that
IN 1 IN* __ —e | et +(1—a)r¥ (a+(1-a)tc)+7 (a2e—a)+(1—a)(2e —1—a) T
Jre T =10 = Lat 2 :

Tc TC fe(r*=1)[a—(a=1)rc] [al(r+7*)(rc—1)—Tc(r° —1)]
sum of positive terms while for the denominator we already proved it to be negative. For the derivative of
income it is enough to remember that pi =L+Nef(re—1)and that < 0. m

] < 0 being the numerator a

Before proving the theorem on the welfare consequences of a change in the production subsidy, it is useful to

8
decompose 2= into the different effects as in (41).
Tc

Lemma Allett>1,e>1land0<a < 1. IfTC:T*CSIthenBl>O,BZ>O,B4<OandBS<O. If

TC:Té:1orTC:TE:%thenalsoB3<O.

Proof.
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e By > 0: When 7o = 7/, the equilibrium is symmetric thus there is no trade in the homogeneous
i <P_H> IPylbz p _ OPylps pe

Py EEz H™ " 9r H .
good and B; = —a o= < 0 given that
C

2 () fare = N (b 80 ) <Oand 0 (B2 forc =
>

rilN(%><1 (TC) 88_N> 0.

<P_F>‘E (P_> L@

= o Note that

e B, > 0: Thisis so given that B, = [ <

IN
Py ) dtc é’TC
2.
pP*

e B, < 0: This is so given that B; = a<£> p_< ) |: ﬁx;z 32T/PZ+( _1)31’ /Pz}, % =
z C Tc C
& T— T SN 8]7 /PZ ET
w5y N (1= 2 82) > 0 T o1 =~ iy < O and
ar*/p, | _ _ P 52’[' <0
R Tczrézi—fl - p, (a+e—D)((a+e—-1)T+H(a—c+1)T) :

o\ —¢ (& .
e B, < 0: This is so given that B, = [a <1;—F> <£—Z> g’:)], ;— = L+(tL —1)efN" and 3{9]—4? =
of T

P PF ¢ 1 pz P/pz pz 2 aPF/pz P gp/szF ap/pz pz —_
e B;<0: NotethatBS_ap— <7> ARSI <?> ( Jre b T e Z>+ Eraoll

Py (PENTF I p, IPg/p, IP/p, p,
PH<;> pz_[E<E> ‘9FTC —(e=1) dtc ?i|<0

given that d < >/8TC _T—N*(l— )<_$%> <0and 9;/52 > 0.

Before proving the effect on domestic welfare of a change in the domestic production subsidy (Theorem 1),
we derive the necessary and sufficient condition for N > 0 and N* > 0 i.e. no specialization in the case in
which 7 = <! and 75, = 1. This will then be used in the proof of Theorem 1.

LemmaA.2LetT>1,5>1,O<a<1,TC:%andTZ:1. Then, N > 0 and N* > 0 if an only if

(1 + %1) 4 (1 — %1) ) (%1)

Proof. When 7. = 57_1 and 77, =1, the equilibrium number of varieties is given by:

e I )
TGt e e (I 2 (5 )

() (2
NT= f(f e —(e—1)° r)((%l)f_(1+ﬁ)Ta—1)

Note that 2 (5—_1>€ — 75714 717¢ < 0 given that 77! 4+ 717 > 1 and <ET_1>E < 1. The last inequalities
. € (=Y 3
follows from lim__, (5—_1> =1and % = <€—_1> <10 < >+ —) > 0 for all e. Also, note that

& e c
(e =1)*7 —&°7° <0. Therefore, N > 0 if and only if (1 + )7 =1 _ <55T1)E 0.
Moving to N*, we have that the denominator is always negative when N > 0. Therefore, N* is positive when

N>0ifandonlyif 2(=55)" = (14 Z25)r 7 +(1— &) ~) <o
Finally, note that the condition on N* implies the one on N. Indeed,

(1+—1)T”—1+(1 0(1) 1—r>2< > 2(1+8‘1T1)T€_1><ﬁ>€
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Why this is true it can be proven by contradiction. If (1+ -25)7° 7! < <%1> then (1—- 25)r'™ < (%)

But hence (14 25)7°~ Tya- =)t I=e <2 ( ) which contradicts our initial assumption.

Theorem 1 Let 7> 1,e >1and 0< a < 1. Then:

M
@)
3)

W

aw

a’rcl

Proof.

M
©)
&)

ErS |7C—T

E |TC:T*C:

0
C_1<
=1 >0

*_1>Oifr<4or5—1>a.
=

aw _ a(a=1)r*—1(a+e-1))

E|Tc= =1 (e—1)(v°—7) <0

g_Wl _ ae?r(t°+1) >0

drclte= TC—TI T (e=1)(r" =) (a(tH+E)+(e—1)(r" —71))

We prove it in two steps. First, we show that a sufficient condition for —| _;>0ist>

(=

T> (sil

3b

)fcj. Second, we show that under the assumption of no spec1al1zat1on (N > O and N* > 0),

)jifr<4or£—l>a.

QTC |Tc— — —1 -
_ a(f—l) zsifrf_z + ac ™ (e—1F2(ate— 1)
R 2y e ) P o oy ey
Note that a sufficient condition for the first term to be positive is T > <—1> 1. Indeed, this

implies that ¢ 1—(&) > 0and (Tl> —(Z+Dr <o,

e—1

Next, since € 7¢—(¢—1)°7 > 0 then the second term is positive if and only if 75! — (E—_1> ) <1 - = ) >
’ B (e-1)
0. However this last condition is always verified when 7 > (5—;1>; given that <L)€ >
-1 I -1 I
<€_> > (ET> <1 B (af_l)>'
Finally, we prove by contradiction that when N > 0 and N* > 0, if t <4 or ¢ —1 > a then

T > (le)Tl Suppose that 7571 < <ﬁ>€, then for N > 0 and N* > 0 by Lemma 4 the

following must hold:

a e \°¢ a — a » a - e \¢
<1+ >< > +<1— >’7.' E><1+ >’L’5 +<1— >T “>2< >
e—1 e—1 e—1 e—1 e—1 e—1
e (1-5)7> () (1-%)-

It follows that if 1 > E"‘Tl then 717¢ > (:) This however contradicts ¢! < (

: ) Thus, if

N >0and N*>0then 7¢71 < (Tl) only if ¢ — 1 < . This proves that ¢ — 1 > « is a sufficient

condition for the welfare to be decreasing in the production subsidy. It only remains to show that
another sufficient condition is T < 4. If 1 < - by Lemma A.2:

a 1 a o1 o e e e
1+ T > 1+ T+l T >2
e—1 e—1 c—1 e—1
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which implies:

L/ e \ &= @ \ 1=
T>2671< > <1+ > >=4
e—1 c—1

3 1
) oL 0271 (£ )eT (142 Tz 1 e
To see why this last condition is true let’s recall that (& )aa( 1) — 2 <€f1 + 1) = (e—
1 3 1
. 0251 (£ V=1 (14— )T s .
1)ﬁ_3&~: < O and that (5—1)‘96( +5—I) |a:1 — _251T1 (Ezl +1> —c (5 _ 1)171:— E: <
e 1
0. Moreoverif e =1 < qa,e < 2. Itfollowsif e —1 < a, 7 > P <_€i )s—l <1+5f1>1_5
& L
> 27 <_5i1> ot <1 + 5f1> 1= |a:1)5:2: 4. Therefore 7671 < <—Ei1>g onlyife —1<aand v > 4.
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C Import Tariff 7;

In this section while retaining the assumptions 7 = ¢ and 7y = 77, we allow for the use of an import tariff
as main policy instrument.

e=1 JIN

Lemma3LetT>1 > 1,O<a<1and71:'r}‘:1. Then, when 7o =7 =lor 7o =7} = =, EE >0,
(9 - <0Oand | |
Proof. First we compute the derivatives for the case 7o =7/ =1:
JN Latst [(14e—a)t+(a+¢—1)7°]
— = ; >0 (57)
T le=rr= fe(r =) (v +7°)
JN* Lat [(1—a)t? + et +(a+e — 1) H]
S - — <0 (58)
37‘1 Te=Te=1 fE(T—T°)
JN JdN* L(1—a)at
- B = (59)
31—[ Te=7.=1 8TI Te=7.=1 f€(T+T )
Next, we compute the derivatives for the case 7 = 7j. = =
JIN Lat(e —1) [(1—a)at? + (a4 —1)* 7% + (2 + a — 1)7'F*] 0 (©0)
- = >
dr; e fla+e—=12[a(t+7°)+ (e = 1)(z° = 7)] (% = 7?)
IN* Lat(e—1)[(e = 1)1 —a)r? +e(a+e—1)1% +((e = 1) + 2(2e — 1))r° "] 0 6
= <
dr; ro=rh =2t fla+e—172[a(t+7°)+ (e —1)(z° = 1)](z? = %)
JIN JIN* L(1—a)at(e —1)
i =— i <0 ©2)
T, Tczfgzﬂ dry To=ri=1 fla+e—=1)(r+7%)
[

— _ aP/p, al/p,
Lemma4Llett>1,6>1,0<a<1,7;=1and v =1. Then ng |TC:TE’T1:T; <0and ar’j |Tc=TE,71:T§ >
0.

Proof, erraleon)
P _ P zletta(r’—7
J <E> /31—[|TC:TE=TI=T}*=1 TP (e=D)(P-7) >0

[ _ Lat
3 <E> /aTllTIZT}(Zl)TC:Té:l - ¥z > O | ]

Lemma5Llett>1,e>1,0<a<l,r;=1and 7o = . Then o |Tc=72a7127§ <0ife—1>aand
1/p,
ey lee=ctmy=e; <O
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Proof.
P (a(l—a)+(e—1—a)e)7? .
() 1071y =t ey = — e T T < Oif e~ 1> @
I _ La(a—l)rz(((s—1)2+25(5—1)+a(25—1))rf—((5—1)2—0:)7)
J <Z> /aTllTC:TE:%’lefrzl - (a4e—1)(t° =)t +1)(a+e— 1)1 +H(a—e+1)7) <Om

LemmaA3Lett>1,e>1land0<a<1.Hro=1.=1or7e =15 =" thenB <0,B,<0,B;>0
and B; > 0. IfTC:T*C:1thenB4:OwhileifTC:T*C:€T_1thenB4>O.

Proof.
g(i)
e B, < 0: Since we start from a symmetric equilibrium, B, = —a (2 ” <p—> L\ Note that
1 . y q (g S P P)p, It
P* %
3<P_H> aPH/pZP ‘?PH/PZP* "
H _ kT H™ drp H _ * % Tc IN*
o = 77 > 0 given that 3( >/871 = 5N (=) <_—(5—1)N* _871> > 0 and

2 (k) fom = ) (-5 ) <

B, < 0: This is so given that B, = [—gf <7PH> ] and g_i\i >0.

PN~ ; P*/p, PP, arP*/p,
B; > 0: ThlslssoglventhatB3—a<P*> pz<p> [_61’;71;2 ;TI +(5—1)T/IP}, (p—‘")/é’rl_

c — 73N
TTCEN( ) <_(E—i)Ng_T1> <0and

a <%> [P = sil (ﬁ)u_s) <£>E Té_s [_ <(?9];[, +(TIT)1_€§_]T\;>] >0.
B, > 0: This is so given that B, = [a <P—F>_5 (&> %] , t =L+ (r. —1)efN* and g—/rfz =

* IN*
(Tc—l)gfg—ﬁzo

PF> 2 [E P/p, < ) <9Pp/pz£_3P/sz_p>+3P/pz&] _

[ ] BS>O Note that Bs—ap <P zp PF/pz ‘97_—1 P, 37_—1 b, 87.'1 P

B 5 () e e
given that d < >/5’TI TTET
d <E> [T, = 5T1 (;%1)(1_5) <£>5 716_5 [(5 - 1)71_”’71_5N— <§—Z + (7)1 Eg—fj)] <O0.

Theorem 2 Let 7 > 1, 5>1and0<a<1and71_7 =1. IfTC—T =1, then >O However, if

TC:TC:— theng <0.

awW _at((ate—1)r°+(1—a)7) aw
Proof. In the first case ¥ - o i poy ey > 0. In the second case S Fre |r,—r 1ot =t

_ at?((a+2e—1)7°+(1—a)7)
(a(z* o) He=1)(x =7))(v =7*)

<0 m
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Figure 1
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Effects of an unilateral shift of the domestic production subsidy when 7°, = 1.
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Figure 3

First Best allocation (bottom) and domestic (top) production subsidy when T*C =1.

Optimal production subsidy

T: transport cost

! intra-industry elasticity

Figure 4
Effects of an unilateral shift of the domestic tariff when 7~ = T*C =1.
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Figure 5
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Effects of an unilateral shift of the domestic tariff when 7 =7 = (¢ — 1)/c.
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Figure 7
Effects of an unilateral shift of the domestic export tax when 7~ = T*C = T;( =1.
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Figure 9

Optimal Export tax/subsidy when 7~ = T

—_ ko
C—1and’L'X_1.

Optimal export subsidy

T: transport cost

! intra-industry elasticity

MNB WORKING PAPERS « 2010/6 39



MNB Working Papers 2010/6
Trade policy: home market effect versus terms of trade externality

Print: D-Plus
H-1037 Budapest, Csillaghegyi ut 19-21.






	Contents
	Abstract
	1 Introduction
	2 The Model
	3 Equilibrium
	4 The Welfare Relevant Terms of Trade
	5 Single Country Policy Makers’ Incentives
	6 Trade Policy
	7 Conclusions
	References
	Appendices

