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Abstract

This paper studies the role of trade policies in a theoretical framework considering
the firm’s global production operation subject to trade costs. The production location
potentially depends on a combination of trade costs, inclusive of trade barriers, imposed
on different stages of the production process. Meanwhile, the trade policy decision of
a government alters trade costs, and thereby affects the firm’s location decision on
whether to offshore the production base and the sourcing decision on whether and
which intermediate inputs to source domestically or import from abroad. A government
might care about the impact of its trade policy choice on the locations of the firm’s
global production activities in order to better exploit its market power over world prices
with trade policy intervention.

The paper features the assembly-relocation effect and the production-chain effect
to explain incentives behind the Nash trade policy intervention with cross-border un-
bundling of production processes: first, a government sometimes would use an import
tariff and/or export tax as a way to shift the location of the final assembly in its favor,
forcing an inefficient location, so that, conditional on the assembly relocation, it can
maximize its ability to manipulate the terms of trade. Second, a rise in the tariff/tax
on inputs could push up the world price of the final good through the production chain.
(JEL F12, F13)
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1 Introduction

As cross-border unbundling of production processes becomes pervasive, the production loca-
tion potentially depends on a combination of trade costs, inclusive of trade barriers, imposed
on different stages of production. Looking at the flip side of the coin, a government would
choose a combination of trade policy instruments, taking into consideration its influence on
the firm’s decision on whether to offshore the production base and on whether and which
intermediate inputs to source domestically or import from abroad. A government might
care about the locations of the firm’s global production activities to better exploit its mar-
ket power over world prices with trade policy intervention. To understand the design and
operation of trade agreements that we observe amid the growing importance of cross-border
unbundling, the role of trade policies and trade agreements needs to be revisited by taking
into account the potential of trade policy intervention to impact the firm’s location and
sourcing decision.

This paper revisits the role of trade policies in a theoretical framework considering the
firm’s global production operation subject to trade costs. In so doing, I aim at theoretically
revealing how cross-border unbundling of production processes changes the role of trade
policies and introduces a new reason for trade policy intervention, compared to a conventional
model consisting only of trade in final goods. The paper is related to an applied-theoretical
literature on trade agreements along the lines of Antras and Staiger (2012a, b), by exploring
the role of trade policies in a model with intermediate input trade. Antras and Staiger
highlight the potential for offshoring of customized inputs to increase the prevalence of
bargaining as a mechanism for international price determination and point out that the
prediction of the standard terms-of-trade theory is overturned if international prices are
determined through bargaining. Although a central focus of the authors is whether offshoring
introduces new rationale for a trade agreement, the current paper only studies the role of
trade policies as an initial step, leaving an analysis on trade agreements for future work.

While Antras and Staiger (2012a, b) feature the change in international price determina-
tion as a result of offshoring, this paper aims to contribute to the literature by considering
the framework in which the location choice by the final-good producer depends on a combi-
nation of trade barriers imposed on different stages of production and by exploring how an
interrelationship between trade barriers creates incentives for trade policy intervention. To
do so, I incorporate the essence of spatial economics, i.e. a tension between agglomeration
and dispersion forces in determining the locations of the firm’s global production activities
subject to trade costs and frictions, into a well-established literature on the role of trade
policies (e.g. Bagwell and Staiger (2002)).

Specifically, I develop a simple North-South partial equilibrium model based on a model of
spatial unbundling proposed by Baldwin and Venables (2013), in which a stage of production
can be unbundled from adjacent stages, at a cost, to exploit comparative advantage. The
unbundling costs create centripetal forces binding related stages together (i.e., agglomeration
force) while international cost differences create centrifugal forces encouraging dispersed
production of different stages since different stages have different factor input requirements
(dispersion force). The authors show how a tension between these forces determines the
location of different production stages, and compare the unbundling outcomes between two
different configurations of the production process, the spider and the snake. In the spider,



multiple limbs (e.g. intermediate inputs) coming together to form a body (assembly), which
may be the final product itself or a key component such as a module in the auto industry. In
the snake, the good moves in a sequential manner from upstream to downstream. Although
most production processes can be viewed as complex mixtures of the two, the current paper
builds on the spider version of the model because the spider is simpler than the snake in
the sense that an intermediate input crosses borders at most twice for the spider while how
many times the good crosses borders is endogenously determined by how finer the production
chain is sliced for the snake.

I consider two goods, the final good that requires a range of intermediate inputs, and a
numeraire good. The final-good producer sources an intermediate input only from the least-
cost location. Factor costs differ between countries for each intermediate input while cross-
border sourcing of inputs is costly. So, there arises the tension between the agglomeration
and dispersion forces that affects the final-good producer’s decision on whether and which
intermediate inputs to source domestically or import from abroad. And, the final-good
producer decides on where to locate the assembly plant, with a consideration to the overall
costs of producing and delivering the final good to consumers.

In order to investigate the role of trade policies, this paper augments the spider model
by introducing trade costs on the final good and on intermediate inputs, conditional on the
location of the final assembly, separately and by decomposing trade costs into three compo-
nents: North government’s import tariff/subsidy (if North is importer or export tax/subsidy
if exporter), South government’s import tariff/subsidy (or export tax/subsidy), and any ex-
ogenous transport costs. Each government is endowed with a tariff and tax on the final
good and tariffs and taxes on intermediate inputs, conditional on the location of assembly.
The trade policy decision of a government alters trade costs, and as a result affects the
final-good producer’s location and sourcing decision. A government therefore chooses a set
of tariffs/taxes, taking into consideration an interrelationship between tariffs/taxes imposed
on different stages of production and its influence on the final-good producer’s location and
sourcing decision.

In this environment, gains from trade come from the efficient global allocation of the
final assembly and the intermediate input production. I make a bold assumption that the
demand for the final good is perfectly inelastic and all the demand is in North, for sake of
simplicity. This assumption does help to isolate a novel inefficiency caused by trade policy
intervention in my model, which is inefficiency due to the location of assembly. I first show
that free trade policies are efficient. I then solve for the optimal combination of tariffs that
maximizes the national welfare by endogenizing the firm’s location and sourcing decision,
and identify the nature of inefficiencies caused by the trade policy intervention.

In a Nash equilibrium, South government always intervenes while North selects free
trade or other policies that have impact on neither North nor South’s national welfare.
Furthermore, South government sometimes uses a tariff and/or tax as a way to change the
location of the final assembly to its advantage, forcing an inefficient location, while North
never has an incentive to manipulate the location. South’s Nash trade policy intervention
benefits South’s residents, who are entitled to the export tax revenue, at the expense of
North’s consumers, who face a higher price of the final good, compared to the efficient, free
trade benchmark. In addition, inefficiencies caused by the Nash trade policy intervention
imply the potential of a trade agreement to offer governments a means of escape from a
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Prisoners’ Dilemma.

Although the asymmetry itself is an artifact of the final-good demand assumption, the
paper features two effects to explain incentives behind the Nash trade policy intervention.
First, a government sometimes uses a tariff/tax as a way to shift the location of the final
assembly in its favor, forcing an inefficient location, so that, conditional on the resulting
location, it can maximize its ability to manipulate the terms of trade. The effect of trade
policy intervention on the final-good producer’s optimal location choice is what I call the
assembly-relocation effect. Second, a rise in the tariff/tax on intermediate inputs could push
up the world price of the final good through the production chain, which is what I call the
production-chain effect.

The assembly-relocation motive for trade policy intervention is related to the literature
featuring the firm-delocation effect, according to which an import tariff or export subsidy
can benefit consumers in the intervening country as foreign firms are delocated to the home
market and the domestic price falls through enhanced competition, in imperfectly compet-
itive environments (Venables (1985, 1987)). More recently, Ossa (2011) and Bagwell and
Staiger (2015) study the role of trade agreements with the firm-delocation motive for trade
policy intervention. Although the current paper does not consider ins and outs of firms due
to the profit-shifting from country to another, it shares with the literature the idea that the
trade policy intervention potentially affects the production location.

The remainder of the paper proceeds as follows: the next section sets up a basic model
and clarifies the final-good producer’s location choice from the perspective of governments.
Section 3 studies reasons for trade policy intervention, and section 4 solves for Nash equilib-
rium trade policies and identifies the nature of the Nash trade policy distortions. Section 5
concludes by discussing the way forward for future research.

2 Basic model

My basic model builds on the spider version of the Baldwin and Venables (2013)’s model.
Baldwin and Venables consider a world of two countries, where the single final product
requires a range of intermediate inputs that can be produced in either country. Factor costs
differ between countries for each intermediate input while cross-border sourcing of inputs
is costly. So a tension arises between unbundling production to reduce factor costs (i.e.,
dispersion force) and bundling it to reduce cross-border sourcing costs (i.e., agglomeration
force).

To investigate the role of trade policies in the spider model, I consider trade cost on the
final good and trade costs on intermediate inputs, conditional on the location of the final
assembly plant, separately.! And I introduce import tariffs and export taxes (or subsidies)
as a component of trade costs. To close the model, I explicitly consider a numeraire good
and assume a single factor of production, say, labor, which is mobile across sectors within
a country. FEach unit of the numeraire good requires one unit of labor in either country.

"'While Baldwin and Venables (2013) assume that per-unit trade cost on the final good is proportional to
that on intermediate inputs, I assume that they are independent to each other. In addition, unlike Baldwin
and Venables, I assume that trade cost on intermediate inputs depends on the direction of trade flows, i.e.
the location of the final assembly plant.



Because the numeraire good is freely traded and its world price is normalized to one, the
competitive wage rate equals one.

After describing the set-up of the model, section 2.2 looks into the final-good producer’s
location choice from the perspective of governments and shows how an interrelationship be-
tween tariffs /taxes imposed on different stages of production plays a role when a government
chooses a set of tariffs/taxes while having the location of the final assembly in its favor. Be-
fore solving for quilibrium response trade policies, section 2.3 shows that free trade policies
are efficient and overviews the nature of the gains from trade and the efficient pattern of
production and trade.

2.1 Set-up

Preferences There are two countries, North and South. Residents of each country share
identical additively separatable preferences. For sake of simplicity, I assume that all demand
for the final good is in North.? Each individual in North maximizes a utility function of
the form: U (9, 1) = xo + u(x1), where xq is consumption of the numeraire good and x; is
consumption of the final good. I denote by p; the domestic price of the final good that the
consumer in North faces. The consumer has unit demand for the final good and devotes the
remainder of his total spending of m to the numeraire good, thereby attaining the utility
level:

V (p1,m) =m+v(p1), (1)

where v(p;) is the consumer surplus enjoyed on the final good.?* Each individual in South,
on the other hand, devotes all of his spending of m* to the numeraire good:

U (z5) = x5 =m"=V*(m"). (2)

Technology Each unit of intermediate input z € Z is produced using one unit of labor in
North or b(z) unit of labor in South. b(z) is uniformly distributed on [b, b], where 0 < b <
1 < b.> And one unit of each input is assembled into one unit of the final good, using a > 0
units of labor in North or ¢* > 0 units of labor in South.

Tariffs/taxes are introduced as a component of trade costs charged as fixed amount
per quantity, which apply only to cross-border transactions. Without loss of generality, as
defined below, I focus on studying the implications of import tariffs and export taxes, unless
otherwise noted, because the national welfare-maximizing governments will not unilaterally
choose to implement import or export subsidies in an interesting way in my model. Trade
costs on the final good, shipped from South to North, are given by t; = 71 + 77 + y,
where 71 > 0 is North government’s import tariff, 77 > 0 is South government’s export
tax, and p; > 0 is any exogenous transport cost. For all intermediate inputs, the final-good

producer incurs equal costs of cross-border sourcing, t7,, conditional on the location of the

21 employ this unrealistic but useful assumption because allowing the final-good demand in both countries
will not introduce any additional reason for trade policy intervention.

3Willingness to pay is assumed to be sufficiently higher than or equal to p;.

4Introducing linear demand for the final good does not qualitatively change the following results.

Unlike Baldwin and Venables (2013), I proceed without making an assumption about the average cost

of producing inputs in South, %, relative to that in North, which equals one.
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final assembly, L = {N, S}. to; also consists of three components: tor, = Tor + 75, + o,
where 7o, > 0 is North’s import tariff (if L = N) or export tax (if L = S), 75, > 0 is
South’s export tax (if L = N) or import tariff (if L = S), and u, > 0 is any exogenous cost
regardless of the direction of trade flows.

The final-good producer’s sourcing decision The final-good producer sources an in-
termediate input only from the location in which the input can be produced and shipped to
the assembly plant at the lowest cost. When the assembly is undertaken in North, L = N,
by = max {1 — toy, b} is the marginal good that defines the lowest-cost locations of inputs.
[bN, ﬂ is a set of inputs produced less costly in North domestically while [b, by) is a set of
those produced and delivered less costly from South. As long as the input that South has the
most comparative advantage is produced and delivered less costly from South, 1 > b+ toy,
the final-good producer imports [b, 1 — tox) of inputs from South while sourcing [1 — ton, ﬂ
domestically. But otherwise by = b, and the final-good producer sources all inputs, [l_), B],
domestically. Similarly, when L = S, bg = min {1 + tag, B} is the marginal good.

The costly cross-border sourcing implies that there is a tension between the agglomeration
and dispersion forces that affects the final good producer’s decision on whether and which
intermediate inputs to source domestically or import from abroad. As tay (or tag) rises, a set
of inputs produced in North (South) regardless of the location of assembly, [b, by) ((bs, b]),
will shrink while a set of those produced in the same country as the assembly’s location,
by, bs], will expand: less inputs will be produced in line with the comparative advantage
while more inputs will be produced in proximity to the assembly plant.

By explicitly considering trade policies of governments, the overall production costs,
cr (T2, 73;), conditional on the location of assembly, L = {N, S}, are

* 7 b +l—) *
cN(T2N,T2N)=a+b—bN+(bN—Q)( N2 +72N+72N+u2); (3)
* * 7 * b +l—)
cs (Tas,Thg) = @ +(b_b5) (14 Tas + Tog + fg) + (bs — b) S2 ) (4)

where by = max {1 — Toxy — T3y — f1g, b} and bg = min {1 + 7o + Thg + 11, b}

The final-good producer’s location decision The final-good producer decides on where
to locate an assembly plant so as to minimize the (per-unit) overall production costs, (3)
and (4), with a consideration to trade costs on the final good:

« % % N if CN(TQN,T* )SCS(Tgs,T* )+7‘1+T*+M
L(T1,Tan, T2s, 71, Tans Tag) = { S otherwise.zN * 1 1 (5)

Pricing of the final good Suppose that the final good is produced in the perfectly
competitive industry.® The factory gate price is always set equal to the (per-unit) overall

6Under the perfectly inelastic demand assumption about the final good, alternative market structure will
not change the following results as long as the final-good producer is owned by residents in North, who are
entitled to profits produced from the assembly regardless of the location of assembly, because the surplus
will be simply transferred from North’s consumers to the final-good producer.
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production costs, yielding zero profits, and the domestic price of the final good in North is

P1(T1:T2N, T2s, T1, Ton, Tag | L) = { ig((:;g}gzj)vl T1+ 7]+ 1y E é = g (6)
National welfare 1 normalize the total population of each country to one. Since wages
are unity, the total labor income from all the production activities undertaken in North (or
South) equals the fixed aggregate labor supply of I (I*).” In addition to labor income, I
assume that revenue raised from import tariff or export tax, R (71, Tan, T2s, 75, Ton, Tog | L)
(or R* (- |L)), is redistributed to residents in North (South).® Under the perfect competition
assumption about the final good, there are zero profits that individuals are also entitled to.”
Then I can define North and South’s national welfare as the (sum of) individual utility (1)
and (2), respectively. Governments choose a set of tariffs/taxes to maximize the national
welfare:

T = (71, Tan, Tas) = argmax . W (7, 7" [L (7, 77)),

with
W (r, 7" IL(r.r) = L+ R(,7° [L(r.r) 4 0y (7.7 [L (1,7)))
* . TQN(bN—l_?) if L=N
R””‘m_{Tﬁww@—%)ﬁ‘L—&
T = (11, ToN, Thg) = argmax  W* (7, 7" |L(T,7")),
with

w*(r, v |L(m,7")) ="+ R (r, 7" |L(7,7T"))

v ey f oy (x =) if L=N
rrT 'L>_{ i+ 75 (b—bs) if L=S,

where L (7, 7*) = {N, S} is the cost-minimizing location of the final assembly, as defined in
(5); p1 (7, 7*|L) is the domestic price of the final good in North, as defined in (6).

Our interest is in solving for an optimal set of tariffs/taxes that are unilaterally chosen by
governments and in identifying the nature of inefficiencies caused by the Nash trade policy
intervention. In what follows, I assume that exogenous transport costs are not prohibitively
high in the sense that implementing an import or export subsidy is not only the way to allow
the assembly to be undertaken in South, py € (0, @ —a* +20uy + 5 (1 — b — ,u2)2), where

6=1-— %5, and also in the sense that some of intermediate inputs are imported from one

country to the other under free trade policies, u, € (O, min {1 —b,b— 1}) .

T assume that the aggregate labor supply in each country is sufficiently large to ensure positive output
of the numeraire good.

81n the case of export or import subsidy, this can be interpreted as the expenditure owed by residents.

Since the perfect competition assumption implies zero profits anyway, I proceed without making an
assumption about whether the final-good producer is owned by residents in North or South.



2.2 Endogenous location of assembly

This subsection looks into the final-good producer’s location choice of L (71, Tan, Tas, 75, Ton, Tag) =
{N, S} from the perspective of governments. In so doing, the subsection will help the reader
better understand how the model works and what an interrelationship between tariffs/taxes
faced by governments is when choosing a set of tariffs/taxes while having the location of the
final assembly favorable.

Below, I rewrite the cost-minimizing location decision (5) in terms of aggregate barriers
to trade in the final good, 71 + 7% = 7}V, and those for intermediate inputs, Ton + 75y = Toy
and Tos + Thg = The. As long as 75y € (0,1 —b — p,) and 755 € (0, b—1-— /15) such that
the final-good producer sources some of inputs domestically and imports other inputs from
abroad, (5) is rewritten as

woWw W N T‘fVZ_a—a*—u1+ﬂ2((_)_g_))_%(1_12_”2_71241/\[)2
L (Tl 77—2N7T2S) = —|—% (b —1—py — 7-%) (7)

S otherwise,

where 3 =1 — bizb is the difference in the average cost of producing inputs between North
and South.

The cost-minimizing location pattern as a function of aggregate trade barriers is visually
summarized in Figure 1. When governments select free trade policies, 7V = 738 = 75 = 0,
given some (positive) exogenous transport costs, the cost-minimizing location will be North
or South depending on the comparative advantage in the assembly, captured by (a — a*),

and the (average) cost advantage in the input production, captured by £ :1°

[N i 0Za—a -+ 20
L(0,0,0) = { S otherwise.

Generally, a critical value of 7}V that determines the cost-minimizing location depends on
both 734 and 73%.!! This implies that, when a government prefers having the assembly plant
located in North, it might raise 7} and/or 7 high enough to have the location favorable
while targeting an optimal level of 73%,. When a government prefers having the assembly
located in South, an interrelationship between tariffs plays a crucial role in targeting an
optimal combination of 7} and 7Y¢ as well as in having the location favorable. On the
one hand, 7}" will need to be decreased to increase 754 and vice versa, without shifting the
assembly out of South. On the other hand, a rise in 754 will create new room for 7}" and
73% to be raised while keeping the assembly in South.

10Note that 3 can be positive or negative. With no exogenous transport costs as well as no trade policy
interventions, the cost-minimizing location is naturally the country that has comparative advantage in the
assembly, i.e. South if a > a*.

'When the aggregate barriers to trade in inputs are set prohibitively high, 3% > 1 —b — py (or 746 >
b—1— p,), in the sense that the final-good producer sources all inputs domestically, the critical value of 7"
does not depend on 73 (or T3Y).
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Figure 1: Assembly’s location as a function of aggregate trade barriers

Notes: The vertical axis represents aggregate barriers to trade in the final good, 71 + 7% = 7!V, and the two
horizontal axes for inputs, Ton 4+ T3y = Ton and Taos + Thg = Thg. The surface represents a critical value
of 7{, as a function of 737, and 71, that determines the cost-minimizing location choice by the final-good
producer, L(7}V, 7%, 73) = {N, S}. The cost-minimizing location is North, L = N, when a set of aggregate
trade barriers lies on or above the surface and is South, L = S, otherwise.



2.3 Free trade benchmark

Before solving for Nash equilibrium trade policies, let us begin with overview of the nature
of the gains from trade and the pattern of production and trade under free trade policies,
which are shown to be efficient, as an initial benchmark.

The gains from trade come from the efficient global allocation of the final assembly and the
intermediate input production that minimizes the (per-unit) cost of producing and delivering
the final good to consumers (in North). For 75, or 75, , any deviation from zero aggregate
barriers to trade in inputs will distort the efficient specialization of the input production,
conditional on L = {N, S}, because the location margin for inputs is continuous. Excessive
distortions in the input production may result in forcing the assembly plant out of the
efficient location.

The intervention using 7, or 77, on the other hand, only induces inefficiency if it changes
the location of assembly from the efficient location. In other words, under the perfectly
inelastic demand assumption about the final good, there are a range of non-zero aggregate
barriers to trade in the final good that merely shift a surplus within a country or from a
country to another without creating the world welfare loss. Although this is an artifact of
the final good demand assumption, the assumption does help to isolate the novel inefficiency
in my model, which is inefficiency due to the assembly’s location. The wrong location of
assembly relative to the efficient location implies that the intermediate input production also
will be distorted, accompanied by a wrong direction of trade flows in inputs as well as the
final good. Therefore, efficient trade policies are summarized as follows:

Proposition 1 Free trade policies, T1 = Toy = Tas = T} = Tay = Tag = 0, are efficient.
Let E = {N, S} be an efficient location of assembly, which is the cost-minimizing location
under free trade policies: E = L (0,0,0,0,0,0). As long as 7o+ T3z = 0 and the assembly’s
location is not distorted from E, other trade policies than free trade will not create the world
welfare loss and be efficient.

Proof. See Appendix A. =

The pattern of production and trade in the free trade benchmark is summarized as follows:
first, if parameters are such that u, € [a —a* 4+ 2By, a — a* + 2P, + % (1-b-— ,LLQ)Q), the
efficient location of assembly is North, £ = N, in which the final good and [1 — [ho, 5] of
inputs are produced. [b, 1 — ) of inputs are produced in S. There is no trade in the final
good. North is an importer of inputs and exporter of the numeraire good while South is an
exporter of inputs and importer of the numeraire good. The volume of trade in inputs is
(1= py —0). _

Second, if parameters are such that p, € (0, a — a* + 20u,), E = S. (1 + Ly, b] of inputs
are produced in N while the final good and [b, 1 + p,| of inputs are produced in S. North
is an importer of the final good and exporter of inputs as well as the numeraire good, with
South as a counterpart. The volume of trade in the final good is one and that of trade in
inputs is (Z_) —-1- ,u2).
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3 Properties of equilibrium response trade policies

This section outlines reasons for trade policy intervention by North and South governments
in the basic model. Although the paper highlights the potential of trade policy intervention
to change the final-good producer’s optimal location choice, the section begins by holding
the location of the final assembly fixed in order to show terms-of-trade-driven incentives
for trade policy intervention case by case. Then I will allow the location of assembly to
be determined endogenously and will consider an incentive to use a tariff/tax as a way to
manipulate the location later in the section. A government might care about the assembly’s
location to better exploit its market power over world prices with trade policy intervention.
I call the effect of trade policy intervention on the final-good producer’s optimal location
choice the assembly-relocation effect. As discussed in section 2.2, an interrelationship between
tariffs /taxes imposed on different stages of production plays a crucial role in governments’
trade policy decisions.

3.1 Fixed location case

To start with, let us hold the location of assembly to abstract from the assembly-relocation
effect. When the assembly is undertaken in North, L = N, and if the location were fixed,
an effective instrument for North (or South) government is 7ox (75,) only as the final good
is produced and consumed only in N. Below, I restrict the analysis to non-prohibitive cases
where governments’ trade policy choices are such that the input that South has the most
comparative advantage is imported to N: 1 > b+ Ton + 75y + 14o.'* The exporter’s price,
the world price, and the importer’s price of intermediate input 2z are defined as follows:

p. = b(2);
P,ZV = b(z) + TN
p. = b(2) + Ton + oy + Tan,

where b(z) € [b, by) = [b, 1 — Tony — Thy — ig)."?

North, as an importer of input z, is a small country since the input is produced at the
lowest-cost location. Under the assumption that one unit of each input is assembled into one
unit of the final good, 7o perfectly passes through not only to the domestic price of input z
but also the price of the final good. Combined with the assumption of the perfectly inelastic
demand for the final good, an increase in the tariff revenue from inputs and a decrease in
the consumer surplus due to the rise in the final good price will neutralize each other. In
addition, 7o will distort the efficient international specialization of the input production,
deteriorating the consumer surplus through a rise in the final good price:

oW (r,7*|N)
87’2]\[

s ©

efficiency loss

Therefore, if L = N were fixed, North would unilaterally select free trade policy on inputs,
ToN — 0.

120therwise, all inputs are sourced domestically in N, and 7oy or 73, never affects the national welfare.
13The numeraire good is exported from N to S, regardless of the assembly’s location.
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South, as an exporter of input z, has a market power to influence the world price as long
as the input is delivered to the assembly plant in N from S than domestically. The pass
through of 755 to the world price is one for one. If the terms-of-trade gain outweighs the
welfare loss from inefficiencies in the input production, 75, will be welfare-enhancing:'

oW* (r,7*|N
PN o ry ) )
87-2]\7 ~ ~ -~ ~—~—
TOT gain efficiency loss

1-b—py—T7on >

Therefore, if L = N were fixed, given an arbitrary 7,5, South would choose 75, = 5

0.

When L = S, and if the location were fixed, on the other hand, an effective instrument
for North (or South) would be a pair of 71 and 795 (a pair of 75 and 75g). Below, I restrict
the analysis to governments’ tariff choices such that the input that South has the least
comparative advantage is imported to S: 1+ Tog + T + 1y < b.'> The exporter’s price, the
world price, and the importer’s price of the final good are given by:

* * .
by = Cs (7257 7'25) ;
w * *,
pr = cs(T2s,Tag) + 71
* *
p1 = cs(Tas,Ths) + 71 + g + 71,

where cg (725, Thg) is the overall production costs (4). It is noteworthy that a rise in 795 or

T5¢ distorts the efficient specialization of the input production, and as a result, pushes up
opy” _ opy”
07125~ OThg
this effect of 795 or T3¢ on p}V the production-chain effect. Meanwhile, the corresponding
prices of input z are given by:

=b—bg=0b—1—Tos —Thg — s > 0. I call

p!V through the production chain:

p. = 1
pZV 14 Tas;

*

p. = 14 Tog+ py + Tog.

North, as an importer of the final good, is a small country since the perfectly competitive
factory gate price does not depend on 7;. Under the perfectly inelastic demand assumption
about the final good, 77 will have no impact on North’s national welfare because an increase
in the tariff revenue and a decrease in the consumer surplus will neutralize each other:

oW (1, 7*|5)

pr— . 1
87’1 0 ( O)

Therefore, North is indifferent between any levels of 77 unless its tariff choice changes the
location.

14 A rise in 7%, will im South’s s of trade: =2 pe =1 wh =1

ON prove South’s terms of trade: 7= % )| = 1 where py’ = 1.
28 \Po

(1 —Tan — T5n — fo — b) is the volume of exports of inputs.

5Otherwise, all inputs are sourced domestically in S, and 725 or T3¢ never affects the national welfare.
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South, as an exporter of the final good, has a market power to influence the world price.
7% perfectly passes through to the world price, leading to the terms-of-trade gain:'
OW* (1, 7*|5)

*
or]

= 1 . (11)
~
TOT gain

Therefore, if L = S were fixed, South would have an incentive to raise 7} as high as possible.

North, as an exporter of input z, has a market power to influence the world price. Despite
the production-chain effect, a rise in 79¢ will improve North’s terms of trade.!” Meanwhile,
however, a rise in 75 leads to inefficiencies in the input production and the resulting rise in
plV will deteriorate the consumer surplus. The welfare losses always outweigh the terms-of-
trade gain:'®

ow (r,*|S - _
(37-725 15) — fb—l—Tgs—T;S—ﬂ2)/ —Tag \—(b—l—TQS—T;S—/,LQ)I
TO”Ergain efficiency loss dccrca;g in CS
= —T328. (12)

Therefore, if L = S were fixed, North would unilaterally select 795 = 0, as in the case of
L = N fixed.

South, as an importer of input z, is a small country. Nevertheless, a rise in 754 will
improve South’s terms of trade via the production-chain effect, and thereby might be welfare-
enhancing:’

oW* (r,7|S) -
- =(b—1—17To9 — The — —The . 13
O75s \( 2ir 28 Mz)/ 25 (13)
TOT gain efficiency loss

b—1—py—T2s >

Therefore, if L = S were fixed, given an arbitrary 725, South would choose 75¢ = 5

0.

3.2 Endogenous location case

Next, let us allow the location of assembly to be determined endogenously and summarize
properties of equilibrium response tariffs. In other words, in addition to the conventional,
terms-of-trade-driven incentives discussed thus far, we will consider a possibility that a gov-
ernment might use a tariff/tax as a way to manipulate the location of the final assembly in
its favor so that, conditional on that location, it can maximize its ability to manipulate the
terms of trade. An equilibrium response by each country to an arbitrary trade policy vector
of the other country is defined below. I use North to illustrate though a similar definition
applies to South.

w
160 (p")_ 1
37{( )_pZV>O'

1%
P
7 * w
17_0 pZV _ 1 1— (b—l—ﬂ2—725_725)1’z >0
O0T2s \ py” iV py” ’

18 (5 —1—Tog — T35 — ,u2) of the first term corresponds to the volume of input exports.

19 8 (p‘{v) _ (b—l—ﬂz—72s—"'§s)

T35 \pPY pY

> 0.
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Definition 2 Let T be an arbitrary trade policy vector of South government. Then a trade

policy vector 788 (%) = (P8 (v*) , 758 (v*) , 758 (77)) is an equilibrium response to T* if

+BR (t*) =argmax W (r,7*|L(T,7%)).

First, North government never has the assembly-relocation motive for trade policy inter-
vention. This is because shifting the assembly plant away from the cost-minimizing location
given any South’s trade policy vector will lead to further inefficiencies in the global alloca-
tion of assembly and/or the input production. The resulting higher price of the final good
ultimately will deteriorate the consumer surplus in North. Therefore, North’s equilibrium
response trade policies are summarized as follows:

Lemma 3 Given any (non-prohibitive) trade policy vector of South government, T*, North
unilaterally selects free trade policy on inputs, conditional on L (0,0,0, 75,75y, Tss) = {N, S},

and chooses the other trade policies not to shift the assembly plant away from L (0,0,0, 75, Ton, Tag)-
Specifically, given T* such that L (0,0,0, 75, T5x, T5g) = N, North selects T8 (7%) = 0 while

P8 (%) and 755 (%) will be any combination as long as L (7970, 758, 75, 74y, Thg) =
L(0,0,0,7%,T5n, Tag) = N. Similarly, given T such that L (0,0,0,75, 75y, Tsg) = S, North
selects TEF (%) = 0 while choosing TP (7*) and 8§ (7%) such that L (88, 75F,0, 71, m35, T5g) =
L(0,0,0,75, 7oy, Tag) = S.

Proof. See Appendix B. =

In contrast to North, South government sometimes will have the assembly-relocation
motive for trade policy intervention. Notice that since the final good is not consumed in
South, it does not adversely affect South’s consumer surplus to use a tariff as a way to
manipulate the location of assembly. The potential terms-of-trade consequences that South
government could enjoy, conditional on the location, determine whether South will prefer
having the assembly located in one location to the other. In what follows, I begin with
discussion on South’s preference for the location without making an assumption about where
an efficient location of assembly is. Then I will identify conditions under which South would
want to inefficiently shift the assembly to North or to South, and when South would want
to preserve the efficient location.

It would be convenient to think of South government’s preference for the location in the
following way: as shown in (9), given any (non-prohibitive) 7oy, 75y = 1obopp TN

5 will attain
the maximum of W* (7on, 755 |IV). Let

1 —b—py—Ton
2

W;V(TQN)EW*(TQN, ’N>:l*+i<1—l_)—u2—7'21\7)2

South will prefer having L = S than otherwise if there exists a feasible combination of 77
and 75¢ that attains a higher welfare than W*N (Ton). This can be considered as a problem
of maximizing W* (71, Tag, 75,755 |:S) by choosing 7* subject to the location constraint that
dictates the final-good producer’s optimal location choice. It follows from combining (11)
and (13) with the discussion in section 2.2 that South government always has an incentive to
increase 75, as high as possible, though not yielding a terms-of-trade gain directly, to create
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= [zo—welfare curve for W*(T],722,7%1.777215) = Location constraint

T

. Tas
b-1-pi2 -T2

Figure 2: South’s optimal trade policy when having L. = S is feasible and more favorable for
South

Notes: The vertical axis represents South’s export tax on the final good, and the horizontal axis for the
import tariff on inputs shipped from N to S. The locational constraint represents a critical value that
determines the cost-minimizing location choice by the final-good producer, L(7,7*) = {N,S}. The cost-
minimizing location is North, L = IV, when a combination of 77 and 734 lies on or above the constraint and
is South, L = S, otherwise.
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room for 77 and 75 to be raised while keeping L = S. Thus, the maximization problem can
be solved with respect to 77 and 73, as visualized in Figure 2.

Conditional on having L = S, South government will impose 7} to enjoy terms-of-trade
gain (see (11)). South could use T3¢, as well as a direct instrument of 77, to manipulate the
world price of the final good to its advantage via the production-chain effect (see (13)). As
discussed in section 2.2, however, 755 will need to be decreased to increase 77 without shifting
the assembly out of South. As formally shown in Appendix C, the iso-welfare curve for
W= (-]S) is tangent to the location constraint at 755 = 0, and South will end up using a direct
instrument of 7% exclusively in aiming at attaining a higher W* (-|S) compared to Wy (T2 ).
Therefore, South will prefer having L = S if it can choose 7§ > 1 (1 —b — 1y — 72 ~)? without
shifting the assembly out of S. Otherwise, South will prefer having L = N, and will impose
75y to enjoy terms-of-trade gain while using 7] and/or 75¢ only to have the assembly’s
location favorable.?

If the more favorable location for South is different from the cost-minimizing location
given North’s trade policy choice, South government will use a tariff/tax to change the
assembly’s location in its favor. Because North never has the assembly-relocation motive,
as stated in Lemma 3, if the final-good producer’s optimal location choice is changed as a
result of South’s trade policy intervention, it always implies a shift away from the efficient
location.

Given that the efficient location is North, it is more likely that South will inefficiently
move the assembly to South when North has a relatively less cost advantage in the inter-
mediate input production, i.e. b and b are smaller (and $ might be positive and larger),
and when North has a relatively less comparative advantage in the assembly, i.e. (a —a*) is
negative but close to zero (or might be positive). These conditions imply that the additional
(per-unit) costs of producing and delivering the final good incurred by the final-good pro-
ducer when having the assembly to be located in South is less substantial. By increasing 73,
as high as possible, South therefore would have the assembly out of North and be able to
create new room for 77 to be raised in order to better exploit its market power over the world
price of the final good. Similarly, given that the efficient location is South, South would want
to inefficiently move the assembly to North when the additionally incurred production costs
when having the assembly located in North is less substantial.

Under the perfectly inelastic demand assumption about the final good, South’s national
welfare does not depend directly on North’s trade policy choice for the final good. Nev-
ertheless, how much South government will be able to exploit its market power over the
world price of the final good depends on North’s choice of 71: for example, suppose that the
efficient location is North, and that a sufficiently high 7; is chosen by North. There would

20In a real world, export taxes are prohibited, for example, by the US constitution. Export taxes may not
be used anyway because of political lobbying by the export industry though introducing political economy
in my model is beyond the scope of the present paper. Nevertheless, it would be worth noting what if
South government were not allowed to impose an export tax in my model: South would use the second-best
instrument, 3¢, instead of using 7 directly, i.e. 7iBf% =0 and 7357 > 0, in aiming at attaining a higher
welfare while having L = S in its favor. Notice that South would not be able to raise 75y, even if needed
to have L = S. When having L. = N is more favorable for South, on the other hand, South would choose
7388 = 0, and would use 735" > 0 if needed to have L = N. Thus, 755 would be the only instrument
that South unilaterally uses, and the assembly-relocation effect of tariff intervention would arise only when

E=S5.
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be little room for 7] to be raised while having the assembly located in South. If this is the
case, South will probably prefer preserving the efficient location of assembly so that it can
manipulate its terms of trade as best it can, by imposing 73, instead of increasing 77.

Lemma 4 Given any (non-prohibitive) trade policy vector of North government, T, South
always intervenes. Moreover, South sometimes will have the assembly-relocation motive for
trade policy intervention, so that, conditional on the resulting location, it can maximize its
ability to mampulate the terms of trade. South will prefer having L = S if it can choose 17 >
T(1=b—py— Ton)?, while choosing T38% (1) = 0 and setting 587 (1) > 1 — b — p1y — Ton
prohibitively high, without shifting the assembly plant out of S. Otherwise, South will prefer
having L = N and will choose T5BR (1) = =242=T2N  yhile using T*BR< ) # 0 and/or

2
3BR (1) # 0 if needed to have L = N.

Proof. See Appendix C. m

4 Nash equilibrium trade policies

This section solves for Nash equilibrium trade policies in the basic model and identifies
the nature of Nash trade policy distortions by comparing the pattern of production and
trade under Nash equilibrium with the efficient levels. With Lemmas 3 and 4 regarding the
properties of equilibrium response trade policies, we are ready to define and solve for a Nash
equilibrium:

Definition 5 A Nash equilibrium consists of trade policy choices of North and South govern-

ments such that T (T{VE N T%E) is the equilibrium response to T*NE= (T’{NE TiNE, TS?E)
and TN is the equilibrium response to TVE.

In a Nash equilibrium, South government always intervenes while North selects free trade
or other policies that are equivalent to free trade in the sense that they are not driven by
a beggar-thy-neighbor motive and that they have an impact on neither North nor South’s
national welfare. Furthermore, South can sometimes beneficially use its tariff/tax to force an
inefficient location, via the assembly-relocation effect, so that it can better exploit its market
power over world prices with trade policy intervention, while manipulating the location is
always not beneficial to North.

There are three types of qualitatively different Nash equilibria, in terms of the nature
of distortions caused by South government’s Nash trade policy intervention. Nash equilib-
rium outcome depends on a set of parameter values regarding the comparative advantage
in the final assembly, the (average) cost advantage of the intermediate input production,
and exogenous transport costs. Nevertheless, for all the following three types, South’s Nash
trade policy intervention benefits South’s residents, who are entitled to the revenue raised
from export tax, 7V > 0 or T5NF > 0, at the expense of North’s consumers, who face a
higher price of the final good, compared to the efficient, free trade benchmark. The world
price of the final good is pushed up not only due directly to a rise in 77, but because of the
distortions from the efficient global allocation of assembly and/or the input production.

17



In the first type of Nash equilibria, South government’s trade policy intervention leads
to a simple shift of surplus from North to South in a lump-sum fashion without creating
the world welfare loss. This type is realized only when the efficient location of assembly is
South, £ = S. South enjoys terms-of-trade gain on the final good by choosing 735% =
and setting 73VF > }1 (1-b— ,u2)2 as high as possible while leaving the location the same as
E. Meanwhile, South chooses a prohibitively high 758% > 1 — b — u, > 0, though 73, will
not yield a terms-of-trade gain directly, in order to create room for 77 to be raised fully. It
follows that there is no distortion in the pattern of production and trade in the final good
or in inputs.

In the second type of Nash equilibria, South government’s trade policy intervention is
traced only to distortions from the efficient specialization of the input production. This
type is realized only when £ = N. South enjoys terms-of-trade gain on inputs by choosing
TiNE = 1_%—_“2 > 0. Meanwhile, South will use 7iN¥ # 0 and/or 735F # 0 if needed to have
the location the same as E. The amount of production of inputs increases by 733 in the
(efficient) location of assembly while it decreases by 7587 in the other country, compared to
the free trade benchmark. As a result, the volume of trade in inputs becomes low relative
to the efficient level.

In the third type of Nash equilibria, South government’s trade policy intervention is traced
to distortions from the efficient location of assembly as well as the efficient specialization of
the input production. South forces an inefficient location via the assembly-relocation effect
so that, conditional on that location, it can maximize its ability to manipulate the terms of
trade. A wrong location of assembly implies an inefficient allocation of the input production,
which is accompanied by the wrong direction of trade flows.

When South government forces the assembly plant out of £ = N to shift it to .S, it
raises 75y. As in the first type, to have L = S, South ends up choosing a prohibitively high
T3NE > 1—b—p, to raise 7} fully and to enjoy the terms-of-trade gain on the final good. Note
that a set of Nash equilibrium trade policies is seemingly the same as the first type, but have
different welfare implications as the efficient location is different than the first type. The
input production increases by 2u, > 0 in the Nash location of assembly while it decreases
by 2u, in the efficient location of assembly, compared to the free trade benchmark.?! The
final good is traded against the efficient level of zero though it is in the wrong direction. A
change in the input trade volume relative to the efficient level is —23, which may be positive
or negative.?? It is noteworthy that the Nash trade volume will be higher than the efficient
level when North has cost advantage in the input production, § < 0, though the flow is in
the wrong direction.

When South government forces the assembly out of £ = S to shift it to N, on the other
hand, it uses 77 and/or T5¢. Again, a set of Nash equilibrium trade policies is seemingly
the same as the second type, but have different welfare implications. The input production
increases by 2, +75NE > 0 in the Nash location of assembly while it decreases by 241, + 75N
in the efficient location of assembly, compared to the free trade benchmark.?> While the final

*!The input production in the Nash Location of S changes from (1 — 5 —b) to (1 + py — b) while the
production in the efficient location of NV changes from (b -1+ Mz) to (b —-1- ,ug).
22The input trade volume changes from (1 — p, — b) to (b —-1- ,ug).

23The input production in the Nash Location of N changes from (b —-1- u2) to (5 — 14 py + TEN) while
the production in the efficient location of S changes from (1 + py — b) to (1 — o — 75y — b).
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good is no longer traded, the input trade volume may become higher than the efficient level:
a change in the input trade volume, 23 — I_QT_“% may be positive, when South has greater
cost advantage in the input production, 8 > 0.2 In either case of the shift away from an
efficient location, the assembly-relocation effect of trade policy intervention results in trade-
pattern reversal from efficient to Nash, and the Nash trade volume is not necessarily low

relative to the efficient level.

Proposition 6 In a Nash equilibrium, while North government selects free trade or other
equivalent trade policies, South always intervenes and sometimes will have the assembly-
relocation motive for trade policy intervention. South’s Nash trade policy intervention will
not create the world welfare loss in one case, but will cause distortions from the efficient
global allocation of the final assembly and/or the intermediate input production in the other
cases.

Proof. Follows from Lemmas 3 and 4. See Appendix D for the details of Nash equilibrium
tariffs. m

5 Conclusion

This paper considered the national welfare-maximizing combination of trade policy instru-
ments imposed on different stages of production, by endogenizing the firm’s location and
sourcing decision, and identified the nature of inefficiencies caused by the trade policy inter-
vention. Using a simple model of cross-border unbundling subject to trade costs on the final
good and on intermediate inputs, the paper highlighted the novel inefficiency due to the lo-
cation of the final assembly and the assembly-relocation motive for trade policy intervention.
A government sometimes uses an import tariff and/or export tax as a way to manipulate
the location of assembly in its favor, forcing an inefficient location, so that, conditional on
the resulting location, it can better exploit its market power over world prices with trade
policy intervention. In addition, the paper featured the production-chain effect to explain
incentives behind the trade policy intervention. A rise in the tariff/tax on inputs could push
up the world price of the final good through the production chain.

My basic model laid out in this paper focuses on a very simple setting in which the demand
for the final good is perfectly inelastic and all the demand is in North. This assumption for
simplicity is not realistic but does help to highlight the assembly-relocation motive for trade
policy intervention. If we allow the final-good demand in South as well as North, though
keeping the perfectly inelastic demand assumption, the cost-minimizing location choice by
the final-good producer depends on trade cost on the final good shipped from North to South
as well. In this setting, North government will no longer cause no distortion: any country
whose share in the world population, i.e. the share in the world (fixed) demand for the final
good, is #, where 0 < 6 < 1, would always intervene, causing distortions from the efficient
global allocation of the final assembly and/or the intermediate input production.

To be more precise, in a Nash equilibrium, one country will raise the export tax on
intermediate inputs and/or import tariff on the final good so that it can create room for the

?4The input trade volume changes from (b — 1 — py) to (1 — py — 755 — b).
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export tax on the final good to be raised to enjoy the terms-of-trade gain from the final good,
having the final assembly plant located in that country. By raising the tariff/tax prohibitively
high, a country sometimes forces an inefficient location via the assembly-relocation effect.
Meanwhile, the other country imposes the export tax on inputs to enjoy the terms-of-trade
gain from inputs. Thus, though a Nash equilibrium will be inefficient for any parameter
values, allowing the final-good demand in both countries will not introduce any additional
reason for trade policy intervention.

As long as we stick with a small country case, the above pattern of Nash trade policy
intervention arises even if we consider a general demand function for the final good. Note
that, in the perfectly inelastic demand case, the higher the export tax on the final good is
raised without shifting the final assembly plant away from home, the larger terms-of-trade
gain from the final good the country can enjoy. In the general demand case, on the other
hand, there is an optimal level of the export tax imposed on the final good. Suppose if
a country is unconstrained by the location of assembly which remains at home, then the
country will use the optimal export tax alone on the final good to manipulate the terms
of trade, with no intervention on intermediate inputs. But if this optimum would lead the
assembly to move to the other country, then the country may put a higher export tax on
inputs so that it can stop the assembly relocation and continue to impose its unconstrained
optimal export tax on the final good. If even with a prohibitively high export tax on inputs
the assembly would move to the other country under the optimal final-good export tax,
then the country will give up on keeping the assembly at home, let it move to the other
country, and use the export tax on inputs to manipulate its terms of trade as best it can.
Still, generalizing the demand structure does not yield any additional reason for trade policy
intervention.

Importantly, my theoretical analysis sheds light on the national welfare-maximizing gov-
ernment’s incentives for imposing the export tax on intermediate inputs (i) to enjoy terms-
of-trade gains or (ii) to attract the final assembly plant to that country in order to maximize
its ability to enjoy terms-of-trade gains, conditional on the assembly relocation. To the best
of my knowledge, the assembly-relocation motive had not yet been theoretically studied,
and, even for the terms-of-trade motive (the theoretical study of which is going back to Just,
Schmitz, and Zilberman (1979)), there remains an ample room for theory-based empirical
research on discerning the reasons for imposing export restrictions. There are also previous
theoretical studies focusing on the profit-shifting motive of export taxes (Eaton and Gross-
man (1986), Rodrik (1989), and Bernhofen (1997)), which is not considered in the current
paper though.

Export restrictions have recently been increasingly used as trade policy instrument not
only on natural resources and agricultural and food products, but also on industrial raw and
semi-processed materials. Export taxes have been imposed by 65 out of the 128 countries
reviewed by the WTO since 2003 (Kim (2010)), and they are primarily used by large emerging
economies such as Argentina, Brazil, China, India, and Russian Federation (Solleder (2013)).

For example, the WTO panels on China’s export restrictions on rare earths, tungsten, and
molybdenum (which are raw materials used in the production of various kinds of electronic
goods) requested by the US (DS431), EU (DS432), and Japan (DS433) are still vivid in our
mind. In relation to this, Chinese government drastically decreased its export ceiling on rare
earths in July 2010, and applied stricter customs clearance procedures in September 2010,
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leading to a de facto embargo on the rare-earth exports to Japan. These China’s protectionist
measures prompted rare-earth magnet (which is produced from rare earths) manufacturers
(e.g., TDK Corporation, Hitachi Metals Ltd., Shin-Etsu Chemical Co., Ltd.) based in
Japan to relocate their factories to China. In August 2012, Japanese government introduced
non-automatic license requirement to exports of rare-earth magnets, their manufacturing
equipment, and associated parts and components, seemingly in an attempt to stem a wave
of the production relocation to China. This China-Japan export restriction-nexus trade war
shocked the Japanese industry.2

Given the increasing prevalence of export restrictions, future studies are awaited to ex-
tend the basic model of cross-border unbundling presented in this paper to derive theoretical
predictions regarding reasons for export restrictions on intermediate inputs to be empri-
cally examined. In addition, to mitigate inefficiencies caused by the export restriction-nexus
trade war, we would need to investigate how the rules of trade agreements on export restric-
tions should be designed. In a real world, the GATT/WTO provides a general prohibition on
quantitative export restrictions but the broad and, at times, ambiguous exceptions somewhat
vitiate the ban. Moreover, export taxes are not explicitly forbidden in the GATT/WTO.
Meanwhile, Korinek and Bartos (2012) found that, out of the sample of 93 regional trade
agreements that they carefully surveyed, 66 agreements include explicit disciplines on export
taxes beyond the GATT/WTO provisions. They also found that 15 out of 93 agreements
contain stronger language than the GATT/WTO quantitative export restriction disciplines.
These findings can be interpreted as suggesting a need for improving the rules on export
restrictions at the level of the WTO. A current struggle of the WTO appears to imply that
its traditional focus on import tariffs and market access, i.e., shallow integration, would be
of limited effectiveness for further multilateral liberalization. To go beyond the shallow inte-
gration, we would need to reconsider how to effectively let governments bargain to efficient
trade policy choices including export restrictions.

A Proof of Proposition 1

To show that free trade policies are efficient, I first solve the social planner’s problem in
terms of aggregate tariffs, 7V = (71", 7}, 7%), by holding the location of assembly fixed.
Then I show that the planner has no incentive to use tariffs as a way to change the assembly’s
location.

The social planner chooses a set of aggregate tariffs to maximize the world welfare:

™ = (T¥V>T§[fv,7§‘§) = arg maxW"W (TW ‘L (TW)) ’
W

with
WW (i IN) = 1" + 735 (by = b) + v (p1 (T5x IN)) 5

WY (7}, r518) = 1 7l 4 735 (5 - bs) + v (p (71, 755 15))

25For more anecdotal facts about the firm’s relocation of production site to circumvent export restrictions
imposed on intermediate inputs, i.e., export-restriction jumping investments, see WTO (2010, 2014).
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where IV = [+ I*, by = maX{l T Q}, and bg = min{l + T + Ho, 5}. Holding
the assembly’s location fixed and taking partial derivatives with respect to tariffs, we have

WV IN)
87_12/11/\7 2N
oW (lS)
ory -
O (IS)
o 25

As long as the location is unchanged, 7}V has no impact on W%, and 75 = 0 and 73 = 0
attains the maximum of WW (-|N) and WW (-]S), respectively.
Next, I check whether the planner has an incentive to use 7" as a way to change L from

the efficient location to another, in an attempt to maximize W"W. Without loss of generality,

suppose if the planner were to initially chooses 7} = 70, = 73 = 0, which would attain

the world welfare, conditional on the assembly’s location, as follows:
Wy = WY (0IN)=1" +0(p (0|N));
Ws =W (0,015) = 1" + v (p: (0,0]5)).
Comparing WJV\[,/ with W?/, we have

Wy >We iff 0>a—a"—py + 28,
W]V\If/ < W;V otherwise,

where the inequalities on the right-hand side exactly correspond to the final-good producer’s
cost-minimizing location decision (7) for L (0,0,0) = {N, S}. That is,

Wy >Wa iff L(0,0,0)
Wy <We iff L(0,0,0)

N;
S

’

which indicates that the planner has no incentive to use 7" to force the assembly plant away
from L (0,0,0).

Therefore, 7} = 70, = 7% = 0 is efficient. Let F = {N, S} be an efficient location of
assembly: E = L(0,0,0). Let I = {N, S} be the other location than the efficient location
of E. Aslong as 75 = 0 and the location is not distorted from E, any combination of 7}"

and 737 will not create the world welfare loss and be efficient.

B Proof of Lemma 3

If the location of assembly were fixed, North government would not have the terms-of-trade-
driven incentives for trade policy intervention, as shown in (8), (10), and (12). In addition
to this result, even after allowing the location to be determined endogenously, North never
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has the assembly-relocation motive for trade policy intervention to maximize its ability to
manipulate the terms of trade, conditional on the resulting location. To be more precise, I
want to show that North has no incentive to use 7 as a way to have the assembly plant away
from the cost-minimizing location given any 7*.

Suppose if North were to initially choose 71 = 0, without loss of generality. Note that,
as shown in the text, North is indifferent between any levels of 7; unless its tariff choice
changes the assembly’s location. Then, 7oy = 0 and 795 = 0 would attain the maximum of
the national welfare, conditional on the location, W (7on, 755 [N ) and W (71, Tog, 75, T35 |S) ,
respectively:

Wy = W (0,755 |N) =1+ R(0,755 |N) +v(p1 (0,755 |N));
We=W (0,0,77,7551S) =1+ R(0,0,77, 755 |S) + v (p1 (0,0,77, 755 |S)) -
Comparing Wy with W, we have

WNZWS iff b1 (OJT;N’N> Spl (0707T>{77;S‘S);
Wy <Wg otherwise,

where the inequalities on the right-hand side correspond to the final-good producer’s cost-
minimizing location decision (5) for L (0,0,0, 7%, 75y, T5g) = {IV, S}. That is,

WNEWS iff L(070a07TT7T;N7T;S>:N;
WN < WS iff L(ana()?T){vT;N?T;S) = S’

which indicates that North has no incentive to use 7 to shift the assembly away from
L(0,0,0,75, 75N, Tag)-

Hence, given any non-prohibitive 7*, North unilaterally selects free trade policy on inputs,
conditional on L (0,0,0, 75, 755, T5g) = {NN, S}, and chooses the other tariffs not to shift the
assembly away from L (0,0,0, 77,75y, T5s). Specifically, given an arbitrary (non-prohibitive)
7* such that L (0,0,0,77, 75y, 75g) = N, North selects 7257 (7*) = 0. Meanwhile, because
71 and 795 would have no impact on the national welfare if L = N were fixed, North is
indifferent between any combinations of 71 and 795 unless its tariff choice changes the loca-
tion. Thus, North chooses 7PF (7*) and 75 (7*) such that L (77,0, 758, 75, 75n. Thg) =
L(0,0,0,73,T5n, Thg) = N. Similarly, given an arbitrary (non-prohibitive) 7* such that
L(0,0,0,7%, 75y, Tag) = S, North selects 752 (7*) = 0 while 782 (7*) and 75§ (7*) will be
any combination such that L (7£%,75%,0,75, 75y, 75g) = L (0,0,0,75, 75y, T35) = S.

C Proof of Lemma 4

Conditional on having L = S, it follows from (11) and (13) that South government could
use 7} directly and 754 via the production-chain effect to manipulate p}" to its advantage.
However, I want to show that South will end up using a direct instrument of 77 exclusively
and choosing 7357 (1) = 0, while setting 7557 () > 1 — b — jy — 7oy prohibitively high.

South will prefer having L = S than otherwise if there exists a feasible combination of
71 and 754 that attains a higher welfare than Wy (Tan), with

1—Q—M2—72N
2

— 1
Wy (ton) = W* (TQN,T;N— ]N) :l*—i—z(l—l_)—,uQ—TQN)z,
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where 75, is set the optimal level conditional on having L = N (see (9)). When having
L = S is more favorable for South, given any (non-prohibitive) 7, South will set 7382 () >
1 — b — py — Ton prohibitively high (recall the discussion in section 2.2) and will target an
optimal combination of 7% and 734 to attain a higher welfare than Wy (Tox), subject to the

location constraint that dictates the final-good producer’s location choice:

max  W* (71, 725,77, T35 |5)
T1:T2s

s.t. TT<a—&*—[t1+ﬁ(5_b)+%(5_1_M2_7—25_T§S)2_T1’

with B
W*(-1S)=1"+7]+ T (b—].—IMQ—TQS—T;S).

In the 75¢-7 plane, the iso-welfare curve for W* (- |S) has aslope of — (b — 1 — p1, — Tas — 273)
while the location constraint has a slope of — (Z_) —1— gy — Tog — 7% S). Thus, as visualized
in Figure 2, the iso-welfare curve is tangent to the location constraint at 754 = 0, which
implies that South will end up using 77 exclusively.

Hence, South will be able to attain a higher W* (-|S) than Wy (Toy) if it can choose
75> (1= b— py — 72n)?, while choosing 7357 (1) = 0 and 7387 (1) > 1 — b — p1, — Tan,
without shifting the assembly away from S. Otherwise, South will instead choose 7357 (1) =
WTQ_TW, while using 7388 (1) # 0 and/or 7357 (1) # 0 if needed to have L = N in its
favor.

In addition, by a similar argument to Appendix B, we can show that South government
sometimes has an incentive to use 7* as a way to shift the assembly plant away from the

cost-minimizing location given 7. First, given 7 (and parameters) such that

_ 1 1 —
71Za—a*—u1+ﬁ(b—b)—Z(l—b—ug—TzN)2+§(b—l—uz—fzs)z,

South prefers having the same location as L (71, Tan, T25,0,0,0) = N and has no incentive
to use 7* to manipulate the location. Also, given 7 such that

. — 1 1 - 2
n<a—a =+ B0-0) -5 (1-b—py =)+ 5 (b—1—py—7as)
South prefers not to deviate from L (71, Tan, T25,0,0,0) = S. Second, given 7 such that

_ 1 1 —
T, € a—a*—,ul—l-ﬁ(b—l_a)—5(1—12—/12—7'21\/)24—5(b—l—,u2—7'25)2a

_ 1 1 -
a—a*—u1+ﬁ(b—b)—Z—l(l—l_)—/ig—ﬁN)Q-i-i(b—l—M2—72s)2)7

South prefers changing the location from L (71, Tan, T25,0,0,0) = N to S and does use 7*
to manipulate the location. One thing to note here is that South will use 7* to force an
inefficient location of N, given £ = L (0,0,0,0,0,0) = S, only if North chooses T such that
L (T1,T2n,T25,0,0,0) = N and South chooses 7* such that L (0,0,0, 75,75y, T5g) = N.
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D Details of Nash equilibrium trade policies (Proposi-
tion 6)
It follows from Lemmas 3 and 4 that North and South governments will end up with either

of the following two multiple Nash equilibria, (i) or (ii), depending on parameter values as
discussed in the end of this appendix:

(i) L (75, 7*NE) = N such that
NE * 1 2
T1 Zmax{a—a _N1+25M2+Z(1—Q—M2> ;

. - 1 1 - «NE\2 _ =«
a—a —/h‘i‘ﬁ(b—l_))_g(l_b_ﬂz)2+§(b_l_lh_Té\{SE_UgE) _TlNE}§

)

ToN —

70& = can be any (non-prohibitive) value as long as the above inequality for 72% holds;

. » - 1 1 - NEN 2
TN >a—a —M1+ﬁ(b—l_7)—g(l—b—#2)2+§(b_l_ﬂ2_7'2gE)
NE L= b=

ToN T T T > 0;
738% = can be any (non-prohibitive) value as long as the above inequality for 7% holds.

(if) L (v, 7*NF) = S such that

* 1 .
™E < a—a —Iu1—|—2ﬁlu2+5(1_@_#2>2_7_1NE;

Tévj\? > 1—=b—py _T;%E;
T%E = 0
) 1 . 1
TlNE c <Z(1_b_“2)27a_a _HJ1+25,U2+§(1_12_M2)2);
TN = 1—b—py > 0;
=

In what follows, I want to show how I derived these conditions for Nash equilibrium trade
policies. In this appendix, I do not limit the analysis to import tariffs and export taxes.
Nevertheless, in a Nash equilibrium, neither North nor South will choose to implement
import or export subsidies by a beggar-thy-neighbor motive, affecting North or South’s
national welfare.
First, since North never has an incentive to have the assembly plant out of L (O, 0,0, 7iNE psNE i NE ) ,
a Nash equilibrium falling into (i) corresponds to a case where South prefers having L = N.
It immediately follows that 75 = 0 and 7587 = =22, For the other tariffs to constitute
a Nash equilibrium, it follows from Lemma 3 that it should hold that

1—b— 1—b—
L (T{VE,O,T%E,T;NE, — MQ,T;JSVE> —L <o,o,o,T;NE7 — “2,7’5{;1?) ~N.
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Below, I limit the analysis to non-prohibitive T9g5’s and 75¢’s, without loss of generality. The
second equality of the above equation implies that a combination of 7}V¥ and 735 should
satisfy

* * T 1 1 - *
TlNE >a—a _M1+ﬁ(b_[_7) _g(l_b_ﬂ2)2+§(b_l_NQ_TQgE) )
while the first equality implies that a combination of 78 and 70 should satisfy
_ 1 1 -
M za—a =+ BE-b) — A -b=pw) 45 (01— — 7).

Also, to ensure that South prefers having L = N, Lemma 4 suggests that it should hold that

1-0—
wr (T]1VE7O T%EJ—TNEa _T:U’Z’ ;gE ‘N) > W (TiVE,O,O,7>{, 1 _Q_ ,u270 ‘S) ’

where 7} = a —a* — py + 20py, + 5 (1 —b— py)? — ™VE — ¢ with sufficiently small ¢ > 0,
is the highest possible 77 that South could choose, if it shifts the assembly from N to S,
conditional on that North would instead choose To5 = 0 while leaving 78F and 70} =

unchanged. The above inequality can be rewritten as 1 (1 —b— ju,)* > 77, that is, 7'11\7 E
should satisfy

1
e 2a—a*—u1+2ﬂuz+1(1—b—uz)2-
Next, a Nash equilibrium falling into (ii) corresponds to a case where South prefers
having L = S. It immediately follows that 7 = 0 and 73Y% = 0. Because, given any

Tan, South always has an incentive to raise 73, as high as p0831ble Lemma 4 suggests that
TINE > 1—b—py and 7HF > 1—b— py — 7387, Below, I limit the analysis to non-prohibitive
Ton’s, without loss of generality. For the other tariffs to constitute a Nash equilibrium, it
follows from Lemma 3 that

L (7%, 7358,0, 71V, 1 = b= 11y, 0) = L (0,0,0, 7, 1 = b= 1, 0) = S,

*NE should satisfy

which implies that 73]
*NE * 1 2
Ty <a—a _N1+25/ﬁ2+5(1—é—ﬂ2)7
while 70VF should satisfy

* 1 *
n<a-—a _U1+25/ﬁ2+5(1_9—,“2)2_7'1]\“9-
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Which is rewritten asszNE >1(1-b— 115)°, where 77 > a—a*—p,+3 (b—b)—5(1—-b- 119) 4
3 (b —1—py— ?’2‘5) — 7NE_ Therefore, combined with the above, another inequality for

TNE | we have

. 1 . 1
VP e (Z(l—Q—MQ)Qaa—CL _N1+25M2+§(1—Q—M2)2)-

There are a few things to note about how the Nash equilibrium outcome depends on pa-
rameter values: first, if parameters are such that p, € (0, a—a*+20u, + }l (1-b-— /LQ)Q),
North and South will end up with either (i) or (ii), but not both. Since the above condition
in terms of y, implies that an efficient location may be N or S, South will keep an efficient
location or will force an inefficient location, depending on the Nash location outcome, N
for (i) or S for (ii), relative to an efficient location. In other words, the shift away from an
efficient location would arise in either direction, £ = N to L (TN E pxNE ) =SorE=5to
L (TNE,T*NE) — N.

One other thing to note here is that South always prefers having the assembly lo-
cated in one location to the other, by construction. Suppose if South were to choose
T =3(1-b- ,u2)2, while having L = S. Then, South would enjoy exactly the same
level of the terms-of-trade gain as the level that it would attain if it were to have L = N
instead. Notice, however, that South would always be able to increase 77 a little bit higher
than i (1-b— u2)2 and, as a result, would strictly prefer having L = S to otherwise.

It is also noteworthy that how much South could raise 77 without shifting the assembly
out of S depends on North’s choice of 71, as well as on parameter values. Given a sufficiently
high 71 such that

. 1 . 1
T1E|a—a —u1+26u2+;l(1—b—u2)2,a—a —u1+25u2+5(1—b—u2)2>,

South always prefers having L = N and the Nash equilibrium outcome will never fall into
(ii), even if u, satisfies the above condition.

Lastly, if 1, € [a —a* + 28y + 1 (1 — b — p1)%, a — a* + 2B, + 1 (1 — b — p,)?), which
implies that £ = N, South always prefers having . = N and and the Nash equilibrium
outcome will fall into (i).

References

ANTRAS, P., AxD R. W. STAIGER (2012a): “Offshoring and the Role of Trade Agreements,”
American Economic Review, 102(7), 3140-3183.

(2012b): “Trade Agreements and the Nature of Price Determination,” American
Economic Review Papers and Proceedings, 102(3), 470-476.

BaaweLL, K., axp R. W. STAIGER (2002): The Economics of the World Trading System.
Cambridge MA: The MIT Press.

(2015): “Delocation and Trade Agreements in Imperfectly Competitive Markets,”
Research in Economics, 69(2), 132-156.

27



BALDWIN, R., aND A. J. VENABLES (2013): “Spiders and Snakes: Offshoring and Agglom-
eration in the Global Economy,” Journal of International Economics, 90(2), 245-254.

BERNHOFEN, D. M. (1997): “Strategic Trade Policy in a Vertically Related Industry,”
Review of International Economics, 5(3), 429-433.

EATON, J., AND G. M. GROSSMAN (1986): “Optimal Trade and Industrial Policy Under
Oligopoly,” The Quarterly Journal of Economics, 101(2), 383-406.

JusT, R. E.; A. SCHMITZ, AND D. ZILBERMAN (1979): “Price Controls and Optimal Export
Policies Under Alternative Market Structures,” The American Economic Review, 69(4),
706-714.

KM, J. (2010): “Recent Trends in Export Restrictions,” OECD Trade Policy Papers No.
101, OECD.

KORINEK, J., AND J. BARTOS (2012): “Multilateralising Regionalism: Disciplines on Export
Restrictions in Regional Trade Agreements,” OECD Trade Policy Papers No. 139, OECD.

OssA, R. (2011): “A "New Trade" Theory of GATT/WTO Negotiations,” Journal of
Political Economy, 119(1), 122-152.

RODRIK, D. (1989): “Optimal Trade Taxes for a Large Country with Non-Atomistic Firms,”
Journal of International Economics, 26(1-2), 157-167.

SOLLEDER, O. (2013): “Panel Export Taxes (PET) Dataset: New Data on Export Tax
Rates,” THEID Working Papers No. 07-2013, The Graduate Institute of International
Studies.

VENABLES, A. J. (1985): “Irade and Trade Policy with Imperfect Competition: The Case
of Identical Products and Free Entry,” Journal of International Economics, 19(1-2), 1-19.

VENABLES, A. J. (1987): “Trade and Trade Policy with Differentiated Products: A
Chamberlinian-Ricardian Model,” Economic Journal, 97(387), 700-717.

WTO (2010): World Trade Report 2010 - Trade in natural resources. Geneva: WTO.

(2014): World Trade Report 2014 - Trade and development: recent trends and the
role of the WTO. Geneva: WTO.

28



ERIA Discussion Paper Series

No. Author(s) Title Year
Optimal Trade Policy and Production Sep
2016-25  Ayako OBASHI Location 2016
Kazunobu HAYAKAWA
Nuttawut Au
2016-24  LAKSANAPANYAKUL 'L;‘:ﬁ;‘;ttgniﬁel;ragg Qr?gggme”t J
Hiroshi MUKUNOKI P 2016
Shujiro URATA
Lili Yan ING, Olivier . . ) Au
2016-23 CADOT and Janine ITranspa_rencly C|:n Non—.tarlff Meausres: An g
WALZ nternational Comparison 2016
. Towards Responsive Regulatory Jul
2016-22 XSJ”J:#WSS:(EN Management Systems: Country Report Y
g for Viet Nam 2016
: Towards a Requisite Regulatory June
L Management System: Philippines 2016
Lili Yan ING and I . June
2016-20 Olivier CADOT Facilitating ASEAN Trade in Goods 2016
Doan Thi Thanh HA, Misallocation and Productivity: May
2016-19  Kozo KIYOTA, and The Case of Vietnamese Manufacturin
Kenta YAMANOUCHI g 2016
Vangimalla R. REDDY, Food Supply Chain Disruption due to Ma
Shardendu K. SINGH X i L . y
2016-18 Natural Disasters: Entities, Risks, and
and Venkatachalam o -ieqies for Resilience 2016
ANBUMOZHI g
Arindam DAS-GUPTA, Measuring Tax Administration A
r
2016-17 Gemma B. ESTRADA, Effectiveness and its Impact on Tax 20?6
Donghyun PARK Revenue
. Mar
2016-16  Naohiro YASHIRO Regulatory Coherence: The Case of Japan 2016

29



No. Author(s) Title Year
Song June KIM and Dae  Regulatory Coherence: The Case of the Mar
2016-15 .
Yong CHOI Republic of Korea 2016
Peter CARROLL, Towards Responsive Regulations and M
Gregory BOUNDS and . ar
2016-14 Rex DEIGHTON- Regulatory Coherence in ASEAN and 2016
SMITH East Asia: The Case of Australia
o Mar
2016-13  Derek GILL Defining Regulatory Management System 2016
Regulatory Coherence: The Case of New Mar
2016-12  Derek GILL
Zealand 2016
Sang-Hyop LEE, Demographic  Change and  Fiscal Mar
2016-11  Jungsuk KIM and S
Donghyun PARK Sustainability in Asia 2016
2016-10 Ayako OBASHI and The Role of China, Japan, and Korea in Mar
Fukunari KIMURA Machinery Production Networks 2016
2016-09 Ayako OBASHI and Deepening and Widening Production Mar
Fukunari KIMURA Networks in ASEAN 2016
Increasing the Resilience of Asian Supply Feb
e
2016-08  Willem THORBECKE Chains to Natural Disasters: The Role of 2016
the Financial Sector
Hiroyuki NAKATA, Market  Concentration and  Risk- Eeb
2016-07  Yasuyuki SAWADA and Prevention Incentives: The Case of the 2016
Kunio SEKIGUCHI Hard Disk Drive Industry
Tourism Supply Chains and Natural
. Disasters: The Vulnerability Challenge Feb
2016-06  Meinhard BREILING ) o
and Business Continuity Models for 2016

ASEAN Countries

30



No. Author(s) Title Year
Masaru TANAKA and Towards Reframing the Spirit of ASEAN Feb
2016-05  Shigeatsu Environmentalism: Insights from Japan’s 2016
HATAKEYAMA COHHO Experience and Studies
Challenges of Indonesian Competition ]
an
2016-04 Manaek SM PASARIBU Law and Some Suggestions for 2016
Improvement
Promoting Rural Development, ]
VO Tri Thanh and . . an
2016-03 NGUYEN Anh Duong Employment, and Inclusive Growth in 2016
ASEAN
2016.02 Venkatachalam Convergence of  Opportunities: Jan
ANBUMOZHI Resilience and the ASEAN Community 2016
How Do Exports and Imports Affect the
Lili Yan ING, Shujiro — yse of Free Trade Agreements? Firm- Jan
2016-01 URATA and Yoshifumi ]
FUKUNAGA level Survey Evidence from Southeast 2016

Asia

Previous year of ERIA Discussion Paper, can be downloaded at:

http://www.eria.org/publications/discussion

papers/FY 2015/

http://www.eria.org/publications/discussion

papers/FY2014/

http://www.eria.org/publications/discussion

papers/FY2013/

http://www.eria.org/publications/discussion

papers/FY2012/

http://www.eria.org/publications/discussion

papers/FY 2011/

http://www.eria.org/publications/discussion

papers/FY2010/

http://www.eria.org/publications/discussion

papers/FY 2009/

http://www.eria.org/publications/discussion

papers/FY 2008/

31


http://www.eria.org/publications/discussion_papers/FY2015/
http://www.eria.org/publications/discussion_papers/FY2014/
http://www.eria.org/publications/discussion_papers/FY2013/
http://www.eria.org/publications/discussion_papers/FY2012/
http://www.eria.org/publications/discussion_papers/FY2011/
http://www.eria.org/publications/discussion_papers/FY2010/
http://www.eria.org/publications/discussion_papers/FY2009/
http://www.eria.org/publications/discussion%20papers/FY2008/

	ERIA-DP-2016-25-cover & list only
	Obashi_Spider.pdf

