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1 Introduction

International trade has been liberalized dramatically since the end of World War II. According
to WTO estimates, the average ad valorem tariff on manufacturing goods has been reduced
from over 40 percent to below 4 percent during this time period.

This dramatic liberalization was largely the result of a sequence of successful rounds of
trade negotiations governed by the General Agreement on Tariffs and Trade (GATT) and its
successor the World Trade Organization (WTO).! The GATT/WTO is an institution regu-
lating trade negotiations through a set of prenegotiated articles. The principles of reciprocity
and nondiscrimination are usually considered to be the essence of these articles. Generally
speaking, the former advises that tariff changes keep changes in imports equal across trad-
ing partners and the latter requires that the same tariff must be applied against all trading
partners for any given traded product.?

In this paper, I develop and quantify a novel theory of GATT/WTO negotiations. This
theory provides new answers to two prominent questions in the trade policy literature. First,
what do GATT/WTO negotiators negotiate about? And second, what is the role played by
the fundamental GATT/WTO principles of reciprocity and nondiscrimination?

My benchmark is, of course, the standard neoclassical theory of GATT/WTO negotia-
tions. Its main idea goes back to Johnson (1953-54) and builds on the classic optimal tariff
argument:® in a neoclassical environment, each country has an incentive to impose import
tariffs in order to improve its terms-of-trade. However, if all countries impose import tariffs in

an attempt to improve their terms-of-trade, no country actually succeeds and inefficiently high

! According to WTO statistics, industrial countries have cut their tariffs on industrial products by an average
36 percent during the first five GATT rounds (1942-62), an average 37 percent in the Kennedy Round (1964-
67), an average 33 percent in the Tokyo Round (1973-79), and an average 38 percent in the Uruguay Round
(1986-94). There is some controversy about the scope of GATT/WTO negotiations. Rose (2004) finds that
GATT/WTO members did not benefit more from GATT/WTO negotiations than non-members. However,
Subramanian and Wei (2007), and Tomsz et al. (2007) argue that this finding is not robust.

T adopt here Bagwell and Staiger’s (1999) interpretation of the principles of reciprocity and nondiscrimi-
nation which I will discuss in more detail later on.

3The classic optimal tariff argument itself is actually much older than Johnson (1953-54). Sece Irwin (1996)
for a history of thought.



tariffs prevail. This inefficiency then creates incentives for cooperative trade policy setting.
Essentially, tariffs entail an international terms-of-trade externality and trade negotiations
serve to internalize this externality. Grossman and Helpman (1995) extended this main
argument to the case in which governments are subject to pressure from domestic interest
groups. They demonstrated that tariffs continue to entail a terms-of-trade externality in this
case which can be internalized in trade negotiations. Bagwell and Staiger (1999) built on
this literature and developed a unified framework of GATT/WTO negotiations. In a very
general neoclassical trade model in which governments have preferences consistent with all
leading political economy approaches, they showed that the fundamental GATT/WTO princi-
ples of reciprocity and nondiscrimination can be interpreted as simple negotiation rules which
help governments internalize the terms-of-trade externality. They also demonstrated that the
terms-of-trade externality is the only trade policy externality which can arise in this envi-
ronment thus making it the only trade policy externality GATT/WTO negotiations can be
about.’

Instead of analyzing GATT/WTO negotiations in a neoclassical trade model, my ‘new
trade’ theory builds on a Krugman (1980) ‘new trade’ model.® My main result is that in this
‘new trade’ environment, GATT/WTO negotiations governed by the principles of reciprocity

and nondiscrimination no longer necessarily have to be interpreted as helping countries over-

*See also Kuga (1973), Mayer (1981), Riezman (1982), Dixit (1987), Kennan and Riezman (1988), Maggi
(1999), and Syropoulos (2002) for other important contributions to that literature.

> An alternative theory of trade agreements was offered by Maggi and Rodriguez-Clare (1998). It stresses
commitment considerations, pointing out that trade agreements may help governments commit vis-a-vis do-
mestic special interest groups. It differs fundamentally both from the standard terms-of-trade theory of
GATT/WTO negotiations as well as from my ‘new trade’ theory of GATT/WTO negotiations in that it
does not view trade negotiations as a means to internalize an international trade policy externality. Maggi and
Rodriguez-Clare (2007) show how this commitment theory can be combined with the standard terms-of-trade
theory. See also Staiger and Tabellini (1987) and Mitra (2002).

SWhile the argument can be made most cleanly in the context of the simple Krugman (1980) model, it
generalizes to more complicated environments. For example, all results can also be derived in a variant of the
Arkolakis et al (2008) version of Melitz (2003), as I discuss in detail in a separate appendix which is available
upon request. This is not surprising since the effect I emphasize is closely related to the home market effect.
The home market effect is generally considered to be a fundamental feature of environments with increasing
returns to scale and transport costs (see, for example, Helpman and Krugman 1985: 209). It is also the
basis of the ‘new economic geography’ literature initiated by Krugman (1991) and synthesized by Fujita et al.
(1999). See Feenstra, Markusen, and Rose (1998), Davis and Weinstein (1999, 2003), Head and Ries (2001),
and Hanson and Xiang (2004) for evidence on the home market effect.



come a terms-of-trade externality but can instead also be interpreted as helping countries
internalize a production relocation externality. In my model, a production relocation exter-
nality arises in the sense that countries can use trade policy to gain at the expense of other
countries by attracting a larger share of manufacturing production. In particular, a unilateral
increase in import tariffs makes foreign manufacturing goods more expensive in the domes-
tic market so that domestic consumers shift expenditure towards domestic manufacturing
goods. As a consequence, domestic manufacturing firms sell more thus making profits and
foreign manufacturing firms sell less thus making losses which triggers entry into the domestic
manufacturing sector and exit out of foreign manufacturing sectors. This relocation of man-
ufacturing production increases domestic welfare but reduces foreign welfare since it reduces
the share of manufacturing goods consumed by domestic consumers which is subject to trade
costs but increases the share of manufacturing goods consumed by foreign consumers which is
subject to trade costs. The GATT/WTO principles of reciprocity and nondiscrimination help
governments internalize this externality since they jointly ensure that tariff changes no longer
entail production relocations. This is because, under these principles, tariff-induced changes
in domestic consumer expenditure towards or away from domestic manufacturing goods are
exactly offset by changes in foreign consumer expenditure away from or towards these goods.
By neutralizing the production relocation externality, the principles of reciprocity and nondis-
crimination not only guide countries away from the inefficient noncooperative equilibrium in
a way which monotonically increases welfare in all countries, but they also secure negotiated
tariff concessions by eliminating all incentives to reverse them.

This is important since many economists have questioned the practical relevance of terms-
of-trade considerations for actual trade negotiations. Krugman (1997: 113), for example, finds
the optimal tariff argument so irrelevant to real-world disputes over trade policy that he even
concludes one cannot make economic sense of GATT/WTO negotiations at all. However, I do

not aim to disprove the importance of terms-of-trade effects.” Instead, I hope to strengthen

"In fact, recent studies by Broda, Limao, and Weinstein (2008) and Bagwell and Staiger (forthcoming)
suggest that terms-of-trade considerations do play a role in governments’ tariff choices.



the literature’s most fundamental claim that economic logic can be used to make sense of
GATT/WTO negotiations by providing an alternative economic explanation of GATT/WTO
negotiations. One advantage of this explanation is that it can be linked directly to trade
policy debates. While trade policymakers are assumed to maximize domestic welfare in the
model, their tariff choices are exactly as if they maximized the number of domestic manufac-
turing firms. And since the number of domestic manufacturing firms translates directly into
the number of domestic manufacturing jobs, this is equivalent to maximizing the number of
domestic manufacturing jobs.

Given the gravity structure of my model, I can quantify it using an extension of the
technique developed by Dekle, Eaton, and Kortum (2007). An attractive feature of this
technique is that it relies directly on bilateral trade data and only requires few parameter
estimates. Focusing on the six major players in recent GATT/WTO negotiations, I show that
my stylized production relocation model generates Nash tariffs of the same order of magnitude
than the actual tariffs observed during the tariff war following the Smoot-Hawley Tariff Act
of 1930.%8 T also show that my model predicts the welfare losses from reverting to Nash tariffs
to be moderate never exceeding 1.2 percent for any country in any specification.

While I am, I believe, the first to study trade negotiations in a ‘new trade’ model, I am by
no means the first to study trade policy in such a model. It is well-known that, in Krugman
(1980) type environments, import tariffs generally have production relocation and terms-of-
trade effects. Venables (1987) was the first to develop a version of the Krugman (1980) model

which isolates production relocation effects. Gros (1987) was the first to develop a version of

8In particular, I focus on Brazil, China, the European Union, India, Japan, and the United States as these
are typically considered to be the main players in GATT/WTO negotiations. I aggregate all other countries
into a seventh trade bloc referred to as the Rest of the World.



the Krugman (1980) model which isolates terms-of-trade effects.?*1%:11 Essentially, the positive
profits made by manufacturing firms as a result of import tariffs can be competed away either
through entry leading to a production relocation effect or through an increase in wages leading
to a terms-of-trade effect. The relative strength of these two effects is determined by the
elasticity of the labor supply curve facing the manufacturing sector as a whole. Models with
freely traded homogeneous non-manufacturing goods generate a perfectly elastic labor supply
curve and therefore isolate production relocation effects. Models without non-manufacturing
goods at all generate a perfectly inelastic labor supply curve and therefore isolate terms-of-
trade effects. Intermediate cases can be constructed with freely or costly traded differentiated
non-manufacturing goods.

In order to emphasize the novel features of my ‘new trade’ theory of GATT/WTO ne-
gotiations, I isolate production relocation effects throughout. In the next section, I lay out
the basic model and explain how GATT/WTO negotiations governed by the principles of
reciprocity and non-discrimination can be interpreted as helping governments internalize a
production relocation externality. I keep this analysis deliberately simple with the purpose of
clearly conveying my qualitative point. In the third section, I then calibrate a more realistic
version of the basic model and demonstrate that it generates Nash tariffs of the same order of
magnitude than the actual tariffs observed during the tariff war following the Smoot-Hawley

Tariff Act of 1930.

9The classic optimal tariff argument therefore also applies in ‘new trade’ environments. An extra twist is
that a tariff can now also be used to correct the domestic distortion originating from the monopoly pricing
of domestic manufacturing firms. Gros (1987) shows that therefore the optimal tariff is positive even if the
country is so small that it has no market power in world markets. See also Flam and Helpman (1987) and
Helpman and Krugman (1989).

'0%enables (1987) studies unilateral trade policy only. Gros (1987) studies unilateral trade policy and also
characterizes the noncooperative trade policy equilibrium. Neither Venables (1987) nor Gros (1987) consider
trade negotiations.

"My paper is also related to the analysis of Baldwin and Robert-Nicoud (2000) who study Venables (1987)
type trade policy effects in an economic geography model developed by Martin and Rogers (1995). They show
that symmetric liberalization between asymmetric countries leads to international firm relocations from the
small to the large country. They also show that the large country needs to liberalize faster than the small
country if international firm relocations are to be prevented. See also Baldwin et al. (2003).



2 Basic model

In this section, I lay out the basic model and explain how GATT/WTO negotiations gov-
erned by the principles of reciprocity and non-discrimination can be interpreted as helping
governments internalize a production relocation externality. I first focus on a two-country case
to highlight the role played by the principle of reciprocity. I then move to a three-country

extension to shed light on the role played by the principle of nondiscrimination.

2.1 Two-country case: GATT/WTO and reciprocity
2.1.1 Setup

There are two countries: country 1 and country 2. Consumers have access to a continuum
of differentiated manufacturing goods and a single homogeneous non-manufacturing good.
Preferences over these goods are identical in both countries. They are given by the following

utility functions
no
o—1
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where m;; is the quantity of a manufacturing good from country ¢ consumed in country j, Y
is the quantity of the non-manufacturing good consumed in country j, n; is the ‘number’ of
manufacturing goods produced in country i, o > 1 is the elasticity of substitution between
manufacturing goods, and g is the share of income spent on manufacturing goods. Tech-
nologies are also identical in both countries. They are summarized by the following (inverse)
production functions

M = f+cq)! (2)
N =q (3)

where l;” is the labor requirement for producing qj\/[ units of a manufacturing good in coun-

try 7, l}/ is the labor requirement for producing qJY units of the non-manufacturing good in



country j, f denotes the fixed labor requirement of manufacturing production, and ¢ denotes
the marginal labor requirement of manufacturing production. The manufacturing goods mar-
ket is monopolistically competitive whereas the non-manufacturing good market is perfectly
competitive.

Tariffs are introduced as a component of ‘iceberg’ trade costs which apply only to manu-
facturing goods.'? For one unit of a manufacturing good from country ¢ to arrive in country
7, 0 (1 + t;;) units must be shipped and the remainder ‘melts away’ in transit, where § > 11is a
transport cost and ¢;; > 0 is the tariff imposed by country j against imports from country 313
To economize notation, I make frequent use of the shorthand 7;; = 14-¢;; throughout. Notice
that, modeled this way, tariffs do not generate any revenue. This is essential for the model’s
tractability but naturally restricts tariffs to be nonnegative. The results presented in this sec-
tion of the paper are therefore best compared to a version of the standard neoclassical model
of GATT/WTO negotiations in which tariffs are also restricted to be nonnegative. I discuss
the implications of allowing for revenue-generating tariffs in the context of the quantitative
analysis in section 3.

Motivated by the fact that import tariffs have always been by far the most important
trade policy instruments in practice, my analysis abstracts from export policy instruments.
The tariff war following the Smoot-Hawley Tariff Act of 1930 is an important case in point.
It occurred before the use of export policy instruments was constrained by GATT/WTO
regulations suggesting that there are reasons why governments typically refrain from using
them.' I do not explore these reasons in this paper but simply assume that import tariffs are

the only available trade policy instruments. Bagwell and Staiger (2009) have recently argued

12 As will become clear shortly, the production relocation effect is closely related to the home market effect.
Davis (1999) shows that in simple setups like the one developed here, the home market effect disappears if
outside good sector trade costs are sufficiently high. However, Krugman and Venables (1999) demonstrate that
this no longer holds in more general environments. Essentially, all that is needed for the home market effect
to survive is a margin through which aggregate manufacturing employment can adjust.

13 As usual, internal trade is assumed to be free of any barriers.

MGATT/WTO regulations require countries to concentrate national protective measures into the form of
tariffs. In particular, article XI requires the elimination of quantitative restrictions and article XVI prohibits
export subsidies. Both articles do not apply to agricultural products.



that this assumption is crucial to be able to interpret the production relocation externality
as a fundamental problem trade agreements are designed to solve. Allowing for import and
export policy instruments in a framework similar to the one developed here, they show that
the noncooperative equilibrium is inefficient only because of export-tax-induced terms-of-
trade effects since all import-tariff-induced production relocation effects are exactly undone
by export-subsidy induced production relocation effects. Readers uncomfortable with my
assumption should therefore not give my analysis this broad interpretation but instead view
it as an examination of the specific properties of real-world trade negotiations. In particular,
GATT article XVI prohibits export subsidies for manufacturing goods and the United States
constitution prohibits export taxes so that countries only have access to an incomplete set
of trade policy instruments in practice. Fundamental problem or not, it seems important
to understand the implications of this institutional arrangement for the motivation of trade
negotiators and the efficiency of trade negotiations.

I also make the following three additional assumptions: first, I restrict ¢;; to be finite so that
t > t;; > 0 overall, where  is an arbitrarily large but finite upper bound. This upper bound
is purely introduced for technical convenience. Removing it would somewhat complicate the
exposition without changing the results in any interesting way (see the appendix for a detailed
discussion of the consequences of letting ¢ — 00). Second, I assume that the manufacturing
sector is always active in both countries. This requires transport costs to be sufficiently large
(see the appendix for the precise restriction on 6). It ensures that countries can never attract
all manufacturing firms through trade policy and thereby eliminates uninteresting corner
solutions. Finally, I assume that the non-manufacturing good sector is always active in both
countries. This requires the demand for manufacturing goods to be sufficiently small (see the
appendix for the precise parameter restriction on u). It ensures, together with the assumptions
made on market structure, non-manufacturing good technology, preferences, and trade costs
that there is no role for terms-of-trade effects in this environment. I comment further on this

latter point below.



2.1.2 Solution for given trade policy

I choose the price of the non-manufacturing good as the numeraire which implies that wages
are equal to one in both countries since the non-manufacturing good sector is always active
in both countries, the non-manufacturing good market is perfectly competitive, the non-
manufacturing good is produced using the above technology, and is freely traded among
countries. For given tariffs, the model’s solution is then determined by the market clearing

conditions for manufacturing firms in country 1 and country 2

g =p 7GT  \ply +p77 (0r12)' 77 GF T L (4)
q=p 7 (0721)" 7 G 'Ly +p °G§ Lo (5)
where ¢ = ! (Uc_l) are the break-even outputs determined by free entry, p = 5 are the
ex-factory prices determined by profit maximization, G; = (n1p1*‘7 + no (p9721)1_0> 7 and

1
Gy = (nl (p97'12)170 + ngpl_") "7 are the ideal manufacturing price indices, and L1 and Lo

are the numbers of consumers or workers. Equations (4) and (5) can be solved immediately

for the equilibrium manufacturing price indices
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If the definitions of the manufacturing price indices are substituted, they can also be solved

for the equilibrium numbers of manufacturing firms

. ﬁ L1 . LQ (97‘21)1_0
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Notice that this equilibrium has three special features. First, the world number of manufactur-

ing firms is constant since ny + ny = %. Second, tariffs affect welfare only through the
manufacturing price indices since indirect utilities are given by V; = pu# (1 — /QL)(P“ ) L]Gj_“ .
Finally, there can be no role for terms-of-trade effects since ex-factory prices are independent

of trade policy.'® These features all help to clarify the argument but are not crucial for the

main results.

2.1.3 Production relocation effect and import price effect

Equations (6) and (7) reveal that each country’s price index is monotonically decreasing in
its own tariff regardless of the other country’s tariff but monotonically increasing in the other
country’s tariff regardless of the own tariff so that each country can always use trade policy
to gain at the other country’s expense. This trade policy externality is brought about by
a production relocation effect. In particular, a unilateral increase in import tariffs makes
foreign manufacturing goods more expensive in the domestic market so that domestic con-
sumers shift expenditure towards domestic manufacturing goods. As a consequence, domestic
manufacturing firms sell more thus making profits and foreign manufacturing firms sell less
thus making losses which triggers entry into the domestic manufacturing sector and exit out
of the foreign manufacturing sector, as is also reflected in equations (8) and (9). This reduces
the domestic price index but increases the foreign price index since it reduces the share of
manufacturing goods consumed by domestic consumers which is subject to trade costs but

increases the share of manufacturing goods consumed by foreign consumers which is subject

151 follow Helpman and Krugman (1989: 143) in defining the terms-of-trade as the ratio of ex-factory prices
which is equal to 1 in this model. One may object that this is a too narrow definition since terms-of-trade
effects should really operate through price indices in this environment. I show below that, even if such a wider
definition is adopted, my results can still not be interpreted as terms-of-trade effects.

11



to trade costs.'5:!7 While this production relocation effect is the only channel through which
domestic tariffs affect foreign welfare, domestic welfare is also affected by a counteracting but
dominated import price effect. In particular, domestic import tariffs also directly increase
the domestic price index by making still-imported manufacturing goods more expensive. The
reason why the production relocation effect always dominates the import price effect can be
best understood with the help of equations (4) and (5). A unilateral increase in import tariffs
initially increases the domestic price index because of the import price effect which increases
sales and profits of domestic firms. To restore equilibrium, there has to be entry into the
domestic manufacturing sector and exit out of the foreign manufacturing sector which re-
duces the domestic price index and increases the foreign price index. This makes it harder
for domestic firms to sell goods in the domestic market but easier for domestic firms to sell
goods in the foreign market so that the domestic post-tariff equilibrium price index must be
below its pre-tariff level. If it merely returned to its pre-tariff level, domestic firms could still

export more than before and would therefore make positive profits.

2.1.4 Noncooperative trade policy

I now consider what happens if governments choose trade policy noncooperatively in an at-
tempt to maximize their citizens’ welfare. While welfare maximization is first and foremost a
simplifying assumption, it is actually more realistic than one might think. Maggi and Gold-
berg (1999), for example, find that the weight of welfare in the government’s objective function
is many times larger than the weight of trade-policy-influencing campaign contributions.

Notice first that the noncooperative equilibrium is maximum protection. This follows

YNotice that the production relocation effect depends crucially on increasing returns to scale. Essentially,
it is a tariff-induced change in the pattern of specialization brought about by changes in relative market size
which cannot arise in neoclassical environments.

"Notice that the production relocation gain could still not be interpreted as a terms-of-trade gain even if a
price-index-based definition of the terms-of-trade was adopted. This is because country j’s terms-of-trade would

exp

1

G AT . R o :

then have to be defined as —#75 = (:*]) "7 since G = (n;p'~7) T 7is the world price index of country j’s
: ;

, 1
manufacturing exports and G;-mp = (niplf(’) 1-v is the world price index of country j’s manufacturing imports
and would therefore deteriorate and not improve in country j’s tariff.

12



immediately from the fact that each country’s price index is monotonically decreasing in its

own tariff regardless of the other country’s tariff and is stated more formally in lemma 1:8

Lemma 1 Suppose that governments choose tariffs simultaneously in an attempt to mazimize

their citizens” welfare. Then the unique Nash equilibrium is (t21,t12) = (f, Z).
Proof. Follows immediately from equations (6) and (7). m

Observe second that a tariff combination is efficient if and only if the tariff is zero in at
least one of the countries. Intuitively, there always exists a bilateral tariff reduction which
reduces one country’s price index without affecting the other country’s price index by ap-
propriately balancing the import price effect and the production relocation effect. However,
bilateral tariff reductions are only possible if tariffs are positive in both countries so that

Pareto improvements cannot be achieved if the tariff is zero in at least one of the countries:'?

Lemma 2 The set of Pareto-efficient tariff combinations consists of all (ta1,t12) such that

(t21,t12) = (any t21,0) or (t21,t12) = (0, any t12).
Proof. See the appendix for a formal proof. m

Thus, the noncooperative equilibrium is inefficient. While the details of lemma 1 and 2
clearly reflect specific modeling assumptions, this result captures a first fundamental point:
tariffs entail a production relocation externality which governments fail to internalize when

setting tariffs noncooperatively. It is therefore stated as proposition 1:
Proposition 1 The noncooperative equilibrium is inefficient.

Proof. Follows immediately from lemmas 1 and 2. m

18This stark result emerges because production relocations are the only motivation for protection in this
environment. In the presence of tariff revenue, the noncooperative equilibrium involves less than maximum
protection, as I discuss in detail in the quantitative application in section 3. Nevertheless, the noncooperative
equilibrium remains inefficient in this case since tariffs continue to entail a production relocation externality.

9Recall that the iceberg trade barriers assumption restricts tariffs to be nonnegative. Lemma 2 therefore
characterizes a constrained efficiency frontier. This should be kept in mind when comparing this efficiency
frontier to the Mayer locus featuring in the neoclassical theory of GATT/WTO negotiations.

13



2.1.5 Trade policy under the GATT/WTO: the principle of reciprocity

I now contrast this with the outcome achieved under the GATT/WTO principle of reci-
procity as interpreted by Bagwell and Staiger (1999).2° Generally speaking, the principle of
reciprocity advises that tariff changes keep changes in imports equal across trading partners.
However, this principle has two particular applications in GATT/WTO practice and is not
binding to the same degree in both these applications. First, governments are to seek a ‘bal-
ance of concessions’ during rounds of trade liberalization in the sense that they cut tariffs
reciprocally. While this application is considered to be an important negotiation norm in
practice it is actually not encoded in GATT/WTO articles and is therefore not binding in a
legal sense. Second, governments are entitled to ‘withdraw substantially equivalent conces-
sions’ if a trading partner increases previously bound tariffs in the sense that they retaliate
reciprocally. This right is encoded in GATT/WTO articles and therefore has legal status. In

light of this discussion, I adopt the following formal definition of reciprocity:>!

Definition 1 Define a tariff change to be reciprocal if it is such that dT B = dTBY =0,
where TB]M = EXPjM — IMPJ-M and EXPjM (IMPJM) refers to the value of country j’s

manufacturing exports (imports).

Notice first that the principle of reciprocity completely eliminates all trade policy exter-
nalities. Given aggregate manufacturing market clearing, the number of manufacturing firms

operating in country j can be decomposed as follows:

L. TBM
nj = u + — (10)
qp qp

The numerator is just the total expenditure on country j’s manufacturing goods by country

¢’s and country j’s consumers, since this can be decomposed into the total expenditure on

200f course, the principle of nondiscrimination is trivially satisfied in a two-country world.

21 While I follow Bagwell and Staiger’s (1999) interpretation of the principle of reciprocity, I adapt their
formal definition to my specific setting by applying it only to manufacturing trade. This makes it distinct from
the definition used by Bagwell and Staiger (2001) in the comparable ‘outside good’ setting since they continue
to include non-manufacturing trade.

14



country 4’s and country j’s manufacturing goods by country j’s consumers (©L;), plus the total
expenditure on country j’s manufacturing goods by country i’s consumers (EX PjM ), minus
the total expenditure on country i’s manufacturing goods by country j’s consumers (I M PjM ).
The denominator is just the (constant) sales of country j’s manufacturing firms. Hence, if
TBJM is fixed by reciprocity, country j’s number of manufacturing firms is fixed as well.
Intuitively, tariff-induced changes in country j’s consumer expenditure towards or away from
country j’s manufacturing goods are then exactly offset by tariff-induced changes in country
i’s consumer expenditure away from or towards these goods. This result is summarized as

lemma 3:22

Lemma 3 Tariff changes leave the number of firms unchanged in both countries if and only

if they are reciprocal.
Proof. Follows immediately from equation (10) and the definition of reciprocity. m

Observe second that reciprocal tariff concessions increase welfare monotonically in both
countries. Recall that a country’s price index is affected by its own tariff through two op-
posing effects: the production relocation effect which tends to make a country’s price index
decreasing in its own tariff; and the import price effect which tends to make a country’s price
index increasing in its own tariff. As was discussed above, the production relocation effect
dominates the import price effect so that a country’s price index is decreasing in its own tar-
iff. However, if the production relocation effect is eliminated by reciprocity, only the import
price effect remains so that a country’s price index then becomes increasing in its own tariff.
While the details of lemma 3 again reflect specific modeling assumptions, this result captures
a second fundamental point: the principle of reciprocity makes countries internalize the pro-

duction relocation externality by ruling out changes in the manufacturing trade balance which

220f course, reciprocal tariff changes only leave the number of firms unchanged in both countries if the world
number of manufacturing firms is independent of trade policy. This is the case in this environment but depends
on functional form assumptions. More generally, the principle of reciprocity prevents countries from gaining at
the expense of one another by ruling out changes in the manufacturing trade balance which shift expenditure
away from one country’s manufacturing sector towards the other country’s manufacturing sector.

15



shift expenditure away from one country’s manufacturing sector towards the other country’s

manufacturing sector. It is therefore stated as proposition 2:

Proposition 2 Reciprocal trade liberalization (trade protection) monotonically increases (de-

creases) welfare in both countries.

Proof. Follows immediately from lemma 3 and the definitions of manufacturing price indices.

Notice finally that the principle of reciprocity therefore not only guides countries away from
the inefficient noncooperative equilibrium in a way which monotonically increases welfare in
all countries but also secures negotiated tariff concessions by eliminating all incentives to
reverse them. Suppose that, starting at the noncooperative equilibrium, country j assumes
the leadership in trade negotiations. Then, since country ¢ is to respond reciprocally to any
tariff reduction by country j, i.e. since country ¢ is to seek a ‘balance of concessions’, country
J immediately has an incentive to initiate reciprocal trade liberalization which monotonically
increases welfare in both countries. Also, since country 4 is entitled to respond reciprocally
to any tariff increase by country j, i.e. since country ¢ is entitled to ‘withdraw substantially
equivalent concessions’, country j never has an incentive to increase its tariff so that negotiated
tariff concessions can be secured.?® In summary, the principle of reciprocity can thus be seen
as helping governments escape the inefficient noncooperative equilibrium in a way which

monotonically increases welfare in all countries.??

2 Thus, any tariff combination can be sustained under reciprocity in this environment. Together with lemma
2, this implies that all efficient tariff combinations can be sustained under reciprocity. This differs from the
finding of Bagwell and Staiger (1999) that, absent political economy forces, free trade is the only efficient tariff
combination which can be sustained under reciprocity. Recall, however, that lemma 2 characterizes constrained
efficient tariffs so that this difference should not be overemphasized.

21n fact, the principle of reciprocity not only helps governments escape the inefficient equilibrium but also
directly guides them to efficient tariffs. This is because countries can liberalize their trade reciprocally unless
one country has completely eliminated all its tariffs which is sufficient for efficiency from lemma 2.
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2.2 Three-country case: GATT/WTO and nondiscrimination

While the basic two-country model is thus useful to illustrate the role played by the GATT/WTO
principle of reciprocity, it is too simple to shed light on the role played by the GATT/WTO
principle of nondiscrimination. For this reason, I now consider an extension of this model. In
particular, I focus on the simplest possible setup that allows for discriminatory tariff setting.
There are now three countries: country 1, country 2, and country 3. Country 1 trades with
both country 2 and country 3, but country 2 and country 3 trade with country 1 only so that
only country 1 can set discriminatory tariffs. Everything else is just as in the basic model.

All results regarding noncooperative trade policy naturally generalize to the three-country
case. Most importantly, the noncooperative equilibrium is still inefficient because tariffs entail
a production relocation externality which governments fail to internalize when setting tariffs
noncooperatively. Readers interested in the details of the noncooperative equilibrium can find
the solution of the three-country model together with the three-country versions of lemma 1,
lemma 2, and proposition 1 in the appendix.

However, this similarity conceals that tariffs now have more complicated international
implications. Besides the import price effect, there is now both a bilateral as well as a
multilateral production relocation effect. The bilateral production relocation effect is an
effect between the two countries directly affected by the tariff and is just the production
relocation effect familiar from the two-country model: for example, a tariff imposed by country
1 against country 2 leads to production relocations from country 2 to country 1 since this
increases the sales and profits of manufacturing firms in country 1 and reduces the sales and
profits of manufacturing firms in country 2. The multilateral production relocation effect is
an additional effect on the third country which is not directly affected by the tariff. This
multilateral production relocation effect works through changes in country 1’s manufacturing
price index: for example, since a tariff imposed by country 1 against country 2 leads to
production relocations from country 2 towards country 1, country 1’s manufacturing price

index falls. If country 1’s manufacturing price index falls, country 1’s market becomes more
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competitive which makes it harder for firms in country 3 to sell their products to country 1.
If it becomes harder for firms in country 3 to sell their products to country 1, the number of
firms operating in country 3 has to fall in equilibrium so that a tariff imposed by country 1
against country 2 does not only lead to production relocations from country 2 to country 1
but also from country 3 to country 1.

The presence of this multilateral production relocation effect implies that the properties of
the principle of reciprocity only all generalize to the three-country case if countries engage in
multilateral trade negotiations. In particular, the principle of reciprocity now only completely
eliminates all trade policy externalities if it is applied in multilateral trade negotiations. Also,
the principle of reciprocity now only ensures that negotiated tariff concessions increase welfare
monotonically in all countries if it is applied in multilateral trade negotiations. Adapting the
earlier definition of reciprocity to the three country case, tariff changes are now to be bilat-
erally reciprocal in bilateral trade negotiations and multilaterally reciprocal in multilateral
trade negotiations, where bilaterally reciprocal and multilaterally reciprocal tariff changes are

formally defined as follows:

Definition 2 Define a tariff change to be bilaterally reciprocal between country 1 and country
2 if it is such that dTBéW = 0 and bilaterally reciprocal between country 1 and country 3 if
it is such that dTB}! = 0, where TBM = EXPM — IMPM and EXPM (IMP]-M ) refers
to the value of manufacturing exports (imports) in country j. Define a tariff change to be

multilaterally reciprocal if it is such that dTB{V[ = dTBéV[ = dTBéW =0.

Given aggregate manufacturing market clearing, the number of manufacturing firms op-

erating in country j can again be decomposed as follows:

L. TBM
ny =t 220 (11)
J

qp qp

Hence, if country 1 and country 2 change tariffs in a bilaterally reciprocal way, the number of

firms in country 2 remains unchanged. Therefore, the principle of reciprocity completely elim-
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inates the bilateral production relocation effect if it is applied in bilateral trade negotiations.
Also, if all countries change tariffs in a multilaterally reciprocal way, the number of firms
remains unchanged in all countries. Therefore, the principle of reciprocity completely elimi-
nates both the bilateral as well as the multilateral production relocation effect if it is applied
in multilateral trade negotiations. Although not obvious from equation (11), the principle of
reciprocity is not sufficient to also eliminate the multilateral production relocation effect if it
is applied in bilateral trade negotiations. This is because bilaterally reciprocal tariff changes
between country 1 and country 2 change country 1’s price index thereby affecting the sales
of firms in country 3. In particular, if country 1 and country 2 liberalize in a bilaterally
reciprocal way, country 1’s price index falls which makes it harder for firms in country 3 to
export their goods to country 1. As a consequence, firms in country 3 make losses unless some

production relocates to country 1. This is summarized in lemma 6:

Lemma 4 Tariff changes leave the number of firms unchanged in all countries if and only
if they are multilaterally reciprocal. Moreover, bilaterally reciprocal trade liberalization (trade
protection) between country 1 and country 2 leaves the number of firms unchanged in country
2 but monotonically increases (decreases) the number of firms in country 1 at the expense
of (to the benefit of) country 3. Similarly, bilaterally reciprocal trade liberalization (trade
protection) between country 1 and country 3 leaves the number of firms unchanged in country
3 but monotonically increases (decreases) the number of firms in country 1 at the expense of

(to the benefit of ) country 2.
Proof. See the appendix for a formal proof. m

Moreover, if country 1 and country 2 liberalize in a bilaterally reciprocal way, only the
bilateral production relocation effect is neutralized so that country 2 gains because of the
import price effect, country 1 gains because of the import price effect and the multilateral
production relocation effect, but country 3 loses because of the multilateral production relo-

cation effect. If, instead, country 1, country 2, and country 3 liberalize in a multilaterally
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reciprocal way, the multilateral production relocation effect is also neutralized so that all

countries gain because of the import price effect. This is summarized in proposition 4:

Proposition 3 Maultilaterally reciprocal trade liberalization (trade protection) monotonically
increases (decreases) welfare in all countries. Moreover, bilaterally reciprocal trade liberaliza-
tion (trade protection) between country 1 and country 2 monotonically increases (decreases)
welfare in country 1 and country 2 but monotonically decreases (increases) welfare in coun-
try 3. Similarly, bilaterally reciprocal trade liberalization (trade protection) between country
1 and country 3 monotonically increases (decreases) welfare in country 1 and country 3 but

monotonically decreases (increases) welfare in country 2.
Proof. See appendix A2 for a formal proof. m

Hence, the principle of reciprocity alone is now only sufficient to help countries overcome
the inefficient noncooperative equilibrium in a way which monotonically increases welfare in
all countries if it is applied in multilateral trade negotiations. This suggests that an important
role played by the principle of nondiscrimination simply is to multilateralize trade negotia-
tions.?>>26 Under the principle of nondiscrimination, country 1 has to impose the same tariff
against country 2 and country 3 so that country 1 cannot change its tariff against country 2
or country 3 only. As a consequence, country 2 and country 3 are then both authorized to
respond to any tariff change by country 1 in a way which keeps their manufacturing trade
balances unchanged so that multilateral reciprocity prevails. This simple interpretation actu-
ally squares well with the justification given by US Secretary of State Cordell Hull for making

the principle of nondiscrimination a cornerstone of the US Reciprocal Trade Agreements Act

% Notice that countries do not necessarily have an incentive to engage in multilateral trade negotiations.
For example, it is easy to show that country 1 would always prefer sequential bilateral trade negotiations to
simultaneous multilateral trade negotiations in the special case of symmetric countries. This is because country
1 gains only because of the import price effect in simultaneous multilateral trade negotiations but also because
of the multilateral production relocation effect in sequential bilateral trade negotiations.

2“GATT/VVTO articles allow countries to sign preferential trade agreements as an important exception to
the principle of nondiscrimination. This has generated a debate on whether preferential trade agreements are
‘building blocs’ or ‘stumbling blocs’ on the way to multilateral free trade. See Panagariya (2000) for a survey
of the literature.
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of 1934 on which the GATT/WTO is largely based. As summarized by Bagwell and Staiger
(2002: 72), Hull regarded the principle of nondiscrimination as beneficial "since it offered a
way to multilateralize the reciprocal tariff reductions that governments might negotiate bi-
laterally". It is important to emphasize that, according to this interpretation, the principle
of reciprocity alone continues to reverse all incentives for protection so that the principle of
nondiscrimination plays no efficiency enhancing role. Instead, it only ensures that all trade
policy externalities are eliminated so that governments cannot gain at the expense of one an-
other and welfare increases monotonically in all countries during all stages of the liberalization

process.?”»%8

3 Quantitative application

In this section, I calibrate a more realistic version of the basic model and demonstrate that it
generates Nash tariffs of the same order of magnitude than the actual tariffs observed during
the tariff war following the Smoot-Hawley Tariff Act of 1930. This version is more realistic in
four ways. First, there are now J countries and trade can flow between all of them. Second,
tariffs now generate revenue which is distributed in a lump-sum fashion to consumers. Third,
production and trading technologies are now asymmetric in the sense that marginal costs c
and fixed costs f are allowed to vary across countries and transport costs 8 are allowed to

vary across exporter-importer pairs. And finally, there are now aggregate trade imbalances

*"Notice that the principle of nondiscrimination plays a different role in Bagwell and Staiger (1999). There,
it does not neutralize the multilateral terms-of-trade effect by multilateralizing trade negotiations but instead
by equalizing all bilateral terms-of-trade. In fact, multilateralizing trade negotiations would not be sufficient
to neutralize the multilateral terms-of-trade effect because the multilateral terms-of-trade are a trade-weighted
average of the bilateral terms-of-trade and thus depend on trade shares unless the bilateral terms-of-trade
are equalized. One implication of this difference is that the principles of reciprocity and nondiscrimination
neutralize all third party externalities without requiring any third party response in Bagwell and Staiger
(1999).

%8 Notice that reciprocal trade liberalization no longer necessarily leads to efficient tariffs if the principle of
nondiscrimination is imposed. This is because reciprocity and nondiscrimination can only be satisfied if all
tariffs are lowered simultaneously, as can be easily established by differentiating the three-country versions of
the manufacturing market clearing conditions. But this is impossible if at least one of the tariffs is equal to
zero which is not sufficient for efficiency, as can be seen from the three-country version of lemma 2. Recall,
however, that the requirement to liberalize reciprocally is not binding in a legal sense so that this feature of
the principle of nondiscrimination should not be overemphasized.
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captured by an exogenous trade surplus parameter 1'B;. Everything else is just as in the
basic model.

For given tariffs, the model’s solution is now determined by the following equations which
represent manufacturing market clearing conditions, manufacturing price index definitions,

and consumer expenditure conditions, respectively

J
= p; 0L 7T G X i=1,.,J (12)

1

J l1—0o
= (an (pigijﬁj)l_g> j=1..,J (13)
=1

J
Xj=L;-TB;+ Ztijni (pieij)l_a Ti_jJG?_llqu 7=1,..,J (14)
i=1

The key difference compared to the basic model is that consumer expenditure now consists of

labor income minus the aggregate trade surplus plus tariff revenue necessitating the introduc-

tion of the consumer expenditure variable X; and the consumer expenditure condition (14).%"

Denoting the counterfactual value of t;; by t and counterfactual changes in 7;; by 7;; = :Z

et cetera, it is easy to verify using the technique of Dekle, Eaton, and Kortum (2007) that

equations (12) - (14) can be rewritten in changes as

J
1= (7iy) 7 (@)H X; i=1,..,J (15)

1

J 1—0o
= (Z B (ﬂﬂ”) j=1,.,J (16)
=1

— i+ Z(SU LR (Riy) 0 (éj)a_l X; j=1,.,J (17)

29 Also, ¢; and p; are now country specific since marginal costs and fixed costs are allowed to vary across
countries, 6;; is exporter-importer-pair specific, and 7;; enters only with a coefficient of —o into the manufac-
turing market clearing condition since it is no longer part of the iceberg trade barriers and therefore does not
generate any indirect demand.
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where aij, B;;, 7;, and d;; are simple functions of y, tariffs, and trade flows which can be found
in the appendix. Given estimates of u and o as well as data on tariffs and trade flows only,
equations (15) - (17) can be used to compute the counterfactual changes in manufacturing
price indices éj, numbers of manufacturing firms 7;, and consumer expenditures X j induced
by counterfactual tariffs tgj. Counterfactual changes in welfare can then be calculated from
17]' = )?j (C%-)iu since indirect utility is now given by V; = p# (1 — ,u)(k”) XjG;“.

I use trade and tariff data for the year 2004. I focus on the main players in recent
GATT/WTO negotiations - Brazil, China, the European Union, India, Japan, and the United
States - and aggregate all other countries into a seventh trade bloc which I refer to as the
Rest of the World.?? I construct the matrix of trade flows exactly as in Dekle, Eaton, and
Kortum (2007) and also work with their parameter estimates p = 0.188 and o = 9.28 or
alternatively o = 4.60.3! I construct the matrix of tariffs by taking simple averages over the
applied manufacturing protection rates reported by Boumellassa, Laborde, and Mitaritonna
(2009).3% T present my trade and tariff data in Tables 1 and 2.

Before implementing the full seven-trade-bloc-case, it is instructive to briefly turn to a
simple two-trade-bloc example to illustrate the implications of tariff revenue and to motivate
the algorithm used for computing Nash tariffs. I generate such an example by keeping the
United States only and aggregating all other countries into the Rest of the World. Figure
1 shows how the United States’ welfare varies in the United States’ tariff and reveals that
there is now an interior optimal tariff. The reason is that tariff revenue is hump-shaped in
the tariff and the welfare loss due to a reduction in tariff revenue dominates the welfare gain

due to additional production relocations at some point. Figure 2 plots the optimal tariff of

30T aggregate Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg,
The Netherlands, Portugal, Spain, Sweden, and the United Kingdom into the European Union as these were
the member states at the beginning of 2004. The European Union is a customs union and therefore sets a
common external tariff. I include Hong Kong in my definition of China.

31Tn particular, I downloaded their GDP data, trade balance data, and international trade data from the
website of Sam Kortum and followed their exact procedure to compute internal trade flows. Notice that p
compares to « in their paper and o compares to 1+ € in their paper.

32 Consistent with the principle of nondiscrimination, these manufacturing protection rates vary by importer
only.
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the United States against the tariff of the Rest of the World and vice versa and suggests
that Nash tariffs can be computed using a simple iterative algorithm. In particular, the Nash
equilibrium can be found by first computing the United States’ optimal tariff given a guess
of the Rest of the World’s optimal tariff, then computing the Rest of the World’s optimal
tariff given the United States’ optimal tariff, and so on, as this procedure quickly converges
to the point at which both reaction functions cross. Both figures take all factual tariffs to
be zero for simplicity and focus on the case ¢ = 9.28 only but look similar under alternative
assumptions.

Tables 3 and 4 report the Nash tariffs for the full seven-trade-bloc case computed using
this simple algorithm under the assumption of ¢ = 9.28 and ¢ = 4.60, respectively. Nash
tariffs are predicted to be relatively similar across trade-bloc pairs. They range between 10.3
percent and 13.0 percent in the case of ¢ = 9.28 and between 25.6 percent and 28.9 percent in
the case of 0 = 4.60. The tariffs observed during the trade war following the Smoot-Hawley
Tariff Act of 1930 are typically reported to be around 50 percent.?® While a direct comparison
is difficult given the differences in the set of players and the timing of the experiment, it is
still noteworthy that my stylized production relocation model generates Nash tariffs which
are of the same order of magnitude than these actual noncooperative tariffs. This stands in
contrast to the stylized terms-of-trade model calibrated by Perroni and Whalley (2000) which
predicts Nash tariffs of up to 1000 percent.3*

Table 5 presents the counterfactual welfare losses from moving to the predicted Nash
tariffs. They range between 0 percent and -0.4 percent in the case of ¢ = 9.28 and between 0
percent and -1.2 percent in the case of ¢ = 4.60. All countries are therefore predicted to be

weakly worse off in the case of a tariff war.

33See, for example, Bagwell and Staiger (2002: 43).

34To the best of my knowledge, Perroni and Whalley (2000) is the only quantitative study of noncooperative
trade policy which is of similar scope than the analysis provided here. Earlier studies such as Whalley (1985:
231-249) were forced to restrict attention to simple two country cases due to computational constraints faced
at the time.

24



4 Conclusion

In this paper, I developed and quantified a ‘new trade’ theory of GATT/WTO negotiations.
My main result was that in a ‘new trade’ environment, GATT /WTO negotiations governed by
the principles of reciprocity and nondiscrimination no longer necessarily have to be interpreted
as helping countries internalize a terms-of-trade externality but can instead also be interpreted
as helping countries internalize a production relocation externality.

This ‘new trade’ theory builds on a rationale for unilateral protection which can be linked
directly to trade policy debates. In the model, the higher the import tariff, the larger is the
number of domestic manufacturing firms; the larger the number of domestic manufacturing
firms, the lower is the domestic price index; and the lower the domestic price index, the higher
is domestic welfare. Therefore, while trade policymakers are assumed to maximize domestic
welfare in the model, their tariff choices are exactly as if they maximized the number of domes-
tic manufacturing firms. And since the number of domestic manufacturing firms translates
directly into the number of domestic manufacturing jobs, this is equivalent to maximizing the
number of domestic manufacturing jobs. Of course, the model cannot capture the differential
role played by exporting and import-competing interests in real-world GATT/WTO negoti-
ations. This is because all firms are simultaneously exporting and import-competing in this
simple ‘new trade’ environment.

Many of the arguments made in the context of the neoclassical theory of GATT/WTO
negotiations could be revisited in the context of this ‘new trade’ theory of GATT/WTO ne-
gotiations. For example, one could introduce political economy forces into the model as in
Bagwell and Staiger (1999) to see whether GATT/WTO negotiations can be viewed as a
response to politically motivated protectionism. Or one could consider labor and environ-
mental standards as in Bagwell and Staiger (2001) to assess whether they should be part of
the GATT/WTO agreement. Or one could introduce domestic production subsidies into the
model as in Bagwell and Staiger (2006) to evaluate the GATT/WTO rules on production

subsidies.
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5 Appendix

5.1 Basic model: Two-country case
5.1.1 Parameter restrictions

The manufacturing sector is active in both countries for all possible (t21,%12) if and only if

1 1
0 > (Llerng) "“"and 0 > <L1L+2L2) "7 The non-manufacturing good sector is active in both

countries for all possible (t21,t12) if and only if 4 <1 — gt

5.1.2 Proof of lemma 2

Proof. A tariff combination (¢21,¢12) cannot be Pareto efficient if there exist possible Pareto
improving tariff changes (dta1, dt12) at (t21,t12). This includes tariff changes (dta, dt12) such
that dGy < 0 and dG7 = 0. From total differentiation, dG; = g%dtm + g%dtlz and

dGy = J%2dty) + JP2dtyy. Therefore, dGy = 0 if dtyy = —5219%dtyy so that dGy =

9Ga _ 9G3 Otg1 9G1 — ; 0Gy _ 0Ga Otz1 0Gy
<8t12 Dtar OCH 8t12) dt1s along dG1 = 0. Notice that 5~ Gt oGt ot 0 for all (t21,t12).
0G1, 52 =

l—0o —0o
is i 9Gy _ _ (07210712) 012 3Gy _ (1=(6721)' ) (6712) fren
ThlS 15 because Ota1 — ]_—(97‘2197‘12)170’ 0G17 Otiz — (17(9T12)1_U)(17(9T2197‘12)1_0‘) Ota1

(1—(0712)" %) (0721) 7 Gy _ (07210712) 70T 9Gs  9Ga Ot 8G1 _
(1—(9721)17‘7)(1—(97’216712)1"7)QGQ’ and Otz — 1—(07210712) 7 0G2 so that Ot12  Ota1 0Gy Otiz

%' Hence, there exist Pareto improving tariff changes (dta1,dti2) for all (t21,t12). These

(dto1,dt12) are such that dta; < 0 and dt12 < 0 and are thus possible if and only if 37 > 0 and
t12 > 0. Therefore, only (t21,t12) such that (t21,%12) = (any t21,0) or (t21,t12) = (0, any ¢12)
can be Pareto efficient. It is easy to verify that for none of these (¢21,12) there exists another
(t21,t12) which makes one country better off without making the other country worse off.

Therefore, they are also indeed Pareto efficient. m
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5.2 Basic model: Three-country case
5.2.1 Parameter restrictions

The manufacturing sector is active in all countries for all possible (21, 31, t12, t13) if and only

1 1 1
. Ly 1-0o Lo -0 Ls 1-0 35 .
if @ > (7L1+L2+L3) and 6 > (7L1+2L2> and 6 > (L+2L3> .>? The non-manufacturing

good sector is active in all countries for all possible (t21, t31, t12, t13) if and only if u < 1—-20'°.

5.2.2 Solution for given trade policy

For given tariffs, the model’s solution is determined by the manufacturing market clearing

conditions
q=p Gy 'uLy+p 7 (0712)' 7 G5 uLa +p 7 (0713)' 7 G§ ' uls (18)
q=p 7 (0r2n) "Gy uly +p TGy uly (19)
q=p 7 (0731) "Gy tuLy +p°GY 'uLs (20)
where ¢ = ! (Uc_l) and p = 75 as in the two-country case but the ideal manufacturing

price indices are now given by Gi = (nlpl_" + ng (p(9’7'21)170 + ns (p0731)170)m, Gy =
1

1 1
(m (phr12) 77 + ngplfc’) "7 and Gs = (m (pfr13)* " + ngplf") 7. Bquations (18) - (18)

can be solved immediately for the equilibrium manufacturing price indices

_(ap” P\t
= <ML1 Q > 21

_ (ap” P2\t
G = </~LL2 Q > 22)

35 Notice that this restriction gets stronger the more countries are featured in the analysis. It should, however,
not be taken literally empirically since wage adjustments are ruled out in order to cleanly isolate production
relocation effects. If positive profits could also be competed away by wage adjustments instead of entry, a
milder parameter restriction would be sufficient to guarantee diversified manufacturing production.
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1

%:(W¢ﬁ“l (23)

[LL3 Q
where
&, =1-— (97’12)1_0 — (97‘13)1_0 (24)
Dy =1 (0r2)" 7 = (0713)" 7 ((071)' 7 = (9721)' ) (25)
By =1 (Br31)" 7 — (Or12)° ((9721)1—“ - (9731)1—0) (26)
Q=1 (0rn0712)" "7 — (Or310713) 7 (27)

It is easy to verify that &1, ®o, 3, and Q > 0 given the assumed parameter restrictions. If
the definitions of manufacturing price indices are substituted, they can also be solved for the

equilibrium numbers of manufacturing firms

I I l1—0o L 1-0o
i (L) L) o8)
gp \ 1 2 s
l1—0o
e n Lo (1 — (07310713) ) N Ls («97’12«9731)170 - Ly (07'12)1—0 29)
ap 2 s "
M L3 (1 — (97—2197—12)1_0) LQ (97’2197’13)1_0— Ll (07’13)1_0—
- ' - (30)

qp P ) ®y
As in the two-country case, the world number of manufacturing firms is constant, tariffs
affect welfare only through the manufacturing price indices, and there can be no role for
terms-of-trade effects.

5.2.3 Three-country version of lemma 1

Suppose that governments choose tariffs simultaneously in an attempt to maximize their citi-

zens welfare. Then the unique Nash equilibrium is (t21,ts1,t12,t13) = (f, t,t, f) )
Proof. Follows immediately from equations (21) - (23). m
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5.2.4 Three-country version of lemma 2

The set of Pareto-efficient tariff combinations consists of all (tei,ts1,t12,t13) such that

(t21,t31,t12, t13) = (any to1, any t31,0,0) or (t21,31,t12,%13) = (0,0, any ti2, any 13).

Proof. A tariff combination (t21,t31,%12,%13) cannot be Pareto efficient if there exist possi-
ble Pareto improving tariff changes (dta1,dts:,dt12,dt13) at (te1,ts31,t12,%13). This includes
tariff changes (dtgl,dtg,l,dtlg,dtlg), dt31 = dtlg = 0, such that dG2 < 0 and dGl = ng =

0. From total differentiation, dG; = aGl dt21 + at Ldt1o, dGo = aGQ dt21 + 8t 2dt12, and

oG : Jta1 0G
dGs = §3dty) + §P3dtyy. Therefore, dGy = 0 if dtyy = —§21951dt1; and dGs = 0
if dto; = —gt—éégt—?zdtlg. Notice that these two conditions are identical. This is because
Gy _ _ (07210712) 70712 G, _ ®3(0712)"7 0Gs _ ®1(07210712) “0712(0731) 7
Otr — Q 0G1, Otiz — Qo G, Otar — Q3 0G3, and
8Gs _ _ ®a(fm12) 7 (O731)' 7 ° _ Oty1 0G1 __ Oty OGs _ B
Otia Qd3 0G3 so that 9G, Otia G Ot1a " Hence, along dGl = dG3 = 0,

_ 0Go _ 0G9 Ota1 0G1 : 0Go _ 0G9 Ota1 0G1
dGy = (781‘,12 Dtr 0G1 Ttlg) dt12. Notice that Otis  Otas 0G1 Otia > 0 for all (t21,t31,t12,t13).

.. —c ®1(1—(07316713)77)(0721) " ° .
This is because g% — _we(;? and gTG; _ (10 Q1;))2 )(6721) 0Gy which,
. : : . . . OGa 0G5 Ote1 0G1 _ Ga
together with the derivatives given above, implies that T~ G a0 ot = 1o- Hence,

there exist Pareto improving tariff changes (dte1,dts1,dti2,dt13), dtsy = dt;3 = 0, such
that dG2 < 0 and dG7 = dGs = 0 for all (to1,t31,t12,t13). These (dtar,dtss,dt1a, dt13)
are such that dto; < 0 and dti1o < 0 and are thus possible if and only if 97 > 0 and
t12 > 0. This also includes tariff changes (dta1, dts1, dt12,dt13), dts; = dt1o = 0, such that
dGs < 0 and dG7 = dG3 = 0. From total differentiation, dG, = g%dtgl + %dtl& dGy =

9% Qtor + 9 S52dtys, and dG3 = S dtg) + §23 3dt13. Therefore, dGy = 0 if di13 = — Otz 0Gh gy,

Ota1 0G1 Ota1

and dG3 = 0 if dt13 = —gt—éggt—%dtm. Notice that these two conditions are identical. This
is because 9¢1 = 23UH3) TpGy and 96 = —mifnis) PTGy which, together with the
derivatives given above, implies tha _%% = —gt—éggt%. Hence, along dG; = dGs = 0,

_ [ 0G2 _ 0G3 0ti13 0G1 : 0Ga _ 0G3 0t13 0G1
dGz = (3t21 Ot13 0G1 8t21) dbz1. Notice that Ota1 ~ Ot13 0G Otay > 0 for all (t21’t31’t12’t13)'

—o l1—0o
This is because 262 = —230713) “0r21) " g which, together with the derivatives given
Ot13 [9Xii
: . 9G 9G4 Ot13 0G Dq1(0721) "7 : : :
above, implies that 572 — 572342 571 = %9(}2. Hence, there exist Pareto improving
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tariff changes (dto1, dts1, dt12, dt13), dts; = dt1o = 0, such that dGe < 0 and dGp = dG3 =0
for all (to1,t31,t12,t13). These (dto1,dts1, dti2,dt13) are such that dte; < 0 and dt;3 < 0 and
are thus possible if and only if t3; > 0 and t13 > 0. Symmetric arguments can be made for
tariff changes (dto1, dts1, dt12, dt13), dta; = dt1o = 0, such that dGs < 0 and dGy = dGy =0
and tariff changes (dta1, dts1, dt12, dt13), dta1 = dti13 = 0, such that dG3 < 0 and dG1 = dGy =
0. Therefore, only (to1,%31,t12,%13) such that (ta1,t31,t12,t13) = (any to1, any t31,0,0) or
(ta1,t31,t12,t13) = (0,0, any t12, any t13) can be Pareto efficient. It is easy to verify that for
none of these (t21,t31,t12,t13) there exists another (to1,t31,t12,%13) which makes one country
better off without making at least one of the other countries worse off. Therefore, they are

also indeed Pareto efficient. m

5.2.5 Three-country version of proposition 1

The noncooperative equilibrium is inefficient.

Proof. Follows immediately from the three-country versions of lemmas 1 and 2 m

5.2.6 Proof of lemma 4

Proof. The statement that tariff changes leave the number of firms unchanged in all countries
if and only if they are multilaterally reciprocal follows immediately from equation (11) and
the definition of multilateral reciprocity. Similarly, the statement that bilaterally reciprocal
trade liberalization between country 1 and country 2 (country 3) leaves the number of firms
unchanged in country 2 (country 3) follows immediately from equation (11) and the definition
of bilateral reciprocity. Finally, the statement that bilaterally reciprocal trade liberalization
between country 1 and country 2 (country 3) monotonically increases the number of firms in
country 1 at the expense of country 3 (country 2) follows from the fact that dni+dng+dng = 0
together with the observation that dns ) if dts1 = dt13 = dny =0 (@ > 0 if dtg; = dt1a =

dtay dts1

dns = 0) which can be easily established from equation (20) (equation (19)). =
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5.2.7 Proof of proposition 3

Proof. Follows immediately from lemma 4 and the definitions of manufacturing price indices.

5.3 Quantitative application

)

The coefficients in equations (12) - (14) are defined as a;; = g%, B;; = T” Loy = XJ;J_RJ'
and d;; = % where T;; denotes the total value of trade ﬂowmg from country 7 to country j

evaluated at world prices, S; = Z i1 T;j denotes the total value of manufacturing sales of firms
from country 7 evaluated at world prices, X; = %Z;]:l 7i;1;; denotes the total expenditure

of consumers in country j, and R; = 25:1 t;j1;; denotes the tariff revenue of country j.

5.4 Effects of t — o

If ¢ — oo, the two-country version of lemma 1, the three-country version of lemma 1, lemma
4, and proposition 3 would have to be modified as follows:

Effect on the two-country version of lemma 1: If £ — oo, (£,¢) would no longer be the
unique Nash equilibrium but instead the unique trembling-hand perfect Nash equilibrium. In
particular, g%l — 01if t10 — oo and BGQ — 0 if ta1 — o0 as can be seen from equations (6) and
(7). Therefore, all (to1,t12) such that (to1,t12) = (any tgl,f) or (ta1,t12) = (f, any tlg) would
then also be Nash equilibria. However, only (f, f) would be robust to small perturbations in
the governments’ strategies because % < 0 as soon as t12 < oo and 8G2 < 0 as soon as
to1 < 00.

Effect on the two-country version of lemma 1: This is analogous to the effect on the
two-country version of lemma 1. If £ — oo, (f, t,t, f) would no longer be the unique Nash
equilibrium but instead the unique trembling-hand perfect Nash equilibrium since all other
Nash equilibria would not be robust to small perturbations in the governments’ strategies.

Effect on lemma 4: If £ — oo, the statement on bilaterally reciprocal trade liberalization

(trade protection) would have to be qualified. In particular, bilaterally reciprocal trade liber-

37



alization (trade protection) between country 1 and country 2 would then leave the number of
firms unchanged in country 2 but increase (decrease) the number of firms in country 1 at the
expense of (to the benefit of) country 3 if t3; < oo and leave the number of firms unchanged

0G3 _ 9G; _

in all countries if t37 — oco. The latter case arises because £~

e = o 0 if t37 — oo, as

can be seen from equation (23). Similarly, bilaterally reciprocal trade liberalization (trade
protection) between country 1 and country 3 would then leave the number of firms unchanged
in country 3 but increase (decrease) the number of firms in country 1 at the expense of (to
the benefit of ) country 2 if 91 < co and leave the number of firms unchanged in all countries
if t97 — o0o. The latter case arises because g% = g% = 0 if t9;7 — 00, as can be seen from
equation (22).

Effect on proposition 3: This follows directly from the effect on lemma 4. If ¢ — oo,
the statement on bilaterally reciprocal trade liberalization would have to be qualified. In
particular, bilaterally reciprocal trade liberalization between country 1 and country 2 would
then monotonically increase welfare in country 1 and country 2 but monotonically decrease
welfare in country 3 if 37 < co and monotonically increase welfare in country 1 and country
2 but leave welfare unchanged in country 3 if ¢33 — oo. Similarly, bilaterally reciprocal trade
liberalization between country 1 and country 3 would then monotonically increase welfare
in country 1 and country 3 but monotonically decrease welfare in country 2 if to; < co and

monotonically increase welfare in country 1 and country 3 but leave welfare unchanged in

country 2 if to1 — oo.

38



6 Figures and tables
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Figure 1: Optimal tariff with tariff revenue
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Figure 2: Reaction functions and Nash equilibrium
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ROW EU Brazil | China | India | Japan uUs
ROW | 3907.4 [ 551.6 151 | 434.4 20.4 91.2 | 550.8
EU 656.9 | 6372.9 | 14.3 83.6 16.9 48.3 | 235.9
Brazil | 24.1 9.3 314.6 2.1 0.3 1.0 16.4
China| 349.7 | 161.6 3.9 801.7 7.0 82.4 | 212.2
India | 18.6 17.3 0.4 6.2 387.0 1.4 14.6
Japan| 191.8 | 96.1 2.9 123.1 2.9 3074.1| 128.4
Us 3904 | 177.4 10.7 45.6 5.5 44.0 | 5201.3
MNotes:Entry(i,j)Aredactual@xportsdromA@oinAUSSHillion@nR 004

Table 1: Aggregated trade matrix from Dekle, Eaton, and Kortum (2007)

ROW EU Brazil | China | India | Japan uUs
ROW | 0.0 2.5 12.7 4.2 14.8 1.3 2.2
EU 7.0 0.0 12.7 4.2 14.8 1.3 2.2
Brazil| 7.0 2.5 0.0 4.2 14.8 1.3 2.2
China| 7.0 2.5 12.7 0.0 14.8 1.3 2.2
India 7.0 2.5 12.7 4.2 0.0 13 2.2
Japan| 7.0 2.5 12.7 4.2 14.8 0.0 2.2
uUs 7.0 2.5 12.7 4.2 14.8 1.3 0.0

Notes:Entrydi,j)@sHactualdarifiimposedbyd@gainst@mportsfromin®An2 004

Table 2: Aggregated tariff matrix from Boumellassa, Laborde, and Mitaritonna (2009)
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ROW EU Brazil | China | India | Japan uUs

ROW | 0.0 13.0 12.1 11.6 12.0 12.4 12.4

EU 11.0 0.0 12.1 11.9 12.0 12.1 12.0

Brazil | 11.6 12.5 0.0 12.0 12.1 12.2 12.3

China| 10.3 11.5 12.0 0.0 12.0 12.5 11.0

India | 12.2 12.5 12.1 12.0 0.0 12.1 12.1

Japan| 11.4 12.0 12.1 11.6 12.1 0.0 11.9

US 11.4 12.1 12.1 12.0 12.1 12.1 0.0

Notes:Entryfi,j)@s@ounterfactualMashdariffimposedbyd@gainst@mportsdromddinks

Table 3: Nash tariffs with o = 9.28

ROW EU Brazil | China | India | Japan uUs

ROW | 0.0 28.7 27.8 26.2 27.7 28.3 27.8

EU 26.3 0.0 27.7 27.6 27.8 27.8 27.7

Brazil | 26.7 28.2 0.0 27.6 27.8 27.9 27.8

China| 284 26.9 27.7 0.0 27.7 28.9 25.6

India | 27.5 28.0 27.8 27.5 0.0 27.8 27.6

Japan| 26.6 27.5 27.8 26.9 27.8 0.0 27.5

US 27.0 27.8 27.8 27.8 27.8 27.9 0.0

Notes:Entrydi,j)@s@ounterfactualMNash@ariffimposedbyd@gainst@mportsEromddnEs

Table 4: Nash tariffs with o = 4.60

sigma=9.28 | sigma=4.60
ROW .3 .7
EU 0.0 BD.2
Brazil RD.1 0.3
China BD.4 BlL.2
India RD.1 0.3
Japan .1 .3
us 0.0 0.0

Entries@re@ounterfactual@velfare@hangesin®s

Table 5: Welfare losses from moving to Nash tariffs
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