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1 Introduction

What are the welfare consequences of preferential trade liberalization, not only for the coun-
tries involved, but also for those countries excluded? Further, if trade liberalization affects the
welfare of both groups, through which channels does it change? With the surge in preferential
trade agreements (PTAs) in the past two decades, these questions are frequently posed by trade
economists and policymakers and generate considerable interest among the public.

In this paper, following the two-sector Eaton and Kortum (2002) model (hereafter, the EK
model), we investigate the effects of a change in a country’s tariff on trade flows and welfare
for both the engaged and excluded countries using comparative statics analyses. In addition,
the equilibrium property that excluded countries may gain allows us to consider whether global
free trade can be stable in the sense that no country has an incentive to deviate unilaterally.

Our key results are as follows. First, when one country decreases tariffs on imports from
another country, the price level decreases in every country. In our analysis, because the case
of a PTA is a combination of the two unilateral cases, this result holds for any number of
countries’ bilateral tariff reduction. Second, such trade liberalization by any number of coun-
tries leads to trade creation everywhere as the domestic expenditure shares for all countries
decrease. Third, excluded countries may gain from a PTA, unlike in classical Vinerian analy-
sis (as we discuss later). Last, global free trade is not stable within the EK framework as any
country has an incentive to deviate from global free trade. Our simulation results confirm our
theoretical findings.

The contributions that this paper makes are multifold. We provide comparative statics
analyses, which study internal mechanisms on how the changes in trade flows and welfare arise
in response to changes in country tariffs. We also propose a procedure to numerically simulate
the effects of a PTA with reduced data requirements. Because of our analytical results, our
method does not require computing a fixed point as a solution to the system of equations,
unlike conventional methods as in Dekle et al. (2008) and Caliendo and Parro (2015), and our
method is then suitable for comparative statics analysis.1 Using this procedure, we study how
the fundamental variables of the model such as tariff rates, the presence of intermediate goods,
the relative level of technology and labor forces, affect the welfare consequences of a PTA.
Our work also bridges the literature following Eaton and Kortum (2002), which is empirically
implementable, with that analyzing PTAs as network formation games, such as Furusawa and
Konishi (2007).

In his pioneering study, Viner (1950) suggests that if trade liberalization is preferential,
it could be either welfare improving or welfare deteriorating for member countries, but un-
ambiguously harm nonmember countries because of trade diversion. Since Viner (1950), the
literature provides extensive theoretical and empirical studies on member country welfare,

1Our procedure is in the same spirit as these methods in the sense that it does not require the estimation of
exogenous variables.

1



as the direction of welfare changes for these member countries is ambiguous(e.g., Richardson,
1993; Krishna, 1998; Trefler, 2004). However, the literature has paid relatively less attention to
the direction of welfare changes for nonmember countries, instead focusing on the magnitude
of the trade diversion effects in empirical studies (e.g., Clausing, 2001; Ghosh and Yamarik,
2004; Magee, 2008).

There are some exceptions which examine a nonmember country’s welfare associated with
tariff changes. Using a three-country three-good model, Mundell (1964) shows that when one
member drops tariffs, the excluded country reduces its price to offset trade diversion given
gross substitutability, thus the terms of trade of nonmember countries will worsen. Chang and
Winters (2002) also use a simple strategic pricing model with differentiated products and show
that a PTA may induce a significant reduction in the export prices of nonmember countries
to member countries, thereby worsening their terms of trade. Unlike these studies, which
investigate the endogenous terms of trade changes induced by the PTA as a proxy for changes
in national welfare,2 we directly study the welfare effects of a PTA, conducting a comparative
static analysis of equilibrium welfare with respect to the tariff changes.

Further, Kemp and Wan (1976) study the implications of customs unions and show that
there are tariff concessions or transfers, from member countries of the union, such that in an
associated equilibrium, each country, whether a member of the union or not, is not worse off
than before the formation of the union. Endoh et al. (2013) also show that in a two-good three-
country world, tariff concessions or transfers are necessary for a Pareto-improving PTA unless
one of the member countries of the PTA is an entrepôt.

However, in contrast to these studies, in the EK’s general equilibrium model, nonmember
countries can also passively gain from a PTA, even when tariff concessions or transfers from
member countries are not given. Nonmember countries can gain because of the existence of
intermediate goods in the model. When one country decreases tariffs, the price in that country
decreases. Through the channels of trade in intermediate goods, this initial price decrease
results in a lower cost of production everywhere.3 Our theoretical analysis provides a formula

2Another stream of the literature examines the endogenous tariff changes in member countries, thereby pro-
viding further implications for the terms of trade of nonmember countries. For instance, Bond et al. (1996)
argue that the optimum tariffs of PTA members against the excluded countries increase because of the decrease
in trade barriers between the PTA members, while Ornelas (2005) shows that a PTA reduces the incentive to
lobby for higher external tariffs because of rent destruction in import-competing sectors. Conversely, Gawande
et al. (2015) generalize Grossman and Helpman (1994), and empirically evaluate the relative importance of three
distinct factors that motivate redistributive government policy, namely, tariff revenues, consumer welfare, and
producer profits. They show that developing countries with weak tax systems often weigh tariff revenue more
heavily, whereas more developed countries weigh producer interests most heavily, but still assign significance to
tariff revenues.

3The importance of intermediate goods has been increasing in international trade. For example, Feenstra and
Hanson (1996) show that the share of imported intermediate inputs in the US increased from 5.3% to 11.6%

between 1972 and 1990. Hummels et al. (2001) find that vertical specialization accounts for some 21% of trade
in some OECD countries and emerging markets, and that it increased by about 30% between 1970 and 1990.
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to demonstrate this amplification effect for all of the countries. Then, we show that for any
country, producing domestically becomes more costly than purchasing from other countries
even when one country reduces tariffs on imports from another country. Thus, all countries’
import shares increase upon such a tariff reduction by one country. Recursively, we obtain our
main result indicating that a PTA leads to trade creation in every country.

This paper contributes to two strands of the trade literature. The first follows Eaton and Ko-
rtum (2012) where there is a well-developed literature that uses the EK framework to analyze
the welfare and trade effects of trade liberalization.4 Recently, Arkolakis et al. (2012) show
that for a range of trade models, changes in welfare resulting from changes in trade patterns
can be computed using the two aggregate statistics of own-trade share and trade elasticity, and
demonstrate that these results can be extended to models applying the EK framework. Alvarez
and Lucas (2007) examine a version of the EK model where intermediate goods are tradable
but final goods are not, and trade by assumption is balanced. Within this framework, they show
the sufficient conditions for the existence of a unique equilibrium. Caliendo and Parro (2015)
extend the EK model by introducing sectoral linkages, and evaluate the North American Free
Trade Agreement (NAFTA).

In this paper, we also use the EK framework to examine the welfare consequences of
a PTA. However, our paper differs from those discussed earlier in several respects. First,
Arkolakis et al. (2012)’s welfare analysis considers the case of external shocks in a world
of no tariff revenue, while our analysis considers each country’s choice to change tariffs and
then considers the consequences of this tariff change. We show that while the main result
in Arkolakis et al. (2012) holds in our analysis of a no-tariff-revenue world, the additional
term including tariff revenue may alter the welfare consequences of a PTA. Furthermore, our
analysis disentangles underlying mechanisms for welfare changes in trade liberalization within
the EK framework, while the focus in Arkolakis et al. (2012) is to identify the common features
of welfare predictions across various trade models.

Another important difference is sectoral trade imbalances. Alvarez and Lucas (2007) study
the EK framework with one tradable sector under the assumption of balanced trade. In a single-
period model, national income must equal expenditure. As in Alvarez and Lucas (2007), when
there is only one tradeable sector in the model, trade must balance within this sector. As
pointed out by Caliendo and Parro (2015), within the EK framework with multiple sectors, a
country’s imports in a particular sector do not necessarily equal exports in the same sector.5

4For a comprehensive survey, see Eaton and Kortum (2012). For example, Caliendo and Parro (2015), Parro
(2013) and Ramondo and Rodriguez-Clare (2013) extend the EK model.

5Thus, they have calibrated the model under two scenarios: one in which trade balances, and the other in which
trade does not balance. By using the numerical programs we provide later, we can compute that when tni = 0.1,
in the case of three countries where each country has identical technologies and other parameters, before the PTA
is implemented, trade is balanced. However, once countries 1 and 2 form a PTA, member countries experience
a trade surplus while nonmember countries have a trade deficit. Intuitively, even in a simple case where all the
countries are symmetric, when trade before the PTA is balanced, if some but not all countries form a PTA, trade
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The two-sector EK model then provides a simple analytically tractable framework to consider
how sectoral trade imbalances influence the welfare consequences of a PTA.

The second strand of the literature to which we contribute is the one that analyzes PTAs as
network formation games. Recently, Furusawa and Konishi (2007) prove that global free trade
is a stable network in the sense of Jackson and Wolinsky (1996), which is a network such that
(i) no country has an incentive to cut a link with another; and (ii) at least one of any unlinked
pair of countries has no incentive to form a link with the other. Goyal and Joshi (2006) prove
a similar result with theirs, such that when countries are symmetric, global free trade where
every pair of countries has a PTA is stable.

The literature considering PTAs as network formation games typically constructs a simple
partial equilibrium setting to analyze the stability of PTAs. Departing from this literature, we
employ the EK’s general equilibrium framework, and show that a global free trade network
is not stable. Starting with the scenario of global free trade, we show that increasing tariffs
on imports is welfare improving for any country. In our analysis, changes to national wel-
fare given an increase in tariff rates originate from three sources: changes in tariff revenues,
changes in the patterns of trade, and the terms-of-trade effect. Taking each effect indepen-
dently, an increase in national tariff revenues increases the country’s purchasing power and
hence national welfare. A diversion of purchases away from more efficient foreign producers
towards domestic producers is welfare decreasing, and an increase in the price of the coun-
try’s exports relative to its imports is welfare increasing. By imposing tariff barriers on some
imports, which can be used as intermediate goods to produce manufacturing goods, the coun-
try forces up manufacturing production costs and hence the prices of its exports, resulting in
an improvement in the terms of trade. We show that in the EK model, this improvement in
the terms of trade, combined with the increase in tariff revenues, is sufficient to overcome the
negative consequences of reduced trade. This results in a net national welfare gain.

The remainder of the paper is structured as follows. Section 2 summarizes the model
on which our analysis is based. Section 3 presents our theoretical results, while Section 4
numerically explores our theoretical results. Section 5 concludes.

2 The Model

Our model relies on that in Eaton and Kortum (2002). The only difference is that our model
explicitly incorporates tariffs6. Here, to be self-contained, we concisely describe the model.

There are N countries in the model and by abuse of notation, N also denotes the set of
countries. Within each country, there are two separate sectors of production: manufacturing
and nonmanufacturing. There is a continuum of types of manufactured goods, indexed in the

does not remain balanced for all countries with the PTA.
6Eaton and Kortum (2002) includes a computational analysis with tariffs but provides no theoretical analysis

of how welfare changes with tariffs.
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set [0, 1]. Manufactured goods can be either final consumption goods or intermediate inputs
for the production of manufactured goods.

Consumers in every country seek to maximize the objective function:[∫ 1

0

q (ω)
σ−1
σ dω

] σ
1−σ

, (1)

where q (ω) is the quantity of manufactured good ω ∈ [0, 1] purchased.
Consider country n. Let pn (ω) denote the price of manufactured good ω in country n. A

production function for each manufacturing good ω is:

yn(ω) = zn(ω)Ln(ω)βKn(ω)1−β, (2)

where zn(ω) is the country-specific efficiency with which good ω is produced in country n,
Ln(ω) is the labor force employed in the manufacturing sector, and Kn(ω) is the quantity of
the composite manufacturing good used in the manufacture of good ω.

Let Tn > 0 denote the level of manufacturing technology in country n. For each good ω in
each country n, manufacturing productivity zn (ω) is a random variable independently drawn
from a Fréchet distribution, with the cumulative distribution function given as:

Fn(z) := Pr [zn(ω) ≤ z] = exp
(
−Tnz−θ

)
, (3)

for some θ > 0.
Given the set of manufacturing good prices in country n, {pn(ω)}ω∈[0,1], solving the opti-

mal demand problem for a given expenditure, Xn, on the composite good, the constant elas-
ticity of substitution (CES) price index is given by:

pn :=

[∫ 1

0

pn(ω)1−σdω

] 1
1−σ

. (4)

Denoted by wn manufacturing sector wages and by cn cost of producing a bundle of com-
posite goods in country n, the domestic market price of each good ω, pnn(ω), equals:

pnn(ω) =
cn

zn(ω)
=
wβnp

1−β
n

zn(ω)
. (5)

As there is an infinite number of goods in the continuum [0, 1], by the law of large numbers
(LOLN), the proportion of goods country n imports from any country i, πni, is the probability
that i is the lowest cost provider of any particular good. Let Φn :=

∑N
i=1 φni, where φni :=

Ti (cidni)
−θ . Then, we have

πni =
φni
Φn

. (6)

Again by the LOLN, for each ωo ∈ [0, 1],

pn(ω0) =

(
− ln(1− ω0)

Φn

) 1
θ

. (7)
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Substituting the price function (7) into the CES price index (4) gives

pn =
[∫ 1

0
pn(ω)1−σdω

] 1
1−σ

= γΦ
− 1
θ

n .
(8)

Define Xni to be the level of expenditure on manufacturing goods country n imports from
country i. Then,

Xni = Xnπni, (9)

and
Xni

Xn

=
Ti (cidni)

−θ

Φn

. (10)

Let tni denote the ad valorem tariff rate country n imposes on imports from country i. By
the conventional Samuelson iceberg assumption, the price of one unit of good ω imported from
country i by a buyer in country n, inclusive of tariffs collected in country n, is:

pni (ω) = d̄ni (1 + tni) pii (ω)

= dnipii (ω) ,
(11)

where dni := d̄ni (1 + tni) is a measure of total economic distance incorporating cultural,
geographic, and tariff barriers between the two countries. It is assumed that d̄ii = 1, and the
triangular inequality holds for d̄ni and for distinct {n, i, j} ∈ N , d̄ni ≤ d̄nj d̄ji.

Now, we consider country n’s expenditure on the goods from country i, Xni. The expen-
diture Xni consists of two parts: Qin, the before-tariff manufacturing revenue on exports to
country n earned in country i, and TRni, the ad valorem tariffs revenue earned in country n
on the expenditureXni so that TRni = tni

1+tni
Xni and TRni = Xni−Qin. Then, the relationship

Qin = 1
1+tni

Xni holds.
LetQn =

∑
i∈N Qin denote the total manufacturing revenue in country n. Because β is the

labor share of manufacturing revenue, the manufacturing labor income in country n is given
as:

wnLn = βQn, (12)

where Ln is the labor force employed in country n’s manufacturing sector. The remainder
of manufacturing revenue (1− β)Qn is spent on manufacturing goods as intermediate goods,
while βQn is the total manufacturing value-added in country n.

Define TRn =
∑

i∈N TRni to be the total tariff revenues in country n. Then, total national
expenditure on manufactured goods is:

Xn = (1− β)Qn + αYn. (13)

Nonmanufacturing goods serve as the numeraire and the prices are set to be one for all
countries. Suppose that the production function for nonmanufacturing goods is constant re-
turns to scale, taking labor as the only production input. Further, assume that the countries
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do not impose tariffs on the numeraire good, which may be traded internationally to balance
trade.

As the total labor supply and wages in country n are fixed and because labor is the only
income-earning factor of production, total income in country n is:

Yn = wnL̄n + TRn, (14)

where L̄n is the total labor supply in country n (the sum of labor supply in the manufacturing
and nonmanufacturing sectors).

By (13) and (14),

wnLn =
N∑
i=1

πin
1 + tin

(
(1− β)wiLi + αβ · wiL̄i + αβTRi

)
. (15)

An equilibrium in this economy consists of the following:

1. a vector of price indices across countries (p1, · · · , pN) such that (8) is satisfied for each
n;

2. an N ×N matrix of manufacturing expenditures with each (n, i)-th entry Xni such that
each Xni satisfies (10) for each n and i; and

3. a vector of labor supplies (L1, · · · , LN) such that (14) is satisfied for each n.

Finally, within the EK framework, optimal national welfare Wn for country n is defined
by:7

Wn =
Yn
pαn
. (16)

3 Equilibrium Analysis

This section consists of two parts. In our analysis, we can analyze the case of a bilateral tariff
reduction (or a PTA) as a combination of two unilateral cases. Thus, in the first part, we
examine the simplest possible case where one country unilaterally drops tariffs to another. We
show that price indices decrease for all countries and a unilateral tariff reduction decreases the
domestic shares of all the countries and results in trade creation everywhere. Also, we show
that when there are no tariffs and trade in the manufacturing sectors balances within each
country, the welfare change depends on domestic trade shares, along with parameters α, β,
and θ. This result is analogous to the main result in Arkolakis et al. (2012), which shows that
domestic shares and trade elasticity are the key statistics to evaluate national welfare. In the
second part, we consider whether global free trade constitutes a Nash equilibrium. While the
former part conducts the comparative statics analyses of tariff changes, the latter part concerns
each country’s incentive to change their strategy.

7Recall that nonmanufacturing goods serve as a numeraire and the prices are set to be one for all countries.
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3.1 Comparative Statics

In this section, we examine how the equilibrium changes when country k drops its tariffs on
imports from country l, holding all else constant. As we prefer to commence with the simplest
case, we consider a unilateral tariff reduction by country k on imports from country l. In our
model, the change in tkl does not directly affect tni unless (k, l) = (n, i). More specifically,
we have:

ln d′ni :=
d ln dni

dtkl
=

{
1

1+tkl
for (n, i) = (k, l)

0 otherwise
. (17)

Throughout the analysis, we use x′ := dx
dtkl

to denote the impact of the changes in variable
x in equilibrium upon the changes in tkl. The immediate effect of a tariff reduction is on the
economic distance from country l to country k and there is no other effect on other countries.
This is expressed in (17). To describe how this immediate effect spreads over other countries,
we introduce some notation for a matrix expression, which allows us to explain the changes in
variables simultaneously.

Let M (yni) denote an N ×N matrix, with yni being the element on the n-th row and i-th
column, and let D (zn) denote an N×N diagonal matrix, with all off-diagonal elements being
0 and the nth diagonal element being zn. Namely,

M (yni) =



y11 · · · · · · · · · y1N
...

. . . . . . . . .
...

yn1
. . . ynn

. . . ynN
...

. . . . . . . . .
...

yN1 · · · · · · · · · yNN


and D (zn) =



z1 0 · · · 0 0

0
. . . . . . . . . 0

0
. . . zn

. . . 0

0
. . . . . . . . . 0

0 · · · · · · 0 zN


.

Further, let ιk denote an N -dimensional column vector, the k-th element of which is 1, and
the other elements of which are zero, and let L(xn) denote an N -dimensional column vector,
the n-th element of which is xn. Namely,

ιk =



0
...
0

1

0
...
0


← k-th element and L(xn) =



x1
...
xn

xn+1

...

...
xN



← n-th element
.

By (6) and (8), for all n, i ∈ N , we have:

πni = Ti
γ−θd−θni c

−θ
i

p−θn
and pn = γ

(∑
i

Tid
−θ
ni c
−θ
i

)−1/θ

. (18)
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Taking the logarithm of (18) and a derivative yields:

(ln pn)′ = −1
θ
· (γ

∑
i Tid

−θ
ni c
−θ
i )
′

(γ
∑
i Tid

−θ
ni c
−θ
i )

=
∑

i πni ((ln dni)
′ + (ln ci)

′) .
(19)

Note that by (17), (ln dni)
′ is nonzero only when (n, i) = (k, l), and zero otherwise. There-

fore, (19) is rewritten as:

(ln pn)′ =

{
(ln dkl)

′πkl +
∑

i πki(ln ci)
′ if n = k∑

i πni(ln ci)
′ if n 6= k

. (20)

Equation (20) presents the direct and indirect effects of tariff changes. The direct effect
occurs in country k, which drops tariffs, as the term (ln dkl)

′πkl demonstrates. Understandably,
as country k’s trade relationship πkl is closer, the effect is larger. The indirect effect occurs in
every country, as the term

∑
i πki(ln ci)

′ indicates. Because of the tariff reduction by country
k, production costs ci change in any country, resulting in changes in prices in any country,
including country k. The total effect is largest in country k.

Now, noting that ln c′i = (1− β) ln p′i for every i, and using a matrix form, (20) is thought
of as the n-th element of the following matrix calculation:

L

(
p′n
pn

)
= (ln dkl)

′ πklιk + (1− β)M(πni)L

(
p′n
pn

)
. (21)

To illustrate our result and notation more intuitively, we provide a simple example. Con-
sider the case where there are only two countries. Then, suppose that country 1 drops its tariffs
on imports from country 2. We use the superscript −1 to denote a reversed matrix. Then, (21)
can be rewritten as:(

p′1
p1
p′2
p2

)
=
d′kl
dkl

(
I− (1− β)

(
π11 π12

π21 π22

))−1(
π11 π12

π21 π22

)(
1

0

)
. (22)

Let I denote an identity matrix. Note that

(
I− (1− β)

(
π11 π12

π21 π22

))−1

can be ex-

panded using the Taylor expansion, particularly because πn1 + πn2 = 1 for every n = 1, 2. By
using this property, we obtain the result that each p′n

pn
is strictly positive. The following result is

a simple generalization. Note that (21) is an equation of L
(
p′n
pn

)
and the other variables in the

equation are exogenously given. By organizing the terms and using the Neumann expansion,
we obtain the following result. All the proofs are in the Appendix, unless stated immediately
below each result.

Theorem 1.

1. The following holds:

L

(
p′n
pn

)
=
∞∑
j=0

(1− β)j [M(πni)]
j · πkl

(
d′kl
dkl

)
ιk. (23)
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2. If tkl decreases, pn decreases for every n ∈ N .

We can think of πkl
1+tkl

as the direct effect of the tariff change on prices in country k. Since
the distribution of prices for goods sold in country k does not depend on source, then the
distribution of goods imported from country l also follows the general distribution of goods in
country k, such that the average price of goods from country l is also pk. Let p0

k be the price of
goods in general in country k before the change in tkl, then we can write pk as

p0
k = πklp

0
k + (1− πkl) p0

k

where πklp0
k is the contribution to country k’s price index made by imports from country l.

After an infinitesimal change in tariffs dtkl, holding all other factors constant, the average
price of imports from country l to country k is 1+t1kl

1+t0kl
p0
k, where t1kl = t0kl + dtkl is the new tariff

rate and t0kl is the original tariff rate.
Holding all other factors constant, p1

k := πkl
1+t1kl
1+t0kl

p0
k + (1− πkl) p0

k is the new price index
in country k. Then the immediate impact on country k price due solely to the change in tkl is

∆0 ln pk ≈
p1k−p

0
k

p0k
=

πkl[(1+t1kl)p0k−(1+t0kl)p0k]
p0k(1+t0kl)

= πkl

(1+t0kl)
dtkl.

Therefore, ∆0 ln pk = πkl
1+tkl

dtkl can be thought of as the ‘zeroth’ order effect, the immedi-
ate effect of the change in tariff rate tkl on country k’s manufacturing price index, holding all
other factors such as trade shares and other countries’ prices and production costs constant.

Given the use of manufacturing goods as intermediate goods, the change in manufacturing
product prices in country k also affects the cost of production in the country, with the change
in cost of manufacturing being ∆0 ln ck = (1− β) ∆0 ln pk = (1− β) πkl

1+tkl
dtkl.

Theorem 1-1 indicates that for all countries n 6= k,

d ln p
′

n

dtkl
=

(1− β)πkl
1 + tkl

πnk + (1− β)
∑
i

πniπik + (1− β)
2
∑
i

∑
j

πniπijπjk + ...

 , (24)

and

d ln p
′

k

dtkl
=

πkl
1 + tkl

+
(1− β)πkl

1 + tkl

πkk + (1− β)
∑
i

πniπik + (1− β)
2
∑
i

∑
j

πniπijπjk + ...

 . (25)

From (24) and (25), we can see that these immediate impacts on country k is propagated
across countries through trade in manufacturing goods. For each country n ∈ N (including k),
we can write

pn = πnkpnk + (1− πnk) pn,

where pnk is the average price of goods sourced from country k, and pnk = pn at the initial
equilibrium. When the cost of production in country k changes, this changes the price of
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goods sourced from k. Recall that the price of a good ω, sourced from country k delivered to
country n is pnk(ω) = ckdnk

zk(ω)
, in which case the change in the country n’s price of all goods

ω ∈ Ωnk would be ∆1 ln pnk(ω) = ∆0 ln ck. It immediately follows that the change in pnk is
∆1 ln pnk = ∆0 ln ck. The change in country n’s manufacturing price is

∆1pn = πnk∆pnk = pnkπnk∆
0 ln pnk.

Since pnk = pn at the initial equilibrium and ∆1 ln pnk = ∆1 ln ck, the proportional change
in pn is

∆1 ln pn =
∆1pn
pnk

= πnk∆
0 ln ck.

The zeroth order effect in production costs in country k changes manufacturing prices in
every country, which in turn changes the cost of manufacturing everywhere, triggering off
a cascade of higher order effects in manufacturing prices and production costs, distributed
through trade in manufacturing goods, cumulatively increasing manufacturing prices.

However, since limm→∞ (1− β)m [M(πni)]
m is a zero-matrix, higher order effects even-

tually converge to 0 and the total change in prices in each country is bounded below infinity.
Since country k is the source of the disruption to the initial equilibrium prices, and it is the

only country to experience the zeroth order effect on prices, intuitively we might expect the
change in country k’s manufacturing prices to be the greatest among all the countries inN . The
next theorem shows this to be true, and that in fact, the proportional change to manufacturing
costs ck is greater than for prices in any other country.

Theorem 2. When country k increases tariffs on imports from country l, for every n ∈ N ,

1. d ln pk
dtkl

> d ln ck
dtkl

> d ln pn
dtkl

> d ln cn
dtkl

for n 6= k;

2. d lnπnn
dtkl

> 0.

Theorem 2-1 states that a unilateral tariff reduction decreases the domestic shares of all
the countries and results in trade creation everywhere. Because the case of a bilateral tariff
reduction is the combination of the two unilateral cases, and a PTA between more than two
countries is a combination of several bilateral tariff reduction case, this result indicates that
trade liberalization by more than one country also leads to trade creation everywhere. This
may seem counterintuitive, as it states that when country n’s prices decrease, its own-trade
share also decreases. By (18), it is easy to verify that:

lnπ′nn = θβ ln p′n. (26)

The interpretation of the result is as follows. By (18), the change in trade share πnn is
determined by two factors: the changes in prices and the production costs in country n. Rel-
ative to p′n

pn
, the effect on c′n

cn
is reduced by 1 − β. The decrease in national manufacturing

prices increases the real manufacturing wages, increasing the production cost of domestically
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produced goods relative to prices of manufacturing goods in aggregate. This shrinks the set
of locally produced goods that are price competitive in domestic markets, and every country
substitutes away from domestically produced manufacturing goods, as seen from ln π

′
nn > 0,

which implies trade creation in every country.
Now, we consider how national welfare changes after the tariff reduction. By taking the

first derivative of (16), for every n ∈ N ,

lnW ′
n = lnY ′n − α ln p′n

= TR′n
Yn
− α ln p′n

= 1
Yn

(TR′n +Qn ln c′n −Xn ln p′n) .

(27)

By using (26), we can modify (27) as:

lnW
′

n =
TRn

Yn

(
lnTR

′

n − ln p
′

n

)
− Qn

Yn

(
1

θ
lnπ

′

nn

)
− (Xn −Qn − TRn)

Yn
ln p

′

n. (28)

The first term on the RHS of (28) refers to the welfare effects from the change in the
real value of tariff revenues. The greater real tariff income results in larger welfare effects.
An increase in the real purchasing power of manufacturing trade revenue d

dtkl

(
ln TRn

pn

)
=

lnTR
′
n − ln p

′
n, is associated with an increase in national welfare.

The second term refers to the trade creation effect of the tariff changes. More specifically, a
decrease in the domestic share of expenditure resulting from the tariff change can be interpreted
as the amount by which buyers in country n have shifted their purchases to more efficient
overseas producers, with commensurately positive welfare effects.

The final term refers to the direct terms-of-trade effects. To see this, we first note that
Qn − (Xn − TRn) refers to country n’s manufacturing trade surplus. In other words, if Qn −
(Xn − TRn) > 0, as ln p

′
n > 0 by Theorem 1, country n enjoys an increase in the price

of its exports relative to the price of its imports, and hence a positive influence on national
welfare. This is because increased national manufacturing prices are not only paid by domestic
consumers, but also incurred by foreign purchasers. Holding real net exports Qn−(Xn−TRn)

pn

constant, an increase in national prices increases manufacturing revenues, and hence national
income from net exports, if a country is running a manufacturing trade surplus. The terms-
of-trade effects could partially offset negative welfare consequences arising from the first two
terms.

Mirroring the findings in Arkolakis et al. (2012), changes in the own-trade share affects
national welfare, with increases in the own-trade shares associated with a decrease in national
welfare. However, once we introduce tariff revenues and potentially nonbalanced trade in the
manufacturing sector into the EK model, changes in own-trade shares are no longer sufficient
in determining the changes in national welfare in response to shocks in the international econ-
omy.

In Arkolakis et al. (2012), their formula for welfare changes
(
W 1
n

W 0
n

=
(
π0
nn

π1
nn

) 1
θ

)
is obtained

with the setting of balanced manufacturing trade and no tariffs. This can translate to the setting
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of TR′n = 0, and Xn = Qn in our case. Then, we obtain the following result from (28), which
is analogous to the key result in Arkolakis et al. (2012).

Proposition 1. Suppose that there are no tariffs in the economy and trade in manufacturing
balances in each country. Then,

W 1
n

W 0
n

=

(
π0
nn

π1
nn

) α
θβ

,

where the superscript 0 (or 1) denotes the variable before (or after) the change.

Proof of Proposition 1. By our assumptions, TR′n = 0 (no tariffs) and Xn = Qn (balanced
trade in manufacturing). Then, by (27),

lnW
′
n = −βQn

Yn
ln p

′
n −

Xn−Qn
Yn

ln p
′
n

= −1
θ
Qn
Yn

lnπ
′
nn

= − α
θβ

lnπ
′
nn,

where the last equality holds, because βQn = αYn by (13) and Xn = Qn.
Let µ(x0, x1) denote a set of values that a variable x takes when it changes from x0 to x1

because of the external shock. Then,

ln
(
W 1
n

W 0
n

)
=

∫
Wn∈µ(W 0

n ,W
1
n)

lnW
′

n = − α

θβ

∫
πnn∈µ(π0

nn,π
1
nn)

ln π
′

nn = − α

θβ
ln

(
π1
nn

π0
nn

)
,

which gives us the desired result.

3.2 Global Free Trade

In this section, we further examine the welfare consequences under a global free trade scenario
such that tni = 0 for all n, i so that TRn = 0. Take k, l ∈ N arbitrarily. Under the assumption
of global free trade, we first suppose that country k increases tariffs on imports from country
l. As in the previous section, this is the simplest possible case. Then, we obtain the following
results.

Proposition 2. Let k, l ∈ N . Under a global free trade scenario,

1. Xkl =
∑N

n=1 αYn
d ln pn
dtkl

;

2.
∑N

n Yn
d lnWn

dtkl
= 0.

Proposition 2-1 is a consequence of (13) and Theorem 1. Proposition 2-1 states that the
increase in country k’s tariff revenue is equal to the global decrease in real consumption of
manufacturing goods under a global free trade scenario. The immediate effect of country k’s
increasing tariffs is a price increase in country k, which is indeed πkl. The associated increase
in country k’s tariff revenue is Xkl (see Lemma 3 in the Appendix for a formal proof). In a
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similar mechanism presented in (23) for Theorem 1, the immediate effect in country k is equal
to the sum of changes in real manufacturing consumption due to the price changes upon the
change in tkl, particularly when other countries do not impose tariffs.

Proposition 2-2 is a consequence of Proposition 2-1. Proposition 2-2 informs us that the
situation under a global free trade scenario is a “constant-sum” game. Because the sum is
constant, and as we see from the first result, one country’s revenue increases while the sum
of the other countries’ real consumption decreases by the same amount, such that at least one
country always gains. It is easy to imagine that there is at least one country n for which
d lnWn

dtkl
> 0. Because Yk d lnWk

dtkl
= −

∑N
n6=k Yn

d lnWn

dtkl
by Proposition 2-2 and d lnWn

dtkl
= −αd ln pn

dtkl

for other n under a global free trade scenario, by Theorem 1, we obtain the following theorem.
Notice that as k is arbitrary, the same argument holds for any country k.

Theorem 3. Under a global free trade scenario, for country k (which increases tkl for country
l), lnW

′

k > 0 holds and lnW
′
n < 0 for every n 6= k.

The key factor of Theorem 3 is each nation’s ability to exercise market power by influ-
encing the costs of their exports through changing tariffs. By substituting TR′n = 0 and
TR′k = Xkl to (27), we obtain

lnW ′
k =

∑
i∈N (Qki ln c

′
k −Xki ln c

′
i)

Yk
. (29)

Theorem 3 indicates that by (29),
∑

i∈N (Qki ln c
′
k −Xki ln c

′
i) > 0 for country k. This can

be seen as the terms-of-trade effects.
An economic interpretation of Theorem 3 is as follows. The stochastic distribution of

manufacturing efficiencies ensures that for every country, there must exist some set of man-
ufacturing goods for which the country is most efficient producer in the world. Even in the
presence of costs of international trade, there are always some goods for which a country
is the monopoly supplier. However, perfectly competitive markets for manufacturing goods
prevents individual firms in any country from exercising market power in international trade,
as competitive markets prevents coordination of prices or output with other firms in the same
country. Governments have the ability to compensate for this lack of coordination among firms
by influencing prices through changing tariffs.

By increasing import tariffs, the government in country k increases the cost of manufactur-
ing and hence the pushing up the price of manufacturing goods produced in the country. The-
orem 2-1 ensures that the price of the country’s imported manufacturing intermediate goods
do not increase as quickly as the country’s exports as ln c

′

k > ln c
′
i for all i 6= k, increasing

average manufacturing value added. Furthermore, a part of the increase in prices of imported
goods is recovered as tariff revenues, partially offsetting any increase in expenditures on im-
ported goods. In other words, a tariff policy could serve as a means of controlling the prices of
a country’s exports, allowing a country to exercise market power even in perfectly competitive
markets.
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It is interesting to note that Figure 5 on p. 1753 in Alvarez and Lucas (2007) demonstrates
that a country can gain by raising tariff rates from zero, but their analytical result is based on
the assumption that the manufacturing labor force in this country is arbitrarily small compared
with that of other countries. Theorem 3 shows that even without the assumption of the small
labor force, a country can benefit from raising tariffs away from global free trade.

A game-theoretic interpretation of Theorem 3 is that tni = 0 for every n, i ∈ N is not
supported as a Nash equilibrium. Within the EK framework, we can analyze every country’s
decision on whether or not to deviate from the global free trade as a classic prisoner’s dilemma
game, because d lnWk

dtkl
> 0 indicates that any country has an incentive to increase tariffs on im-

ports from another country and for any country, deviation from global free trade is a dominant
strategy.

When a country deviates from global free trade, other member countries may start to im-
pose tariffs on imports from country k. However, as long as there exists a penalty greater than
the welfare gain from raising tariffs, country k would remain in the global free trade arrange-
ment. When there is a possibility of retaliation and other countries may increase tariff rates,
would a country still rationally deviate from global free trade? In other words, would a penalty
rule allowing remaining countries to increase tariffs on imports from a deviating country serve
as a sufficient device to keep global free trade stable? In the next proposition, we further our
analysis in this respect and obtain the formula for country k’s welfare changes when other
countries increase tariffs on imports from country k in response to the increase in tkl.

To do so, we next consider a symmetric situation in which every country is identical and
the distances between these countries are the same. In this way, we can simplify the analysis.
Then, for each n ∈ N , Tn = T̄ , for some constant T̄ , and further for every n, i ∈ N , dni = d̄

for some constant d̄. We also assume that wages are the same across countries. Each country’s
manufacturing output and expenditure must be the same as those of all other countries, such
that for all n, i, Xn = Xi = X̄ and Yn = Yi = Ȳ .

Lemma 1. Under a global free trade scenario with symmetrical countries, the following holds:

• for any n, i ∈ N , d ln ci
dtin

= c̄;

• for any n, i, j ∈ N with i 6= j, d ln ci
dtjn

= c,

for some c̄ > c > 0.

Proof. Because d ln cn
dtkl

= (1− β) d ln pn
dtkl

, by (20) and because all the countries are identical and
symmetrical, the result is direct.

Proposition 3. Under a global free trade scenario with symmetrical countries, when ∆tkl =

∆t > 0 for some l ∈ N\{k} and for a set of countries A ⊆ N\{k} and every i ∈ A,
∆tnk = ∆t > 0, we denote the total change in the logarithm of national welfare in country i
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by ∆ lnWi :=

(
d lnWi

dtkl
+
∑
n∈A

d lnWi

dtnk

)
∆t. Then, for every i ∈ A ∪ {k},

∆ lnWi =
X̄

Ȳ
(1− π̄)

N − 1− |A|
N − 1

(c̄− c) ∆t,

and for every n ∈ N\A with n 6= k,

∆ lnWn = −X̄
Ȳ

(1− π̄)
|A|+ 1

N − 1
(c̄− c) ∆t.

When a set A is a singleton, we immediately obtain the following result as a corollary to
Proposition 3. This simply states that when country k and country l increase tariffs on the
imports from each other, these countries gain, while the rest lose.

Corollary 1. Under a global free trade scenario with symmetrical countries, when ∆tkl =

∆tlk = ∆t > 0 when ∆t is sufficiently small, then ∆ lnWk > 0, ∆ lnWl > 0, and ∆ lnWn <

0 for n ∈ N\{k, l}.

Proof of Corollary 1. The proof is obtained by substituting A = {l} into Proposition 3.

Corollary 1 states that there is always a pair of countries that are better off not joining the
global free trade network. Within a partial equilibrium framework under the assumption of
symmetrical countries, Furusawa and Konishi (2007) prove that global free trade is a stable
network in the sense of Jackson and Wolinsky (1996). In their definition, a pairwise stable
network is a network such that no country has an incentive to cut a link with another, and for
any unlinked pair of countries at least one of them has no incentive to form a link with the
other. A PTA between countries n and i can be thought of as a link, which is an unordered
pair of two countries. Corollary 1 indicates that global free trade is not a stable network within
the EK framework. As we show in (2) of Proposition 2, a global free trade scenario for the
EK model is a constant-sum game. Within this general equilibrium framework, one country’s
tariff revenue increment is offset by reduced real consumption in other countries through the
interlinkage, as captured by the Neumann expansion similar to that in Theorem 1. Hence, in
our framework, which applies the EK model, global free trade is not stable.

4 Simulation of Equilibrium

In this section, we run numerical simulations and examine how the fundamental variables
of the model such as tariff rates, the presence of intermediate goods, the relative level of
technology and labor forces, affect the welfare consequences of a PTA.
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4.1 Simulation Method

The conventional method to conduct comparative statics used in Eaton and Kortum (2002)
requires the full set of model parameters, the values of α, β, θ, the matrix of geographical
distances M

(
d̄ni
)
, the vector of manufacturing technology levels L (Tn), the vector of total

labor forces in each nation L
(
L̄n
)
, and the vector of wages in each nation L(wn).

In this paper we propose a different method that can be conducted with less information
on parameters and does not require computing a fixed point as a solution to the system of
equations. This method only takes bilateral trade and tariff data as exogenous information in
addition to the values of α, β, and θ. In this method, we first compute the trade share matrix,
M(πni). By Theorem 1, we obtain the changes in the prices for all the countries and then
the changes in the trade shares. In addition, by (12), L′n

Ln
= Q′n

Qn
for every n. Simultaneously

solving (13), (14), and (15), we obtain the changes in tariffs, manufacturing revenues, and
expenditures, which give us the changes in national welfare by (16), together with the changes
in prices obtained by Theorem 1. We find the new equilibrium by numerically integrating
the changes over the tariff changes. This method relies on the analytical results presented in
Proposition 4 in the Appendix. The proof of this proposition requires intricate calculations,
and we leave the details to the Appendix and the supplementary material.

4.2 Numerical Simulations

We consider the model with three countries and commence with the baseline scenario,8 where
each country imposes the same tariff rate, t̄, on the manufacturing imports. We define a bilat-
eral PTA as being formed when two countries agree to mutually remove tariffs on the imports
from each other.

In our baseline setting, all the countries are identical and trade costs are symmetrical. Then,
we allow two countries to form a PTA. The changes in the equilibrium variables form the
benchmark case. In other scenarios, we make changes to initial tariff rates, the cost share of
intermediate goods, 1−β, the relative technological levels and labor forces to see how welfare
consequences for members and nonmembers are influenced by each country’s characteristics.

4.3 The Benchmark Case

Table 1 provides the baseline levels of the parameters we use for the simulations. Dekle et al.
(2007) suggest that α usually ranges from 0.25 to 0.5. We use 0.25. Following Dekle et al.
(2007) and Cheong and Takayama (2013), we use β = 0.28. Given that γ only influences the
absolute value of manufacturing prices, but not the relative manufacturing prices or any other

8Our program is not confined to three countries, but can be applied to many countries, such that n > 3.
However, it is desirable to keep the analysis as simple as possible.
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endogenously determined variables, we simply set γ = 1. We use θ = 8.21 based on the esti-
mations in Cheong and Takayama (2013), for which Eaton and Kortum (2002) obtain a similar
value. The two parameters, wn = 2.35 and L̄n = 247.14, are chosen for our convenience
so that wages, prices, and hence trade shares in equilibrium are the same for the mobile and
immobile labor cases in the baseline setting.9

N = 3 dni = 1.2 ∀i 6= n α = 0.25 β = 0.28 γ = 1

tni = 0.05 ∀i 6= n θ = 8.21 Tn = 1 wn = 2.35 L̄n = 247.14

Table 1: List of Parameters

Table 2 shows the changes in the equilibrium values in the benchmark case. We present
the changes in manufacturing trade deficits for country n, denoted by Dn, and the domestic
trade share, πnn in absolute terms, and other results in % terms. In a symmetrical case, Dn is
initially zero, and so the ratio of changes is not well defined. In addition, πnn is the proportion
of expenditure on domestic goods, and so absolute changes in πnn are more appropriate.

As Yn = wnL̄n + TRn, and labor income wnL̄n is fixed, the change in tariff revenues
affects national welfare. As tariffs are eliminated with a PTA, members lose tariff revenues,
and so welfare decreases when tariff rates are sufficiently high, as shown in Table 2. The
reduction of tariff revenues for members is around 50%, which may appear large. With the
3-country setting, initially, each country collects tariffs on imports from two countries. After
the formation of a PTA, member counties now obtain tariff revenues from only one country
(the nonmember country), and tariff revenues fall by approximately 50%.

As proved in Theorem 2-1, the change in price is larger for member countries and thus
own trade shares decrease more. In this benchmark case, the nonmember country gains. As
Theorem 2-2 states, own trade share in the nonmember country decreases and then import
expenditure increases, which in turn increases tariff revenues. Combined with the decreased
price, increased tariff revenues improve nonmember country’s welfare.

Country n %∆Wn %∆TRn %∆Ln %∆pn ∆Dn ∆πnn

Member -0.04 ×10−1 -54.22 5.17 -2.04 -5.02 -0.04

Nonmember 0.20 0.54 -7.14 -0.78 10.05 -0.01

Table 2: The Benchmark Case (unit: % except for Dn and πnn)

9The EK-framework proposes two polar specifications of inter-sectoral labor mobility. Here, we only consider
the case of mobile labor, because this case is analytically much simpler than the case of immobile labor. The
supplementary document includes analytical results and the computational methods for the immobile labor case.

18



4.4 Tariffs

In this subsection, we examine how the welfare consequences of a PTA are affected by a
higher pre-PTA tariff. We set the initial tariff rates before the PTA as 50%, instead of 5%. In
this scenario, as shown in 3, member countries are better off compared to the benchmark case.
The decrease in price is larger and so does the own trade share. Even though the tariff revenues
decrease more, member countries gain due to the substantial decrease in prices. From (28),
the gains from efficiency, which represent the second term, dominate the losses from tariff
revenues, which represent the first term.

In this scenario, the nonmember also gains. It is worth noting that the % increase of
tariff revenues is much larger compared to the one in the benchmark case. This is because
countries’ initial import shares from others are very small due to the high initial tariff rates,
which generate very small tariff revenues and thus a very high % change for a small change of
tariff revenues.

Country n %∆Wn %∆TRn %∆Ln %∆pn ∆Dn ∆πnn

Member 1.74 -73.52 2.93 -7.94 -2.71 -0.17

Nonmember 0.35 52.75 -4.52 -0.40 5.43 -0.01

Table 3: Changes for a Tariff Rate of 50 % (unit: % except for Dn and πnn)

4.5 Intermediate Goods

By Theorem 1, particularly as described in (24) and (25), the indirect effects on prices of a
PTA are transmitted through trades in intermediate goods. Here, we study how the presence of
intermediate goods affects welfare consequences of a PTA. In order to do so, we set the cost
share of intermediate goods 1 − β = .01 so that intermediate goods play a negligible role in
production. 4 demonstrate that prices in nonmember countries are largely unaffected by the
formation of a PTA as the indirect effects on prices vanish and nonmember country’s welfare
gains become negligible. The only remaining effects are the direct effects of tariff changes on
member countries.

Country n %∆Wn %∆TRn %∆Ln %∆pn ∆Dn ∆πnn

Member 0.02 -52.78 1.07 -0.68 -0.91 -0.04

Nonmember 0.05×10−2 0.03 -1.25 -0.02 ×10−1 1.82 -0.99 ×10−4

Table 4: Changes for Intermediate Goods, β = .99 (unit: % except for Dn and πnn)
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4.6 Technology

In this subsection, we consider how a country’s relative technological level affects the welfare
consequences of a PTA. A country’s technological level determines the competitiveness of
its products in markets and from (6), country i with a higher technology level has a greater
market share πni everywhere. Here, we assume that one of the three countries has a higher
technological level. Then, we consider the following two scenarios. First, one country forms
a PTA with the higher technological level country. Second, the country forms a PTA with the
same technological level country. In this way, we can see in which scenario the country is
better off.

Table 5 and Table 6 present the results of the first scenario and second scenario, respec-
tively. Here, we assume T1 = 1.5 and T2 = T3 = 1. Country 2 gains by forming a PTA with
the similar technological level country, while conversely loses if the other member country
has a higher level of technology. The primary factor driving this result is the change in tariff
revenues. Country 2 imports substantially more from the higher technological level country,
country 1 than country 3. If it forms a PTA with country 1, it loses the larger part of its tar-
iff revenues. On the other hand, forming a PTA with the less competitive country has only a
smaller effect on tariff revenues.

Our finding does not support the “natural trading partners hypothesis” (see Wonnacott and
Lutz, 1989; Krugman, 1991; Summers, 1991). As pointed out in Bhagwati (1993), the idea
of this hypothesis is that a trading partner which a country naturally trades more with should
be encouraged as a PTA partner, as such a PTA is less likely to be trade diverting. On the
other hand, Krishna (2003) uses U.S. trade data to empirically study this hypothesis, and find
no evidence to support it. In our analysis, from country 2’s point of view, country 1 who
possesses a higher level of technology, who naturally trades more with country 2 compared to
a country with the same level of technology (country 3), is less desirable as a PTA partner.

Country n %∆Wn %∆TRn %∆Ln %∆pn ∆Dn ∆πnn

1 0.04×10−1 -52.51 2.59 -1.51 -4.21 -0.03

2 -0.03 -72.98 6.36 -2.92 -2.89 -0.04

3 0.22 -0.39 -7.19 -0.91 7.10 -0.01

Table 5: Changes in the Technological Level when T1 = 1.5 (unit: % except for Dn and πnn)

4.7 Trade Deficits

From (28), the initial level of trade deficits, Dn = Xn−Qn−TRn is an important determinant
of welfare effects upon a PTA. In this subsection, we consider how each country’s trade deficits
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Country n %∆Wn %∆TRn %∆Ln %∆pn ∆Dn ∆πnn

1 0.11 1.91 -4.97 -0.37 11.21 -0.07×10−1

2 and 3 0.09×10−1 -35.38 7.35 -1.51 -5.60 -0.02

Table 6: Changes in the Technological Level when N = 3 and T1 = 1.5 (unit: % except for
Dn and πnn)

affect welfare consequences of a PTA. As Dn is endogenous in the model, we assume that one
country (country 1) has higher national labor forces and thus this country has a higher demand
in manufacturing products than others. Therefore, this country runs trade deficits, while the
other countries run trade surplus before a PTA. From the third term of (28), −Dn

Yn
ln p

′
n and

the tariff change ∆tkl, by Theorem 1-1, ln p
′
n∆tkl is negative after a PTA, and thus this term’s

welfare effect of the PTA for country 2 is negative, while it is positive for country 1.
Table 7 presents the results. Unlike in other tables, in this table, we present Dn instead of

∆Dn. A positive Dn means that country n is running trade deficits before a PTA. The changes
in prices and own trade shares for the two member countries are the same. However, country
1 with trade deficits gains after a PTA, while the other member country (country 2) loses.

Country n %∆Wn %∆TRn %∆Ln %∆pn Dn ∆πnn

1 0.06 -55.33 1.76 -2.04 6109.32 -0.04

2 -0.07 -52.76 9.30 -2.04 -3054.66 -0.04

3 0.19 -0.26 -7.80 -0.78 -3054.66 -0.01

Table 7: Changes for National Labor Forces when N = 3 and L̄1 = 2L̄2 (unit: % except for
Dn and πnn)

5 Concluding Remarks

Using the Eaton and Kortum (2002) model, we considered how a PTA affects both nonmember
and member countries’ trade flows and welfare. Our main findings are summarized as follows.
First, when one country decreases tariffs on imports from another country, the price level
decreases in every country. Second, such trade liberalization by any number of countries leads
to trade creation everywhere as the domestic expenditure shares for all countries decrease.
Third, some nonmember countries may gain from a PTA. Finally, global free trade is not
stable. We also simulate the model to examine how the fundamental variables of the model
such as tariff rates, the presence of intermediate goods, the relative level of technology and
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labor forces, affect the welfare consequences of a PTA. The simulation results confirm our
theoretical predictions.

In this paper, we have focused on the case where labor is mobile between manufactur-
ing and nonmanufacturing sectors within a country. In the case where the labor is immobile
between sectors, there is another channel, wage which affects the welfare consequences of a
PTA. Even though the main results of this paper still hold in the case of immobile labor, the
direction of welfare changes may differ for some countries. Both analytical and numerical
results are provided in the supplementary document.
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Appendix

A. Proofs for Theorems and Propositions

For notational convenience, let Π = M(πni) and Πt = M
(

πni
1+tni

)
.

Proof of Theorem 1. By (21), because (ln dkl)
′Πιk = πkl

(
d′kl
dkl

)
ιk, the following holds:

L

(
p′n
pn

)
= (I− (1− β)Π)−1πkl

(
d′kl
dkl

)
ιk. (30)

By applying a Taylor expansion to (30),10 we obtain (23). Then, consider the term

(1− β)

(
πnk + (1− β)

N∑
i=1

πniπik + (1− β)2
N∑
i=1

N∑
j=1

πnjπjiπik + ...

)
.

This is the (n, k)-th element of the matrix
∑∞

j=1 (1− β)j Πj. Each element is strictly pos-
itive. Thus, we obtain the desired result.

Proof of Theorem 2. Note that in (23), because
∑N

i=1 πni = 1, the term
∑N

i=1 πni
d ln pi
dtkl

is the
trade-weighted average of all derivatives of national log-prices. Then, we show that:

d ln pn
dtkl

≤ (1− β) max
i∈N

{
d ln pi
dtkl

}
. (31)

Suppose, to the contrary, that d ln pk
dtkl

6= maxi∈N

{
d ln pi
dtkl

}
, and country n∗ 6= k satisfies

d ln pn∗
dtkl

= maxi∈N

{
d ln pi
dtkl

}
. However, this would be the case where d ln pn∗

dtkl
≤ (1− β) d ln pn∗

dtkl
,

which is impossible, since (1− β) < 1, and d ln pn∗
dtkl

> 0. Hence, we obtain (31).
Then, (31) implies that for all n 6= k,

d ln pn
dtkl

≤ (1− β) max
i∈N
{ln pi} = (1− β)

d ln pk
dtkl

,

and thus
d ln pk
dtkl

> (1− β)
d ln pk
dtkl

>
d ln pn

dtkl
> (1− β)

d ln pn
dtkl

.

Because d ln cn
dtkl

= (1− β) d ln pn
dtkl

, we obtain the first statement. The second result is the
direct consequence of (26).

Lemma 2. Under a global free trade scenario where tni = 0 for all n, i, the following holds:

L(TR
′
n) = D(TRn)L(lnX

′
n) + θD(Xn)

[
ΠtD(ln c

′
n)−D(ln p

′
n)Πt

]
1N + (1 + θ)

Xkl

(1 + tkl)
2 ιk.

10The matrix M(πni) is a row-stochastic matrix. The products of compatible row-stochastic matrices are also
row-stochastic matrices, and each element is in (0, 1). Thus limm→∞ (1− β)

m
M(πni)

m
= 0, and we can take

the Taylor expansion.
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Proof. Note that

L(TRn) = L(Xn)−D(Xn)M(
πni

1 + tni
)1N

= D(Xn) [I−Πt] 1N ,

where L(Qn) := D(Xn)M( πni
1+tni

)1N is the vector of before-tariff manufacturing expenditures.
Therefore,

L(TR
′

n) = D(X
′

n) [I−Πt] 1N −D(Xn)

(
d

dtkl
Πt

)
1N .

Then, since(
d

dtkl
Πt

)
= θ

[
D(ln p

′

n)Πt−ΠtD(ln c
′

n)
]
− (1 + θ)

πkl
(1 + tkl)

1

1 + tkl
ιkι
>
l ,

and D(X
′
n) [I−Πt] 1N = D(lnX

′
n)L(TRn), we immediately obtain the required result.

Lemma 3. Under a global free trade scenario where tni = 0 for all n, i, the following holds:

d

dtkl
TRk = Xkl.

Proof. Keeping in mind that Π1N = 1N , the vector of derivatives of tariff revenues with
respect to tkl is

L(TR
′

n) = θD(Xn)
[
ΠL(ln c

′

n)− L(ln p
′

n)
]

+ (1 + θ)Xklιk.

Finally, because L(ln p
′
n) = ΠL(ln c

′
n) + πkl

1+tkl
ιk, we obtain the required result.

Proof of Proposition 2. Proof of (1). By L(Qn) = Πt>L(Xn), and Π = Πt, TRn = 0 for
every n ∈ N , (16) becomes:

L(Xn)> = L(αȲn)> [I− (1− β) Π]−1 .

By (30), we obtain

L(Xn)>πklιk = L(αYn)>
(
[I− (1− β) Π]−1 πklιk

)
= L(αYn)>L(d ln pn

dtkl
).

Given L(Xn)>πklιk = Xkl and L(αȲn)>L(d ln pn
dtkl

) =
∑N

n=1 αȲn
d ln pn
dtkl

, we obtain the required
result.
Proof of (2). By substituting TRn = 0 for every n and (13) into (27), we obtain:

d lnWk

dtkl
=

1

Yk

[
Xkl − αYk

d ln pk
dtkl

]
.

From (1) of Proposition 2,

d lnWk

dtkl
= 1

Yk

[∑N
n=1 αYn

d ln pn
dtkl
− αYk d ln pk

dtkl

]
.

=
∑N

n6=k α
Yn
Yk

d ln pn
dtkl

.

Because d lnWn

dtkl
= −αd ln pn

dtkl
, we obtain the required result.
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Proof of Theorem 3. Consider a country n 6= k. Since TRn = 0 and TR′n = 0, by (27),

lnW
′

n = −α ln p
′

n < 0.

On the other hand, given TR′k = Xkl by Lemma 3, substituting TRn = 0 for every n and
(13), we have

lnW
′

k =
1

Yk

(
Xkl −Xk ln p

′

k + (1− β)Qk ln p
′

k

)
.

As d lnWn

dtkl
= −αd ln pn

dtkl
< 0 for any country n 6= k, by Proposition 2, we obtain d lnWk

dtkl
>

0.

Proof of Proposition 3. Recursively, we begin with the case where country k unilaterally in-
creases tariffs on imports from country l. Under the assumption of global free trade with
symmetrical countries, Qn = X̄ for every n. Then, by (27) and in a matrix form, we obtain:

L(lnW
′
n) = D(Yn)−1D(Xn)

[
πklιk + L(ln c

′
n)− L(ln p

′
n)
]

= X̄
Ȳ

[I−Π] L(ln c
′
n).

(32)

By πni = 1−πnn
N−1

, we obtain

lnW
′

n =
X̄

Ȳ
(1− π̄)

(
ln c

′

n −
N∑
i 6=n

ln c
′
i

N − 1

)
,

where π̄ = πnn for all n ∈ N . By Lemma 1, for all n 6= k,

lnW
′
n = X̄

Ȳ
(1− π̄)

((
1− N−2

N−1

)
ln c

′
n − 1

N−1
ln c

′

k

)
= − X̄

Ȳ
(1− π̄) (c̄−c)

N−1
.

(33)

For country k,
lnW

′

k = X̄
Ȳ

(1− π̄) (c̄− c) . (34)

By induction, suppose only country l retaliates by also increasing tariffs on imports from
k, setting ∆tlk = ∆tkl := ∆t, for a sufficiently small ∆t. Note that we have d ln ck

dtkl
= d ln cl

dtlk
and

d ln ck
dtlk

= d ln cl
dtkl

. Note that under the assumption of symmetrical countries, d ln cl
dtlk

= d ln cn
dtnk

and
d ln cl
dtkl

= d ln cn
dtkn

for every n 6= k. Because welfare changes only depend on the changes in costs
under a global free trade scenario, which only depends on changes in prices and (20), we can
see that changes are only different for country k, and are the same for other countries in the
symmetrical world, which implies that d lnWk

dtlk
= d lnWn

dtkl
for every n 6= k.

Hence, by substituting (33) and (34), the total change in the national welfare of k becomes:

∆ lnWk =
(

d lnWk

dtkn
+
∑

i∈A
d lnWk

dtik

)
∆t

= X̄
Ȳ

(1− π̄)
[
1−

∑
i∈A

1
N−1

]
(c̄− c) ∆t,

and similarly, by (33), we obtain the first desired result ∆ lnWn for country n ∈ N\A with
n 6= k. Then, by (2) of Proposition 2, under the assumption of symmetrical countries, we have∑

n∈N ∆ lnWn = 0. By ∆ lnWk obtained as above and (33), we obtain the second desired
result.
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Let ψni := Qni
Qn

, λni := TRni
TRn

, ρn := Qn
Xn

and τn := TRn
Xn

. Then, ψni is the proportion of
country n’s manufacturing production sold to country i, λni is the ratio of tariff revenue from
country i to the total revenue in country n, and τn is country n’s tariff revenue over its total
expenditure. Further, let ςni := ψniρi and νni := ψniτi. Then, ςni is country i’s sales to country
n over country i’s total expenditure. Finally, νni is country n’s export effect in terms of country
i’s tariff revenue relative to n’s total expenditure.

Further, let T(X) :=
∑∞

m=0 X
m denote the Neumann series expansion of a matrix X . As

shown in Theorem 1, the change in tariff tkl causes an immediate effect, and this effect is trans-
mitted via various channels to other countries. This transmission mechanism is represented by
the Neumann series of various factors. To study these transmission mechanisms in a more
intuitive way, we define the following three terms:

Tπ := T((1− β)M (πni)), TM := T((1− β)M (ςni)), and Tt := T(αD(τn)).

Then, Tπ is the transmission mechanism through trade shares. Also, TM represents the
one via the intermediate goods expenditures, and Tt represents the one via tariffs.

Proposition 4. Let

∆ψ(M (ψni) ,L
(
p′n
pn

)
, k, l) = θ (M (ψni)− (1− β) I) L

(
p′n
pn

)
− (1 + θ) ψlk

1+tkl
ιl

∆λ(M (λni) ,L
(
p′n
pn

)
, k, l) = θ (I− (1− β) M (λni)) L

(
p′n
pn

)
+ 1−θtkl

tkl(1+tkl)
λklιk.

Then,

L
(
L′n
Ln

)
= T

(
α(1− β)TMM(νni)T

tD(ρn)
)
× TM ×

[
αM(νni)T

t∆λ + ∆ψ

]
L
(
TR′n
TRn

)
= T

(
αD(τn) + α(1− β)D(ρn)TMM (νni)

) [
(1− β)D(ρn)TM∆ψ + ∆λ

]
,

where ∆ψ := ∆ψ(M (ψni) ,L
(
p′n
pn

)
, k, l) and ∆λ := ∆λ(M (λni) ,L

(
p′n
pn

)
, k, l).

Proof. Because it contains intensive calculations, we provide the proof of this result in the sup-
plementary document. To check the correctness of this result, we also compare the outcomes
from the two numerical programs, which yield the same results.
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