A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Furusawa, Taiji; Konishi, Hideo

Working Paper
Free Trade Networks

Nota di Lavoro, No. 55.2003

Provided in Cooperation with:
Fondazione Eni Enrico Mattei (FEEM)

Suggested Citation: Furusawa, Taiji; Konishi, Hideo (2003) : Free Trade Networks, Nota di Lavoro, No.

55.2003, Fondazione Eni Enrico Mattei (FEEM), Milano

This Version is available at:
https://hdl.handle.net/10419/118084

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/118084
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Free Trade Networks
Taiji Furusawa and Hideo Konishi

NOTA DI LAVORO 55.2003

JUNE 2003
CTN — Coalition Theory Network |

Taiji Furusawa, International Graduate School of Social Science,
Yokohama National University, Japan
Hideo Konishi, Department of Economics, Boston College, USA

This paper can be downloaded without charge at:

The Fondazione Eni Enrico Mattei Note di Lavoro Series Index:
http://www.feem.it/Feem/Pub/Publications/WPapers/default.html
Social Science Research Network Electronic Paper Collection:
http://papers.ssrn.com/abstract 1d=XXXXXX

The opinions expressed in this paper do not necessarily reflect the position of
Fondazione Eni Enrico Mattei



Free Trade Networks
Summary

The paper examines the formation of free trade agreements (FTAs) as a network
formation game. We consider a general n-country model in which countries trade
differentiated industrial commodities as well as a numeraire good. Countries may be
different in the size of the industrial good industry (measure of firms) and the market
size (population size). Their incentives to sign an FTA depend on these characteristics
of their own countries and those of their partner countries. We show that if all countries
are symmetric, a complete global free trade network is pairwise stable and it is the
unique stable network if industrial commodities are not highly substitutable. We also
compare FTAs and customs unions (CUs) as to which of these two regimes facilitate
global trade liberalization, emphasizing the fact that unlike in the case of a CU, each
country signing an FTA can have a new FTA with an outside country without consent
of other member countries.
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1 Introduction

The network of preferential trade agreements (PTAs) covers most countries in a complex
way. The tendency towards “regionalism,” a movement to form regional trade agreements,
has been steadily growing especially since 1980s (Bhagwati, 1993). Since the Treaty of
Rome established the European Economic Community (EEC) in 1957, European Union
(EU) has been growing with the accession of new members. The North American Free
Trade Agreement (NAFTA) starts negotiations with Latin American countries to form a
Free Trade Area of the Americas. Japan has recently signed a free trade agreement (FTA)
with Singapore, and now seeks the possibilities separately with South Korea and Mexico.
The website of the World Trade Organization (WTO) on regionalism provides us with an

excellent introduction to this topic.

Over 200 regional trade agreements (RTAs) have been notified to the GATT or
WTO over time; currently over 150 agreements are in force, most of which have
been concluded in the past 10 years. Since 1995, over 100 agreements covering

trade in goods or services, or both, have been notified to the WTO.

The network of RTAs throughout the world is now highly complex and many
countries are members of several agreements, sometimes with differing rules.
Nearly 60 percent of the notified RTAs in force at the end of 2000 have been
concluded among European countries. RTAs concluded among developing coun-
tries account for about 15 percent of the total. One of the most frequently asked
questions is whether the growth of regional groups helps or hinders the develop-

ment of the WTO’s multilateral trading system.

(the World Trade Organization website http://www.WT0.org)

Whether PTAs serve as “building blocs” or “stumbling blocs” is a central question in
this topic (Bhagwati, 1993). Of course, multilateral trade liberalization efforts and PTA
formation interact with each other.! However, putting this feature aside for a while, another

important question remains. Will successive PTA formation alone effectively achieve global

Levy (1997) and Krishna (1998) show in their political economy models that PTA formation hinders
multilateral trade liberalization. Freund (2000b) demonstrates that countries have more incentive to form
PTAs as multilateral trade negotiations lower tariffs imposed by every country. See also Bagwell and Staiger
(1997a,b), Bond, Syropoulos, and Winters (2001), and Ethier (1998).



free trade, or will the process stop prematurely so that the world is divided into several,
mutually exclusive trading blocs? If PTA formation continues until global free trade network
is achieved, we may conclude that PTAs are “building blocs.” But otherwise, PTAs can be

“stumbling blocs.” 2

Ohyama (1972) and Kemp and Wan (1976) demonstrate a positive result for this “dy-
namic” path problem. The so-called Kemp-Wan theorem states that member countries can
appropriately adjust external tariffs and make internal transfers so that a newly formed
customs union (CU) is Pareto-improving, not only to members themselves but also to all
countries in the world.?> Continuous application of this Kemp-Wan process implies that the
CU expansion continues until all countries in the world are covered.* Although the theo-
rem looks promising, it should be taken as an existence theorem (of a Pareto-improving CU
expansion). In reality, it is extraordinarily difficult to adjust external tariffs such that each
nonmember country’s welfare is not reduced by the CU formation. Indeed, as Viner (1950)
taught us, adverse trade-diversion effects often prevents PTAs from being Pareto improving.®
It is far from obvious that in reality, countries always have incentives to form PTAs so that
we will eventually observe the complete global free trade network (global free trade). Indeed,
Yi (1996) shows that even if countries are symmetric, the world would be divided into two

CUs of asymmetric size when the number of countries is a realistic number.

CUs are not the only form of PTAs. A PTA can take a form of an FTA, such as NAFTA,
in which member countries choose their individual external tariffs without consent of other
member countries unlike in the case of CU where all member countries adopt the same

external tariff schedule.® An important consequence of this difference, which seems to be

’Bhagwati and Panagariya (1996) raises this “PTA time-path” question. The complete global free trade
network may still be different from global free trade attained through multilateral trade negotiations, as
Freund (2000a) demonstrates in a model where firms incur distribution network costs, for example. The
global free trade network may be more complex and inefficient (“spaghetti bowl” phenomenon) than global

free trade attained through multilateral trade negotiations, as Bhagwati and Panagariya (1996) claim.
3See Panagariya and Krishna (2002) for an FTA version of the Kemp-Wan theorem.
4Baldwin (1993) demonstrates that as a regional trading bloc expands, outside countries have more

incentive to join the bloc. Haveman (1996) and Goto and Hamada (1999) conduct interesting simulations

that investigate welfare consequences of CU expansion.
®Krugman (1991b) claims that if a “natural” trading bloc, within which a large share of trade takes place

even in the absence of a PTA, is formed, the gains from trade creation are likely to outweigh the losses
from trade diversion. Deardorff and Stern (1994) show the possibility that the situation where the world is

divided into trading blocs is almost as beneficial as global free trade.
6Richardson (1993), Yi (2000) and Bond, Riezman, and Syropoulos (2002) show that each member

country’s optimal tariffs against nonmember countries decline as an FTA expands. See Krugman (1991a)



overlooked more or less in the literature, is that under an FTA, each member country (or a
subset of member countries) can sign another FTA with outside countries without consent of
other member countries. Whereas in the case of CUs, such as European Union, all member
countries should be involved when an outside country tries to form a PTA with a member
country of a CU. Thus, FTAs are more flexible than CUs: A hub-and-spoke system, for

example, is allowed only under FTAs.”

The main goal of this paper is to investigate whether or not the world-wide movement
toward FTAs continue until the complete global free trade network is attained.® An FTA may
be added to the current free trade network in the world in various ways, such as expansion
of an FTA, and a hub-and-spoke system where a hub country is involved in multiple FTAs
at the same time. An appropriate way to accommodate such various forms of FTAs is
to model the problem as a network formation game developed by Jackson and Wolinsky
(1996).° Given any FTA configuration in the world, we examine whether or not a pair of
countries have incentives to sign an FTA, and whether or not a country has an incentive
to cut an existing FTA. A network that is immune to such deviations is called (pairwise)
stable (Jackson and Wolinsky, 1996). Then we ask if the complete global free trade network
is stable, and if it is, we further ask if it is a unique one. If the complete global free trade
network is a unique stable network, the world is likely to attain global free trade, building
many bilateral FTAs.!

and Bond and Syropoulos (1996) in the case of CUs.
"Kowalczyk and Wonnacott (1992) discuss the hub-and-spoke system in the argument about NAFTA.

Mukunoki and Tachi (2001) investigate dynamic formation of bilateral FTAs in a three-country model. See

also Puga and Venables (1997) and Wonnacott (1996)
8Driven by the same motivation, Freund (2000c) builds a model such that each country calls out the

number of countries with which it wants to have FTAs, and shows that global free trade is effectively
attained as a unique Nash equilibrium. However, she seems to assume implicitly that a bilateral FTA
between two countries is made effective as long as one of the countries benefits from an agreement, even if
the other strictly prefers not to sign the agreement. This “open membership” rule (see also Yi, 1996) does
not seem to be appealing for discussions of FTAs. If FTAs require consent from both sides, then we will run

into the multiplicity problem of Nash equilibria (see footnote 17).
9Coalition formation games such as Yi (1996, 2000) is not rich enough to accommodate this complex

feature of FTAs.
10To derive a definite prediction regarding the time-path to global free trade, we may need to build a

dynamic network formation model with farsightedness. Mukunoki and Tachi (2001) show in a dynamic,
symmetric, three-country model that under a certain parameter values, only one bilateral FTA may be
signed in equilibrium so that global free trade is not attained. As Kennan and Riezman (1990) suggest,

countries in a bilateral FTA may in some cases prefer the current situation to global free trade. Then, each



In order to find stable free trade networks, we need to analyze each country’s incentive to
sign or abandon an FTA. As Krugman (1991b) and Grossman and Helpman (1995) suggest,
the asymmetry of countries is an important factor when we assess countries’ incentives for
FTAs. Viner (1950), on the other hand, suggests that substitutability of commodities traded
internationally is also an important factor. The model of this paper is general enough to
allow us to observe how these factors play a role in countries’ decisions to sign an FTA with

other countries.

We consider the model in which the world consists of n countries that trade a numeraire
good and a continuum of differentiated industrial commodities. Consumers in all countries
share a common quasi-linear utility function, in which substitutability of industrial com-
modities is parameterized. Countries may be different in the market size (population size)
and the size of the industrial good industry (measure of firms). Each of the differentiated
industrial commodities is produced by one firm that belongs to one of n countries. Each
country has a tariff schedule for imported industrial commodities, and an FTA between
countries ¢ and j simply means that countries ¢ and j simultaneously eliminate tariffs on

commodities imported from each other.

When the utility function is quasi-linear, social welfare, which is merely a representative
consumer’s utility, can be decomposed into two parts: the consumer’s gross utility and the
(industrial) trade surplus that is defined as export profits minus import payments in the
industrial good sector. An FTA with another country is likely to raise the gross utility,
although the second-best effect (Lipsey and Lancaster, 1956) may sometimes outweigh the
benefits from tariff reduction.'’ On the other hand, the impact on the (industrial) trade
surplus is generally ambiguous, and is often crucial in determining whether or not an FTA

is welfare improving.

The effect on a country’s trade surplus of signing an FTA with another country can be
further decomposed into two: one on the trade surplus between these two countries (the
direct surplus effect) and that on the trade surplus with third countries (the third country

effect). The latter effect is always positive, since the country’s export to third countries

member country may not sign a new bilateral free trade agreement with an outside country since it would
induce an FTA between spoke countries, effectively attaining global free trade, in the future. However,

extending Mukunoki and Tachi’s (2001) analysis to the case of many countries is not an easy task.
LTf tariffs have been imposed on a large portion of commodities, it may not be welfare-improving to get

rid of tariffs for a small portion of commodities since it enlarges distortions between these commodities and
the ones with high tariffs.



is not affected by the FTA, while its imports from them decrease since their commodities
become relatively more expensive after the FTA. In contrast, the sign of the direct surplus
effect depends on the two countries’ characteristics such as the market and industry size,
and the characteristics of their current partners. Let us consider, for example, an FTA
between a highly-industrialized small country and a less-industrialized large country. The
FTA increases trade flows from the former to the latter disproportionately, dramatically
increasing the trade surplus of the small highly-industrialized country and decreasing that of
the large less-industrialized country. The direct surplus effect for the large less-industrialized
country is likely to be negative, and it may outweigh the third country effect. Consequently,
the large less-industrialized country is likely to oppose to sign the FTA.'? If two countries
are similar in their characteristics, however, the direct surplus effects would be small, and

the countries are likely to benefit from signing an FTA.!3

The main results of this paper are as follows. When all countries are symmetric in the
market size and the industry size, we show that the global free trade network, a network in
which any pair of countries has an FTA, is pairwise stable (Proposition 1). If commodities
are highly substitutable among themselves, however, there may also be other pairwise stable
networks. It is because the difference in the number of FTA partners can create a large
differential in the impacts on the direct surplus, even though all countries are symmetric
in the market size and industry size. Nevertheless, we show that if commodities are not
highly substitutable among themselves, the global free trade network is the unique pairwise
stable network (Proposition 2). If countries are asymmetric, on the other hand, the global
free trade network may not be attained. In a special case where all industrial commodities
are independent from each other, a pair of countries sign an FTA if and only if their in-
dustrialization levels are close to each other (Proposition 3). This proposition implies that
developed countries and less developed countries, for example, respectively form mutually

exclusive trading blocs. We also compare FTAs and CUs as to which of these two regimes

121t is interesting to notice that countries in our model have a view that Krugman (1991b) calls GATT-
think: (1) Exports are good, (2) Imports are bad, (3) and other things being equal, an equal increase in
imports and exports is good. Our model gives an economic reasoning to this “enlightened mercantilism,” as
Bagwell and Staiger (1999) does in a model that examines the economic role of the GATT/WTO principles

of reciprocity and nondiscrimination.
130ur assumption of market segmentation is not critical for this result. Furusawa and Konishi (2002)

shows that even in a competitive market economy (with integrated markets), similar countries tend to sign
an FTA since the direct surplus effect is small relative to the positive third country effect that is nothing

but an improvement in the terms of trade with third countries.



facilitate global trade liberalization. We find that if all countries are symmetric, and if in-
dustrial commodities are not highly substitutable among themselves, a pair of countries have
less incentive to form a new FTA if either of them is a member of a CU as opposed to an FTA
(Proposition 4). If countries are asymmetric, on the other hand, the CU formation averages
out member countries’ industrialization levels, which may help further PTA formation. We

illustrate this possibility in the case of mutually independent industrial commodities.

An independent work by Goyal and Joshi (2001) also investigates the FTA formation as a
network formation game, and obtains the result that the complete global free trade network
is pairwise stable. The main part of their analysis assumes that all countries are symmetric
in the (Cournot-oligopolistic) market size and the number of domestic firms. Our model is
richer in many aspects, enabling us to obtain insights on incentives to sign FTAs, especially
in the case of asymmetric countries. We also discuss the difference between FTAs and CUs

as we have briefly described above.

Our paper is organized as follows. In Section 2, we present the model and derive the mar-
ket equilibrium in the presence of tariffs. Then, we propose a convenient way to decompose
a country’s social welfare, which plays an important role in the subsequent analysis. We
also derive the optimal tariff. In Section 3, we analyze a country’s incentive to sign an FTA,
and then derive our main results about stable networks both in the symmetric country and
asymmetric country cases. Section 4 compares FTAs and CUs as to which of these enhances

the PTA formation. Section 5 concludes the paper.

2 The Model

2.1 Overview

Let N be the set of n countries (n > 2), each of which is populated by a continuum of identical
consumers who consume a numeraire good and a continuum of horizontally differentiated
commodities that are indexed by w € [0,1]. A differentiated commodity can be considered
as a variety of an industrial good. Each industrial commodity w is produced by one firm
which is also indexed by the same w. We assume that there is no entry of firms into this
industry. Each firm is owned equally by all domestic consumers who receive equal shares of
all firms’ profits. The numeraire good is produced competitively, on the other hand. Each

consumer is endowed with [ units of labor, which is used for production of the industrial and



numeraire goods. Each unit of labor produces one unit of the numeraire good, so that the
wage rate equals 1. We also assume that industrial commodities are produced with a linear
technology, and normalize the unit labor requirement to be equal to 0 for each industrial
commodity, without loss of generality. Alternatively, we can interpret the model such that
each consumer is endowed with [ units of the numeraire good, which can be transformed by

a linear technology into industrial commodities.

In country i (i = 1,2,--+,n), measure pu’ of consumers and measure s’ of firms that
produce industrial commodities are located. Thus, country i produces s’ industrial com-
modities, which are consumed in every country in the world. We assume that the markets
are segmented so that firms can perfectly price discriminate among different countries. We
normalize the size of total population so that >} puF =1 as well as Dby s¥ = 1. The
ratio 6" = s'/u’ measures country 4’s industrialization level. The higher the ratio, the higher
the country’s industrialization level. This ratio plays an important role later in our analysis.
Country ¢ imposes a specific tariff at a rate of t; on the imports of the industrial commodities
that are produced in country j. For simplicity, we assume that every commodity produced
in country j faces the same tariff rate tj-.14 We assume that there is no commodity tax, so
that t! = 0. We also assume that the countries do not impose tariffs on the numeraire good
which may be traded internationally to balance the trade. Tariff revenue is redistributed

equally to domestic consumers.

2.2 Consumer Demands

A representative consumer’s utility is given by the following quasi-linear utility function:

Ug.) =a [ gwido -5 [ awro -2 [ gias] +a )

where ¢ : [0,1] — R, is an integrable consumption function, and gg denotes the consump-

tion level of the numeraire good.!> The second last term represents the substitutability
2

among differentiated commodities, which may become clearer if we notice { I q(w)dw} =

I3 f) q(w)q(w)dw'dw. Letting y denote the consumer’s income, the budget constraint can be

“1n our simple model, country i’s optimal tariff rates, for example, are the same across all commodities

imported from country j.
15This utility function is a continuous-goods version of the ones of Shubik (1984) and Yi (1996, 2000)

who analyze the case where there are only finitely many differentiated commodities. Our continuum of

commodity setup is based on Ottaviano, Tabuchi, and Thisse (2002).



written as .
y=AﬁWMWMw+% (2)
where p : [0,1] — R denotes the consumer price function. The first order condition for the

consumer’s maximization problem gives us the inverse demand function for each good w:

) = Ba() — 0 [ ale)def

Integrating over [0, 1], we obtain

where P = Ji p(w)dw. Substituting this equation back into the first order condition, we have
a 1 1) ( -

1) = 5= 5) ~ gy (@ = )

2.3 Equilibrium in Country i

Letting p’(w) and P’ denote the producer price for commodity w sold in country i, and the
average consumer price in country i, respectively, a representative consumer’s demands in

country ¢ for a commodity w produced in country j can be written as

; a 1 . : ) .
¢w)==—-—=0p"Ww)+t) — —=(a—P"). 3
(w) 3 ﬁ(() i) 5W+®( ) (3)
The firm w in country j chooses {p*(w)}?, in order to maximize its profits 7(w) = Y1, u'p'(w)q' (w).
The first order condition for this maximization gives us
4 1] af )
(W)= | —ti+ —— P 4
P =555 B+3 @)

for any i. Notice that p'(w) does not vary with w. Prices charged by firms depend only on

the import country’s tariff policies. For simplicity, we henceforth suppress the argument w.

It follows from (4) that country i’s average consumer price is

P = Z p+tz

1[ ap 5 1,
QLﬂW+ﬁ+ﬁw+t

where ' = s/t’. Thus, country i’s average consumer price Pi is given by

5 ap G40 4
P =y T agye (5)

] 1

8



Substituting (5) into (4) yields the equilibrium producer price that each firm in country j

charges for the market of country 4, as a function of country i’s tariff vector t' = (¢!, ..., t%):
af 1 ) .

AL REToT N L

Pi(t") =

Then it follows from (3) that a representative consumer’s demand in country i for a com-

modity produced in country j is

! 1, o .
D)= 5555 35" T 2Bpa ) o

Notice that p}(t*) = 3¢}(t') holds for any tariff vector t'.

2.4 Social Welfare
Under the world tariff vector t = (t!,...,t"), each firm in country i earns the profits:
Z i (E) gl (8F) = Z 1" Bl (67)? (7)
Country i’s per capita tariff revenue is
Z ths* ;. (t") (8)

A representative consumer’s income in country ¢ is the sum of labor income, redistributed

tariff revenue, and the profit shares of the firms in country :
simi(t)
po

y=1+T(t")+

(9)

Then it follows from (2) that

7 7 7, S 7TZ - 7 7 L 7
@o(t) = 1+T(t") + Z L (t) + t)ai(t])
Si n n ) )
= |+ Zsktqu /7 Z pEpF (7)) g (tF) — Zsk (") + ti]qh(t9)
k=1 k=1
= 1= s, () + = Z,u FER)gF (),
k#i k#i

where ¢‘(w) = ¢(t') if w is produced in country k.

Substituting this equilibrium demand into (1) and letting ¢'(t?) represent country ’s

equilibrium consumption function under the tariff t*, i.c., ¢’(t") = (¢}(t))jen, we obtain a

9



representative consumer’s utility in country i as a function of the world tariff vector, which

can be considered as country i’s per capita social welfare:

W(t) = U(q'(t"), go(t)) = VI(t") + X' (¢77) — M'(t"), (10)
where
Vi) = U(q'(t)),1), (11)
Mt =" sFp(t)q,(t)) =Y Bs*q, (12)
ki ot
Zu F(tM)gf () = Zﬁu (13)
ﬁ‘ ki ki

with t7¢ = (t!,--- ¢ ¢ ... t"). The functions Vi(t’), Mi(t"), and X*(t™*) represent
a consumer’s gross utility, (industrial) import payments, and (industrial) export profits,
respectively. Country ¢’s social welfare consists of a consumer’s gross utility V?(t?) and the
per-capita industrial trade surplus X*(t7%) — M*(t"). Country 4’s tariffs affect social welfare
through the effects on V*(t%) and M*(t"). Other countries’ tariffs also affect country #’s social
welfare through the effect on X*(t77).

Now, we examine the effects of tariff changes on the three components of social welfare:
Vi(th), X (t™), and M'(t"). We notice from (11)-(13) that an increase in a tariff rate affects
these components only through the changes in consumption of industrial commodities. We
see from (6) that the consumption of an industrial commodity depends on the tariff rate
imposed on that commodity and the average tariff rate, i.e., qi(t') = ¢.(¢,,t"). Thus, we
can write, for example, Vi(t) = V(g (5, ), - . (t,#)). An increase in ! does not only
affect ¢/ directly, but also affects ¢}, indirectly, for all k = 1,2,---,n. These changes in
consumption affect V*(t') and M*(t"), in turn. As for the effect on V*(t%), for example, we

have

ovr Z”: oV’ <8qk g, 817)

ot! < 0g, \ot;, ot ot )’
An increase in another country’s tarlff rate on country ¢’s commodity affects the export
profits X*(t™%) in a similar fashion. We can easily obtain the following lemma that shows
the effects of raising a tariff rate on the three components of social welfare. The proof is

straightforward and hence omitted.

Lemma 1 The first order effects of raising t; on Vi and M and the effect of raising t! on
X are:
ov? , Q@ ) n o o
— = J — k i tZ - 7, tz
o = |Tap s T aes ) At k) F 4t

10



oXi s [, 1§

o =50 1) (54 )|

o [ 5 o g
o, [qj(t)<_6+ﬁ(2ﬂ+5 >+ 2. ) 55515

k#i,j

It may appear that an increase in a tariff rate of country 7, say t;, necessarily decreases the
domestic consumer’s gross utility V. Each consumer in country ¢ reduces the consumption
of country j’s commodities as a consequence, which is detrimental. However, each agent
consumes other commodities more than before, which tends to increase the consumer’s gross
utility. The latter indirect effect may outweigh the former so that an increase in a tariff
rate may increase the domestic consumer’s gross utility, if the industrial commodities are
highly substitutable among themselves. Similarly, an increase in a tariff rate may not always
decrease the import payments. If the industrial commodities are highly substitutable, the
resulting decrease in q;- may be outweighed by increases in ¢, for k # i, j. However, it is easy
to see from Lemma 1 that an increase in another country’s tariff unambiguously decreases
the domestic profits obtained from the export to that country. The next section discusses

the effects of a tariff change on the three components of social welfare in more detail.

Now, let us derive the optimal tariffs. Country i’s optimal tariff maximizes V?(t)— M*(t%)
since X*(t~*) does not depend on t'. Let C; = {j € N[t} = 0} represent the set of countries
that produce commodities on which country i does not impose tariffs. (Notice that C;
includes country i itself since i = 0.) We consider here the situation in which country ¢ has
signed FTAs, rather than CUs, with all other countries in C;. Therefore, country ¢ chooses
its external tariffs without any coordination with other countries in C;. As the following
lemma shows, a country’s optimal tariff rates only depend on its own characteristics due to
the separability of a consumer’s utility function.'¢
Lemma 2 Country i’s optimal tariff rate 7% is a function of s, sCi(E > okec, sk), and pa-
rameters o, 3 and §:

4aB(p + ds")
3268+0)2—0(1 —s“)[4(260+9) — 6(1 — 2sY)]
&

(st 5%50,0,6) =

> 0,

which is increasing in s, and decreasing in s Thus, a country of size s* has the highest

optimal tariff rate when s = s', or C; = {i}, and a more industrialized country, whose s'

tends to be high, has a higher optimal tariff rate for a given s

16Somewhat surprisingly, they do not depend on country i’s own market size p*. It is because the market

size is only related to the scale effect.
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3 Free Trade Agreements

3.1 Incentives to sign an FTA

Let us consider an FTA between countries 7 and j, such that they eliminate all tariffs imposed
on commodities imported from each other, while they keep all other tariffs at their original
levels. For an FTA to be signed, both countries ¢ and j must benefit from the agreement.
That is, we must have both (i) Wi(ti,t' ;¢/,t7 ;;t={09}) < Wi(0,t7 ;0,47 ;;¢719)) and (i)

—77 Y V=) —1
Wj(t{,tj,i;tj-,ti_j;t_{i’j}) < Wj((),t{i;(),ti_j;t_{i7j}). The condition (i), for example, can be
written as
AVI(t) 4+ [AX'(t7) — AM'(t))] >0, (14)

where AVi(tY) = Vi(0,t7,) — Vi(t), AX(t7) = X(0,t7,;t79}) — Xi(t7;t{09}), and
AM*(t') = M*(0,t" ;) — M*(t"). As we will see shortly, a tariff reduction is likely to increase
a consumer’s gross utility, unless the industrial commodities are highly substitutable. Since
the FTA increases the country’s export profits and is also likely to increase the import
payments, on the other hand, the FTA has an ambiguous impact on country ¢’s industrial
trade surplus. We assume for simplicity that each country ¢ imposes the same external tariff

rate, which is denoted by ', on all commodities imported from countries outside of C;.

First, let us investigate the sign of AV*(t"). The next lemma shows that an FTA increases
a consumer’s gross utility either if the substitutability among the industrial commodities is

low or if the original tariff rate is small.

Lemma 3 A bilateral FTA increases a consumer’s gross utility, i.e., AV(t?) > 0, if either

one of the following conditions is satisfied:

(i) 48(8 +0) — 6*(1 — 25 — %) > 0,

8a3?
02(1 —2s% — s7) —4B(B+ )

In particular, in the case where s* = 1/n for any i and the original tariff rate does not

(i) t' <

exceed the optimal tariff rate that is obtained when i does not have any FTA (C; = {i}), i.e.,
7(n) = 7(1/n,1/n;, 8,0), it is sufficient that § < 108 for condition (i) to be satisfied.

Remark 1 Note that condition (i) is satisfied if 1 —25% —s/ < 0, or equivalently s +%sj >

%. This corresponds to the second best effect: In an economy with distortions, partial removal
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of tax distortions may reduce efficiency (see Dixit, 1975, and Hatta, 1977). When a tariff
on a commodity is eliminated, distortions between this commodity and untaxed commodities
shrink, whereas distortions with taxed commodities expand. Thus, if there are more untaxed
commodities than taxed commodities, the second best theory tells us that a bilateral FTA
between i and j is likely to raise a consumer’s gross utility. The condition s + %sj > %
matches exactly to this observation. Turning to condition (ii), the right-hand side is positive
only when s% + %sj < % Thus, condition (ii) is meaningful only when (i) is not satisfied,
and it shows that the detrimental second best effect is negligible if the rate of the tariffs,

which cause distortions in the first place, is small.

Next, we turn to investigating the effect of an FTA between countries i and j on the
industrial trade surplus. Let M} and X} be country i’s (per capita) import payments to

country k and country i’s (per capita) export profits from country k, respectively:
Mi(th) = Bstq(t")?,
i(4k 8 ok ek 1E ok
Xp(t") = 76/’LQi(t) :ﬁMz’(t) .
1 It
Then, we can rewrite country ¢’s industrial trade surplus as

X7 = M(t) = >0 [ Xi(th) — Mi(t))] .
k#i
An FTA between i and j only involves changes in t* and t7 so that it does not affect X} (t*)
for any k # 7, j. Consequently, a change in country 4’s industrial trade surplus can be written

as

A[XIET) = Mi(E)] = A X)) - Mi(t)] + (— > AM;(ti)) .

k#i,j

third country effect

direct surplus effect

The third country effect, represented by the terms in the parentheses, is always positive since
the reduction of t; makes commodities imported from country j relatively less expensive, and
hence country 4’s imports from third countries decrease, i.e., AM}(t') < 0. Although the
third country effect works positively for countries ¢ and j, it implies that the FTA between

them hurts all other countries.

Having shown that the third country effect is positive, let us now investigate the direct

surplus effect, which can be rewritten as follows from the definitions of M (t7) and ME(t):

A[XG(E) = Mi(t)] = BN [Bg/(6)” — g (t)’]

direct surplus effect
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where " = s' /i’ as defined above. The higher 6" and the lower 67, the larger an increase in
country ¢’s industrial trade surplus. That is, other things being equal, the relatively more
industrialized country is more enthusiastic than the less industrialized country in signing a
bilateral FTA. The more industrialized country derives a large benefit from the opening of
the partner’s relatively large market. In addition, opening its own market to the partner’s
firms does not significantly increase import payments since the resulting penetration by the
partner’s firms is relatively small. Another important factor that affects the incentives to
form an FTA is the difference in the original tariff rates. It is easy to see that if t* < ¢/, for
example, then Agi(t") < Aql(t7). Country 4’s export to country j increases more than its
import from country 7, and hence the FTA between i and j tends to be more beneficial to

country ¢.

3.2 Stable Free Trade Networks

An FTA that involves more than two countries can be considered as a collection of bilateral
FTAs between member countries, so it is convenient to describe FTAs in terms of graph
theory terminologies. An FTA between countries ¢ and j is described by a link, which is an
unordered pair of two countries. An F'TA graph is a nondirected graph, (N,I), consisting
of the set of countries N and a (free trade) network I" that is a collection of links. The set
of country i’s FTA partners in a network I" is C;(I") = {i} U{k € N : (i,k) € T'}, which
includes 7, as we have already described. We continue to write it as C; without confusion, if

a network I' is fixed.

If tariff rates are exogenously determined, or if they are determined uniquely for each
free trade network I' (such as in the case where all countries set their individual optimal
tariffs given the prevailing network I'), then country i’s payoff (social welfare) can be written
uniquely by wu;(I'). The set of countries N and their payoff functions define a network

formation game.

Network formation games are first studied by Jackson and Wolinsky (1996). A pairwise
stable network is a network I'* such that (i) for any (¢,7) € ', w;(T*) > u;(I'*\(4,7)) and
ui(I™) > w;(I*\(¢, 7)), i.e., for any pair of linked countries, neither country has an incentive
to cut the link, and (ii) for any (¢,j) ¢ I with i # j, if u;(I'") < u;(I' U (4,4)) then

w;(I'™) > u; (I U (4, 7)), i.e., for any pair of non-linked countries, at least one of them has no

14



incentive to form a link with the other.!”

We are particularly interested in the situation where the entire world is involved in a
large FTA, i.e., the world attains global free trade. This situation can also be described by a
graph theory terminology. A complete graph is a graph (N, ['“") that contains all possible
links, i.e., for any i, j € N with ¢ # j, (i,7) € ['°"”. We call ' a complete network. The

global free trade is a complete graph of the free trade network formation game.

3.3 Symmetric Countries

We say that countries i and j are symmetric if s = s/ and p* = /. This subsection considers
the case in which the world consists of n symmetric countries so that s' = u* = 1/n for any
1 € N. In this case, the effects on country ¢’s industrial trade surplus can be simplified as

follows,

AXU(ET) - MU(E)] = A (j;qzw - j;q;i(tif) + (— > Ask@qu)?)

k+#i,j
= ﬁ [Alg](8)) = A(g(t)")] + i (— k;‘A(qi(ti)2)> .

' lus eff
direct surplus effect (third country effect)>o0

The current network structure affects the impact of the FTA between ¢ and j on country
1’s industrial trade surplus through its effects on commodity demands. Especially important

are the size of C; and the size of C}.

Let us say that countries ¢ and j are completely symmetric if they are symmetric and
|Ci| = |C}]. If the original tariffs are the same between completely symmetric countries ¢ and
j,ie, t8 = =t then £ = #¥ and ¢/(t/) = ¢i(t'), and hence we have Ag/(t/) = Agi(t?).
Thus, the direct surplus effect disappears if countries 7 and j are completely symmetric and
their original tariffs are the same at t. An increase in country i’s export to country j and an

increase in country 4’s import from county j are completely canceled out. On the other hand,

1"Readers may be tempted to formulate a strategic form game such that each player (country) announces
the names of players with whom she wants to be linked, and a link is formed if and only if both sides of
the link announce each other’s names. In such a game, however, there would be too many Nash equilibria,
always including the one without any link. It is because a player has no incentive to announce the name of
the player who does not announce her name. See Dutta and Mutuswami (1997) for the coalition-proof Nash

equilibrium, a refinement of the Nash equilibrium in such games.
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the third country effect is nonnegative (if n > 3). Thus, we have A [X*(t™%) — M'(t")] > 0

if countries ¢ and j are completely symmetric.

Therefore, completely symmetric countries always have incentives to sign an FTA as long
as one of the conditions in Lemma 3 is satisfied. One important case is that all pairs but
(,7) have already formed free trade links. Since most tariffs are already eliminated, an
FTA between i and j reduces distortions (condition (i) of Lemma 3), and hence enhances a
consumer’s gross utility in these countries (AV? > 0). Thus, the two countries can improve

social welfare by signing an FTA, which leads to our first proposition.!®

Proposition 1 Suppose that there are n symmetric countries in the world, and that their
external tariff rates are the same if they are imposed. Then, global free trade (a complete

network [ ) is a stable network.

Proof. If all pairs but (i, j) have already formed free trade links, i.e., the free trade network
is [P\ (4, j), then countries ¢ and j are completely symmetric. As a result, we know from

the above observation that each country’s industrial trade surplus does not decrease by

Ci—1_1

- and s’ = 1/n, and similarly for country j, when

signing an FTA. Moreover, since s
the free trade network is TP\ (i, j), we have s + 357 =1 — 5~ > 1/2 for all n > 2. Then,
it follows from Lemma 3 and Remark 1 that a consumer’s gross utility in countries ¢ and j

strictly increases. Therefore, we have

ui(T") > ug(T"P\(4, 7)),
ui(TO"P) > uy(T"P\ (4, 5)),

implying that ['“™" is a stable network.

Q.E.D.

Remark 2 Note that this proposition holds even if we assume that each country adjusts
its tariff rate optimally according to the current free trade network. Starting at the com-

plete graph, if a pair of countries cut their FTA, they would impose the same tariff rates

18Bagwell and Staiger (1999) argue that reciprocal trade liberalization between two countries is beneficial
to both countries since it leaves each country’s terms of trade unchanged so that it eliminates negative
terms-of-trade externalities. An FTA between two completely symmetric countries fits their argument in
that it leaves the bilateral (industrial commodity) terms of trade unaffected. In addition, each country’s

bilateral terms of trade against a third country improves as ¢ (t*) and hence p (t*) decline for k # i, j.
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7'(1/n,(n—1)/n;a, 3,8) by symmetry. Thus, the assumptions of Proposition 1 are satisfied

even if tariff rates are endogenously determined.

A natural question now is whether or not the complete graph is a unique stable network.
Unfortunately, it is not the case in general. If ¢/ (t7) is significantly smaller than ¢;(t*) and
hence Ag!(t7) is significantly smaller than Ag)(t"), the direct surplus effect for country i is
negative and it may outweigh the third country effect. This situation arises when country
j has many FTAs with other countries, while country ¢ has a small number of FTAs as the
following numerical example illustrates. As a benchmark, we set each country’s tariff rate
at 7(n), the optimal level without FTAs.

Example 1 Suppose that countries are symmetric, n = 12 and 0 = 123. Suppose further
that t* = 7(n) for anyi € N. In this case, graph T=' = {(4, k) : 5,k # 1} (country 1 does not
have any FTA, while all other countries have FTAs with one another) is pairwise stable. The
reason why I'~1 is stable is that the isolated country 1 does not have an incentive to make a
bilateral F'TA with any other country, although each of other countries has an incentive to

sign a bilateral FTA with country 1.

If § is large, as in the above example, consumer demands are price sensitive. In the
absence of an FTA, therefore, country 1 does not import much of industrial commodities,
and most of industrial commodities consumed are domestically produced. However, once
country 1 signs an FTA with country 2, say, much of (about a half of) the consumption
of domestic commodities is substituted by those produced in country 2 so that country 1
experiences a dramatic increase in its import payments. In contrast, country 2 has already
opened its market to all but country 1 before the FTA. Therefore, the FTA with country 1
does not increase its import much even if § is large. Therefore, the direct surplus effect of
country 1 is negative and is large in its magnitude, which outweighs the third country effect
and the effect on AV*(t%) in Example 1.

In the following, we seek a condition under which every pair of countries has incentives
to form an FTA regardless of their existing FTAs. In such a case, it is obvious that the

complete graph (global free trade) becomes the unique stable network.

Lemma 4 Suppose that countries i and j are symmetric and that the external tariffs are

the same, i.e., t* =t/ = t. Then, regardless of free trade networks of these two countries
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with the rest of the world, A(X* — M?) > 0 holds if the following condition is satisfied.

po 208
~ 48+ (1+ 1)

2a3
4B+(1+1)s”
that a bilateral FTA between ¢ and j increases the industrial trade surplus for these countries

If the optimal tariff rate, derived in Lemma 2, is smaller than we can conclude
regardless of the network structure, under the mild condition that their external tariffs are
not greater than their individual optimal tariffs. The next proposition states that it is indeed

the case if the industrial commodities are not highly substitutable.

Proposition 2 Suppose that there are n symmetric countries in the world, and that their
external tariff rates are the same at t that is not greater than the optimal tariff rate without
any FTA, i.e., t < 1(n). Suppose further that 6 < 63. Then, under any network I, any pair
of countries i and j without a bilateral FTA has incentives to form a free trade link. As a

result, global free trade (a complete network I'°™P ) is the unique stable network.

The significance of this proposition is that it applies regardless of these two countries’
existing FTAs. Consider the case where there exist several FTAs, possibly different in size.
If the industrial commodities are not highly substitutable among themselves, any pair of
countries from different FTAs has incentives to form a new FTA. As far as trading blocs
take the form of FTAs, as opposed to CUs, they are likely to be “building blocs” rather
than “stumbling blocs” towards global free trade if countries are symmetric. Moreover,
Proposition 2 suggests that if countries myopically make decisions as to whether or not
they have FTAs with other countries, the world free trade network will eventually reach the

complete network such that global free trade is effectively attained.

3.4 Asymmetric Countries

Now, let us turn to a more realistic case in which countries are asymmetric. Unfortunately,
it is difficult to obtain any analytical result in a general setting. Thus, in this subsection, we
assume & = 0 in order to simplify the analysis. This simplification is definitely restrictive,
since it makes demands for industrial commodities completely independent of one another,
and hence the third country effects vanish and the existing FTA network becomes irrelevant
for each country’s incentive to sign a new FTA. Despite of these restrictions, it is a conve-

nient assumption for illustrating how the asymmetry of countries affect the FTA network
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formation. It follows from Lemma 2 that the optimal tariff rate is constant for any country 4,
irrespective of s*, 1, and C;. Therefore, we can naturally assume that each country imposes
[0

the optimal tariff rate, ¢ = $ as its external tariff.

In this special case of no substitution among industrial commodities, we can easily cal-
culate social welfare of each country. Since commodity demands are independent of one
another when § = 0, the main part of a consumer’s gross utility can be written as a simple
sum of utilities derived from the consumption of all individual commodities. Let p(¢) and
q(t) denote the equilibrium producer price and quantity of the industrial commodity that
is faced with the tariff rate ¢, and let v(¢) denote a consumer’s utility derived from the

consumption of that commodity. Then, we can write

Vi) =Y s0(0)+ Y s"o(a/3) +1,

keC; heC;

X =" Ap(0)g0) + X ptplaf3alas3)]
2 keCi\{i} h¢Ci

Mit) = > s"p(0)g(0) + Y s"p(a/3)q(a/3).
kGCz'\{i} héCi

As Figure 1 shows, we have p(t) = (o —t)/2 and ¢(t) = (o — t)/2/3, and hence v(a/3) =
50%/(18), p(a/3)q(a/3) = ?/(98), v(0) = 3a?/(83), and p(0)q(0) = a*/(4/3). Thus, social
welfare of country ¢ can be written as
Wi(t)
= V't + X' (t7") — M'(t")
2 { . )
R Y R T W e T |

If countries ¢ and j sign an FTA, then C; expands to include j. Thus, the impact on

country i’s welfare is

, o[ .73 5 s /1 1 /11
AW = & g (2 -2 AN (Sl I Y
W 3 [S <8 18>+/ﬂ a (4 9> ° (4 9>]

The first term in the brackets corresponds to AV?, which is always positive (see Lemma 3
and Remark 1), and the latter corresponds to the direct surplus effect, AX} — AM; As

we have discussed in Section 3.1, the direct surplus effect depends on the two countries’
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industrialization levels. By rearranging the above formula, we obtain
o
7253

Country ¢ has an incentive to sign an FTA with country j if and only if #7 does not exceed

AW (109i - 39]’) :

10/3 times 6. This implies that two countries sign an FTA if their industrialization levels are

not very different. The following proposition is an immediate consequence of this observation.

Proposition 3 Suppose that § = 0 and that countries impose the optimal tariff rate t = /3
as their external tariffs. Then, countries i and j form a link if 0" < 2607 and 07 < 26", The
stable network is a collection of all links, each of which connects such a pair of countries,

and is generically unique.

This proposition gives us an interesting prediction. Suppose that there are two groups of
countries: one is a group of developed countries with similar and high industrialization levels,
and the other is a group of less developed countries with similar and low industrialization
levels. Suppose also that the industrialization level of each developed country is far greater
(more than 10/3 times) than the one of any less developed country. Then, the FTA formation
process leads to a stable network in which all countries within each group are linked with
each other, while there is no link across the two groups. The FTA formation process may end
with two (stumbling) trading blocs if industrialization levels of two groups are very different

from each other.

4 Free Trade Agreement vs. Customs Union

This section investigates the difference in member countries’ incentives to sign a new FTA
emphasizing the fact that a CU requires all members’ consent when a member country wants
to have a free trade link with an outside country. Our main goal of the paper is to assess
how far the process of PTAs continues and whether or not global free trade is effectively
attained as a complete world-wide web of PTAs. The analysis in this section may possibly
tell us which form of PTAs, CU or FTA, should be encouraged for the purpose of facilitating
more PTAs in the world. In order to focus on the issue, we assume that external tariff rates

are fixed and the same in both cases.

First, we examine incentives for country ¢ having engaged free trade with other countries

in C; to have a new free trade link with country j ¢ C;, and compare the incentives between
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two cases: the case where C; forms a CU and the case where C; is a regional FTA such
that every pair of countries in C; has a bilateral FTA. Let us begin with investigating the
impact on a consumer’s gross utility V?. As we have seen in Section 3.1, the impact on V* is
ambiguous in both cases. However, these effects are exactly the same between the two cases,
since V' only depends on t’ and changes in t’ are the same between the two cases. Thus, the
difference in changes of the industrial trade surplus between these two cases will determine
whether or not country 4’s incentive to have an FTA with country j is higher in the case
where C; is a CU rather than a regional FTA. Here, we decompose the third country effect

into the member country and nonmember country effects:

AXT—AM' = (AXi—AM]) + Y (AX;j-AM{)+ > (AX)-AM])
keCi\{i} hgCiU{j}

direct surplus effect
member country effect nonmember country effect

where country k is a representative partner of ¢, i.e., k € C;\{i}, and country h is a represen-
tative outsider of 7, i.e., h ¢ C; U {j}. Table 1 depicts the signs of the effects, and compares

these two cases item by item.

FTA CU
AVE | 7 = 2
AM; | + | =] +
AXE| + | > +
AME | — | =] -
AXp | 0 |>| —
AME | — | =] -
AXi | 0 |=|0

Table 1. FTA vs. CU

We start with M ;, country ¢’s import payments to country j. Since country i’s import is
solely determined by t? and country i’s post-FTA tariff vectors are the same between the two
cases, the effects are exactly the same. This effect is positive since country ¢ lowers its tariff
rate for commodities imported from country j. In contrast, the effects on X; = X;(tj ) are
different especially when |C;\{i}| is large. It is because country j eliminates tariffs against
all countries in C; in the case of CU while it eliminates tariffs only for commodities imported

from country i in the case of FTA. Since industrial commodities are substitutable among
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themselves, it is obvious that an increase in Xj is smaller in the case of CU. Consequently,

the direct surplus effect is lower in the case of CU than in the case of FTA.

Next, we investigate the effects on country ¢’s industrial trade surplus with a member
country k € C;\{i}. As before, the effects on M} = M} (t') are the same in both cases.
However, the effects on X} = X} (t¥) are different again. In the case of FTA, t* is unaffected
and hence X} does not change. In the case of CU, on the other hand, country k also
eliminates tariffs against country j, and country i’s export to country k is reduced due to
the substitution effect. Country 4’s industrial trade surplus with a member country £ is
again lower in the case of CU. Finally, it is easy to see that the third country effect with
nonmembers is the same in both cases. Import payments from country h decreases by the
same amount due to the tariff reductions for commodities imported from country j, and

country i’s export to country h stays the same in both cases since t* is not affected.

We have shown that the impacts of a new FTA on consumer’s gross utility are the same
between the two cases, but the effect on the industrial trade surplus is unambiguously lower

in the case of CU. We record this result as a lemma.

Lemma 5 Country i has less incentive to have an FTA with country j ¢ C; when C; forms
a CU rather than a regional FTA (or the case where country i has bilateral FTAs with other
countries in C;), unless the industrial commodities are independent of one another, i.e.,

0 = 0, in which case the incentives are the same.

Whether or not country #’s incentive to have a free trade link with country j is lower
when C; forms a CU rather than a regional FTA is generally ambiguous, however. The
difference between these two cases in our terminology is that country ¢ adds only one link
with country j in the case of regional FTAs, whereas in the case of CU country ¢ adds
|C;| links simultaneously with all individual countries in C;. The latter case is effectively
equivalent to the case where country ¢ has an FTA with an integrated economy that consists
of all countries in C;. Whether country i prefers having an FTA with country j alone or

with the whole C; depends on the relative characteristics of 7 and Cj.

However, we can make a strong statement in the symmetric country case with a low
substitution parameter §. Proposition 2 indicates that if all countries are symmetric, and 0 is
not very high, country 4 has an incentive to have an FTA with any country, in particular with
country j alone or with an integrated economy consisting of all countries in C;. Therefore,

country ¢ wants to have an FTA with country j whether C; forms a CU or an FTA. Combining
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this observation together with Lemma 5, we find that two countries are less likely to have an
FTA if either of them is a member of a CU in such a situation. Indeed, global free trade is
the unique stable network if all PTAs take a form of FTA (Proposition 2), whereas several

CUs of asymmetric size may co-exist in a stable network if all FTAs take a form of CU.!

Proposition 4 An FTA is less likely to be signed if a country involved is a member of a
CU rather than a regional FTA if all countries are symmetric, imposing the same external
tariff rate, and 0 < 603, i.e., the industrial commodities are not highly substitutable among

themselves.

If countries are not symmetric, CUs can facilitate global trade liberalization more than
FTAs. Consider again the asymmetric country case with 6 = 0. Let us order n asymmetric
countries according to their industrialization levels such that §' > 62 > ... > §". We know
from Proposition 3 that if 6% > 13—09”, countries 1 and n will not sign an FTA, and the
process of bilateral FTA formation will never reach global free trade. However, if all FTAs
take a form of CU, the process of CU formation may reach global free trade. Let us consider
a CU by C(k) = {1,2,...,k}, formed by k countries with highest industrialization levels.
The industrialization level of the entire C(k), i.e., #°%) = Sheck) 8"/ Thecw 1", is the
“average” industrialization level of all individual members of C(k), so that ' > §°*) > gk,
Now, it follows from Proposition 3 that C'(k) and k + 1 sign an FTA, or in other words, CU
by C(k) expands to include k + 1, if §°*) < 2D6*+1 Notice that this inequality can hold
even if 9! > %9’““. The CU formation averages out member countries’ industrialization
levels, and hence encourages a less industrialized country to join the group. In particular,
if ¢k < %9’““ for any k=1,---,n — 1, CUs serve as “building blocs” and the process of

CU formation will reach global free trade.?

YEmploying a coalition bargaining game (see Bloch (1996) and Ray and Vohra (1999)), Yi (1996) shows
that in equilibrium, two CUs of different size are formed when the world consists of a reasonable number
of symmetric countries. We can conduct the same exercise in our model and obtain qualitatively the same
result. Suppose that countries are symmetric, n = 50 and § = 55. Suppose further that each country
sets its external tariff rate at 7(n), the optimal level without any PTA. (Proposition 2 suggests that in this
case, a unique stable network in the FTA regime is the complete graph T'“"?.) Then, two CUs {43,7}
are formed in equilibrium. The first proposer calls 43 countries to form a coalition, which is accepted by
all countries involved. Then a country outside of this coalition calls all other remaining countries to form

another coalition, which is also accepted by those countries.
20We should note that history of CU expansion may matter. It is possible for the CU expansion to stop

prematurely if two unions, one by developed countries and the other by less developed countries, are formed,

and the difference in the industrialization levels of these two unions is quite large.
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5 Concluding Remarks

We have introduced a general analytical framework that is suitable for the investigation of
PTAs and shown how countries’ incentives vary with the country size, industrialization level,
substitutability among industrial commodities, etc. We have found that if all countries are
symmetric, a complete global free trade network is pairwise stable and it is the unique stable
network if industrial commodities are not highly substitutable among themselves. We have
also compared FTAs and CUs as to which of these two regimes facilitates PTA formation.
We have shown that in the symmetric country case where industrial commodities are not
highly substitutable, countries are likely to have less incentives to have a new FTA if one of
the countries is a member of a CU rather than an FTA. If countries are asymmetric, however,
the CU formation averages out member countries’ industrialization levels, which may help

further CU formation.

We must note that Propositions 2 and 4 are obtained under the assumption that external
tariffs are fixed when countries form FTAs. Since Lemma 2 implies that a country’s optimal
tariffs decrease as the country have more free trade links, countries would lower their external
tariffs as they form more free trade links. Indeed, countries’ incentives to have an FTA are
affected by this tariff adjustment. We have assumed that external tariff rates are exogenously
fixed, since it is necessary to simplify the model for analyzing various forms of complicated
FTA networks. Moreover, it is far from obvious that in reality, countries optimally adjust
external tariffs every time when they sign a new FTA. Of course, it is interesting to know how
these tariff adjustments affect countries’ incentives to form PTAs. We leave this extension

for future research.?!

210Qur primitive numerical analysis in the case of n symmetric countries shows that even if the optimal
tariffs are constantly adjusted in the process of free trade network formation, a variant of Proposition 2
holds: Social welfare of each side of a new bilateral free trade agreement improves under any ongoing free

trade networks, if ¢ is not very high and n is reasonably large.
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Appendix

Proof of Lemma 3. Using (6), we have

n o 1 ) 0 _
Sk’ i (¢ — o o Sktz + £
kz::l W) = 5575 25 27T 53003 1 6)
B o 1 i
28448 2840

By substituting this result and (6) into 0V*/0t} in Lemma 1, we obtain

ov? , af 52 1

R TR T CT e EL Tk ]

Let t(7) denote the bilateral tariff reform schedule between countries ¢ and j. This schedule
satisfies ti(7) = (1 — )" and #/(y) = (1 — )/, where v € [0,1] and hence (0) = #
and t%(1) = 0, for example. All other tariff rates are kept unchanged, i.c., tj,(y) = t* and
ti(y) =t/ for any k where k # i, j. Notice that #* also changes in the course of tariff reform
such that () = Xiec,ugy 57 + 7 (1 —)t" = (1 — s — vs7)t’, and similarly for #/(v). By
substituting *(v) and t}(v) for £ and t!, respectively, and using dt}/dy = —t', we obtain

dV'(t'(v)) _ iy [ af - 67
dy (28 +0)*>  45(28 +0)?

(1 — 5% — st + 415(1 - 7)ti] :

By integrating over «, the welfare change of country ¢ due to the FTA with j becomes

AV' = VH(0,t1,) — V'(t')

i af 52 o gJ ; 1,
- l(2ﬁ+6)2 _45(26+5>2<1_3 — )t +85t]
- M{Saﬂu [48(B +0) — (1 — 25 — &)?| '} . (15)

The sufficient condition (i) immediately follows.

Let us suppose now that the condition (i) does not hold so that the terms in the square
brackets of the last equation in the above are negative. Then the condition (ii) also follows

immediately.

In order to derive the sufficient condition ¢ < 103 for (ii), we consider the case where
sk = 1/n for any k. Since the original tariff rate ¢* is less than or equal to the optimal tariff
7', we need only show that if § < 103 condition (ii) holds when ¢* = 7.
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Now, AV > 0 if and only if

8a3?
02(1 — 28% — s7) —4B(6 + 0)

>t (16)

Recall that we only consider the case where the denominator of the left-hand side is positive.
As Lemma 2 shows, the optimal tariff decreases in s“i. To derive the condition under which
(ii) holds for any s, therefore, we substitute s = 1/n, which is the smallest s, for s%.

Then, the optimal tariff rate that we substitute for ¢* in the above inequality equals

S daf (B + %)
328 +0)2—0(1 - 426 +06) —a(1 = 2))

Noticing that the left-hand side of (16) decreases by substituting s’ for s, the inequality

that we need to verify can be written as

8a3? - 4af(B + %)
P15~ 433 1 9) = 825+ 07 (1~ HA@A+9) o1~ I

or

25 {32+ ) 51 - a5 +5) 61~ 2]} 2 (34 ) [(1- 2)5 — a5” ~ ags).

Further computation shows that this inequality can be reduced to

(8+6)° [255 + 12+ B - (1 - = a8 — (5 - )] 20,

n  n? n  n?

where 3 = 3/(3+6) and 6 = §/(3+ 6). To simplify the expressions, we let 2 = 1/n. Then,
it follows from § = 1 — B that the above inequality holds if the following function takes a
nonnegative value for any = € (0,1/2] and any G e 0, 1].

g(z,f) = 283° + (12 +202) (1 — B) — (1 — 9z — 42®)3(1 — B)* — (z — 32°)(1 — B)°
= (1-02B+3)2*>+ (11— )08+ 113 — Dz + B(B + 1)(158 — 1).

A

It follows immediately that if B > %, then ¢(0, 5) > 0. Moreover, we have

%0 (2, ) = 201~ H(3 + Ao+ (1~ H0FP + 15~ 1),

which is increasing in z. Evaluating this derivative at x = 0, we obtain

99

S2(0.8) = (1= A)(105 + 15 - 1.
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Thus, dg/dx > 0 for all z € (0,1/2] if 3 > _Hga/ﬁ, which in turn holds if § > 1/11.
Together with the fact that g(O,ﬂ) 0 if > L, it implies that g(x,3) > 0 for any
z € (0,1/2] and for any § € [0,1] if 3 > 1/11, or equivalently, § < 108.

157

Q.E.D.

Proof of Lemma 4. Recall from the proof of Lemma 3 the definition of the bilateral tariff
reform schedule between countries ¢ and j, denoted by t(y) where t’(y) = (1 — )t and
f(y) = (1—sC —siy)t = (1 - 1%l 1)¢, and similarly for j, while t¥*(v) = t* for any k # 4, j,

n

and any v € [0,1]. Then, it follows from (6) that

i(4i _ o 1 0 _ |Cil AW
a 1, J [ _”y)

G.(t'() = 2610 %tz + 25(25+5)(1 -

it

Consequently, we have

diq;: — it _ Lt
dy 200 268028+ 6)n
dgp _ 6

dry 26(26+0)n

Now, we can rewrite a change in country ¢’s industrial trade surplus.
A X677 = Mi(t))]
_ /1 [(dx;?(tjw» - dM;f(ti(v))) S dM;i(tim)] "
0

dy dry Perd |
B / ( dg! q
= 2¢/(t) = — 24i(t)—2 | — 3 2q; dry
dy g dv

20t 0 1 J
= n/{ﬂo' ’Cj’>w<w‘m>t
5 o 1, 6 I (T
' (zmwm) > [w o 280 T 2pEa 0 n”] } "

:7ﬂ£4®£%m¢Kw<% %mﬁaﬁt

+(n — )267 —n—=24(Ci| — 1)]215t+ (n—2)2ﬂ(22+5) (n— |%| _7> t} dry.

The value of this formula is minimized when |C;| = 1 and |C}| = n — 1. Thus,

A X677 = Mi(t))]
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o VARGl C R

Q@ 1 )
T —92)— 9y p—1—
+(n 2>25+6 (n 2)26t+(n 2)25(26—1—5)71(” fy)t]dfy
(n—2)dt /1{ [ n—”y} }

= t|—2(2 —_— 2 dy.

2325 + 07 o (284 6) + " O +2af ¢ dy

The contents in the curly brackets is nonnegative for any v if and only if
203
<
T =",
203

48+ (1+1)6
Indeed, they are strictly positive under this condition, except at v = 1 in which case they

becomes zero. Therefore, A [X*(t7) — M*(t")] > 0 if this condition is satisfied.

Q.E.D.

Proof of Proposition 2. If n = 2, then s' = s/ = %, and hence the industrial trade surplus
does not change. Then, it follows from Lemma 3 that if 6 < 1003, countries ¢ and j have

incentives to sign an FTA.

If n > 3, on the other hand, the upper bound for ¢ in Lemma 4 becomes important. As
Lemma 2 shows, the optimal tariff is highest when a country does not have any FTA, i.e.,
s% = s'. Thus, in the case of n (> 3) symmetric countries, the optimal tariff rate under any
cooperation structures is bounded above by 7(n). Now, let us examine how 7(n) varies with
n. To see this, we define the function 7* by 7*(s") = 7(1/s"), keeping in mind that n = 1/s°
for any ¢ when all countries are completely symmetric. Then, 7(n) < 7(3) for any n > 3 if
and only if 7*(s") < 7%(1/3) for any s’ < 1/3.

Since 7*(s') = 7%(s%, s%; , 3, 9) for a given set of o, 3, and §, we have dr*/ds’ = 01" /s’ +

O7%/0s%. Then, it follows from the optimal tariff formula in Lemma 2 that

N2dT*

{328+9)* - [425+ 6)6 — 21— 25")] (1= )}
= 40p35{3(28 +6)* — [4(28+0)d — 6*(1 — 25")| (1 — &)}
—4ap{(B+6) — 0(1 — ) H{4(28 + 6)6 — 6*(1 — 25") — 26%(1 — s')}
= 4af0[45° + 305 — 4530 — 2(s")*67,

or ; Als)
,7_* Sl

- =4 .
dst aﬁaB(s’)Q’
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where

A(s") = 4B%+ 365 — 4s'B5 — 2(s")2%,
B(s') = 3(28+0)* — [4(28+ )6 — 6*(1 — 25")| (1 — &)

Now, we show that if § < 94, then A(s") > 0 and B(s') > 0 for any s* € [0,1/3], which
implies that 7* is increasing on [0, 1/3]. First, it is easy to see that A(0) > 0 and dA/ds’ =
—480 — 45'0% < 0. We can also see A(3) = $(363% + 1586 — 26%) > 0if 6 < (15 + v/513) /4,
which in turn is satisfied if 6 < 94. Thus, A(s’) > 0 on [0,1/3] if § < 93. Turning to B(s),
it is also easy to see that B(0) = 45(38 + §) > 0 and

dB

i 4(28 4 8)0 — 0%(1 — 25") — 26%(1 — s*)

= 8830 + 0%(1 + 4s") > 0.

Thus, we have B(s') > 0 for any s € [0,1/3].

We have found that d7*/ds" is positive for any s’ € (0,1/3] so that 7* takes the largest
value at s' = 1/3. Thus, if § < 943, then 7*(s') < 7(1/3) for any s* < 1/3 and hence
7(n) < 7(3) for any n > 3.

Next, we calculate the optimal tariff rate when n = 3.
403 (B + 39)
3(28+0) — (4(28+ 0)5 — 16%) 2

1203(36 + 9)
108432 + 6089 + 562

T(3) =

Since 2a3/[46 + (1 + +)d] is increasing in n, we need only show 7(3) < 2a8/[45 + (1+ 1))
to prove that the condition in Lemma 4 is satisfied. Now, we have

203 3) — 9a3
A+ 35 m(3) = 2(33 + 6)(10852 + 6056 + 562)

(66 —06)(26+9).

This value is nonnegative if and only if § < 6. Thus, as long as § < 63 (as we have seen
before, § < 9/ guarantees that 7(n) is decreasing in n for n > 3), the condition in Lemma 4
is satisfied when n > 3. Moreover, if § < 64, then § < 105 is also satisfied, so that Lemma 2
implies that a consumer’s gross utility increases by the FTA. Consequently, countries ¢ and
j have incentives to have an FTA if 6 < 60.

Q.E.D.
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A (at=a/3

vl@/3)= A+B+C

A= Consumer surplus

B = Import payments

C = Tariff revenue
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Figure 1. The Total Surplus in a Commodity Market (d = 0)

[note: MR =Marginal revenue curve]
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