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1. Introduction

Recent empirical research presents substantive evidence that trade agreements (TAs) are
regional.®> The theoretical literature provides support for this finding, showing that the
potential gains to a regional agreement are higher than to a non-regional agreement, and
that non-regional agreements may even be trade diverting. But no attempt has been made

before to provide a theory of how TAs might actually form into regional structures.*

This paper puts forward a theory of regional TA formation. It argues that there is
a coordination problem at the heart of the TA formation process, and countries seek TAs
that are regional as a way to solve that problem. There is undoubtedly significant ‘pre-play
communication’ between policy-makers before a TA is formed. This observation is used in
the past literature to set aside problems of coordination. But in fact, the need for pre-play
communication actually implies that there is a coordination problem to be resolved as part
of the TA formation process. The main point brought to light in this paper, by setting
the issue of coordination center stage, is that countries can use geographical organization to
solve their coordination problem. Thus, each country seeks other countries in its region, and

only countries in its region, when forming a TA.

The model is based on Brander and Spencer (1984) and Yi (1996). Brander and Spencer

3Prominent examples of regional TAs are the European Union (EU), the Mercado Comun del Cono Sur
(MERCOSUR) and the North American Free Trade Agreement (NAFTA). More generally, for a sample of
54 countries, Baier and Bergstrand (2004) show that (the inverse of) distance is a good predictor of TA
membership. Non-regional agreements do exist of course, such as the recently signed TA between the US
and South Korea. But evidently they are the exception rather than the rule.

TA is a catch-all term that refers to all agreements in which a group of countries commit to trade among
members preferentially. This encompasses free trade agreements (FTAs) in which members agree to remove
internal tariff barriers but set external tariffs independently, and customs unions (CUs) which are like FTAs
but with the additional requirement that members coordinate on common external tariffs. In practice, FTAs
are more common but most of the academic literature focuses on CUs because they are analytically easier to
handle. To focus the discussion on the regional nature of these agreements rather than the technical details
of their operation, we will use the catch-all term TA wherever possible (but distinctions between trading
arrangements will be made where relevant.)

4There is a literature that looks at the feasibility of preferential trade agreements when countries cannot
write binding contracts over tariffs; see for example Bagwell and Staiger, (1997a,b), (1999), Bond and
Syropoulos (1996), Bond (2001), Bond, Syropoulos and Winters (2001), Bond, Riezman and Syropoulos
(2004) and Saggi (2006). These previous papers all look at how agreements between sufficiently patient
countries may be sustained through repeated interactions in the face of a short-run incentive to deviate.
In the model of this present paper, there is no short-run incentive to deviate. The problem focused on
instead is whether a country is able to form an agreement with the other countries that it would like to
have as members - the problem of coordination. This is different from the coordination failure considered
by McClaren (2002), which is between the firms and their government in each country.



(1984) show, in a two-country model, that rents made by foreign firms in the domestic market
can be shifted back home by the government using tariffs. Yi (1996) uses a Brander-Spencer
type model to show that a group of countries may obtain a higher payoff from TA formation
than from moving to free trade. The present paper takes a special case of Yi’'s model in

which goods are homogeneous and extends it by putting it in a regional setting.’

One of Yi’s key results shows that a country would always prefer to leave its own TA
in order to join another TA of equal or larger size, since the new TA that forms eliminates
greater harmful rent-shifting effects and confers greater terms-of-trade benefits. However,
in the present paper, a new effect is revealed when a regional dimension is introduced to
the model. Without an agreement, since more rents are dissipated through transportation
between regions than within them, there is more scope for rent-shifting within a region than
across regions. TA formation within a region eliminates this greater harmful rent shifting
among members, and in addition has greater beneficial terms-of-trade effects. Therefore, the
value to a member of joining a regional TA of a given size is greater than the value of a TA
across regions. This effect tends to push the countries of a region towards the formation of

a regional TA.

In order to see the intuition behind this effect, consider the original proposals made in
the 1960s for NAFTA - the North Atlantic Free Trade Agreement - between Canada, the UK
and the US. Interpreted within the context of the present model, Canada and the US would
have liked the UK to form a TA with them, but the UK ultimately obtained a higher payoff
from the formation of an agreement with nearby European nations. This was so because the
gains to elimination of rent shifting within Europe and the terms-of-trade gains over North

America were of greater value to the UK.

To introduce the problem of coordination failure in the present context, TA formation is

°Yi (1996) compares how ‘open regionalism’ can help with the attainment of free trade compared to the
outcome under ‘exclusive regionalism’ in which TA membership must be unanimous. The present paper draws
on Yi’s analysis of exclusive regionalism and it does not address the question of whether open regionalism
would be beneficial in a regional setting. In his study of exclusive regionalism, Yi (1996) identifies the stable
equilibrium structure of TAs; an approach pioneered by Riezman (1985) that will be extended to a regional
setting in the present paper.

5The underlying intuition is robust to the fact that the NAFTA proposals were obviously for an FTA
while the EU (formerly the European Economic Community, or EEC) is a CU. In a broader setting, the
choice of trading arrangement may have a significant bearing on the outcome. This point is made by Riezman
(1999), who endogenizes the decision by countries over whether to adopt a CU or FTA, showing that the
choice of regime may affect whether free trade can be reached. (Also see Bloch’s 2003 discussion of CUs
versus FTAs, and Bond, Riezman and Syropoulos 2004.)



modeled based on Hart and Kurz’s (1983) simultaneous move exclusive membership game. In
their original game, simultaneously and without communicating, each player writes down a
list of other players with whom she would like to form a coalition. The lists form intersecting
sets of players and each of the intersecting sets forms a coalition. But if two players fail to
name each other then neither ends up in the same coalition even if it would have been

mutually beneficial.”

In the model of the present paper each and every country, simultaneously and without
communicating, writes down a list of others with whom it would like to form a TA. When
transport costs between all countries are zero, so in effect there is no regional dimension
to the model, the problem of coordination failure arises between them. Any one of many
possible TAs may arise in equilibrium. When transport costs of trading between regions are
greater than zero (but not large enough to prohibit trade between regions) countries use the
difference in rent-shifting effects within and between regions to coordinate on regional TA
formation. TAs form simultaneously, one in each region, and each TA includes all countries
in that region. This is the sense in which the coordination problem is resolved when a
regional dimension is introduced to the model. The model is highly stylized, particularly
in terms of its regional structure. Nevertheless, even though strong assumptions are made
about functional forms and the TA formation process, the results seem intuitively plausible
and may be indicative of a general driving force towards regionalism for which there appears

to be substantial evidence.

In general terms, the literature on regionalism addresses two issues. The first issue,
which was the focus of Viner (1950) in his seminal work on the topic, concerns the welfare
effects of TA formation and expansion. The second issue is with the stability of TAs. Given
endogenous TA formation, what TA structures are stable? Are trade blocks conducive to or
inimical to the eventual attainment of free trade? (See Bhagwati 1993, although the roots

of this question are found in Viner 1950). We will address both issues in this paper.

Firstly, standard results will be shown to carry over to the regional setting of the present
paper in that TA formation and expansion tends to increase aggregate member welfare and
hurts non-members. But we will add that a regional TA is worth more to its members than

a non-regional block through rent-shifting and terms-of-trade effects.

7See Bloch 2003 and Yi 2003 for reviews of the literature on coalition formation.



Secondly, we will examine the issue of stability. Yi (1996) argues that an equilibrium TA
structure must be asymmetric. Countries use the advantage in the sequence of TA formation
that they are exogenously granted to form a larger TA. The countries in the larger TA are
better off even than under free trade because they enjoy more favorable terms-of-trade effects
over non-member countries. In the present paper, no such advantages arise due to the fact
that TA formation is simultaneous and so each country is uncertain about the outcome of
the TA formation process. As a result TA formation can be symmetric, with no larger TA
arising that would prefer the status quo to free trade. Thus the door is left open to the

consolidation of free trade at a later (unmodeled) stage.®

The paper proceeds as follows. Section 2 introduces the basic trade model and uses it
to explore the economic effects of TA formation in regions. Section 3 introduces the TA
formation game. Section 4 shows that, in the TA formation game, when transport costs
are zero there are multiple equilibria and no predictions can be made as to which TA will
prevail. Section 5 then shows that when transport costs are greater than zero this provides a
coordination device through which countries are able to coordinate on a unique equilibrium

in which regional TAs form. Conclusions are drawn in Section 6.

2. A Model of Trade Agreements in Regions

We will extend a familiar model of TA formation based on Cournot competition. Let N be
the set of countries. Each country, i, has a representative consumer, firm, and government,

each denoted by its corresponding country identifier as i € V.

There are six countries; N = {1,2,3,4,5,6}. This is different from a standard TA
formation model, which would typically have just three countries. In our model, there is a

regional structure that partitions our set, N, of six countries into two regions; Ry = {1,2, 3}

8The framework of the present paper could potentially be extended to examine the possibility that TA
formation gives way to world free trade. In addition to Riezman (1999), see Aghion, Antras and Helpman
(2007) and Seidmann (2009) for contributions that model the dynamics of regionalism. Building on Baldwin
(1996), Krishna (1998) shows how political interests can undermine the progression from regionalism. Ornelas
(2005a,b) shows that TAs may create problems for multilateral trade liberalization ‘through their own
success;’ if governments can adjust tariffs then they only support trade-creating TAs, but then non-member
countries may prefer to free-ride on such agreements, blocking a subsequent move to free trade. Ethier (1998)
considers how multilateral liberalization may give way to regionalism. See Bagwell and Staiger (1998) on
how TAs undermine the principles by which multilateral trade liberalization is achieved. Also, see Bagwati,
Greenaway and Panagariya (1998) for a literature review on the dynamics of regionalism. See Baldwin
(2009) for a comprehensive review of the literature.



and Ry = {4,5,6}. A three-country framework is the simplest possible framework in which
TA formation can be examined, since a minimum of two countries are required to form a TA
and at least one country must remain outside so that the effects on a non-member can be
analyzed. To extend this simple basic approach to a regional setting requires a set-up based

on two regions, each of which has three countries.”

Regions are some distance apart from one another. Let d;; measure the distance between
any two countries i, € N. To keep the analysis as simple as possible, we will say that if
countries ¢ and j are not in the same region then d;; = d while if ¢ and j are in the same

region then d;; = 0.

The details of the TA formation game will be defined fully in due course, but it may
be helpful to preview the game’s extensive form to put the model in context. First, TA
formation takes place. Next, taking trading arrangements as given, firms make production
decisions. Finally, consumption takes place. We will adopt the usual inductive approach of
solving this sequence backwards. Thus, in what follows it will make sense to assume that

firms take the structure of trade agreements, tariffs and demand curves as given.

2.1. Preferences and Production

There are two goods in the model, denoted M and X. Good M is chosen as the numeraire.
Countries are endowed with equal quantities of M, which is transferred internationally to
settle the balance of trade. The term M; measures consumption of M in country i. By
assumption, each country is endowed with a sufficient quantity of M to ensure that it

consumes a positive quantity in equilibrium.!°

All the firms in the model, one in each country, produce the homogeneous product X.

We will use z;; to denote the quantity produced for the market in country ¢ by the firm in

9This framework is general enough to demonstrate regionalism while being simple enough to yield clear-
cut analytical solutions. In the concluding section, we will discuss how the forces for regionalism under
discussion may be examined in a more realistic regional setting.

10Note that since all countries are endowed with M and produce X, there is no scope in the present model
for trade diversion. That is, TA formation cannot lower welfare by inducing countries to import more from
TA partners that do not have a comparative advantage. The gains and losses to TA formation here are driven
instead by strategic considerations; this is a common feature of the recent literature. In the conclusions we
will discuss possible extensions to a Heckscher-Ohlin setting in which trade diversion is possible.



country j, and X; as the quantity produced by all firms for sale in country :

XZ- = Z.TU (2'1>

jEN
Consumer preferences are approximated by the following quasi-linear function:
1

where e is a parameter. This functional form is relatively simple, focusing attention on the

impact of product differentiation by distance.!!

The inverse demand curve of consumer i is obtained in the usual way by differentiating

(2.2) with respect to z;:
dv

dl’ij

pi (X;) =e— X (2.3)

Firm j’s (marginal) cost to produce a unit of X for sale in country 7 consists of three

components: a private per unit cost, ¢, which is the same for all firms; the tariff, ¢;;, levied

R
by government ¢ on imports from j; the transport cost, d;;, of shipping from j to 7. Thus,

firm j’s per-unit production cost for each market ¢ is given by the function

Cij =¢C + tij + dl] (24)

We will assume that firms perceive markets as being segmented, and so they compete
by choosing quantities in each country.'? Firm j chooses x;; to maximize profits in each
market ¢, denoted 7;;:

Maxm; = (i — i) wij, (2.5)
Tij

where p; is determined according to the inverse demand curve p; (X;) given by (2.3).

Setting the first derivative of (2.5) equal to zero obtains the first order condition for firm

Ji pi — ¢ij — x;; = 0. Summing first order conditions over all j € N, in Cournot equilibrium,

(e—c)+ ZkeN dir, + ZkeN Lik
7

UThis basic functional form for preferences is used quite widely in the literature on TAs. Yi (1996) has a
more general form which allows X to be horizontally differentiated. The model of this present paper could
be extended in that direction but this would complicate the analysis considerably and would risk obscuring
the effects resulting from the organization of countries into regions.

12This assumption is made for analytical simplicity, but approximates the weaker assumption that firms
compete over capacities.




Output for market ¢ by firm j depends negatively on d;; and t;;; the smaller the distance
to market, and the lower the tariff, the larger the rents available from shipping to country ¢
and so the higher the quantity produced. In contrast, output by firm 5 depends positively
on the distance from country ¢ to all other markets and the tariff set by country ¢ on imports
from all countries other than j. Note that the strength of demand relative to cost helps to
determine the rents available to firm j as well; e — ¢ is common to all markets and can be

made large enough to ensure that z;; > 0 for all 7, j.'?

2.2. Trade Agreements and Trade Volumes

The structure of TAs in the world economy is defined as follows. A TA structure B =
(B1, Ba, ..., By,) is a partition of the set of countries N, where B;, Bs, ..., B, are TAs;
B;,NBj =0 for i # j, and U, B; = N. If B; has only one element then it is referred to as

a singleton; a country that does not coordinate trade policy with others.!4

Recall that the location of each country is fixed either in R; or in R,. Therefore,
(BrN Ry) U (BN Ry) = By. Let b, be the number of country #’s TA partners that are
in the same region as country i, and let b;,, be the number of country i’'s TA partners
that are in the “other” region.!® In the present simple regional set-up, b;. € {1,2,3} and

binr € {0,1,2,3}.

Using (2.6), we can now express outputs produced for country i in terms of regional and
TA relationships. Let r stand for regional and nr stands for non-regional. Then ;. is the
tariff that country 7 sets on imports from non-members in the same region and t;,, is the
tariff set on imports from non-members in the other region. Let m stand for TA member
and let nm stand for non-member. Then we may use these mnemonics to classify outputs

into four basic terms.

13The solution for x;; obviously depends on the assumption that there is only one firm in each country.
Some work has looked at how TA formation is affected by a change in the number of firms; see in particular
Krishna (1998). From this earlier work, variation in firm numbers is most interesting when it is asymmetric.
But since in the present paper we have already introduced a regional asymmetry to the model, we will leave
aside formal analysis of variation in the number of firms across countries.

141n coalition formation, relations between countries are transitive; if countries 1 and 2 have an agreement
and 2 and 3 have an agreement then 1 and 3 must have an agreement. In network formation, by contrast,
relations may be intransitive; even if countries 1 and 2 have an agreement, it does not follow that 1 and 3
must have an agreement. Because the TA formation that we will consider involves coordination over external
and internal tariffs, it implies a transitive relationship between members.

Formally, if i € By, and i € R; then let by, be the cardinality of the set B, N R; and let bj,, be the
cardinality of the set B N R,,, | # m.



Write 2., for output produced for country ¢ by a country that is in the same region as

country 7 and is a member of country i’s TA:

(6 — C) + 3d + (3 — b“«) tir + (3 — bznr) tinr
7 .

Write ;- for output produced for country ¢ by a country not in the same region but which

is a member of country i’s TA:

(6 - C) —4d + (3 - bzr) tir + (3 - bznr) tinr
- .

Write ;.n, for output produced for country ¢ by a country that is in the same region but

Linrm (tira Linr; d) - (28>

not a member of country ¢’s TA:

(6 - C) +3d — (4 + bzr) tir + (3 - bzm") tinr
7 .

Finally, write ;unm for output produced for country ¢ by a country that is not in the same

Lirnm (tiTv tinr; d) = (29>

region and is not a member of country i’s TA:

(6 — C) —4d + (3 — b”«) tir - (4 + bmr) tinr
7 .

Linrnm (tira tznr: d) - (210)

Total output is given by

Xz' (tiT7 tmr: d) - birxirm (tiTv tzm"a d) + (3 - bzr) Lirnm (ti'ra tm'm d)

+binrxinrm (tim tinr; d) + (3 - binr)xim"nm (tim tinr; d) .

By (2.7), the greater is d and the higher are t;. and t;,, the greater the output produced by
a regional member of i’s TA for country . (This expression also describes output by firm i
for its own national market.) By (2.8), the greater is d the smaller is the output produced
by a non-regional member of i’'s TA for country i. Expressions (2.9) and (2.10) reflect the

same basic intuition.

2.3. Welfare

Profits of domestic firms and tariff revenues are rebated back to consumers. Also, there is
perfect competition in the world market for transportation. Based on these assumptions and

the model set-up, country ¢’s welfare can be expressed in terms of four economic components:

8



domestic consumer surplus, C;; tariff revenue, 7T;; shipping revenue, D;; the domestic firm’s
profit at home and abroad, m; and ;7 respectively (j # i)). Country i’s welfare is
denoted w;:

JEN\G
where C; = 3 (e —p;) X;, Ti = 3

sector is perfectly competitive, goods are delivered at cost and there is no surplus associated

jen tijrig and Dy = ZjEN d;;x;;. Because the transport

with that sector; D; = 0. This specification makes ‘iceberg’ transportation costs consistent

with the present general equilibrium setting.

The next result shows that (2.11) may be expressed strictly in terms of outputs.

Lemma 1. Country i’s welfare, w;, may be written as

JeEN JeEN\{:} JeN\{i}

This result is familiar from the past literature. Equation (2.12) incorporates transport
costs in an otherwise standard expression. Using (2.7)-(2.10), we can now express w; as a

function of tariffs and the regional structure of the model.

2.3.1. Optimal tariffs

The members of a TA coordinate on setting external tariffs. The problem of the representa-

tive TA member, country ¢, may be expressed as follows:

BRUSED SIS Bl PSSR S AR DRI S §
W1iEB.i¢BL e By, i€By, JEN FEN\{i} FEN\{i}
(2.13)

where ¢;; = 0 for all i, j € By. Using (2.13) we are now in a position to determine optimal

tariffs.



Proposition 1. Assume that country i belongs to a TA of b; regional members and
binr non-regional members. Country i’s unique optimal external tariff on imports from a
non-member in the same region as country i is

(1 + 2 (bzr + bmr)) (6 — C) 4 3 + 6bw + binr (2 (b“« + binr) — 7)

tik bira bznr7 d =
ir ( ) A (biru bmr) 2A (bz"m bmr)

d,

The unique optimal external tariff imposed by country 4 on imports from a non-member
who is not in the same region as country 1 is

tf bir; bmm d) = d.
o ( ) A (bira bmr) 2A (biru binr)

Note that if d = 0 then t}. (b, biny; d) = t5,,. (bir, bins; d). On the other hand, if d > 0

then ¢ (bir, biny; d) — 5, (bir, biny; d) s increasing in d > 0. Also notice that if d = 0 then

t: =t;  corresponds exactly to the optimal tariff found in previous literature.'6

inr

If countries are identical, as in Yi (1996), then the solution to (2.13) mandates that all
members of a TA set the same external (joint-welfare-maximizing) tariff; they form a CU in
other words. Here in the present setting, when countries are not identical (i.e. when d > 0),
members have an incentive to set a tariff that discriminates between non-members based on
their location. With equal tariffs, a firm would always export a larger volume to a nearby
country because less of its rents are dissipated in shipping; its export supply elasticity is
increasing in distance. This in turn motivates higher optimal tariffs on imports from the
same region than on imports from the other region; ¥, (bir, biny; d) >t (bir, biny; d).27

The reason for adopting the derivation of optimal tariffs in Proposition 1 is for theo-
retical consistency with the past literature and in particular with our ‘benchmark approach’

taken by Yi (1996). However, the analytical approach taken in the present paper may be

16Tn Yi’s model, under the specification of homogeneous products, his preference function replicates the
expression for u; in the present paper, (2.2). In the model of the present paper, if we let d = 0 and
k =bjy+binr and e —c = 1 then t}, =t = (14 2k) / (8 4+ 3k + 2k?) . If we set n = 6 in Yi’s expression for
the optimal tariff, presented in his Proposition 1, we obtain 7 (k) = (1 + 2k) / (8 + 3k + 2k?), where 7 (k) is
Yi’s notation for the optimal tariff and n is Yi’s notation for the number of countries.

1TFor example, consider a two-country TA with one country from each region; say these are countries 1
and 4. Then country 1 sets tariffs t15 = t13 = t£. (1,1;d) > t15 = t16 = t,,,. (1,1; d) and country 4 sets tariffs
tys = tyg = t;‘T (1, 1; d) > tyo = ty3 = tF (1, 1;d).

wmr

10



seen as unsatisfactory in practical terms because it does not require members of an agree-
ment to set a common external tariff. The Most Favored Nation (MFN) principle of the
General Agreement on Tariffs and Trade (GATT), adopted in the Charter of the World
Trade Organization (WTO), requires that all members of the WTO set the same tariff on
each others’ imports. Article XXIV, which sets out the WTO rules on TA formation, defines
an exception to the MFN principle in that members may allow entry of imports from other
members at preferential rates. (Members must endeavor to remove tariffs completely on im-
ports from other members). Nevertheless, Article XXIV requires that the MFN principle for
non-members of the TA be upheld.!® Under our approach, the TA that we analyze violates
the MFN principle in that ¢}, (b;, bin,; d) > €5 (b, bins; d) when d > 0.

wmr

It would be straight-forward to address this issue by adding an MFEN tariff constraint,
tir = tinr, to the tariff problem set out in (2.13). This constraint would imply that any TA
must be a CU. The resulting MFN tariff would be a weighted average of t,. (b, bins; d) and
tt - (bir, binr; d), where the weight would depend on the values of b;,. and b;,,. The results that
follow (Propositions 2, 3, etc.) do not change qualitatively under the MFN tariff constraint
since what drives them is the fact that larger rents may be shifted within a region by a given
tariff, not that the tariff on imports within a region is higher. However, since under the
MFN constraint the common external tariff is a weighted average of the tariffs presented in
Proposition 1, it is significantly more cumbersome to work with. So we will base the analysis

on the discriminatory tariffs presented in Proposition 1.

Article XXIV also stipulates that members may not raise tariffs on non-members when

they form or expand a TA. It is straight-forward to check that ¢} (b, binr; d) and .. (biy, binr; d)

mr

are decreasing in agreement size, so Article XXIV is satisfied in this respect.!?

18CU formation is consistent with MFN since, by definition of a CU, external tariffs must be common.

19The results of this paper also hold under the more analytically straightforward but less interesting
assumption that external tariffs are set at exogenously specified ‘MFN’ (i.e. common non-prohibitive) levels.
The underlying assumption would be that tariffs were pre-determined by multilateral tariff reductions and
that TA formation were taking place in that context. The WTO’s Article XXIV would then impose a
binding constraint that precluded countries from raising average external tariff rates. Goto and Hamada
(1999), Syropoulus (1999) and Mrazova, Vines and Zissimos (2009) analyze TA formation under Article
XXIV. In summary, the results of the present paper concerning coordination on a regional agreement do not
depend on the assumptions made regarding how external tariffs are set providing that the regime does not
induce members to compete with each other for third markets. This latter possibility will be discussed in
due course.

11



2.4. Demand functions by region and TA membership

We can now use equilibrium tariffs ¢, (b, binr; d) and ¢, (bir, bins; d) in (2.7)-(2.10) to write

mr

down expressions for equilibrium outputs produced for country :

2 (14 by + biny) (€ — €) — (5 + 203, + by (5 + 2b;,)) d
Fine (B b ) = 2 ) A)(b‘( = Gr2b)ld 515
2€—C—|—3+bmr 342 bir‘{'bmr d

QA (bir7 bzm“)

It can be seen by inspection that trade flows are lowest between countries that are not
members of the same TA and are not in the same region; Tinrnm (bir, binr) is the smallest of
the quantities given by (2.14)-(2.17).2° Also, by (2.17), Zinrnm (bir, binr) is decreasing in d. Tt
follows that, by placing an upper bound on d, we can ensure that Zirmm (bir, binr) > 0 and

that in turn all trade flows are positive. The next result identifies the upper bound on d.2*

Lemma 2. Fix e > ¢. If d € (0, (e — ¢) /22) then, for b;. € {1,2,3}, by € {0,1,2,3} and
bir+binr S Swe have that Lirm (bir’ b””") > Tinrm (bih bmr) > Tirnm (bira bmr) > Tinrnm (bir7 bmr) >
0 and t;kr (biTa bmr) >t (bira bznr) > 0.

wmr

To restrict attention to positive output levels and positive optimal tariffs, the following

standing assumption will be imposed throughout.
Assumption 1. d € [0, (e — ¢) /22).

Thus, TA formation always entails the removal of positive tariffs.

20Henceforth, the parameter d will be dropped from functional notation so that, for example, t;, (b;., binr; d)
will be written ¢;,-(bir, binr) and Zinrnm (bir, bine; d) will be written z;nrnm (bir, bing)-

21The reason for restricting attention to b;. + bin, < 5 in Lemma 2 is because there are no non-regional
non-members under free trade (b;. = 3, b, = 3), and so it does not make sense to calculate a quantity for
Linrnm (3,3). Using b; + bin < 6 instead would not affect the results qualitatively.
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2.5. TA Expansion and Welfare

In this subsection, we will look at the effect of (exogenously specified) TA formation and
expansion on member and non-member welfare. We will follow Yi (1996) by looking first at
the effect of TA formation on non-member countries. Yi shows (in his Proposition 3) that
if a TA forms or expands, then non-member countries are adversely affected. We will now

show that Yi’s result extends directly to the present model.

TA expansion may occur within a region (in which case b;,. increases) or across regions
(in which case b;,, increases). Thus, define TA expansion as an increase in b;,. and/or biny. 22
TA formation is just a special case of TA expansion in which all members of the TA that

forms start as singletons.

Also note that TA expansion only affects non-members through the demand for exports.
This is because optimal tariff setting of non-members is unaffected by TA formation. Thus
we can evaluate the effect of TA formation on non-members entirely in terms of the effect

on non-member exports to the TA, ;mnm and T;,nm, and hence export profits.

Proposition 2. A non-member country’s volume of exports and export profits to a TA of
size b;,, bin, is decreasing in b;, and decreasing in b;,,.. The expansion or formation of a TA

reduces the welfare of non-member countries.

As a TA expands, and removes internal trade barriers, demand for X by consumers
in member countries turns towards TA members and away from non-members, hurting the
export profits of non-members. This result accords with Bond and Syropoulos (1996) in a

perfectly competitive framework and Yi (1996) in an oligopolistic framework.

Others have obtained the opposite result, that TA expansion benefits outsiders; two key
examples are Bond, Riezman and Syropoulos (2004, an endowments model) and Ornelas
(2005a, an oligopoly model). The key to this discrepancy lies in the fact that in the present
paper, as in Yi (1996), countries maximize welfare jointly when setting tariffs while in Bond,
Riezman and Syropoulos (2004) and in Ornelas (2005a) countries maximize individual welfare

while they agree to remove mutual tariffs. In other words, Bond and Syropoulos (1996) and

22Gay that a TA initially has two members, one in each region. Then say that one member breaks up with
its partner and instead forms a TA with two countries from its own region. Although a new larger TA is
created, this is not allowable under our definition of TA expansion since it involves cessation/contraction of
membership of the initial TA.
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Yi (1996) study CUs while the latter two papers study FTAs. (Recall from Section 2.3.1
that under the MFN constraint, the present model would generate CUs as well.)

In an oligopoly model the discrepancy in outcomes can be attributed directly to a
difference in the way export profits are treated by governments. (Essentially the same effect
operates in an endowments model through the effect of tariff changes on the terms-of-trade,
but cannot be attributed to firm profits since the model does not admit this channel.) A
CU common external tariff maximizes the collective profit of all CU member exports to
the rest of the world. The same feature is present in our model. In an FTA, by contrast,
countries do not care about each others’ export profits and hence compete in tariffs for third
markets. Thus, while tariffs in the present model fall with TA expansion, they would fall
more under FTA expansion, so much so that trade flows would increase not just between
agreement members but between non-members as well. Thus both types of TA formation
tend to hinder the move to free trade: for CU formation this is so because members gain at
non-members’ expense and therefore do not wish to see them join; for FTA formation this is
because non-members free-ride on the agreement, doing better by remaining outside it than

by joining it. Our analysis will be based on the former set of interactions.?

Let us now examine the effect of TA formation on the welfare of members. Yi shows for
his model that the joint welfare of countries involved in TA expansion increases (where ‘joint’
implies the welfare of existing members and new members). And more generally, if several
TAs merge to form a larger TA the aggregate welfare of the member countries increases.
Yi remarks that consumer surplus displays a non-monotonicity that is present in underlying
optimal external tariffs; the consumer surplus in member countries may first decrease and
then increase as a TA expands. A country’s export profits, on the other hand, may initially
increase but ultimately decrease as the TA expands. The present model introduces a further
ambiguity because there are two common external tariffs; the one levied on countries in the
same region and the one levied on countries in the other region. Even though the economic
environment is made more complicated by the regional dimension of the model, the next

result shows that Yi’s Proposition 4 extends to the present setting as well.

23The latter set of interactions are beyond the scope of the present paper but it would be interesting to
study these in a regional setting in future research.
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Proposition 3. The expansion or formation of a TA increases the aggregate welfare of

member countries.

If a set of countries abolishes tariffs internally and sets external tariffs to maximize
aggregate welfare then their joint welfare must improve. Proposition 3 shows that the for-
mation of a TA improves joint welfare of member countries even if non-negative tariffs on
imports are the only policy tools and even though members and non-members may be in

different regions.

So far, we have seen that Yi’s results concerning TA expansion in an environment
where all countries are identical extend to the present setting where countries may differ by
regional location. When a TA expands, this increases the aggregate welfare of the countries
in the TA and harms countries that are not members of the TA. Therefore, just as in the
world where countries are identical, this implies that the effect of TA expansion on global
welfare is ambiguous. The single case in which this ambiguity disappears is the case where
TA expansion goes all the way to the grand coalition, which is equivalent to world free
trade. Thus, Yi’s Proposition 5 carries over to the present setting and is reproduced here

for completeness.

Proposition 4. The effects on global welfare of the formation or expansion of TAs are
ambiguous, except when the grand TA forms. World welfare is higher under the grand TA

(world free trade) than under any other TA structure.

All of Yi’s results that we have examined so far extend to the present setting. These
results have focused on the welfare effects of TA expansion on non-members and on the

aggregate welfare of members.

Let us now focus explicitly on the welfare of individual member countries in the TA
formation process. In doing so, we will show that a key property of Yi’s identical-country
model fails to hold when transport costs are sufficiently large but still in the range where
trade flows between all countries are positive. Of course, Yi’s result continues to hold when

transport costs are sufficiently small.
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Proposition 5. There exists a unique value d' € (0, (e — ¢) /22) such that for d € [0,d’),
a country is better off in a (4-country) TA consisting of itself and all 3 countries in the
other region than in a (3-country) regional TA in its own region. For d € [d', (e — ¢) /22), a
country is better off in a (3-country) regional TA in its own region than in a (4-country) TA

consisting of itself and all 3 countries in the other region.

For d € [0, d’) this result is consistent with Yi’s Proposition 8, which says that a member
of a TA becomes better off if it leaves its TA to join another TA of equal or larger size. But
for d € [d', (e — ¢) /22), our result says that a country is better off remaining in a 3-country
TA within its own region than it would be if it left its regional TA to form a 4-country TA

with all three countries in the other region.?*

To understand the intuition behind this result, let us consider a member of a regional
TA (in its own region), and ask whether it could gain by joining a regional TA in the other
region. Say that country 1 is initially in a regional TA; 1 € By = R;. And say that the
countries in the other region form another regional TA, By = R,. Country 1 considers
whether it could gain by leaving B; to join Bs. Decompose the process into three steps:
(i) Original members of B, abolish tariffs on imports from country 1 and change tariffs

(3,0) to t7,,.(3,1); (ii) Country 1 abolishes tariffs on

on the other countries in R; from ¢} o

all countries in By, and levies tariffs at ¢f. (1,3) on its two former TA partners in By; (iii)
The remaining two members of B; change tariffs on the (original) members of By (who are
located in Ry) from ¢}, (3,0) to ;.. (2,0) and levy a tariff ¢}, (2,0) on country 1.

wmr wmr

Consider the effect of each of these steps on the welfare of country 1 for d € [0,d)
and d € [d, (e — ¢) /22) respectively. Take d € [0,d’) first. (i) The abolition of tariffs by
the members of By has a positive impact on the welfare of country 1, because country 1
enjoys greater openness in three markets. (ii) Country 1’s abolition of tariffs on all three
countries in By also improves welfare but the implementation of tariffs on its two former TA
partners in B reduces welfare; the net effect is positive because access is increased in three
markets while it is reduced in only two. (iii) Finally, the implementation of tariffs by its two
former TA partners in B; reduces export profits and hence welfare in country 1. But the

effect on exports of increased access to its three new partners in By (in step (i)) more than

24We are assuming that if a country is just indifferent between forming a regional agreement or a non-
regional agreement then it exhibits a preference for the regional agreement. This assumption is trivial, and
could be reversed without consequence.
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compensates. The positive effect on consumer surplus from net tariff removal in moving to
the larger TA is greater than the negative effect on tariff revenue and the loss of domestic

profits from greater competition in the domestic market.

Now take d € [d', (e — ¢) /22). The impact on welfare for country 1 of moving from B
to By is reversed. (i) As before, the removal of tariffs by country 1’s three new partners in
Bs has a positive impact on export profits. (ii) Once again, country 1’s abolition of tariffs
on all three countries in B, improves welfare while the implementation of tariffs on its two
former TA partners in B; reduces welfare. But in the presence of transport costs, the net
effect is negative because the implementation of tariffs by two nearby partners has a larger
negative effect on export profits than the removal of tariffs by the three new distant partners
in the other region. (iii) Again, the implementation of tariffs by its two former TA partners
in B; reduces export profits and hence welfare in country 1. And now, the effect on exports
of access to its three new partners in By (in step (i)) is not sufficient to compensate. The
positive effect on consumer surplus from net tariff removal in moving to the larger TA is
smaller than the negative effect on tariff revenue and the loss of domestic profits from greater

competition in the domestic market.

Thus, a key result of Yi’s is overturned in the present model with the introduction of
transport costs. This is significant because it shows that a country will not leave a TA in
its own region to form or join a TA in the other region, even if the new TA that forms
is larger. In Yi’s characterization of an equilibrium TA structure, based on the property
that a country would always leave a TA to join a larger one, the first TA to form is always
the largest and the last is always the smallest. Proposition 5 therefore calls into question
whether, in a regional setting, the TAs that form in equilibrium are necessarily asymmetric

in size.

One is bound to ask whether the tendency towards regionalism presented in this result
is specific to the model we are using here. Interestingly, Egger and Larch (2008) show that
exactly the same effect prevails in a generalization of Krugman’s (1991) constant-elasticity-
of-substitution model of regionalism. Egger and Larch (2008) have three regions, each of
which has two countries. They present simulations in Figure 4 of their paper to show that,
with relatively high intercontinental transport costs, a country would rather form a (two

country) regional TA than form a (three country) TA by joining a TA with two countries
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from another region. Bergstrand, Egger and Larch (2009) demonstrate regional TA formation
in a different setting where countries are located on a circle and trade costs between countries
are increasing with distance. There is no rent shifting in their model, coordination failure
is ruled out by assumption, and competition is monopolistic rather than oligopolistic. This
suggests that the tendencies towards regionalism derived in the present model extend to

other settings as well.2

A natural question to ask next is whether the members of a regional TA would invite
a country from the other region to join them. The next result shows that, once again, the

answer depends on the size of transport costs.

Proposition 6. There exists a value d’ € (d', (e — ¢) /22) such that for d € [0,d") the
highest feasible level of welfare is achieved when a country is a member of a TA with all of its
regional partners plus one country from the other region while non-members are singletons.
For d € [d", (e — ¢) /22), the highest feasible level of welfare is achieved when a country is a
member of a regional TA (with all members from its own region and no members from the

other region) while non-members are singletons.

This result is again in keeping with Yi (1996). A group of countries can obtain a
higher level of welfare than under free trade by forming a TA while non-members remain
as singletons. In Yi’s model (with six countries and homogenous goods) the highest level of
welfare is achieved by a country when it forms a TA of four members. This continues to be
true in our model for d € [0,d"), i.e. when transport costs are small. When transport costs
are larger, i.e. for d € [d”, (e — ¢) /22), a country does better by forming a regional TA (only
with members from its own region). The reason is that the terms-of-trade benefits of TA
formation increase with transport costs, and these benefits are increasing in the number of
countries left outside the TA. In either case, to maximize national welfare, the TA of which

a country is a member must include all of its regional partners.

We are now in a position to see why it would not have been an option for us to adopt
Yi’s approach of using Bloch’s (1996) ‘size announcement’ game to model TA formation in

the present regional setting.?® The application of that game to the present framework would

25 Egger and Larch (2008) identify these effects to make sense of their empirical investigation of tendencies
towards regional TAs. Bergstrand, et al (2009) examine, both theoretically and empirically, the timing of
TA formation and enlargement.

26See Bloch (1996) for further discussion of equilibrium existence issues when players are not identical.

18



be the following. All countries are placed on a list, say 1, 2, ..., 6. Country 1 would be
asked to announce the size of the agreement that it would like to form. Then, all proposed
partners (following subsequently from country 1) would be asked to agree or disagree. If a
proposed partner disagrees then it is asked to make its own proposal of a TA and, again,
each subsequent proposed partner is asked whether or not it agrees. If all agree then those
countries withdraw from the game, and the next country on the list is asked to announce
the size of the TA that it wants to form. If the end of the list of countries is reached then
there is a return to the first country on the list that has not already formed an agreement
and withdrawn from the game. A stationary equilibrium is reached when all countries have

withdrawn from the game.

Now consider what would happen if the size announcement game were played based on
our model for d € [0,d"). By Proposition 6, country 1 would announce that it wants to form
a 4-country TA consisting of itself and countries 2, 3 and 4. But, by Proposition 5, country
4 would do better in a TA with all of its regional partners so it refuses (while countries 2
and 3 accept). When country 4 is asked to make an alternative proposal, by Proposition 6,
it proposes a TA consisting of itself and countries 5, 6 and 1. This is a mirror of country
1’s original proposal. It is now clear that no equilibrium would exist in this situation.?” In
addition to providing a way to capture the coordination problem in TA formation, the TA
formation game presented in the next section also provides a way around this equilibrium

existence issue.

3. The TA Formation Game

As argued in the Introduction, a country has many potential options for partners when
seeking a TA, and this creates potential for coordination failure. We will capture this problem
formally by basing the TA formation process on the J-game of Hart and Kurz (1983). We
will now set out the salient features of the TA formation game and how these reflect aspects

of the TA formation process that we want to focus on.

Hart and Kurz (1983) consider four simple coalition formation games, denoted by «, 3,

~v and 0. The common element in all of these games is the selection procedure by which each

2TFor d € [d", (e — ¢) /22), an equilibrium does exist for the size announcement game in which two regional
TAs form, one in each region.
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and every player simultaneously and without communicating writes down a list of the other
players with whom she would like to form a coalition. After the players have completed
the selection procedure, they are able to observe the membership of the coalitions that
will potentially form. The difference between the four games is the notion of stability; the
description of what happens if one or more player wishes to leave the proposed coalition
having observed the potential membership. For our purposes, an appealing feature of the
0-game is that if, having learned the identity of coalition members, any player wishes to leave
a coalition she can do so while the coalition otherwise remains in tact.?® This captures a
feature of TA formation, which seems to reflect actual practice, that if one proposed partner

chooses not to go ahead with the TA then the others may still do so.?”

A second feature of actual coalition formation that we will capture here is that coun-
tries who approach each other to form a TA have more information about the prospective
membership of their agreement than countries who have not approached each other. In the
TA formation game, we will adopt a particularly tractable form of this assumption; until
the TA formation game is complete, each country only finds out about the prospective TA
membership of its own TA partners. If a country does not observe others to have joined its
own TA then it assumes they have not formed one. We adopt this approach from Arnold
and Wooders (2005), who introduce this informational friction in their formalization of club

formation.3?

This assumption replaces the assumption made by Hart and Kurz (1983) that each
country has the same information about the coalition formation activities of all others. In
an abstract setting the approach of Hart and Kurz is undoubtedly more appealing. Yet
in the present applied setting our assumption seems to capture an important aspect of

the informational frictions that are likely to affect the actual process of TA formation.?!

28In the y-game, by contrasting example, all players in a proposed coalition return to singleton status if
one player leaves. The a-game and §-game embody similar variations in coalition stability.

29For example, even though Britain dropped out of the original discussions to form the European Economic
Community (which later became the EU) the original signatories to the Treaty of Rome still went ahead in
1957.

30 Arnold and Wooders (2005) use the word ‘club’ in the same sense as Hart and Kurz (1983) use the word
‘coalition’. Both concepts correspond to the notion of TA as we use it here.

31Even if a country can deduce that it is in the national interests of another group of countries to form
a TA in response to its own TA formation activities, the assumption will be that it does not act on the
deduction. An interpretation of this assumption is that countries attach a degree of ‘political uncertainty’ to
the TA-formation process due to possible distributional or politically-motivated concerns of policy-makers
which cannot be observed from outside the country.
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In formal terms, the informational friction serves to introduce a degree of stability and
consequently enlarges the set of possible equilibria. After we have shown that the set of
equilibria is potentially large, we will then show how the introduction of a second friction,

that of transport costs, reduces the number of equilibria to one.

The process of TA formation is initialized with a TA structure in which there are no TAs;
initially the TA structure, B, is the set of singletons. At that point, each country i chooses
a strateqy, s;, where each s; contains a list of countries in N with which country ¢ would like

£.32 The strategy space, S;, for country i is the

to form a TA; this list includes country i itsel
set of all subsets of IV, i.e. the set of all possible TAs that could include country i. Strategies
are chosen simultaneously. After strategies are chosen, a country’s prospective TA partners
are revealed to it. A country does not observe the strategies of other countries. If a country
does not observe another country as its TA partner, it maintains the assumption that the

other country is a singleton.

A bilateral trade accord (i,j) is formed if and only if ¢ € s; and j € s;. A subset of
countries By is a TA if and only if all pairs of countries in By have a bilateral trade accord.
This assumption ensures that a TA forms if and only if there is unanimous support for
its membership. If a country finds itself in the position of being in two or more otherwise
exclusive and otherwise unanimous TAs, it chooses the TA that maximizes its payoff under
the assumption that the memberships of the TA that it joins and the TA that it leaves
remain otherwise constant.®> When a country chooses one TA over another one, it assumes

that the other goes ahead without it.

Each strategy vector s = (sq, ..., sy) induces a unique TA structure, B, and so we can

now write B as a function of s; B (s):
B(s)={(i,j)li €557 € si} -

Since a TA structure implies a unique value of b;, and b;,,. for each country 7, and since these

32The purpose of including ¢ in s; is that then we can view Bj as the intersecting set of all the elements
of strategies s; for all i € N.

33Pushing this one step further, any two countries caught between two TAs will assume that each behaves
in the same way as the other in the TA that they choose. This assumption is the same as that of Hart
and Kurz, that if any player is caught between two coalitions then it chooses the biggest one under the
assumption that all other players caught in the same situation do the same. In a world where all countries
are identical this assumption is innocuous. In principle this assumption could lead to mistakes in a world
where countries differ but this potential problem will not be an issue for any of the situations that we will
study.
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in turn imply values of ¢, (b, bin,) and ¢, (bir, bins), the payoff to country i associated with

s can be represented simply as w; = w; (t; (B (8)) , tinr (B (8))); the payoff for country ¢ from

the TA structure induced by s. For compactness, we may write w; = w; (s).

The notion of equilibrium is adapted from Arnold and Wooders (2005). For any given
TA structure B = (By, ..., By, ..., By,), a strategy vector s* € S is a Nash club equilibrium of
the TA formation game if for any given By € B there is no Z C By and s € S such that

1. s;=siforalli ¢ Z.

2. w; (s) > w; (s*) for all i € Z and w; (s) > w; (s*) for some i € Z.

By definition, an equilibrium exists if no group of countries Z in some TA, By, can
do better by deviating, i.e. by forming a TA of their own. In formal terms the difference
between our assumption and that of Hart and Kurz may be understood as follows. Hart
and Kurz allow deviations to be undertaken by any coalition Z C N (in contrast to our
restriction of deviations to Z C By). Thus, our definition weakens the notion of equilibrium
relative to Hart and Kurz, admitting a relatively large number of equilibria. In particular,
it does not exclude from the equilibrium set candidates that arise as a result of coordination
failure - in the present context, where countries could all benefit by merging their proposed
TAs but fail to do so due to the informational friction. It remains to be shown how the
problem of coordination arises when all countries are identical. We will then show that it is

resolved, albeit inefficiently, when countries may differ by region.

4. The Problem of Coordination Failure

We will now show how the problem of coordination arises in a world where all countries are
identical. To do so, we will fix d = 0. By Proposition 6, we know that a TA of four countries
maximizes the welfare of its members (if the other two countries are singletons). The problem
of coordination failure arises because, even if each country writes down a strategy s; with
four elements, in the absence of communication there are many possible TA structures that
may arise in equilibrium as a result of all countries playing this strategy. An equilibrium may
arise in which there is a TA with four countries, which is the desired outcome of each of the

members. But of course the two countries excluded from the four-country TA do not achieve
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their desired outcome. Moreover, this is not the only TA structure that can be sustained
in equilibrium. We will first consider an equilibrium in which there is a four-country TA,
but then consider one of many possible alternative TA structures that may arise when all

countries seek to form a TA with four members.

4.1. Various equilibria with coordination failure

An example of a strategy vector, s, that gives rise to an equilibrium in which there is a

four-country TA is as follows:
S1 =82 =83 =354 =191,2,3,4}, s5 = s = {1,2,5,6}.

Notice that the strategies s;...s4 form an intersecting set of elements {1,2,3,4} while 5 is
only listed in sg (and s5 of course) and 6 is only listed in s5 (and sg). Thus, the result-
ing trade agreement structure is {{1,2,3,4},{5,6}}. It is easy to check that no country
can gain by deviating from this agreement structure and so therefore this must be an equi-
librium. Consider the allowable deviations. If a member of the four-country TA were to
veto membership of another single member then the TA structure would become one of a
three-country TA, a singleton and a two-country TA, for example {{1,2,3},{4},{5,6}}.
Then, since welfare is maximized in a TA of four countries, the payoff to the country that
undertook the veto would fall, as would the payoff of the ejected member. The welfare of
5 and 6 actually increases. If more than one country’s membership is vetoed, it is easy to
check that the payoff of remaining members falls even further. Therefore, no member of the
four-country TA has an incentive to deviate. The same is true for the two-country TA. Thus

we have a Nash club equilibrium.

We have already discussed above the reasons why TA member welfare changes when one
or more countries are ejected. Let us briefly review why non-member welfare changes. We
just noted that, from an initial trade agreement structure of {{1,2,3,4},{5,6}}, if country
4 is ejected, leaving a trade agreement structure of {{1,2,3},{4},{5,6}}, then the welfare
of 5 and 6 increases. Why does this happen? Tariffs set by 5 and 6 do not change because
these depend only on their own TA structure, which has not changed. When 4 is ejected,
countries 1, 2 and 3 restore tariffs against it, and as a result demand less of X from 4, shifting
some of their demand towards 5 and 6. With all else equal, this puts the trade accounts of

countries 5 and 6 into surplus, requiring an improvement in their terms-of-trade to restore
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equilibrium. This adjustment occurs within the model via an increase in the flow of profits
to the firms in 5 and 6. In addition, 4 restores tariffs against countries 1, 2 and 3, shifting
its demand for X towards 5 and 6. Both of these effects combine to shift profits towards 5

and 6, thus increasing welfare.

Notice that, because d = 0, the partition of countries into regions has no relevance to
this equilibrium. As specified, the equilibrium contains three countries from R; and one
country from R,. But under an equivalent characterization of equilibrium we could have
permuted the countries in such a way that two countries were in Ry (say 1 and 2), and two
countries were in Ry (say 3 and 4). This is due to the fact that all countries are identical.
We shall see that the partition of countries into regions does become relevant for equilibrium

when d > 0.

Now let us consider another possible equilibrium in which there are three TAs, each with
two members. This equilibrium arises if each country proposes to form a four-member-TA

consisting of itself and the three countries ‘next to it’:

S1 = {1727374}7 82:{2737475}7 53:{3747576}7
sy = {4,5,6,1}, s5 =15,6,1,2}, s = {6,1,2,3}.

By inspection of the strategy vector, the agreements that form are {1,4}, {2,5} and
{3,6}. Again, it is straight-forward to check that this is an equilibrium strategy vector.
If any member of a two-country agreement vetoes membership of the other, splitting the
agreement into two singletons, then its payoff falls by (the reverse of) Proposition 3. This is

the only feasible deviation.

5. Transport Costs and Coordination

The problem of coordination failure identified in the previous section is resolved in the
presence of a transport cost d € (0,(e —c)/22). Note that the transport cost may be

arbitrarily small.

Proposition 7. Assume d € (0,(e—c)/22). There is a unique equilibrium with two
regional TAs; By = Ry, By = Ry. The payoff to each country is the same and is lower than

free trade.
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There are two cases to consider, although the outcome is the same in both; one where
d € (0,d”) and one where d € [d",(e — ¢) /22). The second case is easier so we consider
that first. By Proposition 6, due to higher transport costs d € [d”, (e — ¢) /22), each country
anticipates obtaining the highest level of welfare from a regional TA with only the two other
countries in its own region. Thus, it is immediate that the intersecting sets formed by

countries’ strategies is two regional TAs; B; = Ry and By = Rs».

The case where d € (0, d") is slightly more subtle. In that case, each country’s welfare is
maximized by a 4-member TA with three members from its own region and one member from
the other region. But even if all countries write down a strategy containing four countries,
three from its own region and one from the other region, the intersecting sets of countries
formed by these strategies give rise to two regional TAs; B; = R; and B, = Rs. To see why,

consider the following strategy vector:
§1 = S = S3 = {1,2,3,4}, S4 = S5 = S = {1,4,5,6}

The strategies s;...s3 form an intersecting set of elements {1,2,3} and the strategies sy...S¢
form an intersecting set of elements {4,5,6}. Thus, {{1,2,3},{4,5,6}} is the resulting TA
structure. Even though, for this example, all countries that end up in B list country 4,
country 4 only names country 1 and not 2 and 3. Only the membership of 1, 2 and 3 is
unanimous among all members. It is straight forward to check that the same is true for all

other possible strategy vectors.

No country can gain by deviating from this agreement structure and so therefore this
must be an equilibrium. Consider the allowable deviations. If a member of one of the regional
agreements were to veto membership of another single member then the agreement structure
would become one of a two-country agreement, a singleton and a three-country agreement;
for example {{1,2,3},{4,5},{6}}. Then the payoft to the country that undertook the
veto, in this example country 4 or 5, would fall. The welfare of countries in the regional
trade agreement that remains, {1,2,3}, increases. As before, if more than one country’s
membership is vetoed, it is easy to check that the payoff of the remaining member falls even
further. Thus, no member of a regional agreement has an incentive to deviate. No deviation
is available to the singleton. Thus we have a Nash club equilibrium. This is the only
possible equilibrium that can arise for transport costs in the interval d € (0, (e — ¢)/22)). In

equilibrium the TA structure is symmetrical, so each country receives the same payoff. By
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Proposition 4, the payoff that each country receives must be lower than under free trade.

Clearly, this outcome depends on the informational friction. If countries had complete
information about each other and were far-sighted then each would anticipate that the
countries of the other region would form a TA as well. Then each country would be able to
see that a move to free trade would be more beneficial. But we can also see how the present
assumption regarding informational frictions captures aspects of uncertainty that are likely

to be present in the actual process of TA formation across regions.

6. Conclusions

The purpose of this paper has been to show that problems of coordination failure in the
formation of TAs may be resolved when countries are organized into regions. Costs of
shipping goods between regions are only required to be positive and can be infinitesimally
small. With no transport costs, there is a problem of multiple equilibria due to coordination
failure familiar from the theory of coalition formation. Positive transport costs are enough
to bring about a unique equilibrium in the first period of the TA formation game. Starting

from a situation where there are no TAs, two regional TAs form simultaneously.

Inevitably, the theoretical framework developed here simplifies the situation in a number
of key respects. The underlying economic structure of the model is one of Cournot competi-
tion in a homogeneous product. In practice, the forces of competition are understood to be
more subtle and complex. Future research could take steps to see the extent to which the in-
sights of the present model extend to alternative settings. It seems reasonable to argue that
the features of our model which drive regional TA formation would extend to other forms
of competition. In particular, it is widely appreciated that Bertrand competition behaves
like Cournot competition when firms must pre-commit to quantities. And, as suggested by
Bond (2001), a more elaborate modeling of perfect competition should exhibit the same
features. The key motivating feature of the model is that, in the absence of an agreement,
there would be greater rent shifting within a region than across regions. This feature of
the model is motivated by the presence of transport costs and will be robust to alternative
assumptions about competition between firms and tariff setting between governments. Of
course, in the real world, the size of countries and their regional structure is more complex

as well. A promising way to address such complexities would be to extend the framework of
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the present paper to incorporate more sophisticated and realistic simulations-based models

of the kind developed by Whalley (1985).

It also seems reasonable to argue that the features of the model would extend to a more
elaborate model of production. A direct way to make such an extension would be to assume
that X is horizontally differentiated, extending preferences and production accordingly. Al-
ternatively, Syropoulos (2002) offers a way to investigate whether the insights of the regional
model developed in the present paper could be extended to a Heckscher-Ohlin framework.
This would take explicit account of how differences in factor endowments would interact

with countries’ organization into geographical regions.

A question that arises through our analysis is how the results would be affected by
the trade regime. Our results are based on the assumption that countries coordinate on
the setting of external tariffs as in a CU (except that TAs do not necessarily set common
external tariffs in our framework). Outcomes might look different if countries were to form
FTAs instead. In real life it is CUs that appear most often to be regional, the most prominent
examples being the EU, MERCOSUR and the Southern African Customs Union (SACU).
All are formed between countries that have contiguous borders. On the other hand, the
recent proliferation of FTAs has included countries which are not close to each other, such
as the aforementioned FTA between South Korea and the US. This seems to suggest that
the forces towards regionalism may operate more forcefully in CUs than in FTAs. This in
turn begs the question of what drives the choice of trade regime; the question addressed by
Riezman (1999). Thus Riezman presents an approach which could be used to address the
question of which trade regime would be adopted within the present regional framework,

and if an FTA were adopted whether it would necessarily be regional.

A focus of some research on regionalism is on situations where tariffs are used for political
or redistributive purposes.?* Such considerations could be incorporated in the model of the
present paper by putting a heavier weight on producers’ profits. It seems possible that
producer interests which span regions, as between the UK and the US for example, could

counteract the forces towards regionalism identified in our basic framework.

34In addition to Krishna (1998) and Ornelas (2005a,b), see for examples Grossman and Helpman (1995)
and Maggi and Rodriguez-Clare (1998).
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A. Appendix

Proof of Lemma 1. The basic proof strategy was suggested by Monika Mrazova for a
different model in Mrazova, Vines and Zissimos (2009). First note that 7;; = (;;)° and
75 = (z;1)% by (2.5) we have m;; = (p; — ¢;;) 7;; and by the first order condition of (2.5) we

have that p; — ¢;; = x45.

Next, the first four terms of (2.11) may be written

Ci+Ti+ Di+mi
1
= S(e—p) Xi+ Y tijwi; + (i)

2 ,
JEN
1 2
JEN
where we have used the fact that D; = 0 by assumption and line 3 uses (2.3). On the other
hand, the first four terms of (2.12) may be written

v(X;) —cX; — Zdij%’j - Z (i)

JEN JEN\{i}
1 2
= eXi — §Xz2 — CXi — Zdijxij — Z (x”)
JEN JEN\{:}
1 2 2
JEN JEN
1 2
= GXZ' — §Xz2 — CXZ' — Zdijxij — Z (pz — C — tij — dl]) xij + (CL’”)
JEN JEN
1 2
= eXZ- — EXE — CXZ' — Z dijl'ij — Zpﬁ” + CXZ' + Z tijl'ij + Z dijﬂfij + (l'u)
JEN JEN JEN JEN

1 2
= eX; — §X12 — Zpia:ij + thjﬂvz‘j + (i)

JEN JEN
1 2
= eX; — §Xf — Z (e — X;) @i + Z tijzi; + (i)
JEN JEN
1 2

jEN
where the second line uses (2.2), the fourth line uses (2.4) and the first order condition of

(2.5), and the seventh line uses (2.3). The result follows. [
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Proof of Proposition 1.

Government i ’s problem, as expressed in (2.13), simplifies to

X2
MaX (6 - C) Xz - 2 — (3 - bzr) (mirnm)2 - (3 - bznr) (xinrnm)z

{timtinr}ieBk 2

- d (binrxinrm + (3 - bmr) Iinrnm) .

The first order condition with respect to t;,. is

(e—c—1) fl‘f —2(3—by) ximm% —2(3 = biny) d”””;’;:m
- (bdxdt—m (3= bi) dfﬁ;;:jm) =0,
The first order condition with respect to t;,, is
(e—c—1) th - —2(3-by) xmd;”t—m —2(3 = biny) dfl;’:;jm
- (bn% + (3 = biny) df;—ﬂ“) d=0.

Using (2.7)-(2.10) and their first derivatives, a reduced form for each of the above first order
conditions may be obtained. Since the objective function is globally concave in ¢, and in

tinr, there exists a unique symmetric solution for each:

(e = ¢) (L + bir + biny) 4 (24 + 6by. — 8biny) d + (3 — biny) (15 4 2 (bir + bins)) tins
2+ 202 4 by (9 + 2biy) + 3 (17 — 2b;y) ’

g (e —¢) (1 + by + biny) — (25 — 6by + 8biny) d + (3 — biny) (15 + 2 (biy + biny)) tir

nr 2+ 2b2 .+ biny (9 + 2b;,.) + 3 (17 — 2b;,.) '

¥ and t} . obtains the result. [

ir nr

* JR—
tir -

Solving simultaneously for ¢

Proof of Lemma 2. The fact that x;mm (bir, binr) > Tinem (bir, bine) > Tivnm (bir, bingr) >
Zinrnm (Dir, bin) is established by inspection of (2.14)-(2.17). It remains to show that if
d € (0,(e —¢)/22) then Ziprnm (bir, bine) > 0. Since Zinrnm (bir, biny), as given by (2.17),
is decreasing d, we can solve for the largest value of d at which Zi,mm (bir, bins) = 0 (for
bir € {1,2,3}, binr € {0,1,2,3} and by, + by, < 5). The solution for the value of d at which
Zinrnm (Dir, biny) = 0, denoted by c?, is

g 2(e—c)

5+ 3bi + 2bibiny + 267,

The solution d is globally decreasing in b;,. and b;,,., so use b;. = 3, b, = 2 in the solution to
yield d = (e — ¢) /22. It can be checked by substitution that mm (bir, bine) > 0 for b, = 2,
binr = 3. The result follows. OJ
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Proof of Proposition 2. It must be established that dz.pm/dby < 0, dZimemm/dbi < 0,
AZirnm [ Abinr < 0, and dZpppm /dbin, < 0 over the range of feasible b;. and b,,. Each case
will be taken in turn. Differentiating .nm (bir, binr) With respect to by, we obtain
AT irnm (bir, biny ) . 20 d
db;, 2A (bir, biny)
(6 + 8 (bir + biny)) (2 (€ — ) + (3 + bins (3 + 2 (bir + biny))) d)
(2A (biy, biny))?

2 (A (bir7 binr))2 ‘
So dirpm (bir, biny) /dbiy < 0 for all d > 0.

Differentiating z;nrnm (bir, biny) With respect to b;., we obtain

dxinrnm (bir> bzm“) _ (3 + 4bzr + 2binr) d
dbir B 2A (bira bmr)
(6 + 8 (bir + binr)) (2(e — ) — (54 by (34 2 (biy + biny))) d)

(2A (biy, biny))?

23+ 4 (bir + biny)) (e — ) + (9 + 12bs + iy (1 4 2 (biyr + i) (5 + 2 (bir + i) d
2 (A (bir7 binr))2 ‘

S0 dZinrnm (bir, biny) /dbs < 0 for all d > 0. (After simplification, we see that
dxirnm (bira bznr) /dbzr = dxinrnm (biT> bzm“) /dbzr)

Differentiating x;nm (bir, binr) With respect to by, we obtain

AZirnm (bir, bine) (3 + 2b;, + 4b;n,) d
dbinr T 2A (byy, biny)
(6 + 8 (bir + binr)) (2(e — ) + (3 4 biny (34 2 (biy + biny))) d)
(2A (bir, biny))?

—2 (344 (biy + biny)) (e — ¢) + (15 + 13bsy + 4 (5biny + birbiny (3 + biny) + (3 + 2biy) b2 + 03 )) d
2 (A (b, biny)) '

The second term in the numerator is positive and increasing in b;,., b;,, and d while the

first term is negative. It is easily checked that overall the numerator is negative for b;, = 3,

biny = 2 and d = (e — ¢) /22. S0 dirpm (bir, binr) /dbin < 0 for all feasible {bj., b} pairs

and d € (0, (e —¢) /22).
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Differentiating =;nrnm (bir, binr) With respect to b;,,., we obtain

dZinrnm (bir, biny ) . 20, d
dbiny — 2A (b, biny)
(6 + 8 (b + bins)) (2(e — ) — (54 by (34 2 (biy + biny))) d)
(2A (biy, biny))?

—2 (344 (biy + biny)) (e — ) + (15 + 13bsy- + 4 (5binr + birbing (3 + biny) + (3 + 24y ) b2 +3.)) d
2 (A (bir, binr))” '

After simplification, we see that dz;nrnm (bir, binr) /Abiny = dTirnm (biry bing) /dbiny So it must

be the case that dx;prnm (bir, binr) /dbine < 0 for all feasible {b;,, bin,- } pairs and d € (0, (e — ¢) /22).

]

Proof of Proposition 3. The strategy of proof follows Yi (1996). Assume that there exists
a TA structure B = (By, Bs, ..., B;,) and that two or more TAs, say By, Bs ... B,, merge to
create an enlarged TA. We will show that the total welfare of the members of the enlarged
TA increases. To do this, we will show that the tariff changes required to implement TA
enlargement undertaken by any one given member of the enlarged TA must increase the
aggregate welfare of all members. Thinking of TA enlargement as a sequence of such tariff

changes by each and every member then gives the result.

Claim. Initially, before the merger, country ¢ has free trade with b;, — 1 countries in
its own region and b;,, countries in the other region. Country i levies a tariff ¢;. (b;, bin)
on each of the 3 — b;. non-members in its own region and a tariff ¢;,, (b, bin) on each of

the 3 — b, countries in the other region. As a result of the merger, in the new enlarged
;:717"

other region. Let h; = b, — b, > 0 and hyy, = b, — b, > 0. Country ¢ abolishes tariffs

wmr

TA, country ¢ shares a TA with b}, — 1 countries in its own region and b/, countries in the
on hy,. countries in its own region and h;,, countries in the other region, and changes tariffs
to ti,. (bl,,b.,,.) on each of the 3 — b, non-members in its own region and changes tariffs to

t . (0, 0,) on each of the 3 — ¥, non-members in the other region. Then the aggregate
welfare of the b;. + hi + by + hip countries in the enlarged TA (which consists of country
1, bir + bjny — 1 countries who paid no tariffs initially and h;,. + h;,,. countries whose tariffs

were abolished) improves.
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Proof. Without loss of generality, consider the TA B, of which country 1 is assumed to

be a member. B has by, members from Ry and by, members from Ry. Then let membership

/

1y IMembers

expand to create an enlarged TA, B], consisting of b}, members in R; and b
in Ry (where all original members are also members of the enlarged TA). The comparative
statics exercise that we will now carry out is as follows. We will calculate the effect on the
aggregate welfare of all countries in Bj that results when country 1 abolishes tariffs on hy,
countries in Ry and hy,, countries in Ry, and changes tariffs on (3 — by, — hy,) non-members
in Ry from ty, (bi, biny) to ty, (0}, 0

) and on (3 — by, — hip,) non-members in Ry from
tlnr (blra blnr) to tln’r (b,lra bllnr)

Define

Atlr = tlr (blra blm") - tlr (bllra bllnr) ;
Atlnr = tlnr (blm blnr) - tlnr (bllr7 b/lnr) .

First consider infinitesimal changes in tariffs
dt =(0,...,0,dt,...,dt,dt,, ..., dt,, 0, ...,0, ¢dt, ..., pdt, dtp,, ..., dt,,)
from a tariff vector
t =00, 0,8, e by by oo by 0, e, 0, O, ooy B, b oo )

where: dt appears from the (b, + 1)th element to the (by, + hy,.)th element; ¢dt appears from
the (bin + 4)th element to the (byn, + h1nr + 3)th element, unless by, = hy,,, = 0 in which
case dt,, appears from the 4th to the last element; dt, appears from the (b1, + hy, + 1)th
element to the 3rd element; dt,, appears from the (b, + hin + 4)th element to the last
element. The tariff ¢ was already being imposed on new TA members in the same region and
is reduced to zero through the TA formation process. The tariff ¢t (i.e. ¢ x t) was already
being imposed on new TA members from the other region, where ¢ = t1,,,./t1, (see below for

specification of ¢y, and t,.). Also,

Atlr
dt, = — =2 .
tl’f‘ (blr7 blnr)

Atlnr
tlnr (blru blnr)

dt dt.

Start from
t (b/1r7 bllnr) = (07 s O? t1r (b/1r7 bllm“) IR tay (b/1r7 bllm") 707 e 07 linr (b/1r7 bllm") DR tinr (b/h“’ bllnr))
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where 0 appears from the first to the (b1, + hy,)th element and from the fourth to the
(b1nr + hipr + 3)th element (unless by, = hip = 0). We can move to

t (blra blm") = (07 ceey Oa tlr (blra blm“) 3oy tlr (blra blnr) 7Oa sy 07 tlnr (blra blm“) PRERR] tlnr (b1r7 blnr))

where 0 appears from the first to the (by,)th element and from the fourth to the (b1, + 4)th
element (unless by, = 0) by integrating the infinitesimal changes dt from 0 to t (b1, binr).
Below, we will show that d (Z jen! wj) /dt < 0 for all t along such a path of integration.

The claim then follows.

Since changes in country 1’s tariffs do not affect sales in other countries,

Z wj /dt =d wl + Z 15 /dt,

JEB] jeBI\{1}
where w; is country 1’s welfare net of its exports. Since
2I)1+ Z le:U(Xl)—CXl—dZ$1j,
JEN\{1} jER2
it follows that

lU1+ Z 7T1]—’U(X1 —CXl Z ﬂ-l]_dlej

JEBI\{1} JEN\B] JER2

The proportional relationship between ty,. (b1, b1n,) and t1p, (b, bipy) is given by

tlnr (blr ) blnr)

(b tlr (bl'ra blm")

B 2 (4 + 51y + 2 (bipr — 1) by, + 202,) d
(142 (b1 + b1pr)) (€ — ) + (3 + b1 (2(b1y + biny) — 1)) d

Note that ¢ =1 ford =0and 0 < ¢ < 1 for d € (0, (e — ¢) /22). The total tariff at the tariff

vector t is

Ztlj hlr + ¢h1nr> t + (3 - blr - hlr) tr + (3 - blnr - hlnr) 2fnr

JEN
The change in the total tariff is calculated from dt as follows:
dTl = (hlr + (bhlm") dt + (3 - blr - hlr) dtr + (3 - blnr - hlnr) dtnr

hlrtlr (b17“7 blnr) + hlnrtlnr (b17’7 blnr) + (3 - blr - hlr) Atl’/’ + (3 - blm" - hlm") Atlnr
tlr (blr; blnr)
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The following notation will also be helpful:
ATI - hlrtlr (bl’l‘7 blnr) + hlnrtlnr (b17‘7 blnr) + (3 - blr - hlr) A1(:17‘ + (3 - bln’/‘ - hln’/‘) Atlnr~
From (2.4) and the first-order-condition of (2.5), we have p; — ¢ = z;; + t;; + d;.

From (2.6), dz;; = w. Therefore we have:

dryp ATy '
dt Tty (bur, b))
drip, 41 ATy — Tty (bir, biny)
dt Ttiy (b1, bine)
dﬂ?lb“+h1r+1 _ ATl — 7At1r .
dt Ttir (bir, biny)’
drip,,,va ATy = Tty (bip, binr)
dt Tty (b1p, bine)
ATy thiera  ATL— TAly,
dt Tty (b1, b1nr)

Using these results,

d d
E w1+ Z 7T1] = (Xl)_CXl)_E Z l’i-d(a Zl’u)

JEBI\{1} JEN\B jERy
dx dx dx
=D (-0 —t— D 2my—_t-dy
JEN JEN\B] JER>
1

= m {hlrtlr (blra blnr) El + hlnrtlnr (blr, blnr) (I)l
1r \Y1r, Vinr
+ (3 — blr - hhn) Atqujl + (3 - blnr - hlm‘) AIflnrQl} )

where:
E = (Xi+Th) — 7 (x1py,41 + 1)
=23 = b1r — hr) Tivy, e 11— 2 (3 = bine — Pinr) T1byythye 45
o = (Xi+T1) — 7 (x1p,,, 44 + Ot)
=23 = b1r — hr) Tivy, a1 — 2 (3 = b — Pinr) T1byythye 45
Uy = (X1 +T) =7 (@, 4h,+1 + ) +2 (44 bir + hiy) Tipy, 1,415
O = (Xa+T) =T (T, hyptd + tar) + 2 (4 4+ binr + Dinr) T1by,,+hype 4
The proof that % (fu?l + ZjeB/\{l} 7Tij> < 0 proceeds in two steps. First we show that,
b

at t(b},,b),,), it is the case that % <w1 +Z]€B/\{1} 7%) < 0. Second, we show that

1rs

2 ~
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Step 1. At t (b, b

Inr

), the optimal tariffs ¢y, (b, b

Inr

and 1, (W, |V
) 1r

1) are chosen

to satisfy Wy = 0 and ©; = 0 respectively. (Note that ¥; and Q; are the derivatives of

wy + ZjeB;\{l} m;; with respect to ¢y, and ty,, respectively; ti, (b),,),,) and ti,, (0%,, 01,,)

/

1 TA on 3 — b}, regional non-members and 3 — by,,,

are the optimal tariffs of the size b}, + b

non-regional non-members respectively, given free trade among the b}, + b}, members.) It

remains to show that, at t (b,,0},,), the terms =; and ®; are both strictly negative. (Of

1nr

course, due to oligopoly distortions, =; and ®; could only be zero if trade subsidies were

allowed).

/ / :
At t (0L, 0),0), T11 =, ooy = Tlbgthyys T14 =y ooy Tlbyypthinets (UDlESS bypr = hypy = 0, in
which case x14 =, ..., T1py,,+hy,,+4), and t = 0. Also,
Y / / / .
Xi = Vywn + 3= 00) T1vyhe 1+ 01 B1b b +3 1 (3 = Bi) L1614k, +43

Tl = (3 - /17‘) tlr( /17"7 llm“) + (3 - llm“) tlm“( /17"’ llm") .

Then we have

—_

:1 —= —41:11 + b/lnrxlblnr+h1nr+3
— (3 =W, (T + Tipyhy, 41—t (01, B,)

- (3 - b/lm") (mlblnr+h1nr+4 — tinr (bllr7 bllnr)) :

Now, observing that x11 = T1rm, T1b1,+h14+1 = Tirnms Tibin+hin+3 = Linrm 0 T1p,, 1 hyp 44 =
T1nrnm, We can use (2.7)-(2.10) to substitute for x11, T1p,,1hy, 415 T1by,,+hinet3 A0 T1by, by, 4

which obtains

. _7(2(6—0) + (3+bmr (3+2(bzr+bm7~)))d) <0
e 10 + by (5 + 2biy ) + bipr (4 + biy) + b2 '

[1]

Next observe that, after simplification,

/
P1 = —4T1py,4hy,43 + 01,01

- (3 - bllnr) (‘rlblr+h1r+3 + L1b1pr+hinr+4 — Linr (b/1r7 bllm“))

- (3 - bllr) (:L‘lblr+h1r+1 - tlT’ (bllr’ bllm")) :

Adopting the same basic approach used to simplify =;, we then have

7 (2 (6 — C) — (5 + bimn (3 + 2 (b“« + bmw))) d)
10 + by (54 2biy) + by (4 + biy) + b2

mr

@1:—
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We can see straight away that for d = 0 it is the case that ®; < 0, and that ®; is increasing
in d. We then find by substitution that for d = (e — ¢) /22, b;, = 3 and b;,,, = 2, it is the case
that ®; = 0. It follows immediately that ®; < 0 for all by, € {1,2,3} and by, € {0, 1,2}
and d € [0, (e — ¢) /22).

Step 2. We can write the second order condition directly as

& |
i Y T = T (— (3-1,) (35 +15Y & 2(b’1r)2) NG
jeB\{1} tr
_l’_

(3 — bl,) (15 + 4b), + 2b),,,) (Puter + hansting) Aty
— (3= thy,) (—14+ 15K, +2(8),,)°) At
+ (3 = bl,,,.) (15 4+ 4b),,,. + 2b,) (hirtey + hineting) Atin,
—2(3 = b, — bl,,) (et + haptl,,,)”
— (3= b)) (7480, = 200, (3 8L,) + 2(11,)7) Aty At

Using the functions for t; (b, bing )y tir (biyy Uinr), ting (biry bingy) and ti, (b, 0, ), substitution

) anr ) anr

reveals that the second order condition is negative for all feasible values b, € {1,2,3} and

by, €10,1,2,3}, given d € [0, (e — ¢) /22).

Proof of Proposition 5. Without loss of generality, take country 1 as an example. (The
cases for all other countries are analogous.) Write down two welfare functions for country 1:
wy {{1,2,3},{4,5,6}} and wy {{1,4,5,6},{2,3}}. The first measures the welfare of country
1 when it is in a regional TA and all countries in the other region are in a second regional TA.
The second welfare function measures welfare when country 1 joins a TA with the countries
in the other region while countries 2 and 3 form a TA. To calculate wy {{1,2,3},{4,5,6}},

note that country 1 sets a tariff ¢7 . (3,0) on all imports from the other region, and country

nr
*
nr

1’s exports also face t},, (3,0) from all countries in the other region. Trade within regions is

free. Using these tariffs in (2.7)-(2.10) and substituting the resulting expressions into (2.11),
we obtain
3 (387 (e —¢)® — 134 (e — ¢) d + 10724?)

wy{{1,2,3},{4,5,6}} = 2450

For wy {{1,4,5,6},{2,3}}, country 1 sets t¥. (1,3) on imports from non-members in its own
region. country 1’s exports face tariffs ¢}, (2,0) from non-members in its own region. Trade

between country 1 and the countries in the other region is free. Using these tariffs in (2.7)-
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(2.10), and substituting the resulting expressions into (2.11), we obtain

3 (26442 (e — ¢)* — 44336 (e — ¢) d + 92225d>

We can now see that

wi {{1,4,5,6},{2,3}} > w;i{{1,2,3},{4,5,6}} for d =0;
wy {{1,4,5,6},{2,3}} < wi{{1,2,3},{4,5,6}} for d = (e —c)/22.

We can also see that both w; {{1,2,3},{4,5,6}} and wy {{1,4,5,6},{2,3}} are decreasing
in d for d € (0, (e —c)/22) but w; {{1,4,5,6},{2,3}} is decreasing more rapidly. So we
can find a unique value of d € (0, (e — ¢) /22), called d’, at which wy {{1,2,3},{4,5,6}} =
wi {{1,4,5,6},{2,3});

g 3 (7225156 — 385v/338226178))
- 25290313

(e —¢) ~0.017 (e — ¢)
0

Proof of Proposition 6. By Proposition 2, member welfare of a given TA is decreasing in
the size of each of the other TAs that exist. Therefore, the highest feasible level of welfare is

achieved when a country is a member of a TA and all non-members of its TA are singletons.

It remains to establish the TA structure that maximizes member welfare (given that all
non-members are singletons). The result is seen clearly if we take each case in turn, starting
with the smallest possible TA and increasing its size while evaluating member welfare at
each point. First, it follows from Proposition 3 that if two singletons form a two-member
TA this must increase member welfare. We now establish that if both members are in
the same region this yields a higher level of welfare than if each member is in a different
region. Without loss of generality, assume that country 1 forms a 2-country TA either
with country 2 in its own region or with country 4 in the other region. Welfare would be

wy {{1,2},{3},{4},{5},{6}} or wy {{1,4},{2},{3},{5},{6}} respectively. To calculate
wy {{1,2},{3},{4},{5},{6}}, note that country 1 levies a tariff ¢}, (2,0) and ¢}, (2,0) on

nr
imports from regional and non-regional non-members respectively. The non-member from
Ry levies a tariff ¢, (1,0) on imports from country 1, and non-members from R, levy a

tariff ¢, (1,0) on imports from country 1. Substituting these tariffs into (2.7)-(2.10) and

wmr

substituting appropriately into (2.11) yields

889 (e — ¢)*> — 999 (e — ¢) d + 22052

wi {{1,2}, {3}, {4}, {5}, {6}} = 1859
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To calculate wy {{1,4},{2},{3},{5},{6}}, note that country 1 levies a tariff ¢} (1,1) and
7. (1,1) on imports from regional and non-regional non-members respectively. The non-

members from R; levy tf. (1,0) on imports from country 1, and non-members from R

*k
nr

levy tf,.(1,0) on imports from country 1. Substituting these tariffs into (2.7)-(2.10) and

substituting appropriately into (2.11) yields

w ({14} (2} (3} (5} 6}y = e m e 2 d s 0B

Welfare under the two TA configurations is equal for d = 0 and the latter yields a lower level

of welfare for d > 0, with the difference increasing in the size of d.

The same basic approach can be used to establish that the 3-member TA that maximizes
a member’s welfare is where all members are in the same region, and that a 3-member regional
TA yields a higher level of per-member welfare than a 2-member regional TA:

5787 (e — ¢)* — 3114 (e — ¢) d + 13362d>
11830 '

wi ({1,2,3}, {4}, {5} ,{6}) =

We can also calculate the level of welfare of country 1 if a non-regional member is included;

wy {{1,2,3,4} ,{5},{6}}. In that case, country 1 imposes a tariff ¢}, (3,1) on imports

mr

from non-members, and non-members impose a tariff ¢f, (1,0) on imports from country
1. Substituting these tariffs into (2.7)-(2.10), and making the appropriate substitution into
(2.11), we have
333 (e — ¢)® — 262 (e — ¢) d + 915d°

676 '

w1 {{17 2’ 37 4} ’ {5} ’ {6}} -

We can now see that

wi {{1,2,3,4}, {5}, {6}} > w, {{1,2,3},{4},{5},{6)} for d =0
wi {{1,2,3,4}, {5}, {6}} < w, {{1,2,3},{4},{5),{6)} for d = (e —c)/22.

We can also see that wy {{1,2,3,4},{5},{6}} is declining in d for d € (0, (e — ¢) /22). So we
can find a unique value of d € (0, (e — ¢) /22), called d”, at which wy {{1,2,3},{4},{5},{6}} =

wq {{17 27 37 4} ) {5}7 {6}}a

1471 — 21/433615
N 5301

d/l

(e —c)~0.029(e —c).

Finally, we must check that a 5-member TA does not yield a higher level of welfare than

either a 4-member TA or a 3-member TA. As for all previous cases, a member obtains a
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higher payoff if all countries in its own region are members of the TA. Thus

12145 (e — ¢)* — 11262 (e — ¢) d + 37450d>
24674 ‘

wy {{1,2,3,4,5},{6}} =
Since, for d = 0,
wy {{1,2,3,4} ,{5,6}} > wy {{1,2,3,4,5},{6}},
and since wy {{1,2,3,4,5},{6}} has a steeper negative slope in d than w;y {{1,2,3,4},{5,6}},

it follows that, for all d € [0, (e — ¢) /22),

wi {{1,2,3,4}, {5}, {61} > w; {{1,2,3,4,5}, {6}} .

Similar calculations show that free trade yields a lower level of per-member welfare than

wy {{1,2,3,4},{5},{6}} and wy {{1,2,3},{4},{5},{6}}. O
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