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1 Introduction

Article XXIV of the World Trade Organization (WTO) allows countries to form customs
unions (CUs) or free trade agreements (FTAs) under the following two conditions:' First,
any internal barriers to trade inside the union must be removed; second, trade barriers on
non-members must not be increased on average. Intuition might suggest that Article XXIV
must increase world welfare, since it precludes (average) tariff increases on non-members
by countries that form preferential trade agreements while requiring tariff removal between
members. Thus, aggregate world trade distortions through the formation of trade agreements
should be reduced compared to a world in which trade agreements are not constrained by
Article XXIV, and world welfare should be enhanced. This paper shows, in a many-country
framework, how the conditions imposed by Article XXIV do increase the likelihood of free
trade over the formation of CUs, hence increasing world welfare. But the paper also shows
that when free trade does not arise in equilibrium under Article XXIV, the constraints that
it imposes may actually lead to a reduction of world welfare in a surprising way.

The paper adopts the model of Yi (1996) as a benchmark. A key feature of the benchmark
model is that there can be any number of countries. This is not standard in the literature:
the most common approach is to assume that there are just three countries, two of which
form a CU. By allowing for many countries Yi is able to model CU formation as a coalition
formation game in which the number of countries in any of the CUs that form is endogenously
determined. The benchmark model also has the standard feature that countries can form a
CU under the first condition of Article XXIV set out above but the second condition is not
imposed.

In this paper we will formally introduce into the benchmark model the second condition,
that trade barriers cannot be raised on average when a CU forms or expands, and we ana-
lyze its implications. We will refer to the second condition as the Article XXIV constraint.
This constraint has been considered in previous literature but not, to our knowledge, in a
many-country framework. It is the extension to many countries coupled with the underly-
ing structure of our benchmark model that makes possible the new insights regarding the

implications of Article XXIV that we obtain.?

LA third condition of Article XXIV, which will not have a bearing on our analysis, is that all agreements
must be notified to the WTO.

2The common feature across CUs and FTAs is that both types of agreement coordinate on the removal
of internal tariffs; the difference is that CUs coordinate on the setting of a common external tariff whereas



Both in the benchmark model, and in the model in which the Article XXIV constraint
is imposed, the substitutability between varieties of goods in consumption is crucial to the
determination of the CU structure that emerges in equilibrium.? Substitutability is param-
eterized in the model by ~ € [0, 1]; varieties are independent for v = 0 and they are perfect
substitutes for v = 1.

In the benchmark model, for very small v (including v = 0) members of any CU always
become better off when the CU expands, driving CU-expansion all the way to free trade.
There are two reasons for this. First, free trade is preferred by consumers: they are more
hurt by the static efficiency losses arising through the reduced trade volume in goods from
non-member countries than they are helped by the terms-of-trade gain associated with a
CU. Second, free trade is also preferred by firms: if the substitutability between varieties
is low then competition between firms in any given market is less intense; each firm gains
more (in terms of profits) from access to a larger number of markets and loses less from
greater access by other firms to its domestic market. However for larger ~, in the unique
equilibrium CU structure there is one large CU and one small CU.# For the countries in
the large CU, the terms-of-trade gains outweigh the static efficiency losses and they obtain
a higher level of welfare than they would under free trade. The countries in the small CU
suffer an adverse terms-of-trade effect as well as static efficiency losses, and these leave them
significantly worse off than under free trade. Overall world welfare is worsened relative to
free trade.’

We will show that, holding the equilibrium CU structure constant, the introduction of

the Article XXIV constraint into the benchmark model increases world welfare (or at worst

each member of an FTA undertakes external tariff setting independently. In studying Article XXIV, our
focus on CUs seems legitimate since CU members internalize any terms-of-trade externality between them
through coordination and thus tend to set higher tariffs than FTAs. Indeed, Bond et al. (2004) and Ornelas
(2005a) have shown, in different settings, that FTAs tend to compete external tariffs down through their
bids for third markets, in which case the Article XXIV constraint would not bind.

3The equilibrium CU structure is the number of countries in each and every one of the CUs that forms
in equilibrium.

41t appears that there is a threshold number of countries in the model above which the number of CUs
in equilibrium is three, where the threshold lies in the hundreds-of-thousands. Our analysis will focus on a
‘practical’ number of countries that lies below this threshold.

SPerhaps the aspect of Yi’s (1996) paper that is best known is his characterization of CU formation under
rules of ‘open regionalism’; no country is allowed to exclude another from a CU that it wishes to join. In that
setting, he shows that free trade is the unique equilibrium coalition structure. However, he also characterizes
the equilibrium CU structure under conditions of ‘unanimous regionalism’ in which members can exclude
potential entrants if they wish. It is his analysis of ‘unanimous regionalism’ that forms our benchmark case
here.



has no effect). This is because if there is an incentive for a CU to increase its common
external tariff when it forms, then the Article XXIV constraint, by preventing this increase
will prevent a rise in aggregate trade distortions. That will bring about a higher level of
world welfare. (If there is no incentive to raise the common external tariff then the Article
XXIV constraint does not bind and thus has no effect.) As a result, we will show that any
negative effects on world welfare of the Article XXIV constraint cannot be observed when
the equilibrium CU structure is held constant. They are actually derived from a composition
effect of Article XXIV on the CU structure that arises in equilibrium.

The composition effect works as follows. When the Article XXIV constraint is introduced,
the same basic characterization of the equilibrium CU structure prevails but with the two key
differences mentioned above. First, free trade is the unique equilibrium outcome for a larger
range of v than without the Article XXIV constraint. The reason is that, by precluding
an increase in common external tariffs, Article XXIV reduces the gains to CU formation
relative to free trade. As a result, free trade becomes the equilibrium outcome under the
Article XXIV constraint for a wider range of 7. Second, for values of v where free trade
does not arise in equilibrium, we find that the equilibrium CU structure is nearly always less
asymmetric; the larger CU is smaller and the smaller CU is larger than without the Article
XXIV constraint. Since all varieties of goods in the model are consumed by consumers in
all countries, more varieties are subject to a tariff distortion as they move between CUs in
the less asymmetric outcome. This means that thus world welfare is reduced.®

The basic intuition behind why the equilibrium CU structure is less asymmetric with
Article XXIV is as follows. It is easiest to think about the equilibrium CU structure with
the Article XXIV constraint imposed and then consider its removal. When the Article XXIV
constraint is removed, the smaller CU could have an incentive to raise its common external
tariff in order to exploit the increased monopoly /monopsony power afforded by the CU. This

in turn would give the larger CU an incentive to invite some of the countries from the small

6To see this composition effect most clearly, think of two CUs with common external tariffs fixed at the
same rate. The ‘most asymmetric’ CU structure is one in which all countries are in one CU with none in the
other. This corresponds to free trade, with no goods being subject to a tariff distortion and world welfare
being maximized. Now consider the ‘least asymmetric’ CU structure, wherein half of the countries are in one
CU and half are in the other. This maximizes the number of goods that are subject to a trade distortion and
hence minimizes world welfare (all else equal). Thus, in general, the less asymmetric the outcome the lower
is world welfare. Note that this composition effect of Article XXIV cannot be observed in a conventional
3-country model. The constraint in a 3-country model, which is relaxed in our model, is that once two
countries have formed a CU the best reply by the rest of the world in terms of CU formation cannot be
analyzed; it is ruled out by the fact that the rest of the world is characterized by a single country.



CU to join, in order to avoid having the higher tariff levied on their exports. The countries
from the smaller CU would accept this offer since member welfare is higher in the larger CU.
Thus the equilibrium CU structure is more asymmetric without the Article XXIV constraint
and vice versa. It is this which gives rise to the possibility of negative effects.

The most comprehensive previous analysis of Article XXIV is by Syropoulos (1999),
using a model of CU formation between two countries in a 3-country model. He shows that
CU formation can damage the rest of the world even under Article XXIV. But he does not
compute the effects of CU formation on world welfare - either with or without Article XXIV.”
Furthermore, since Syropoulos’ analysis is carried out in a 3-country model, the composition
effect of Article XXIV, which is crucial to our claim that the outcome for world welfare may
be worse under Article XXIV, cannot be discussed in his framework.®

Overall, the literature on preferential trade agreements has addressed two issues. The first
of these issues, which was the focus of Viner (1950), Krugman (1991), Syropoulos (1999) etc.,
concerns the welfare implications of trade agreements in which the structure of the agreement
is taken to be exogenous. The second issue is with the stability of trade-agreement structures.
Given endogenous trade-agreement formation, what structures are stable? Is the process of
trade-agreement formation one which will, or will not, lead to free trade? (See Bhagwati
(1993), although the roots of this question are found in Viner (1950).) Recent literature
has focused on the interaction between these issues: on the welfare implications of stable
structures. The present paper is a contribution to this work. It examines the impact of

Article XXIV on the stable structures and on the resulting welfare outcomes.?

"Indeed, the standard basis for criticism of Article XXIV is that it is not sufficient to prevent third
countries being harmed when two countries form a trade agreement. As far as we are aware, ours is the first
paper to evaluate Article XXIV from the perspective of its implications for world welfare.

8 Article XXIV was originally formulated as part of the General Agreement on Tariffs and Trade (GATT),
and has now been formally adopted into the Charter of the WTO (GATT 1994). The historical events through
which Article XXIV came into being are nicely explained by Snape (1993). Its implementation in practice is
documented by McMillan (1993). Bagwell and Staiger (1998, 1999, 2002) relate Article XXIV to the most
favored nation (MFN) principle. They identify the MFN principle as one of the two ‘pillars of the GATT,’
showing that (in the absence of other distortions) it guides countries to an efficient trade agreement. Since
the MFN principle stipulates that any trade concession granted to one country is automatically granted
to all, Article XXIV allows an exception to MFN and hence may preclude an efficient trade agreement.
Note that Article XXIV is not the focus of Bagwell and Staiger’s analysis and they do not actually study
equilibrium under its conditions.

9The literature on the dynamics of trade liberalization examines the possibility that trade agreements
give way to world free trade at a later stage; see Riezman (1999), Seidmann (2006) and Aghion et al.
(2007) for recent contributions. Building on Baldwin (1996), Krishna (1998) shows how political interests
can undermine the progression from regionalism. Ornelas (2005b) shows that trade agreements 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



The paper proceeds as follows. The economic model is presented in Section 2. In Section
3, we analyze the effects on welfare of exogenously mandated CU formation and expansion; we
do this for changes in the CU structure both with and without the Article XXIV constraint.
In order to consider endogenous CU formation, Section 4 presents the CU formation game
that we use and characterizes the stable equilibrium CU structures of this game. Section 5
analyzes the effect of Article XXIV on the equilibrium CU structure; again, the outcomes
with and without the Article XXIV constraint are compared. It is here that the main results
are derived. Conclusions are drawn in Section 6, at which point we will return to broader
issues of the context and implementation of Article XXIV raised by McMillan (1993) and
Snape (1993).

2 CUs and the Article XXIV Constraint

2.1 Original model from Yi (1996)

In the following subsection, we will summarize the key characteristics and results of Yi’s
(1996) model, which will be adopted as our benchmark. In the subsequent subsection we

will introduce the Article XXIV constraint into the model.'?

2.1.1 Preferences and technology

There are N countries in the model. Each country, i, has a representative consumer, firm,
and government. There are two goods in the model, denoted M and (). 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. By assumption, each country is endowed with
a sufficient quantity of M to ensure that it consumes a positive quantity in equilibrium. The
term M; measures consumption of M in country 1.

Each firm in the model, one in each country, produces a different variety of the horizon-
tally differentiated product, (), at a constant marginal cost ¢ in terms of the numeraire good.
Consumers have quasilinear-quadratic preferences of the form

N
Y -7

u(qi, M;) = v(q;) + M; = aQ; — 5 - TZC]ZQJ + M; (1)

j=1

agreements, blocking a subsequent move to free trade. Ethier (1998) considers how multilateral liberalization
may give way to regionalism. See Bhagwati et al. (1998) for a literature review on the dynamics of regionalism.
10For further details about derivations of the benchmark model, see Yi (1996).



where ¢;; is country i’s consumption of country j’s variety of @, q; = (¢i1, Gi2, --., @in) 18
country ¢’s consumption profile, and Q; = Zjvzl ¢ij- As mentioned in the introduction, the
parameter v is a substitution index between varieties which ranges from 0 (varieties are
independent) to 1 (good is homogeneous); as «y is increased, the varieties become closer
substitutes. A familiar feature of the model is that consumers have a taste for variety; for
any given ();, the more balanced the consumption bundle and the more varieties there are,
the higher is utility. Thus there are two sources of gains from trade: access to a wider variety
of goods and increased competition in the domestic market.

There are no transportation costs in this model. Countries impose tariffs on imports from
other countries. 7;; denotes country ¢ ’s tariff on imports from country j. Firms perceive

markets as being segmented, and so they compete by choosing quantities in each country.!!

In equilibrium,

N -1,
Qi = () (2)
and
i = ['(0) +7Ti = T(N)Ti (3)
N I)Ir(N)

N
where T; = ZTij is the sum of tariffs, I'(k) = 2 — v+ kv, k = 0,..., N and where we have

j=1

normalised a — ¢ = 1.

2.1.2 CUs and optimal tariffs

The countries that form a CU are assumed to abolish tariffs among union members and
maximize the aggregate welfare of members. A reduced form for country i’s welfare, W¢,
can be obtained as the sum of four components: the domestic consumer surplus, C'S%; the
domestic firm’s profit in the home market, 7%; tariff revenue, TR*; and the domestic firm’s
export profits, 7%, j # i. Using this reduced form, it is possible to solve for the common
external tariff of any CU; if countries 1, ..., k belong to a CU of size k, to set their common

external tariff they will solve

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



k k N
max ZWZ = Z CS' +7" + TR + Zwﬁ (4)
{ris}ila, j=kt1 =1 i=1 j=1
J#i
where 7;; =0, fore =1,..,k, j =1,... k.

The unique optimal common external tariff of a CU of size k is

 T(0)I(2k)
(k) = D)
2 —9][2+ (2k — 1)9]

[(2=79)2+ (1 =k2+ (N =19+ 2+ (k= 1)v][2 + (2k — 1)7]

(5)

with D(k) = U(k)T(N) + T'(k)T(2k) and ¥(k) = (T'(0) + )T(k) — T(2k).

In this model, the optimal tariff of a CU of size k depends only on k; it does not depend
on the tariffs set by the rest of the world. This property is driven by our assumptions
of segmented markets, quasilinear utility function and constant marginal cost. As a CU
expands, its external tariff varies with its size in a non-monotonic way depending on the

parameters v and N. More precisely, 7(k) increases with & if and only if

VT(0)[(0) + 1]0(N) — I'(0)
2y
VEZ=B=79)2+(N-107)-(2—-17)

- = (6)

k<k*=k(N,y) =

According to (6), an expanding CU will raise its optimal external tariff providing that
k < k*, but once it reaches the critical size of k*(N,y) members, it will decrease the optimal
external tariff for further increases in k. The function k*(N, ) will play an important role in
our analysis since it helps to define the range over which the Article XXIV constraint binds.

Figure 1 illustrates the possible properties of the tariff function. Figure 1(a) shows the
case of small N and v = 1. Note that for v = 1, k*(N,1) = @ So for small N,
k*(N,1) < 2 and 7(k) is a globally decreasing function. This case occurs only for a very
limited range of parameters (when N is very small and « close to 1). For larger values of
N and any value of v, 7(k) is initially increasing but eventually decreasing in k as shown

on Figure 1(b). The non-monotonicity of 7(k) is the result of two opposing effects of CU

formation on the optimum tariff: a market power effect and a trade diversion effect. When



members of a CU coordinate over tariff setting, each member internalizes the external benefit
to the profits of firms in other member countries of an increase in its own tariff, which tends
to put upward pressure on the common external tariff. On the other hand, when members
of a CU remove internal tariffs there is trade-diversion towards goods produced by members
and away from the rest of the world. Since, all else equal, consumers prefer a more balanced
consumption bundle, there is an incentive to lower the external tariff in order to offset the
trade diversion. Figure 1(c) illustrates the case where 7(k) is initially increasing and becomes
decreasing in k for k outside the considered range (k > N) and thus appears increasing on
the ‘practical’ range. Finally, Figure 1(d) shows the tariff function for v = 0 where the tariff

is constant and equal to 1/3.
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Figure 1: External tariff 7(k) as a function of the CU size for different values of N and ~.

2.2 Introducing the Article XXIV Constraint

Given the benchmark model set out above, the Article XXIV constraint can be formalized
in a simple way. To set the level of the Article XXIV constraint we will assume that initially
there are no CUs. Then, since all countries are symmetric, they all initially set the same

tariff, 7(1). If a set of countries forms a CU, in order to abide by Article XXIV, their



external tariff is constrained to be less than or equal to 7(1). The effect of the Article XXIV
constraint depends on the form of the function 7(k). If, for example, 7(k) is a globally
decreasing function, then the Article XXIV constraint is not binding and has no effect. On
the other hand, if 7(k) is initially an increasing function and becomes a decreasing function
only at higher values of k, then there will be a range of k for which the Article XXIV
constraint will bind.

Our aim now is to characterise the range of parameters for which the Article XXIV
constraint will be binding and a range for which it will not be binding. We will begin by

identifying a range of v over which 7(k) is increasing in k for some k > 1.
Lemma 1. For a given N, k*(N,~) is a monotonically decreasing function of ~y.

Proof. See Appendix A page 31.

This result is a consequence of a change in v on the two opposing effects of CU formation
on optimal tariffs identified earlier. At low values of v, substitution between goods is more
limited and hence so is the trade diversion effect; the market power effect of raising the
common external tariff tends to be relatively strong, resulting in a higher value of k£*(N,~).
At higher values of + the trade diversion effect tends to be stronger, resulting in a lower
optimal tariff for any given k and a lower value of k*(N,~).

A consequence of this result is that, for any N, there will be an interval of the parameter
values v for which 7(k) is initially increasing but eventually decreasing in k. The reasoning is
as follows. First note that for any given N, k*(N,0) is infinite. Also, as already mentioned,
k*(N,1) = @, so k*(N,1) is positive for any value of N. So by the intermediate
value theorem, we know that for any IV, we can find a value of v > 0 such that £*(V,v) > 1.
The fact that k*(V,7) is a decreasing function of 7 can be seen by inspection of Figure 2,
which summarizes the variations of 7(k) in a 3-dimensional plot.

We will now identify a critical range of v for which we know that &*(N,v) > 1. The
following definition defines the upper bound of that range.

Definition 1. For a given N, let 4* be the maximum value of  such that k*(NV,v) > 1.

For any given number of countries in the world, N, and any 0 < v < ~*, 7(k) will be
an initially-increasing-but-eventually-decreasing function of k. Thus, for any N and any

0 < v < ~*, there will be a unique size-k CU (for the moment we abstract from discontinuity

10



Figure 2: 7(k,~) for N =100

problems) that will set the same external tariff on non-members as a single country; that is,

there will be a unique k£ > 1 such that 7(k) = 7(1).
Definition 2. Let £**(NN, ) be the unique value of £ > 1 such that 7(k™) = 7(1).

The following reduced form expression for £**(V,v) is obtained by setting 7(k**) = 7(1)
using (5) and solving for k:

(v =2)(=4+~(6+~y(N —1) —3N))
27(2+7)

So now we can say more generally that, under the Article XXIV constraint, any CU of

k** —

(7)

size k for which 1 < k < k** members will be constrained to set a common external tariff

7 (k) = 7(1). Figure 3(a) illustrates the relationship between k* and k**.
Lemma 2. For a given N, k™ (N,~) is a decreasing function of .

Proof. See Appendix A page 31.

Note that for any given N, k**(N,0) is infinite. Furthermore, £**(N,1) = % — % < N.
And so by the intermediate value theorem, we know that for any N, we can find a value of

v, 0 < v < ~* such that £**(N,v) = N.

Definition 3. Let v**(NN) be the value of 7 for which £**(N,v**) = N.

Observe that v** (V) is the value of «y such that, for any N, 7(k) is initially increasing but
eventually decreasing in k, with the additional property that 7(/N) = 7(1). Table 1 presents

11



Twro(k)

20 40 60 80 100

(a) 7(k) with k* ~ 9.5 and k** ~ 55.5 (b) Twro(k)

Figure 3: 7(k) and mywro(k) for N = 100 and v = 0.7.

some approximate values of v**(NN) for different values of N. It can be shown that +** (V)
is a monotonically decreasing function of N and approaches a horizontal asymptote when N

goes to infinity; Nhrf Y*(N) = a where a = £(7 — v/41) ~ 0.298438.

N 10 30 50 100 | 200 | 500 | 1000 | 10% 10° 10°
~ " |1 0.406 | 0.349 | 0.332 | 0.317 | 0.308 | 0.302 | 0.300 | 0.299 | 0.298 | 0.298

Table 1: Approximate values of v**(N).

As E**(N, ) is a decreasing function of v, we can now conclude that for any N and any
v, 0 <y < 4" E*(N,v) > N. Also for v = 0, since 7(k) is constant, k£**(N,0) is infinite
and thus also greater than N, and so 7(k) > 7(1) for all k € [2, N —1]. Thus, for 0 <y < ~**
a CU of any size (k > 1) would be constrained in its common external tariff setting by the
Article XXIV constraint.

In summary, we have now found that for any number of countries, IV, there will be a range
of parameter values 7 such that the Article XXIV constraint will be binding for any feasible
CU. Alternatively, for any v and reasonably large N, the Article XXIV will be binding for
at least some CUs (the smaller ones). This set of results is summarized in the following
proposition. We will use myro(k) to denote the optimal tariff imposed by a CU of size k

under the Article XXIV constraint.

Proposition 1. For any number of countries in the world N and any substitution index -,

the Article XXIV constraint is binding for any size-k CU, k < k**, and imposes

12



(1)  fork < k**
mwro(k) =< 71(k)  for k" <k <N and (8)
0 fork=N

Figure 3(b) illustrates mywro(k) as a function of CU size. Note that mywro(k) is a non-

increasing function of k.

3 CUs and welfare

In this section, we will analyze the impact of exogenous CU formation under the Article
XXIV constraint on the welfare of individual countries and on global welfare. This will give
us a concrete set of payoffs for use in the CU formation game analyzed in the next section,
wherein the CU structure will be determined endogenously. Our analysis will proceed along
the same lines as Yi (1996) but with the key difference that all common external tariffs we

consider will be subject to the Article XXIV constraint.

3.1 Individual country welfare and global welfare

As will be shown in due course, the impact of CU formation and expansion on members’
and non-members’ welfare can be studied through the following quantities which have been
derived from (2) and (3):

Sales of a member nation in a country belonging to a size-k CU,

o)+ (I'(V) = I'(k))n k
L(0)[(N)
sales of a non-member nation in a country belonging to a size-k CU,

¢ T(0)L'(N)
the total consumption in a country belonging to a size—k CU,

(10)

Q(k) _ N — (NIT(]];);WTO(I{:) (11>

We can see by inspection that a member country has a higher volume of exports than

a non-member country in any member country. Since, in this quasilinear-quadratic model,
the expression for export profits is the square of the expression for export volume, a member

country makes higher exports profits than a non-member country in any member country.

13



3.1.1 Non-members’ welfare

From (10) we can show that non-member countries become worse off if a CU expands. As
noted above, a feature of the model is that a non-member country is affected by CU formation
or expansion only through its export profits to the CUs that form. Observe that ¢o(k) is a
globally decreasing function of k. Thus, a non-member country’s export profit to a CU of

size k, equal to [go(k)]?, falls as k increases.

Proposition 2. A non-member country’s exports qo(k) and thus export profits [qo(k)]? are

decreasing functions of k. A mon-member country becomes worse off if a CU expands.

Proof. See Appendix B page 32.

Yi’s (1996) model yields this result without the Article XXIV constraint, reflecting a
standard property in the literature that CU formation and expansion tends to hurt non-
members. Proposition 2 establishes that this result still holds even under the Article XXIV
constraint. Thus even though a CU is not allowed to raise its external tariff, this does not
preclude harmful trade diversion away from non-members. The following result compares

the magnitude of this trade diversion with and without the Article XXIV constraint.

Proposition 3. When the Article XXIV constraint is binding, a non-member country’s ex-

ports qo(k) decrease less in k compared to the situation without the Article XXIV constraint.

Proof. See Appendix B page 33.

The conclusion we are able to draw from the analysis so far is that the Article XXIV
constraint does not prevent harmful trade diversion from non-members, but it attenuates it

when it is binding.
3.1.2 Members’ welfare

How does an expansion of a CU affect the welfare of member countries? In this subsection we
will examine how the components of welfare (consumer surplus, tariff revenue and producer
surplus) vary with & for members and hence how overall welfare varies. We will show that
consumer surplus and tariff revenue are monotonic in k, a property that depends on the

Article XXIV constraint and its implications for the tariff function.
Lemma 3. (i) q;(k) is a decreasing function of k. (ii) Q(k) is an increasing function of k.

Proof. See Appendix B page 33.
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Consumer surplus As shown in the next lemma, a feature of the model is that consumer
surplus of a member country can be expressed as a combination of the three quantities: (9),

(10) and (11).

Lemma 4. Consumer surplus of a country belonging to a k-size CU can be written as follows:

OS(k) = TQU)? + 5 (kar(K)? + (N ~ ko (k) (12)

Proof. See Appendix B page 33.

Using this result, it can be shown that consumer surplus of a member country increases as

the CU expands.
Proposition 4. The consumer surplus in member countries increases as the CU expands.

Proof. See Appendix B page 34.

As the CU expands, there are two effects on the consumer surplus of a member country:
consumer surplus tends to increase through the increased consumption of products from
member countries; consumer surplus tends to decrease through the diminished consumption
of non-member countries’ products. Without the Article XXIV constraint, the effect of CU
expansion on consumer surplus is ambiguous. However the Article XXIV constraint, by
preventing member countries from raising the external tariff above the initial level, makes
the second effect less important (Proposition 3). The fact that consumer surplus becomes
an increasing function of the CU size is thus a direct consequence of the Article XXIV

constraint.

Tariff revenue The tariff revenue of a member country necessarily decreases as the CU
expands. Under the Article XXIV constraint, countries are not allowed to raise their external
tariffs and as the CU expands they can thus levy at maximum the same level of tax on fewer

countries.

Producer surplus From (9) and Lemma 3, we know that profits made by the domestic
firm from sales in the home market decrease as the CU expands because, in a bigger CU,
more firms have tariff-free access which increases competition and thus reduces profits per
firm. But at the same time, the domestic firm gets preferential access to a larger number

of countries and, from a comparison between (9) and (10), we know that sales are higher
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in a member nation than in a non-member nation. Thus the effect of CU expansion on the

domestic firm’s total profit may be ambiguous.

In summary, we have just seen that the expansion of a CU has a positive impact on
consumer surplus, a negative impact on tariff revenue and an ambiguous impact on producer
surplus of a member country. Therefore, the effect of CU expansion on the welfare of a

member country is ambiguous.

3.1.3 World welfare

While we are not able to obtain a general prediction about how CU expansion will affect
the welfare of an individual member, we can show that the joint welfare of the member
countries (existing members plus any new members) improves when a CU expands. (In the
case where existing members lose, new members gain by more than enough to compensate.)
This implies that if several CUs merge, the aggregate welfare of members of the newly formed
CU increases. While this result is established by Yi (1996) for the case without the Article
XXIV, we will now show that it continues to hold under the Article XXIV constraint.

Proposition 5. Under the Article XXIV constraint, the formation or expansion of CUs

increases the aggregate welfare of member countries.

Proof. See Appendix B page 35.

Although the idea behind this result is simple, the proof is not quite trivial. It proceeds
in three steps. The first deals with a situation where the Article XXIV constraint does not
bind at any point; neither on the initial CUs nor on the new CU created by the merger.
For this part of the proof we are able to adopt the proof for the equivalent result by Yi
(1996). The second step deals with a situation where the Article XXIV constraint binds
both on the initial CUs and the new CU created by the merger. With common external
tariffs constrained not to change by the Article XXIV constraint, the only effect is through
the removal of internal tariffs which increases aggregate welfare. Finally, the third step deals
with a situation where Article XXIV is binding on at least one of the initial CUs but not on
the new CU created. (Because of the properties of the optimal tariff function studied in the
previous section, the converse cannot occur.) A simple comparative statics exercise reveals
that the increase in aggregate welfare of members due to a merger of CUs in this situation

follows from the prior two steps of the proof.
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Corollary 1. Under the Article XXIV constraint, the effects on global welfare of the for-
mation or expansion of CUs are ambiguous, except under global free trade. World welfare s

higher under global free trade than under any other C'U structure.

Proof. Follows directly from Propositions 2 and 5. As a CU expands, its members are on
average better off, but non-members are made worse off. Thus the impact on global world
welfare is ambiguous. The exception is when global free trade is reached, whereby in effect
all countries become members of the same CU and, by Proposition 5, their aggregate welfare

increases.

3.2 When must individual-member welfare increase?

In the previous subsection, we showed that the formation and expansion of a CU has an
ambiguous impact on individual-member welfare. In fact circumstances do exist under which
we can clearly predict that member welfare will increase under CU expansion. In particular,
we will show in this subsection that if, through CU creation or expansion, an individual
country gains tariff-free access to a larger number of other country markets then its welfare

must increase.

Definition 4. Let P be the set of countries: P = {P, P,,..., Py}. A CU structure C' =
{B1, By, ..., B, } is a partition of the set of countries P. B,NB; = @ fori # jand U>, B; = P.

Since countries are symmetric, we can identify each CU with the number of its members.
In what follows, we will use the same notation as Yi (1996) and write
C = A{ny,ng,..,n,}, where n; is the number of countries in the ith CU
in C' = {By, By, ..., B}

Both with and without the Article XXIV constraint, the tariff equilibrium is unique for
any given CU structure and so the welfare of a CU of size k£ in any CU structure is well
defined. Following Yi (1996), we will denote the welfare of a member country of a CU of
size k in a given CU structure C as W(k;C), k = ny,ng,...,n,. For example, in a CU
structure C' = {2,3,4}, W (3;{2,3,4}) is the level of welfare of a country belonging to the
three-country CU.

The following results illustrate how the CU structure affects individual member welfare
under the Article XXIV constraint. These results are analogous to the propositions derived

by Yi (1996). We will prove that Yi’s analogous results (his Propositions 6-9) continue to
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hold under the Article XXIV constraint and discuss what the differences are with respect to

the situation without the Article XXIV constraint.

Proposition 6. Ifn; € C, C', and C' — {n;} can be derived from C' —{n;} by merging CUs
in C" —{n;}, then W(n;; C) < W(n;; C").

Proof. See Appendix C page 42.

Proposition 6 shows that if CUs merge to form a larger CU, non-member countries not
involved in the merger are made worse off. This result is a consequence of Proposition 2;
as any CU expands, the export profits made by nonmembers unambiguously fall, and this
is the only effect of CU expansion on nonmembers. By Proposition 3, the Article XXIV
constraint will attenuate the adverse effect of a CU merger on non-members.

The next proposition ranks the per-member welfare of CUs in a given CU structure. It
says that, in any given CU structure, a member of a large CU has a higher level of welfare

than does a member of a small CU.
Proposition 7. If n; > n;, then W(n;; C') > W(n;,C) .

Proof. See Appendix C page 42.

This result holds both under the Article XXIV constraint and without it, but the impact
of Article XXIV is ambiguous and will depend on the given CU structure. If the Article
XXIV constraint is binding for small CUs but not for large ones (which is the case if 7 is
relatively large), the difference in welfare of a member of a large CU and a member of a
small CU will be exacerbated. But if the Article XXIV constraint is binding for both large
and small CUs, this difference may be attenuated.

The next two propositions show how changes in the CU structure affect the welfare of

countries involved in the change.

Proposition 8. The members of a CU that merges with another CU of equal or larger size

become better off.

Proof. This result follows directly from Propositions 5 and 7. When CUs merge, the welfare
of members increases on average. Before the merger, the members of the smallest CU
involved have the lowest welfare among the CUs involved, and thus their welfare must have

necessarily increased by the merger.
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Proposition 9. A member of a CU becomes better off if it leaves its CU to join another CU

of equal or larger size.

Proof. See Appendix C page 42.

Imposition of the Article XXIV constraint does not reverse any of Yi’s equivalent results.
It only modifies the magnitudes of the components of welfare. This will in turn have impor-
tant implications for the final equilibrium CU structure with and without the Article XXIV

constraint.

4 CU formation and stable CU structures

4.1 CU formation

We follow Yi (1996) in using an infinite-horizon sequential-move ‘coalition unanimity game’
to model the CU formation process. In this game, a coalition forms if and only if all
potential members accept to form the coalition.'? Bloch (1996) shows that this game yields
the same stationary subgame perfect equilibrium coalition structure as the following ‘size
announcement game’: All countries are placed on a list, say Py, Ps, ..., Py. Country P is
asked to announce the size of the CU that it would like to form, e.g. k. Then the first &
countries form a size-k CU, and then country Pj,; announces the size of the CU it would
like to form, and so on until Py is reached. Bloch (1996) shows that this size announcement
game has a (generically) unique subgame perfect equilibrium coalition structure. We will
now use this size announcement game to determine stable CU structures of the CU formation

process. 13

4.2 Characterization of stable CU structures

In this subsection, we will characterize stable CU structures when countries play the size

announcement game. First we will show that a symmetric CU structure cannot be an

12The country P; starts the game by proposing the formation of a CU, e.g. {Py, P3, Py, Ps}. Then all
proposed partners (following subsequently from country P;) are asked to agree or disagree. If a proposed CU
partner disagrees then it is asked to make its own proposal of a CU and, again, each subsequent proposed
partner of the CU is asked whether or not it agrees. If all agree then the CU formes and those countries
withdraw from the game. Then the first country among the remaining countries starts making a proposal.

13Note that side-payments between countries are not allowed in the CU formation process. If they were,
then it would be possible to reach free trade under any set of parameter values. While they do occur
in practice, it appears that political constraints coupled with credit market imperfections mean that side-
payments between countries are not large enough to facilitate free trade.
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equilibrium outcome.

Proposition 10. Under the Article XXIV constraint, the unique subgame perfect equilibrium
CU structure of the size announcement game has a unique smallest CU, which is the last

CU to form.

Proof. See Appendix D page 43.

The reasoning here has two parts. First, we already know that CU formation must not
be symmetric. By Proposition 8, two CUs of equal size would be better off by merging.
Second, the last CU to form must be the smallest since it implies the lowest level of welfare
for each of its members. If its members had the option to form a larger CU earlier in the
process then they would have done so.

For the next result, let us introduce the notation kg as the largest integer such that any

size-k C'U becomes better off by merging with a single-country CU. Formally:

Definition 5. For all CU structures C' and ¢, ' = C — {k} U{k — 1,1}, and all &,
1 <k < ko, ko is the largest integer which satisfies W (k;C') > W (k — 1;C").

Proposition 11. Under the Article XXIV constraint, the unique subgame perfect equilibrium
CU structure of the size announcement game has a unique second-smallest CU, which is the

second-to-last C'U to form and which has at least ky members.

Proof. Suppose that the second smallest CU has less than kg members. Then the members

of this union would be better off by admitting (at least) one more member.

Thus we are able to put a lower bound on the size of the second-to-last CU to form.
We can similarly define k; as the largest integer such that any size-k CU becomes better off
by merging with a CU of size k;_1, (i = 1,2,...). In so doing, we establish (in the proof of
Proposition 12) that the equilibrium CU structure must entail CUs of sequentially decreasing
size. We are also able to establish the maximum number of CUs that can form in equilibrium.
For example, if kg 4+ k1 > N then there cannot be more than two CUs in equilibrium.

We will proceed by carrying out a grid search for equilibria over all possible parameter
values in our model. To do this, we will need a general representation of national welfare

over all possible CU structures. This is obtained in the next result.

Lemma 5. The welfare of a member of the size-n; CU in C' = {ny,ng, ..., ny} is given by
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W(n;C) = Q(n;) — %Q(nz’)Q ! ; ! {ni lar(na)” + (N = ny) [qo(n:))*}
—(N =) [q0(n:)]” + Z”jQO(”j)2 (13)
g

Proof. See Appendix D page 43.

Note that this expression simplifies further in Yi’s model, but due to the non-linearity
introduced by the Article XXIV constraint, this further simplification is not possible in our
model. Nevertheless, in both specifications, the welfare functions have a property that is
useful for the derivation of the following results. The property is that the relative ranking of
the welfare of a size-k CU in a CU structure {k, B} and the welfare of a size-r CU in another
CU structure {r, k —r, B} is independent of the sub-CU structure { B}. (The changes in the
CU sub-structure in {B} affect the welfare of the size-k and size-r CUs only through their
export profits to { B}. However the per-member export profits of these two CUs to {B} are
the same for all {B}.)

The remaining results of the paper require us to calculate values for payoffs to CU
formation using the payoff function derived in Lemma 5. To do this, in the sequel we
will restrict attention to a ‘practical’ value for N. The remaining results of the paper will

be established under the standing assumption that N < 1000.

Proposition 12. Under the Article XXIV constraint, the number of equilibrium CUs in the

size announcement game s not greater than three.

Proof. See Appendix D page 44.

This result is similar to the one Yi (1996) obtains for CU formation without the Article
XXIV constraint. Nevertheless, as we will see in the next section, the equilibrium CU

structure is affected by the introduction of the Article XXIV constraint.

5 The effect of the WTO Article XXIV Constraint

As we have just shown, for ‘practical’ N, there are at most three asymmetric CUs in the
equilibrium of the size announcement game. This means that in equilibrium, either global
free trade is reached or the equilibrium structure corresponds to two or three CUs of different

sizes. Let us now determine under what conditions free trade is the equilibrium outcome.
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5.1 Global free trade equilibrium

Lemma 6. A necessary and sufficient condition for global free trade to be the subgame perfect

equilibrium outcome is W(N;{N}) > W(N — 1;{N — 1,1}).
Proof. See Appendix E page 44.
Definition 6. Let f(y) = W(N;{N}) - W(N — 1;{N —1,1}).

The next result expresses the condition under which global free trade is the equilibrium

outcome of the size announcement game.

Proposition 13. For a given value of N, there exists a critical value, ¥v*'7, such that global

free trade is the unique stable outcome of the size announcement game for 0 < v < 4T,

Proof. See Appendix page 45.

Due to the non-linearity introduced by the Article XXIV constraint, it is difficult to study
the variations of f() analytically, but simulations show the uniqueness of this critical value.
Furthermore, for N < 4, f(v) is always positive and so free trade is always the equilibrium
outcome for very small N. For N > 4, f(~) is positive for v < vpr and negative for v > ypr
and so free trade is the equilibrium outcome for v < vpp. Figure 4 shows the variation of

f(v) for N =100 for example.
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Figure 4: f(v) for N = 100.

A similar condition is found by Yi (1996) when studying CU formation without the Article
XXIV constraint. The intuition behind this result is that, for small 7, varieties become less
substitutable and the static efficiency gains of free trade outweigh the terms-of-trade benefits

that would arise under CU formation even for a large CU. Thus there is a strong incentive
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for countries to go to free trade. What is noteworthy about our result is the impact of the

Article XXIV constraint on the value of this critical /7, as shown by the next proposition.

Proposition 14. Under the Article XXIV constraint, vi% x> 5%, The Article XXIV

constraint enlarges the range of parameters for which free trade is the equilibrium outcome.

Proof. See Appendix page 45.

The intuition behind this result is clear: Article XXIV limits foreign rent extraction and
so the benefits from free trade outweigh the benefits from foreign rent extraction for a larger
range of parameters.

Table 2 summarizes a few approximate values of v/'7 with and without the Article XXIV

constraint.

N | =" | = vanxxay
10 || 0.2488 0.2543
20 | 0.1072 0.1117
30 | 0.0683 0.0717
50 | 0.0396 0.0417
100 | 0.0193 0.0204
150 | 0.0128 0.0135
200 || 0.0095 0.0101
500 || 0.0038 0.0040
1000 || 0.0019 0.0020

Table 2: Approximate values of v and v4% v vy

Note that v¥7 is a decreasing function of N; the more countries there are in the world,
the more difficult it is to reach the free trade equilibrium. As stated in Proposition 14, 47 is
higher under the Article XXIV constraint. Note that this improvement is numerically small
and vanishes when N increases. This result rests on an intuitively reasonable feature of the
model; the more countries there are in the world, the more varieties there are available and

so the benefits to consumers from having tariff-free access to marginal varieties diminish.

5.2 Asymmetrical equilibrium

In the next result we will determine the effect of the Article XXIV constraint on the equi-

librium CU structure when global free trade does not arise.
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Proposition 15. Under the Article XXIV constraint, for the range of parameters for which
free trade is not the equilibrium outcome (v > ~'T), the CU structure may be less asymmet-

rical than without the Article XXIV constraint.

Proof. See Appendix page 45.

Tables 3 (a) and (b) compare, for N = 30 and N = 100 respectively, the equilibrium CU
structures with and without the Article XXIV constraint under a range of different values
of 7. We can see the previously mentioned increase in the range of parameters v for which
global free trade is the equilibrium outcome. Asshown in Table 3(a) for example, for N = 30,
at v = 0.07 free trade arises in equilibrium under the Article XXIV constraint whereas in
the absence of the Article XXIV constraint it does not. A similar feature is illustrated in

Table 3(b) for N = 100 at v = 0.02.

(a) N =30 (b) N =100
i C Cartxxrv i C Carexxrv

0.01 {30} {30} 0.01 {100} {100}

0.07 || {29,1} {30} 0.02 || {99,1} {100}

0.08 || {29,1} {29,1} 0.03 || {94,6} {93,7}
0.09 | {29,1} {28,2} 0.04 | {92,8} {89,11}
0.10 || {28,2} {28,2} 0.05 || {91,9} {87,13}
0.13 || {28,2} {27,3} 0.06 || {90,10} | {85,15}
0.15 || {27,3} {26,4} 0.07 || {89,11} | {84,16}
0.20 || {27,3} {26,4} 0.08 || {89,11} | {83,17}
0.25 || {27,3} {25,5} 0.10 || {88,12} | {82,18}
0.34 || {27,3} {25,5} 0.30 || {88,12} | {79,21}

Table 3: Equilibrium CU structures.

Another feature illustrated in both tables is the decrease in asymmetry of the equilibrium
CU structure when global free trade is not reached. For example, for N = 30, at v = 0.34,
the equilibrium outcome under the Article XXIV constraint exhibits two CUs, one with 25
members and the other with 5 members. By contrast, without the Article XXIV constraint,
the bigger CU has 27 members and the smaller one only 3 members.

The two previous results thus imply that the Article XXIV constraint does facilitate free
trade in the sense that global free trade is reached for a larger interval of parameters ~.

But we also see that when free trade is not the equilibrium outcome, the equilibrium CU
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structure may be less asymmetrical under the Article XXIV constraint.!4
Also, as we saw in Section 3, the difference between the welfare of members of the bigger
CU and the smaller CU is attenuated. World welfare may be worsened under the Article

XXIV constraint as a result, as shown by the next result.

Proposition 16. Under the Article XXIV constraint, for the range of parameters for which
free trade is not the equilibrium outcome, world welfare may be lower than without the Article

XXIV constraint.
Proof. See Appendix page 45.

The reduction of world welfare occurs as a result of the composition effect discussed in the
introduction; when CUs are more symmetrical, a larger number of goods must pass between

CUs and be subject to a tariff.

Y C Carexxiv || Wapxxiv — W
0.01 {30} {30} 0
0.08 || {29,1} {29,1} +
0.09 || {29,1} {28,2} -
0.10 || {28,2} {28,2} +

0.11 | {282} | {27.3} -
0.12 | {282} | {27.3} -
0.13 | {282} | {27.3} -
0.14 |[ {27,3} | {27.3} +
0.15 | {273} | {264} -
020 | {273} | {255} -
0.25 | {273} | {255} -
0.30 | {273} | {255} -
0.34 | {273} | {255} -

Table 4: Equilibrium CU structures and global welfare comparison with and without the
WTO Article XXIV constraint for N = 30.

Table 4 compares, for N = 30, the world welfare of the equilibrium CU structures for

various values of v with and without the Article XXIV constraint. The first column lists the

14 Although the results reported here assume N < 1000, simulations show that these results remain valid
for higher values of N. In fact, these simulations show that the world-welfare-reducing effects of Article XXIV
may be even stronger for higher values of N, (N > 1,000). At these higher values of N, the equilibrium
CU structure under the Article XXIV constraint may consist of not two but three asymmetric blocs whereas
without the Article XXIV constraint it consists of two asymmetric blocs for the same parameters. In such
cases, the asymmetry of the equilibrium CU structure is further reduced and world welfare is decreased
further as well. The intuition behind this result is the same as discussed for ‘practical’ values of N. The
simulations showing these possibilities are available from the authors upon request.
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different values of + considered, while the second and third columns show the equilibrium
CU structure without and with the Article XXIV constraint respectively. The last column
presents the difference in world welfare of the equilibrium CU structure under the Article
XXIV constraint and without. We can see that, for small v, the CU formation game leads
to free trade in both situations and thus world welfare is exactly the same (the difference is
null). But for situations where global free trade is not reached in equilibrium, world welfare
may be lower under the Article XXIV constraint (the difference is negative). This result
comes from the fact that under the Article XXIV constraint the bigger CU, whose members
have higher welfare, now has less members and the smaller CU, whose members have lower
welfare, now has more members. Thus, world welfare might be lower under the Article XXIV

constraint than without.

31 31
Without Article XXIV Without Article XXIV ¢
S — With Article XXIV - 30— With Article XXIV -
29 - — 20 e=
28 | - ——— [ E— —
Large CU Large CU
27 - 27 -
26 - o 2 |- —  —
25 - 25 -
24 Il 24 Il Il Il Il
0 0.2 0 0.2 0.4 0.6 0.8 1
v ¥
(a) Equilibrium size of the larger CU (zoom) (b) Equilibrium size of the larger CU
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Figure 5: Equilibrium CU structure and difference in world welfare with and without Article
XXIV as a function of v for N = 30.

This result is also illustrated in Figure 5. Figure 5(a) shows the size of the larger bloc in
the equilibrium CU structure for N = 30 as a function of vy when = is low, and Figure 5(b)
shows this size for the full range 0 < v < 1. Notice that under the Article XXIV constraint
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the larger bloc is smaller than in the benchmark case for a wide range of parameters. Notice
also that free trade is reached under the Article XXIV constraint for a slightly broader range
of parameters than without the Article XXIV constraint (visible on Figure 5(a)). Figures 5(c)
and 5(d) show the difference in world welfare with and without the Article XXIV constraint
for the same ranges of v. When free trade is reached, both with and without Article XXIV,
world welfare is identical and the difference is zero. When free trade is reached under
the Article XXIV constraint, but not without it, there is a significant improvement in world
welfare. When the equilibrium structure is the same in both cases, world welfare is improved
under the Article XXIV constraint. But when the equilibrium structure is less asymmetric
under the Article XXIV constraint, world welfare is lower. This is the crucial possibility
examined in this paper.®

Finally note that as 7 is increased above v = 0.8 the size of the equilibrium CU structure
changes in such a way that the large CU increases in size, drawing members away from the
small CU. It may be helpful to think about the intuition behind this effect in the context
of the underlying incentives that operate across the full range of v. As v is increased
from v = 0, as discussed previously, rent extraction becomes increasingly important and
the equilibrium CU structure eventually switches from being one of global free trade to
one of two CUs with the larger CU decreasing in size with further increases in v. But
as v becomes sufficiently large, the pro-competitive effect of CU expansion becomes more
significant, eventually dominating the gains to rent extraction and so the larger CU increases
in size for further increases in . Note that the same effect operates both with and without
the Article XXIV constraint though with differing degrees of magnitude. And even though
the pro-competitive effect tends to increase the size of the big CU, free trade does not arise

even at v = 1.

15A case that is not illustrated in Figure 5 is the case where the equilibrium CU structure is more asym-
metric under the Article XXIV constraint than without. This case may arise “by continuity” for larger N for
a very small range of parameters . For v/ <y < y{ iy 7y free trade is the equilibrium outcome under
the Article XXIV constraint, but not without. This is the extreme case where the equilibrium CU structure
is more asymmetric under the Article XXIV constraint than without. As 7 increases, the equilibrium CU
structure under the Article XXIV constraint becomes less asymmetric, but for larger values of N, there
may be (the particular cases are affected by discreteness issues) a small range of v just above v57%, « - for
which free trade is not reached, and the equilibrium CU structure is still more asymmetric under the Article
XXIV. In such a case, world welfare is higher with the Article XXIV constraint than without, because trade
distortions are reduced (the Article XXIV constraint binds for both CUs) and because the composition effect
discussed above affects CU formation in the opposite way and reduces trade distortions even further. This
case arises only for certain values of N and for a very small range of ~ slightly above the critical value

FT
YartxXIv-
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6 Conclusion

This paper has examined the effect of the WTO’s Article XXIV on CU formation, the
equilibrium CU structure, the implications for individual country welfare and the welfare
of the world as a whole. We introduced an Article XXIV constraint to the model of Yi
(1996), which formed our benchmark. The Article XXIV constraint essentially prevents a
CU from raising its common external tariff. This makes CU formation less attractive and
hence increases the likelihood that free trade will arise in equilibrium. This in turn increases
the range of v for which free trade would arise, making free trade more likely. But if free
trade does not arise in equilibrium, the Article XXIV constraint may reduce world welfare.
Our analysis showed that if free trade did not occur in equilibrium then (for a practical
number of countries) an equilibrium CU structure would arise in which there are two CUs,
one necessarily larger than the other. If the Article XXIV constraint binds on the smaller
CU, the terms-of-trade externality imposed on the large CU is not as great, so the larger
CU does not have an incentive to include as many countries as without the Article XXIV
constraint. Consequently, the equilibrium CU structure is almost always less asymmetric,
and a larger number of varieties are subject to the tariff distortion as they pass between
CUs; hence Article XXIV may indeed be bad for world welfare.

Inevitably, the theoretical framework developed here simplifies the situation in a number
of key respects. In future work, it would be useful to check the robustness of our results to
alternative economic and policy-making environments. To check robustness to alternative
economic environments, one could begin by examining the introduction of an Article XXIV
constraint to other models of CU formation, such as that of Bond and Syropoulos (1996).
These authors study CU formation in an endowment economy with C.E.S. preferences which
in all other respects is the same as ours. A key difference between the behavior of their model
and ours is that in their model the common external tariff is monotonically increasing in
CU size while in ours, as we have seen, it is non-monotonic. So while in the equilibrium CU
structure of our model the Article XXIV constraint may bind only on the small CU, in theirs
it would have to bind on both simultaneously. Further analysis is needed to see whether this
feature of their model rules out the reduced asymmetry of CUs under Article XXIV that
drives a reduction of world welfare in ours.

To check the robustness of our results to alternative policy-making environments, a useful

starting point would be to follow recent research on regionalism where tariffs are used for
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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 likely that
the basic insights of the present paper about the application of Article XXIV would remain
robust to the inclusion of distributional/political concerns of the government.

Since our paper suggests that Article XXIV may worsen world welfare, the question
naturally arises as to what an appropriate revision of Article XXIV would be. McMillan
(1993) argues that any group of countries forming a trade agreement should be required
to adjust the external tariff so that trade flows with the rest of the world are unaffected;
the Kemp-Wan adjustment (see Kemp and Wan (1976)). It would be interesting to re-
do the analysis of the present paper with a ‘Kemp-Wan constraint’ instead of our Article
XXIV constraint. The existing analysis does not yield a clear indication as to whether the
introduction of a Kemp-Wan constraint would lead to an increase in world welfare. In the
original paper of Kemp and Wan (1976), a CU would always benefit by adding an additional
member since trade flows between members increase while flows with non-members remain
constant under the Kemp-Wan constraint. So CU formation leads to free trade. In our
framework of many countries it is probable that a Kemp-Wan constraint would result in
free trade for a larger range of v than the Article XXIV constraint, facilitating free trade as
in Kemp and Wan (1976). But it is also possible that by even further limiting the adverse
terms-of-trade effects that the smaller CU would inflict on the larger CU, it might exacerbate
the composition effect identified in this paper. This effect would further limit the incentive
for the larger CU to invite members of the smaller CU to join. This might reduce the
asymmetry of the outcome even more than with the Article XXIV constraint, potentially
worsening world welfare in the range of v where free trade would not arise. Future research
could usefully establish the conditions under which McMillan’s proposal for a revision to
Article XXIV would be beneficial and when it would not.'”

16In addition to Ornelas (2005a,b), see for examples Krishna (1998), Grossman and Helpman (1994) and
Maggi and Rodriguez-Clare (1998).

17Syropoulos (1999) examines a ‘modified’” Kemp-Wan adjustment in the context of a conventional 3-
country model with strategic interdependence between tariffs. In this model, a requirement of CU formation
is that trade flows with the rest of the world are held constant, but CUs are additionally allowed to set an
optimal common external tariff which takes into account any best-response-tariff set by the non-member
country. Syropoulos argues that under such a ‘modified Kemp-Wan constraint,” a (two-member) CU may do
better than under a three-member CU (i.e. free trade). Thus he argues that if strategic tariff interactions
are taken into account, a modified Kemp-Wan constraint may not limit the gains to CU formation enough,
suggesting that CU formation could still be inimical to free trade under the modification to Article XXIV
proposed by McMillan. In our model, there is no strategic interdependence between tariffs and it would be
interesting to analyse a modified Kemp-Wan adjustment in a multi-country model with such a feature.
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While the analysis that we have undertaken reveals a surprising implication of Article
XXIV, it does not go on to consider the effects of Article XXIV on multilateral liberalization
and so on GATT/WTO rules. Snape (1993) suggests that the six countries who originally
formed the EC might not have joined the GATT unless its rules were sufficiently indulgent
towards the bloc formed by the EC-6. By contrast, Bhagwati (2008) has suggested that
there are now so many blocs in existence, and developing, that this undermines negotiations
directed at further liberalisation of the WTO. Baldwin (2006) argues the opposite. An
interesting agenda for future research would be to study whether Article XXIV lessens the
impediments to WTO bargaining created by the existence of CUs, because it reduces the
gains from CU formation. And it may be that some ‘Kemp-Wan’ revision of Article XXIV

would reduce these impediments even more.
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Appendix

A  Proofs from subsection 2.3

Proof of Lemma 1. For v > 0, k*(N,v) = \/(2_7)(3_7)(2;(]\[_1)7)_(2_7), (for v = 0, k* is

infinite), so differentiating with respect to «y yields

dk*(N,7) _ 4/2-7)B -2+ (N —1)7) +7*(N — 1) + (16 — 6N) — 24 (14)

dvy 47/ (2=7)B—=7)2+ (N —1)y)

Because the denominator is strictly positive, this derivative is of the same sign as its numer-

ator. Thus let’s study the sign of the numerator

Numl =4y/(2—-7)B =72+ (N —1)7) + (N —=1) + (16 —6N) —24  (15)

Note that Num1 is a decreasing function of .

dNuml 23

AN JN

which is strictly negative for 0 <~ <1 and N > 1. If we can show that Numl is negative
for N = 1, then we will know that it will be negative for all N > 1.

Numl(N =1) =422 =7)3—=7) + 107 — 24 < 412+ 10 — 24 < 0 (17)

Thus Numl is negative for all 0 < v < 1 and N > 1 and hence k*(N,7) is a decreasing
function of v > 0 for any given N. [J

Proof of Lemma 2. For v > 0, k™ = (7_2)(_4+;§?;1§])V_1)_3N)) (for v = 0, k** is infinite),

so differentiating with respect to ~ yields

dk** =16+ (=16 + 7(=16(=2+ N) + 7(4 +7)(N — 1))
dy 2v*(2+7)?

(18)

Because the denominator is strictly positive, this derivative is of the same sign as its numer-

ator. Thus let’s study the sign of the numerator

Num2 = —16+ (=16 +~v(—=16(—=2+ N) + y(4 +~)(N — 1))) (19)
To sign this expression, we have to differentiate it again with respect to ~.
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dNum2

y = —16+4 64y — 127% — 4% — 32yN + 122N + 49°N = A (20)
f)/
dA 9 9
oo = 0424y —129" = 32N + 249N +129°N = B (21)
»
dB
oo = U2y 1N+ 2N =C (22)
N
dC
— = 24(N-1)=D 23
& (N -1) (23)

From (23), we can see D is strictly positive for N > 1, so C' is a monotonically increasing
function of ~.

From (22), note that C'(N,0) = —24 + 24N = 24(N — 1) so for N > 1, C'(N,0) > 0 and
thus C' is strictly positive for any value of vy, 0 < v < 1.

So B is a monotonically increasing function of 4. Furthermore, from (21) note that
B(N,0) =64 —32N =32(2— N)sofor N >1, B<0and B(N,1)=28+44N > 0. So B is
initially negative and becomes strictly positive for higher values of ~.

This implies that A is initially a decreasing function of v and then and increasing function
of 4. From (20), A(N,0) = —16 and A(N,1) = 16(2— N), so for N > 1, A(N,1) <0. Thus
A is negative for all values of v, 0 < v < 1.

So finally, we can say that Num2 is a decreasing function of v and from (19) we can
note that Num2(0) = —16. Hence the numerator of the derivative of k** with respect to

is negative and thus £** is a decreasing function of v. [

B Proofs from Subsection 3.1

Proof of Proposition 2.

I'(0) = P(k)rwro (k)

qo(k) T(0)T(N)
EL .
% fork:**<k:<Nand
So
dgo(k) { — s <0 for k < k**
dk k)g{[( Y)+1+4ky](2—79)*+2(1 —y)k*4*} <0 for k™ <k< N

which ends the proof. [J
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Proof of Proposition 3. The first derivative of go(k) can be more generally written as

W0E) k)~ T 2 (k)

LO)T(N)

When the Article XXIV constraint is binding, mwro(k) < 7(k), so the first term on the
right hand-side is negative, but greater under the Article XXIV constraint than without.
The second term on the right hand-side is 0 under the Article XXIV constraint when it
binds. For 1 < k < k*, 7(k) is an increasing function of k, so the second term is negative
without the Article XXIV constraint. So on the whole, under the Article XXIV constraint,
the derivative of go(k) is negative, but greater than without the Article XXIV constraint.
So qo(k) is decreasing at a slower rate under the Article XXIV constraint for 1 < k < k*.
For k = k*, the second term on the right hand-side becomes also 0 without the Article XXIV
constraint (from the variations of 7(k)). This is the point where the difference in the rate of
decrease in go(k) is the largest between the situations with and without the Article XXIV
constraint. For k* < k < k™, the second term on the right hand-side becomes positive and

so the difference in the rates of decreasing starts to diminish until it disappears at k**. [J

Proof of Lemma 3. Note that %k?(k) < 0 and Ty7ro(k) > 0, so

da(k) 1 drwro(k)

i = ey |0~ T TR ot <o
dQ<k) 1 dTWTO<k)

ke I'(N) {_<N_k)T+TWTO(k>1 >0

Proof of Lemma 4. Let’s calculate the consumer surplus (C'S?). There are j = 1,..,N

goods. For each good, by definition,

o1
089 = 5 (a—pis) 4

1=y, 7
= qu‘j + §QiQij

Thus
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N
S =Y CsY
j=1

Al SR v
_§ : — 2 LTO).n..
- j:1|: 2 Ea QQZ%}

~ N 1— ~ N
=@ it 5 24
j=1 j=1
~ 1 ~ N
=241 2
= 2Ql +— jE_qu

The result follows. O

Proof of Proposition 4.

CS(k) = %Q(k)Q + 1_77(/@(/{;)2 + (N = k)go(k)?)

For k < k**, we have

dCS (k)
dk
with A = (y+2)(40+~(—=92+56N +~(82 —4k(N —2) +7*(N —1)(=7+2k+5N)+2N (9N —

46) +~(=37+(56+2k—21N)N)))) and B = 2(—=12+~(8+3y(N —1)—4N))?(2+~(N —1))%

A
B

The denominator of this expression is the product of two squares and is thus positive. The

derivative is therefore of the same sign as it’s numerator A.

dA
P 2722+ 79)*2+v(N—-1)—-N) <0

So A is a decreasing function of k.

A(k™) = 80 — 112y +87* + 327> — 117" — 95 ++F
+(96y — 6472 — 247% + 2491 — 275N
+(247% — 8y% — 129 4+ % + 5 N?

and A(k**) can be shown positive for 0 <y <1 and N > 1. So A is positive and consumer

surplus is an increasing function of the bloc size for k < k**.
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For k** < k < N, we have

dCS(k) A

dk B

with A = (12 4+ y(4(=4 4 2k + N) + (7 — 4N + k(=6 + 2k + N) + (-1 + k + N —
ENN)) (167K + 1292k*(4 +v(—4+ v+ N —yN)) — (=2 +79)*(=5 + (7T — 6N + 2y(—1 +
B+ v(=1+ N) = N)N))) + 2vk(32 + v(—58 + 21N + v(33 — 6y — 25N — (=9 + 7)yN +
(=1+7)2N?%)))) —2v(8 + (=6 +v+ 4k + N —yN))(4v3k* + (=2 +9)* (1 +y(=1+ N))N +
4V 34+ y(—4+7+ N —=79N)) = (=2 +9)?k(—=5+ (7= 6N +2y(—1+ 3+ y(—1+ N) —
N)N))) +vk?(32 + (=58 + 21N + (33 — 67 — 25N — (=9 +v)yN + (=1 +~v)?N?)))) and
B=2(12+7(4(—=4 + 2k + N) +v(7 — 4N + k(=6 + 2k + N) + y(—=1 + k + N — kN))))>.

It can further be shown that A is an increasing function of k and that A(k**) > 0 as well
as that B is an increasing function of k& and that B (k**) > 0. So consumer surplus is an

increasing function of the bloc size for k > k**. [

Proof of Proposition 5. We want to prove that formation or expansion of customs unions
under the Article XXIV constraint increases the aggregate welfare of member countries. To
do so, we suppose that customs unions of size—k, size—I[, size—m, ..., size—r merge and
we show that the aggregate welfare of the countries involved in the merger increases in each
member country. Without loss of generality, we consider the merger of a size—k customs
union and a size—s customs union where s =1+ m+ ... 4.

The proof will consist of three steps: First, to prove the case where the Article XXIV
constraint does not bind on the CUs involved in the merger, we will invoke the proof of Yi’s
(1996) Proposition 3; the case shown in Figure 6(a). Note that it is valid to consider a group
of CUs for whom the Article XXIV constraint does not bind even though it might bind on
other CUs not involved in the merger. (Yi’s proof is reproduced here for completeness.) Sec-
ond, we will prove the proposition for CUs on which the Article XXIV constraint is binding
as shown in Figure 6(b). Finally, we will show how the first two subcases generalise for any

CU merger.

Step 1: merger of CUs that are not constrained by the Article XXIV (from Yi
(1996), Appendix B)

Here we consider the merger of size—k and size—s CUs such that the Article XXIV con-

straint is neither binding for the two individual CUs nor for the resulting size—(k + s) CU.
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Twro(l) Twro(l)

k s (k+s)
!
(a) Article XXIV neither binding before nor after. (b) Article XXIV both binding before and after.

Figure 6: Two different merger situations: external tariffs of original and resulting CUs.

Claim: Suppose that country ¢ has free trade with k£ — 1 countries and levies equal tariffs
7(k) on N — k countries. If country i abolishes tariffs on s countries, s < N — ¢, and changes
tariffs on the remaining N — k — s countries from 7(k) to 7(k+ s), then the aggregate welfare
of k + s countries (which consist of country i, K — 1 countries which pay no tariffs, and s

countries whose tariffs are eliminated) improves.

Proof: Without loss of generality, take country 1 and suppose that it levies no tariffs
on countries 2, ...,k and 7(k) on countries k+ 1,..., N. We are interested in the following
comparative statics exercise: what is the effect on the aggregate welfare of countries 1, ..., k+
s of abolishing tariffs on countries k4 1,...,k + s and changing tariffs on countries k + s +
1,...,N from 7(k) to 7(k + s)?

Let

At =7(k) —71(k +5) (24)

Consider a tariff vector

t=(0,...,0,7,...,7, 7, ..., 7) (25)
where T appears from the (k41)th column to the (k+s)th column and 7’ from the (k+s+1)th
column to the last column.

Consider the following two tariff vectors: t(k +s) = (0,...,0,7(k + s),...,7(k + s))
with 0 in the first (k + s) columns and t(k) = (0,...,0,7(k),...,7(k)) with O from the first
to the kth column. We can move from t(k + s) to t(k) by integrating from 0 to 7(k) the
infinitesimal changes from the tariff vector defined by (25)
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dt = (0,...,0,dr,... . dr,d7, ... dr") (26)

with
AT
dr' = ——d 2
TETwY 27)
(k)
t(k) =t(k +s) +/ dt
0
k+s
To prove his claim, Yi shows that d(z W) /dt < 0 for all t along such a path of
=1
’ k+s
integration. His proof proceeds in two steps: first, he shows that d(z W) /dt < 0 for
=1
k{ks
t(k+s)=(0,...,0,7(k+s),...,7(k + s)). Second, he shows that d2(z W) /dt?* < 0.
j=1

Step la: Since changes in country 1’s tariffs do not affect sales in other countries,
k+s k+s

d(z Wi /dt = d(W' + Zﬂlj)/dt, where W1 is country 1’s welfare net of its export
j=1

j=2
N
profits. Since W 4 Z 77 = v(qy) — cQ1, which is the net total benefit from consumption
j=2
k+s N
of qi, Wt +Z ™ =v(qy) —cQ,— Z 7', To save on notation, we can drop superscript
Jj=2 j=k+s+1
1.
N
The total tariff 7" at the tariff vector t is 1" = ZTJ’ =s7+ (N —k—s)7 and
j=1
k N —k—35)A
dT = sdt + (N — k — s)s7’' = sT(k) + ( s) Tdr (28)
7(k)

From the first-order-condition of firms’ profit maximisation, p; — ¢ = ¢; + 7;. Then
N
Y lpi—d=Q+T.
j=1
Att,o=... =, g1 = = Qrs and Qrisi1 = ... = qn-

dT'—T'(N)dt;

From (3), dg; = %. Thus,
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dg vIsT(k) + (N — k — s)AT]

T ()T (O)T (V) (29)
dony _ YLs7(R) + (N = k= 5)A7] = (N)r(k) 0
at 7(k)T(0)T(N)
dgv -~ y[sT(k)+ (N —k —s)A1] = T'(N)AT (31)
dt 7(k)L(0)T(N)
Using these results,
d . k+s ; d d N ;
Tt <W+ ]Z:;?T ) = I [v(a) — Q] - Ej:szr;Jrlﬂ-
al dg; al dg;
RN
1
= TN [sT(k)QY+ (N — k — s)DAT] (32)

where Q = y(Q+T1)—I'(N) [ggs1 + 7] —2(N —k—5)ygy and © = y(Q+T) —I'(N) [gn + 7]+
20(k + s)an-

k+s

Furthermore, Yi notes that, as ® is the derivative of W+ Z 77 with respect to the tariff
=2

on country j, j >k + s, and 7(k + s) is the optimal tariff of the size-(k + s) customs union

on N — k — s non-members given free trade among k + s members, at t(k + s), & = 0.
It is therefore sufficient to show that 2 < 0 at t(k + s). At t(k + s),

Q=-TO0)a — (N —k—s)v[a +av — 7(k+s)]

and at t(k + s),

g +av—T1k+s) = m{ﬂ“(o) — [O(N)[D(0) +1] = 2(N — k — s)y] 7(k + s)}
- 5@ +i)r(zv> {2D(k + s) — [[(N) [[(0) — 1] + 20k + 5)] T(2(k + 5))}
1
= D1 L OO+ 1]} >0

38



Step 1b: Yi defines the following quantities: ((k) = T'(N)[I'(0) — 1] — I'(0) 4+ 2I'(k) and
A(k) =T(k)((k) + T(0)['(N). Then, after some manipulations,

[7(k)T(0)T(N))? % (W +2 ﬁ) = —(N—k—s)Ak + s)(Ar)?

+2(N — k — s)sy7(k)((k + s)AT
—s7(WP{[T(0) — 1) T(N)T(N — )
+sv [['(0) + 2(N — k — s)v]}

(V- k- skt o) [ar - TICE LT

Ak + s)
sT(k)?
—m{[(ﬂo) — DD(N)T(N = 5) + syD(0)] Mk + )
—(N —k—s)s7” [C(k+5)” —2\(k + 9)]}
< ({0 0) - HrEE Y - )+ 9T 0)]

x [T'(k+ s)((k+s)+T(0)I'(N)]
—(N =k = 8)s7*[((k + 5) [[(0) = 1] T(N) = T(0)]
—2T(0)I(N)} < 0

from the fact that I'(k+ s)I'(N —s) > (N —k — s)sy?. This ends the proof of the claim that
when customs unions of size-k and size-s merge, the aggregate welfare of countries involved
in the merger increases when the Article XXIV in not binding; neither for the initial customs

unions nor for the resulting customs union of size-(k + s).

This completes the reproduction of Yi’s (1996) proof of his Proposition 3. In the remain-
ing steps the cases considered are where the Article XXIV constraint is binding on at least

some of the countries whose CUs merge.

Step 2: merger of CUs that are constrained by the Article XXIV
Here we consider the merger of size—k and size—s CUs such that the Article XXIV con-

straint is binding for both the two individual CUs and for the resulting size—(k + s) CU.

k+s
The proof proceeds similarly as the previous one. First, we show that d(z W) /dt <0
j=1
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k+s
for t(k+s)=(0,...,0,7(k+s),...,7(k+ s)). Second, we show that d2(z W) /dt* < 0.

i=1

Step 2a: With the same notation and definitions, equation (32) still holds:

k+s

%(WJrZWj) _ W[smmﬂjv_k_s)mr]

=2
with Q =(Q+T)—T(N) [grs1 + 7] —2(N —k—8)yqy and ® = y(Q+T)—T(N) [qn + 7]+

As the Article XXIV constraint now imposes 7(k + s) = 7(1), 7(k + s) is now not the
optimal tariff of the size-(k + s) customs union on N — k — s non-members and ¢ is not
necessarily 0. On the other hand, the Article XXIV now also imposes AT = 7(k) —7(k+s) =
7(1) = 7(1) = 0.

It is therefore sufficient to show that Q < 0 at t(k + s). At t(k + s),

Q=-T0)q — (N —k—s5)y[q1 +qv — 7(k + 5)]

and at t(k + s),

G+an—T(k+s) = W{QP(O) C DN [D(0) 4+ 1] = 2N — k — s)y] 7(k + 5)}
= W{QF(O) = [C(N)[T(0) + 1] = 2(N = k = s)y] 7(1)}
_ m{zpu) +AT2)Y(N — ki — ) — T(N)T(2) [T(0) + 1]}
= S T IO+ 1UT0) + T2 (1~ k)
1

D(1)I'(N)
with

© = T(N)[L0)+1]T(0) +I'(2)2v(1 — k — s)
= (N=1)7+[9—5N —2(k+3)]7*+ [6N —4(k +s) — 12] v + 12

40



If the Article XXIV is binding for the customs union of size-(k + s), it must be that
k+s<k™ So© > (N—1)~+[9—5N —2k™|~+* + [6N — 4k** — 12] v + 12. Using the
expression of k** given by (7), © > (2 +v)% > 0.

Step 2b: Again using the same notations as Yi, we have

[7(k)L(0)T(N)]? % (W + Z 7Tj> = —(N—k—38)Ak+s)(AT)?
+2(N — k — 8)sy7(k)C(k + s)AT
—s7(k){[T(0) — JT(N)I(N — 5)

+sv[T'(0) + 2(N — k — s)v]}
Now AT =0, so

[7(k)T(0)L(N)]? - <W + ZH) = —s7(k)*{[0(0) = 1] T(N)(N — s)
+sy[I'(0)+2(N —k —s)y]} <0

Step 3: generalisation

For the moment we have proved the proposition in two different situations: first, when
the Article XXIV constraint is not binding (neither for the initial customs unions nor for the
after-merger CU); second when the Article XXIV constraint is binding in both cases. We
now have to show that the result still holds when the Article XXIV constraint is binding
for (at least one of) the initial CUs but not for after-merger CU. (It is easy to deduce
from Figures 3a and b that the converse cannot occur). This step is an easy comparative
statics exercise. Consider the tariffs of the CUs not involved in the merger as given (could
be constrained or unconstrained). The subscript u denotes an unconstrained CU and the
subscript ArtX X1V denotes a constrained CU. By Yi’s proof, we have (k + s)W,(k + s) >
kW, (k) + sW,(s). Now given the tariffs of the CUs not involved in this merger, the CUs
of size-k and size-s involved in this merger are better off when unconstrained compared to
the constrained situation kW, (k) + sWy(s) > kWarxxrv (k) + sWarxxrv(s). So, we have
(k+ s)Wy(k +5) > kWanxxrv(k) + sWanxxrv(s). O
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C Proofs from Subsection 3.2

Note that the proofs presented here follow very closely the proofs of equivalent results by
Yi (1996). In particular, the proof of Proposition 6 reproduces that of Yi’s identically and
is included here for completeness. The proofs of Propositions 7 and 8 are identical to the
equivalent results of Yi except that ours replace the general tariff, 7(k), with our tariff on

which the Article XXIV constraint may be binding myro(n;).

Proof of Proposition 6. Suppose that two unions of size-k and size-r merge. An outside
country’s export profits to the members of the merging unions fall from kqo(k)? + r7qo(r)?
to (k +r)go(k +r)? (Proposition 2). The merger does not affect the optimal tariffs of other
unions. Hence, the consumers in the countries not involved in the merger consume less of

the numeraire good and the same amount of goods 1, 2, ..., N. [J

Proof of Proposition 7. Suppose that country 1 belongs to the size-n; CU and 2 to the
size-n; CU, where n; > n;. 1 and 2 have the same export profits to N — n; — n; countries
(the countries which do not belong to these two CUs). By symmetry, country 1’s export
profits to another member country are the same as that member’s export profits to country
1. Denote by NS(n;) the welfare of a member of the size-n; CU net of export profits to non-
member countries and non-member countries’ profits in the home market. Then the claim
holds if NS(n;) +mn;qo(n;)* > NS(n;)+nigo(n;)?. By Proposition 2, go(n;)* < qo(n;)?. By
Proposition 5, if n; countries abolish tariffs on n; —n; countries and change tariffs on N —n;
countries from Twro(n;) to Twro(n;), the aggregate welfare of the n; countries involved

improves. Thus, NS(n;) > NS(n;) + (n; — n;)qo(n;)* O

Proof of Proposition 9. Suppose a member of the size-n; CU, say country 1, in the CU
structure C' joins the size-n; CU. Country 1’s welfare will be the same if, instead of country 1
joining the size-n; CU, n; —n;+1 members of the size-n; CU leave their CU to join the size-n;
CU. Decompose the transition into three steps. First, the existing members of the size-n;
CU abolish tariffs on n; — n; + 1 new members and change tariffs on N — n; — 1 countries
from wro(n;) to Twro(n; +1). Second, n; — n; + 1 new members abolish tariffs on the n;
countries, charge mywro(n; + 1) on n; — 1 and change tariffs on N — n; — 1 countries from
Twro(n;) to Twro(n; +1). By Proposition 5, in each of n; + 1 countries involved, aggregate
welfare improves. Third, the remaining n; — 1 members of the formerly size-n, CU change

tariffs on the n; countries from 7y ro(n;) to Twro(n; — 1) and levy mwro(n; — 1) on the
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n; —nj + 1 countries (which leave their CU). The third step benefits the existing members
of the size-n; CU by Proposition 3. The first two steps also benefit the existing members of
size-n; CU by Proposition 7. [J

D Proofs from Section 4

Proof of Proposition 10. The last union to form must be the smallest since, by Proposition
7, the smallest CU entails the lowest level of welfare for its members. Note that a symmetric
customs union structure is not an equilibrium outcome. This is a simple consequence of
Proposition 8: if the last two customs union to form are of the same size, then they would

be better off by merging.[]

Proof of Lemma 5. The welfare of Country ¢ is by definition

N
W' = OS'+ 7+ TR+ o
j=1
J#i
We can use Lemma 4 to rewrite the first three terms of the right hand-side of this equation

as

N
i ii i VA2 I—x 2 i i
CS' + 7+ TR = EQZ-JFT;qijM +TR

and we can also note that

N N N

ij Y I—xv ij

u(qi)_CQi_Eﬂj = aQi_§Q’2_T§ qu—ch—ij
=1 j=1

J= 7=1
J#i i
gl - ¢ -
= aQ; — EQ? - TZQ% — Qi — Z(Pz’j —c—tij)qi; + 7"
7j=1 7j=1
gl 1 -y .
_ otz _ -7 2 _ _(1— o 1a.. i i
= aQ; 2@;’ 5 jzl%j Zl[a (1 =7)gi — Qi qij + 7" + TR
= J:

N
Ve, 1= 2 i i
— §Qi+T;qzj+w +TR
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So

N N
W' = u(q) —cQ; — Zﬂ'ij + Zﬂ'ji
j=1 j=1
i i
and the result follows. O

Proof of Proposition 12.

Definition 7. k;, is the largest integer which satisfies W (k + k;; C') > W (k; C"), for all CU
structures C' and C', C"' = C —{k + k;} U{k,k;}, and all k, 1 <k < k; 11,0 =0,1,....

ko is the largest integer such that any size-k customs union, k < ky — 1, becomes better off
by merging with a single-country customs union. The second-to-last CU to form has at least
ko members, because if it were possible to increase the welfare of the second-to-last CU by
accepting an additional member, they could lure away a member of the last CU to form.

kq is the largest integer such that any size-k customs union, k& < k; — 1, becomes better
off by merging with a kg-size CU. The third-to-last CU to form has at least k; members by
the same argument as above.

Finally, k5 is the largest integer such that any size-k customs union, k£ < ks — 1, becomes
better off by merging with a k;-size customs union. And the fourth-to-last CU has at least
ko members.

For 0 <~ <1and3 < N < 1,000, we calculate kg, k1 and ko (letting v vary by 0.001
and N by 1). For all these values we obtain ko + k1 + ko > N. (For vy =1 and N = 1,000,
ko + k1 + ko < N, but ks + k3 > N which yields the same result.) So, by continuity, we can
conclude that there will be at most three CUs in equilibrium for N < 1,000. [

E Proofs from Section 5

Proof of Lemma 6. W(N;{N}) > W(N —1;{N —1,1}) is a necessary condition for global
free trade to be the subgame perfect equilibrium outcome. In this quasilinear-quadratic
setting, it is also a sufficient condition, since it implies kg = N and as a result, W (N;{N}) >

W (k;C) for all k and all CU structures C. [J
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Proof of Proposition 13. For v = 0, we know that the Article XXIV constraint is binding

for any size CU and we have for any N, f(0) = =5 > 0. On the other hand, as k**(y = 1) =

2N—1
6
the Article XXIV constraint and we have, f(1) = —41;(41i‘%2(’72%)22’(5362%;;17 which is negative

for any N > 4. So for N > 4, by the intermediate values theorem, there exists a critical

value of v, such that f(ypr) =0. O

, we know that for N > 2, at v =1, a CU with N — 1 members is never constrained by

Proof of Proposition 14. The goal here is to compare ypr such that f(yrr) = 0 with
and without the Article XXIV constraint. Calculating v4% - and vf7 for all N, N =

5,...,1,000 shows that v4% ;v > 757 in each case. O

Proof of Proposition 15. Proposition 12 showed that for N < 1000 there will be at most
three CUs in equilibrium. Assuming that there will be at most 3 CUs, we now simulate the
bloc formation game and determine the exact size of each bloc. The simulation algorithm is
as follows: Let us call the three blocs A, B and C in order of formation, i.e. we know that
A will be the largest bloc and C the smallest one. For any k between 0 and 2N/3 find j

between 0 and k/2 which maximises the welfare of bloc B where the sizes of the blocs are

A B |C
N—Fk|k—j|

and where B is of same or smaller size than A and C is of same or smaller size than B
(k—j < N—kand j < k—j). Then find k£ (with j given in the previous step) which
maximises the welfare of bloc A.

We run these simulations for 0 < v < 1 (varying v by 0.001) and for N = 4,...,1000
and we show that the equilibrium structure for all these parameters consists of at maximum
two blocs both with and without the Article XXIV constraint. Under the Article XXIV
constraint, the bigger bloc may be smaller and the smaller bloc may be bigger. Thus, under

the Article XXIV constraint, the equilibrium structure may be less asymmetrical. [

Proof of Proposition 16. For each of the parameter values 0 < v < 1 (varying ~ by
0.001) and N = 4,...,1000, we can calculate the per-member welfare of each bloc (using
(13)) and total world welfare for the world in equilibrium with and without the Article XXIV
constraint. These calculations show that world welfare may be lower under the Article XXIV

constraint. [
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