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formation
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Abstract

We would like to analyze a free trade agreement (FTA) network formation or collapse processes and the
stable network.

For the purpose, we consider a 3-stage game. Each country has a government, a firm, and a market. At first,
every government decides to make FTA each other. Second, every government decides the tariff rate each other
(The rate is zero if the governments made FTA.). Third, each firm faces Cournot oligopoly on every market
and decides the amount of the export and domestic products.

For simplicity, we investigate the case n = 3. As a result, one FTA and three FTA (the complete network)

are the stable networks.
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1 Introduction

We consider an FTA formation model which is described as a 3-stage game. Each country has a
government, a firm, and a market. At first, every government decides to make FTA each other. Second,
every government decides the tariff rate each other. If the firms are connected by an FTA, they can
make free trade. Otherwise, they are induced the strategic tariff Third, given the governments’ trade
policies, each firm faces Cournot oligopoly in every market and decides the amount of the export and
domestic products.

We assume that each firm maximizes the profit and that each government maximizes the total

amount of the firm’s profit, consumers’ surplus, and the tariff revenue of the country. We can clarify
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the formation (or collapse) process of the FTA network by using backward induction and the definition
of stable network by Jackson and Wolinsky (1996) .

In the literature, the formation of a network is studied by Jackson and Wolinsky (1996), Dutta and
Mutuswami (1997), Watts (2001), Jackson and Watts (2002) and so on. They analyze the endogenous
network formation, the stable network, and the reasonable allocation in general settings. Goyal and
Joshi (2003) apply the model to oligopoly cases. Kawamata and Tamada (2004) and Hirase (2012)
especially pay attention to Cournot competition. Bilateral FTA is introduced by Goyal and Joshi
(2006). FTA network formation in the differentiated industrial commodities case is studied by Furusawa
and Konishi (2007). In our model, we focus the formation or collapse process of the FTA network of
the homogenous good using partial equilibrium analysis. We discuss also the incentives of the outsider
of the FTA.

The rest of the paper is composed as follows. The general terms and notations are defined in Section

2. The example of the three country case is shown in Section 3. Section 4 is the concluding remarks.

2 The Model
2.1 Market

Let N = {1,2,...,n} be a set of countries. Each country has one government, one firm and one
market. Each firm produces a homogeneous good for the domestic market and the exports. In each

market 7, the firms faces a linear inverse demand function as follows:

pi=a—Qj, a>>0, (1)

where p; is the price and @Q; is the amount of the demand. And they play a Cournot competition.

The marginal cost of each firm 7 is given by c¢. For convenience, we also assume a > ¢ > 0 and
denote the amount of firm #’s product for market j as g;;-

Before the competition, each government of the country decides to make FTA or not, and then
induces the strategic tariff on the firm which is not linked to that country. We denote the tariff rate of
government 7 to firm j as t;;, which implies that ¢;; = 0 if the country k and j makes FTA. We assume
tii = 0 for any country ¢ € N. Thus, we can consider a 3-stage game. At st stage, FTA network
forms. At 2nd stage, each government given a network decides the tariff levels. At 3rd stage, each firm
decides the amount of the products.

Given the tariff levels and the amounts of the products firm ¢’s profit from market j. 7;; is as
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follows.
i = Pidis — Cij — tsidii = (@ — Qi —c—ts)ai; = (a— D asg—c—tu)a; (Vi jEN). (2)
keN

The profit of firm ¢, 7; is defined as m; = ) mij. The consumers surplus at market 7 is defined

JEN
as usual:
1
as; = EQi (Vi € N). (3)
Government 4’s tariff revenue is
T o= Z tijqji (V’L € N) (4)
JjEN

where t; = 0 if country k& and j make FTA and ¢;; = 0. The welfare of country ¢ is defined as follows:

W; =CS; +mi+T; (Vi € N). (5)

By backward induction, each government decides the tariff level to maximize the country’s welfare.
For convenience, we assume that government i induces no tariff to FTA countries and a constant tariff
level t; to the other countries. That is, t;; = tix = t; if country 7 have not made FTA with country j

and country k, and t; = 0 if country 7 and country [ have made FTA.

2.2 FTA Network

The terms on network are same as Hirase (2012). A network g on N is a set of pairs of the members
of N, g C {{3,,4}i.j € N,i # j}. An element of g is called a link. {4,;} is the link between 4 and j
which means a FTA between 7 and j.

We focus on the case three countries in the next section. The network patterns of the case is

summarized Figure 1.

2.3 Stability

In the game, each pair of the countries decides to form or sever a link and coalition structure
is formed at first stage. And then, the firms play the Cournot competition as second stage. In this
subsection, we define the stability of the network.

For convenience, let 7;(g) be the profit of firm ¢ for a given network g. The firms have the oppor-
tunity to form new links or sever existing links for a network g. According to Jackson and Wolinsky

(1996), we define the pairwise stable network as follows:
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No FTA One FTA
1 1
O
O © ®
2 3 2 3
(I11) (1)
Two FTAs Complete FTA Network
1 1
2 3 2 3

Figure 1: networks (n = 3)

Definition 1. A network g is pairwise stable if two conditions below are satisfied.
L v{i,j} € g,mi(g) > mi(g \ {4, 5}) and m;(g) > m;(g \ {3, 5}).

2. V{i,j} ¢ g, if mi(g) < mi(g U {i,5}), then m;(g) > m;(g U {7, j}).
2.4 Equilibrium
From a given network g, we can derive the best response function of firm 4 by first order condition

a4—€= . Gk — tji
4 = Zk;“q"’ = (VijkeN). (6)

At an equilibrium, each equation above is satisfied. Hence, from the assumption, the production amount

at an equilibrium is as follows (* means the equilibrium).

« _a—cH+ (n+ 1)t

. " a—c—2t;
Qi = T (VleN) and qi; = e

e N CE7F) SN )
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The tariff levels at the equilibrium satisfy all equations (first order conditions) bellow.

o, O e % and 5o

=0 (VieN). (8)

We investigate the solutions of the three country case and interpret it in the next section.

3 Example

Suppose that n=3. Without loss of generality, we can obtain four FTA situations shown in Figure

1(I, 11, III, and IV). The solutions of the four situations are described in the four subsections below.

3.1 No FTA (I)
3.1.1 3rd stage

c+ 2t; a—c— 2t;

Qii = Cb—f (Vl S N) and Gij = 1 (Vz 75 J)
3.1.2 3.1.2. 2nd stage
ags; = 1(M)2 (\7/7, € N),
2 4
mo= (X (view),
o (a—c)? 4t2_a—c—|—2ti' i g2
Tij = 5 7 ti (Vi # 7), and
T, = ta——(;—_zt— (Vi€ N).
Hence,
_3(a—0 ) _2(a=¢) . _(a=0 L,
t; = 10 (Vi € N), Gi=——5— (Vie N), and ¢;= 0 (Vi # j).
3.1.3 Welfare

g4 — He—of (Vi € N)
o 50 ’
o _ Aa-op? ,

T = 25 (V’L € N),
o (a= c)? L

iy = 100 (V'L # ]), and

3(a—c)?
T = —.
50
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Hence,

21(a — c)?
W — % =042(a—c)® (Vi€ N).
3.2 One FTA (II)
3.2.1 3rd stage
a=cFl
Q11 = @2 =Qq12 =(Q21 = == ¥
_ _a—c—23
qi3 = (@23 = —4 P
_ _a—c—3h
g1 = (Q32= —a
a—c+ 2t
g33 — _ and
2
1 = 1o
3.2.2 2nd stage
tl = dg= (a ; C) )
t = (a g c)’
2(a—c)
11 = Q12 =Q21 = Qa2 = 7
_ (a—¢)
q13 = 12 E]
gs1 = (32 = @, and
_ (5a—c¢)
g3z = 12
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3.2.3 Welfare

g5 = 5= Mggcz
2
S 49(;88 2
11 = 22 = 4(0‘4_9 6)27
13 = 28 = (a;l:)zv
31 — w32 = (a 296)27
N2
| = = 25(6;44 =S
Iy = B= C ;96)2, and
n - (=9
18

Hence,
3145(a — c)? 2 6211(a — c)* ”
1 2 056 0.446(a — c) and Ws Wi = 0.440(a — c¢)”. (10)
3.3 Two FTAs (III)
3.3.1 3rd stage
a—c+t
gi1 = (@33 = (@21 = (@23 = 7 >
_ _a=e
giz = @z = 5’
. == 3t1
q13 = (¢g31= 1 )
_ 3(a—c¢)
q22 = 0 d
tr = i3
3.3.2 2nd stage
t1 = t3= & ; 6)7
S —
Q11 = Q33 = (@21 = (@23 = (a7 c)7 and
_ _e=—6=
q13 = Q31 = 7 .
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3.3.3 Welfare

CS, = CSs— 25(a9g 0)27
_ i3
CS, = ZQ(ZTC),
Tl = 733 = 4(a4—9 0)2»
M2 = W32 = 3(a5:) C)Q,
w3 = W31 = Q(GT_QC)Z,
w21 = TM23= %:
Y
e
Tn = Tz= (& 4—96)2, and
> = 0.

Hence,
. _ B12(a—¢)® 2 _6211(a—¢)® _ 2
W1 = W3 = W et 0418((1 = C) 4 and W2 = W = 0498(a = C) C
3.4 Complete FTA network (IV)
3.4.1 3rd stage
a—c g3
Qij = 1 (V’L, I (= N)
3.4.2 2nd stage
BEach tariff level is zero because of the Complete FTA network.
3.4.3 Welfare
CS: = M (Vi € N)
L 32 '
o (a=9¢? ;
T = 16 (Vi € N),
_ (a=0)? Y
Mgz = 16 (VZ 7é _]), and
T = 0
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Hence,

W; = 15(“3—;0)2 ~0.469(a —c)®> (Vi€ N). (12)

Concluding Remarks

The result of the example in Section 3 is summarized in Figure. 2.

@ an
No FTA One FTA
1 All countries are 1
042 g better off. 0.446

T

1 0469

2 A

is better off.

2 3 2 3
0.498 0.418 0.469 0.469

Figure 2: network formation

e From the definition, both one FTA (I) and the complete FTA network (IV) are stable networks.

e (I)-(II): If no FTA exists, any single FTA is supported by all countries (including the outsider).
This means that the FTA between country 1 and 2 is supported by not only themselves but also

country 3 which is outside of the free trade.

e (II)-(III): The country which has made one FTA has an incentive to make the FTA with country
which has made no FTA. On the other hand, the country which has made no FTA does not have
incentive to make FTA with the country which has made one FTA. From the definition of the

stability, FTA between 1 and 3 is not made.
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e (III)-(IV): At (III), both country 1 and country 3 have incentive to make FTA. However, country
2 would like to remain the hub (center) position of the trades. It has an incentive to interfere
the FTA formation between country 1 and 3. This outsider’s motivation has implications foxr the

multi-country FTA formations or negotiations.

e Any country would like to be the hub or center position of the trade (have many structural holes).

However, the star or line network (two FTAs (III)) can not be stable.

e Future problem: It is to generalize the investigation and the model. We can investigate n country
case. We can weaken one homogenous (good and country) settings and the assumptions on the

demand function. And we would like to use the general equilibrium analysis.
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