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SUMMARY

In this dissertation, I study the role played by the slope of the endogenous supply
curve which represents the heterogeneity of producing powers in affecting the
formation of trading regimes. My major contributions lie at the investigation of the
connection between the productivity asymmetry (i.e. productivity difference
between countries) and the welfare response to tariffs under different trading

regimes.

[ firstly corroborate the significance of a larger productivity asymmetry to abridge
the appeal of global FTA. Under all trading environments that I study in this paper,

the global FTA will fail to form when the productivity asymmetry level is too large.

Secondly I study how productivity asymmetry affects the role played by bilat-
eralism in affecting the formation of global free trade. I find that: in the case of
asymmetric productivity, the consent of bilateralism can either help or hinder the
formation of global free trade. I study two special trading environments: (i) there are
one highly-productive country and two low-productive countries and (ii) there are two
highly-productive countries and one low-productive country. I find that in the case
of two highly-productive countries and one low-productive country, the consent of
bilateralism can help the formation of global free trade; but in the case of one highly-
productive country and two low-productive countries, the consent of bilateralism can

prevent the formation of global free trade.



Lastly, I study how productivity asymmetry affects the role played by a popular
preferential trade agreement (PTA) which is customs unions in affecting the formation
of global free trade. My main findings show that the consent of CUs can nudge the
formation of global free trade no matter if there is only one highly-productive country,
or there are two highly-productive countries. T also study the case when both CUs and
bilateral FTA are approved meantime under the condition of asymmetric productivity.
I find that the global free trade will be less likely to form because bilateral FTA will

be always preferred to CUs.

ix
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ABSTRACT

In the first essay, I study the role played by cross-country productivity heterogeneity
in affecting the formation of global free trade. My model extends the three-country
endowment model of Bagwell and Staiger (1999) by introducing production and
productivity heterogeneity across countries. There are two main findings: (i) global
free trade is the only equilibrium in the case of symmetric productivity; (ii) the
bilateral free trade between two similarly-productive countries can be in equilibrium
in the case of asymmetric productivity. I study two special trading cases of
productivity asymmetry: (i) one highly-productive country and two low-productive
countries and (ii) two highly-productive countries and one low-productive country. I
find that in both cases when the degree of productivity asymmetry is too large, in
equilibrium, only the two similarly-productive countries will form a bilateral free

trade agreement.

In the second essay, I study the role played by bilateralism (i.e. discriminatory
tariff policy) under a condition of asymmetric productivity across countries in
affecting the formation of global free trade. I show that global free trade is the only
equilibrium in the case of symmetric productivity no matter if bilateralism is
prohibited, or not. However, in the case of asymmetric productivity, the consent of
bilateralism will either help or hinder the formation of global free trade. I study two

special cases: (i) one highly-productive country and two low-productive countries



and (ii) two highly-productive countries and one low-productive country. I find that
in the case of two highly-productive countries and one low-productive country, the
consent of bilateralism can help the formation of global free trade; but in the case of
one highly-productive country and two low-productive countries, the consent of

bilateralism can prevent the formation of global free trade.

In the third essay, I study the role played by custom unions under a condition
of asymmetric productivity across countries in affecting the formation of global free
trade. I find that the consent of custom unions can always help achieve the global free
trade. I also study the case of that custom unions and bilateral free trade agreement
are both available. Bilateral free trade are always preferred to custom unions. The
role of productivity asymmetry in the case of custom unions is same with that in the
case of bilateral free trade: as the productivity asymmetry level is too large, only
the custom union formed between two similarly-productive countries is the stable

equilibrium.



Chapter 1

Cross-Country Productivity Asymmetry and the

Quest to Free Trade

1.1 Introduction

The World Trade Organization (WTO) which has always been advocating free trade
has investigated what factors are crucial for influencing the world trade system to-
ward the global free trade. A number of studies have investigated the roles played
by endowment asymmetry across countries in determining incentives for trade liber-
alization (Krugman, 1991; Grossman and Helpman, 1995; Bagwell and Staiger, 1999;
Kose and Riezman, 2000; Kowalczyk and Riezman, 2009; Saggi and Yildiz, 2010;
Saggi, Woodland, and Yildiz, 2013; Saggi, Wong, and Yildiz, 2019; Cole, Zissimos
and Lake, 2021). However, existing literature has tended to pay little attention to
study the role played by productivity heterogeneity.

In this paper, we propose that productivity heterogeneity across countries can
affect the formation of global free trade. We start with a two-country model to better
understand the underlying intuitions and then extend to a three-country model to
study how the productivity asymmetry affects the formation of global free trade under

different trading environments.



In the two-country model, there are two countries and two goods. Each country
consumes both two goods, but can supply only one good. Therefore, each country is a
natural exporter of one good and a natural importer of the other good. Each country
may impose positive tariffs on its imports from its trading partner. Alternatively, the
two countries can form a free trade agreement (FTA) which completely eliminates
tariff barriers for each other. Each country has a country-specific productivity. We
define the productivity asymmetry as the difference between two countries’ produc-
tivity. We find that FTA can arise as the stable equilibrium when the productivity
asymmetry level is sufficiently small. However, when the productivity asymmetry
level is too large, the highly-productive country prefers no agreement to FTA. The
intuition is that: when a country has a higher productivity level, both its benefits
and the costs from a lower tariff will decrease but the benefits decrease faster than
the costs. Therefore, when productivity asymmetry degree reaches above a threshold,
the highly-productive country will opt out from FTA to raise the tariff level.

We extend the model to a three-country model, in which there are three countries
and three goods. Each country consumes all three goods, but can supply only two
goods. Therefore, each country is a natural exporter of two goods and a natural
importer of the other good. We then consider four trade regimes: (i) bilateral free
trade agreement (i.e. two countries sign a bilateral FTA and impose a discriminatory
tariff on the other non-member country); (ii) global free trade agreement (i.e. all three
countries sign FTA with each other); (iii) hub-spoke agreement (i.e. one country,
serving as a hub, signs bilateral FTAs with the other two countries which, serving
as two spokes, do not sign FTA with each other); (iv) status quo (i.e. no country
communicates with others). Our equilibrium analysis follows from the concept of
coalition proof Nash equilibrium.

In the three-country model, we show that in the case of symmetric productivity



levels, global free trade is the only equilibrium. We then investigate how asymmetric
productivity can affect the change of equilibrium. We consider two special cases
for productivity asymmetry: (i) two identically highly-productive countries and one
unique low-productive country and (ii) one unique highly-productive country and two
identically low-productive countries. We find that when the degree of productivity
asymmetry is too large, in equilibrium only the two similarly productive countries will
form a bilateral free trade agreement. When the degree of productivity asymmetry
is sufficiently small, global free trade will form as the only equilibrium.

The intuitions in the three-country model follow the same mechanism in the two-
country model. As in the case of two highly-productive countries and one unique
low-productive country, a larger productivity asymmetry level will increase both
the benefits and costs from being a non-member of global FTA by the unique low-
productive country. A larger productivity asymmetry degree grows the benefits of
the unique low-productive country from being a non-member faster than the costs of
the unique low-productive country from being a non-member. Therefore the unique
low-productive country will opt out from FTA when the productivity asymmetry level
is too large.

As in the case of one unique highly-productive country and two low-productive
countries, a larger productivity asymmetry level will decrease both the benefits and
costs from being a non-member of FTA by the unique highly-productive country.
A larger productivity asymmetry degree reduces the costs faster than the benefits.
Therefore the unique highly-productive country will opt out from FTA when the
productivity asymmetry level is too large.

The chapter proceeds as follows. Section 1.2 presents the literature review. Section
1.3 presents the two-country model. Section 1.4 extends to a three-country model

and presents the generalized results of comparative static. Section 1.5 presents the



equilibrium analysis under the three-country model. Section 1.6 concludes.

1.2 Literature Review

Our study adds contributions to a strand of literature following Bagwell and Staiger
(1999), which studies the role of reciprocal trade liberalization in helping improve
welfare gains. Recent papers address the topic mainly about lateralism and regime
designs. Thompson and Verdier (2014), based on the fact that bilateralism gives
more tailored FTAs but can raise the transaction costs, offer illustrations for some
well-designed trading regimes. Altemoller (2018) answers the questions: what are the
structural incentives that bilateral strategies open up, and concludes with a look at
what the future holds for the changing shape and reorganization of trade policies.
Krotz and Schild (2018) ponder the consequences of Brexit on the “embedded bilater-
alism” between France and Germany. Saggi, Wong and Yildiz (2019) study the effects
of the eradication of internal tariffs, and find results that argue against the findings in
Saggi and Yildiz (2010): removing the internal tariffs may nudge the outside country
to deviate from global free trade. Matala (2020), poring over the history of the clear-
ing trade and payment system between Finland and the Soviet Union, examines the
reasons and consequences of negotiating bilateralism. Suwanprasert (2020) suggests
that the MFN principle may prevent bilateral trade agreements in the future when
tariffs are already low. Shang and Shen (2021) study how the bilateral interaction
after trade war between China and USA affects China’s legal changes, and conclude
that stricter rules on US intellectual property rights may serve as a bridge for US-
China trade talks in the future. Emanuel and Tovar (2022) indicates that countries
should set systematically lower preferential margins when the bloc takes the form of
a free trade area, relative to a customs union. In contrast to these works, our study

will add values in better mimicking the real-world trading system, in which different



suppliers have different producing powers.

Our study is also in line with several papers that are inspired by Bagwell and
Staiger (1997)’s contribution to tariff complementarity effect. Saggi and Yildiz (2010)
theoretically confirm the tariff complementarity effect in their endowment model.
Maggi (2014) provides a solid intuition that signing a PTA induces member countries
to import less from non-member countries, therefore member countries are inclined
to loose their trade compression among non-member countries. Mai and Stoyanov
(2015) studies the consequences of CUSFTA and find that this FTA indeed reduces the
external tariffs of Canada. Crivelli (2016) empirically confirms the complementarity
effect and adds a new finding that the initial tariff levels affect the magnitude of this
complementarity effect.

There is a branch of literature that uses the political economy to explain why
countries sign free trade agreements. The idea comes from the protection-for-sale
motivation in Grossman and Helpman (1994) that domestic producers may form
lobby groups to negotiate with the government for trade protection. Maggi and
Rodriguez-Clare (1998) show that a country may commit to free trade to avoid future
negotiations. Subsequent works include Suwanprasert (2017), Suwanprasert (2018),
Suwanprasert (2020), Potipiti and Suwanprasert (2022). Empirical works such as
Goldberg and Maggi (1999), Gawande and Bandyopadhyay (2000), Eicher and Osang
(2002), Mitra, Thomakos, and Ulubasoglu (2002), McCalman (2004), Facchini, Van
Biesebroeck, and Willmann (2006), Jonelis and Suwanprasert (2022) provide evidence
supporting the protection for sale theory. My dissertation is different from this line

of work in that the governments in my model maximize social welfare.

This paper is mostly related to two papers: Saggi and Yildiz (2010) and Saggi,
Woodland, and Yildiz (2013). To isolate the effect of bilateralism, Saggi and Yildiz
(2010) allow asymmetric endowment levels, and thus their main contribution affirms
the necessity of bilateralism that can nudge small countries (i.e. countries with lower

endowments) to sign FTA with large countries. Under our model that adds the



heterogeneity in supply curve and allows asymmetry in productivity, our findings
generalize Saggi and Yildiz (2010)’s result. We mainly differ with them on the track
that we allow endogenous supply curves, and also we execute the equilibrium analysis
under different trading patterns. Saggi, Woodland, and Yildiz (2013) also studies the
effects from asymmetric endowment, but they study the effects on another type of
preferential trade agreement (custom union). We differ with them on the same track

that we allow endogenous supply curves.

1.3 Model

In this section, we focus on a two-country model to highlight the role played by
the asymmetry degree in productivity. We will describe the three-country extension

in the next section.

1.3.1 Two-Country Model Set-up

There are two differentiated goods, which are denoted as A and B. There are two
countries, which are denoted as a and b. Each country consumes both two differ-
entiated goods, but produces only one differentiated good. Therefore, each country
imports one differentiated good that it is not able to produce domestically. We de-
note this good as the upper case letter of the corresponding country. For example,
country a neither produces good A nor has any endowments of good A. Country a
thus imports good A from country b and exports good B to country b.

The utility function follows a conventional quadratic and additively separable

form. Country 4’s preference is thus:

dia)? dip)’
Ui(dia, dip, w;) = (dm _ () ) + <di3 _ (din) ) + w; for i € {a, b},

2 2

where d;4 is country i’s demand (i.e. consumption) of good A and d;p is country i’s
demand of good B.

w; is the numeraire good endowed in country i. In order to balance trade, in



addition to exporting the differentiated good, country i exports the numeraire good
to its trading partner. Each country has large enough endowments of the numeraire
good to ensure trade balance.

The demand functions are: d;4 = 1 — p;4' in which p;4 is the price of good A at
country ¢; d;g = 1 — p;p in which p;p is the price of good B at country i. Then we

have the consumer surplus of country ¢ as:

1— ; 2 1— ; 2
C’Si:( 229,4) +( 2]93) for i € {a,b}.
The production function is:
(@) _ €idis
costyy = —2— i
Bi

where ¢;; = e; + Bipiy for J € {A, B} and J # [ is the supply of good J by country
i (note that g;; = 0), e; is country i’s endowments of good J (note that country i’s
endowment of good I is also zero), and ; is country i’s productivity, which we will
allow to be asymmetric later.

Country i’s producer surplus is based on country i’s supply of good J (again, note

that country ¢ does not supply good I). We denote country i’s producer surplus as

PSl

(e)? _
2O por i {a,b},J € {A. B}, 1 € {A,B},and J #I.

PS; = pisqis — 3

We denote country ¢’s tariff revenues as T'R;. The tariff revenues are from imposing
tariffs on its trading partner, which is country j. We denote ¢;; as the tariff imposed

by country i on its partner country j for j € {a,b} and i # j. Since we only have

!'We scale the market size. Therefore, this paper is more general than it seems.



two countries, we can simply denote ¢;; = ¢; and ¢;; = tj.2

We next denote x;; as the exports of good I by country j for j # i. Therefore,

the tariff revenue TR; is:
TR; = tjjz;r for i € {a,b},7 € {a,b},1 # j.
The welfare of country 7 is:
W; =CS; + PS; + TR, for i € {a,b}.

The market clearing condition comes from that the consumption of good I by
country 7 is equal to the export of good I by country j because each country consumes

both two differentiated goods but only supplies one of the two goods:
di] = X1 = q5I _de for i € {a’ab}uj S {aab}7i 7&]7] S {A7B}7[7é J.

Since arbitrage does not exist in such trading markets, we have the baseline price

equation as:

Pir = Dj1 + tij,

where p;; is the price of good I at country ¢, ¢;; is the tariff imposed by country 7 on
its imports of good I that is exported by country j. Then we can derive the following

equations that represent the price levels:

2=+ (Bt Dty
Dir = (B]+2)

2 — €j — ti]’
(B; +2)

?However, in the three-country setting, we cannot simply denote ¢;; = ¢;.

bir =




Based on these prices, we will then solve for the optimal MEN tariffs under each

trading regime and find out what trading regimes will be stable.

1.3.2 Equilibrium for the two-country model

There are two regimes in this two-country framework. First, if one country (or both
two countries) announces no trade agreements, then a status quo, denoted as {®},
forms. Second, if two countries both agree to sign a free trade agreement, a global
FTA forms and this equilibrium is denoted by {F'}. To derive the Nash equilibrium,
each country plays its strategy simultaneously. They judge a trade regime based
on the welfare maximizing rule, and announce that which trade regime they will
participate.

We can obtain the optimal tariffs under each regime. We denote t;-{F} as the tariff
imposed by country i on its trading partner under the regime {F'}, and tz{q)} as the

tariff imposed by country 7 on its trading partner under the regime {®}.

Definition 1. In the global free trade regime, denoted by {F'}, the tariffs are such

that
=" = 0.

In the status quo regime, denoted by {®}, the tariffs are such that

t;[q)} = Argmax {Wi{q)}} = Argmax {CSi{q)} + PSi{q)} + TRZ{{)}} .

t; t;

The optimal tariff under the status quo regime is thus:

A® _ Bi+e

' (3+5;) (1+8;)

We denote W, as the welfare of country i under the regime {r}, and AW, 1} =
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Wi — W as the welfare difference between regime {r} and {s}. If W~} = o,
we conclude that country 7 is indifferent between {r} and {s}; if AW, "¥} > 0, we
conclude that country i prefers {r} to {s}. We denote 37"} as the value of 3 that
makes country i be indifferent between {r} and {s}.

In our two-country model, if and only if country a and country b simultaneously
prefer {F'}, then {F'} will be the only stable equilibrium. Otherwise, {®} is the only
stable equilibrium.

Proposition 1 concludes our first result based on the condition of symmetry in the

two-country model:
Proposition 1. If 5, = B, and e, = e, {F'} is the only stable equilibrium.

Proposition 1 is in line with the conventional intuition: under the condition of
symmetry (i.e. 8, = (B, and e, = ¢;) the world welfare gains will be spread equally
into each country. As countries are announcing their strategies simultaneously, no
one has an incentive to deviate for the FTA that brings considerably more consumer
and producer surplus than opting out. As a result, the final regime will be global
FTA that will reach a Pareto optimal outcome.

Proposition 1 motivates a question: is global FTA still uniquely stable under a
condition of asymmetry? We then will solve for the equilibrium regimes under the
condition of asymmetry from the perspective of productivity. It is noteworthy that
we want to isolate the effects solely from the productivity heterogeneity. Therefore,
henceforth we will assume that countries have identical endowment by assuming e; = 1
for all .3

Proposition 2 concludes our second result based on the condition of productivity

asymmetry in the two-country model:

3Productivity can be correlated with endowments. Therefore, we assume that endowments are
identically equal to one.
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Proposition 2. If 5, > 0 and £, = 0, there exists a threshold ﬂéF}f{(b} > 0 such that
country a prefers regime {F'} to regime {®} if and only if B, < /BiF}_{q)}. Country
b prefers {F'} for any B,. Therefore, global FTA is the only stable equilibrium if and

only if B, < @;{F}*{@}. Otherwise {®} is the only stable equilibrium.*
Proof. See Appendix m

Figure 1.1 illustrates Proposition 2.

F}—{®
ﬁ({g}{}

| | |
o ! |

Global FTA Status Quo

Figure 1.1: Proposition 2 (two-country model)

We suppose that one country has a positive productivity, and the other one has
no productivity but only the endowment for exporting: 5, > 0 and 5, = 0. Coun-
try a is thus a highly-productive country, whereas country b0 is a low-productive
country (i.e. the country with only endowment as its supply). We then prove that
Wb{F}_{@} > 0 for any f,, and Y S 0 i and only if 3, is sufficiently small.
(i.e. Ba < BéF}f{q)}, where ﬁiF}f{é} represents the cut-off point that makes country
a be indifferent between {F} and {®}. B o 1.41).

In proposition 2, we show that the low-productive country prefers FTA no matter
how large the asymmetry degree is, whereas the highly-productive country prefers
FTA if and only if the asymmetry degree in productivity is sufficiently small. When
the asymmetry degree is too large, the highly-productive country will opt out from
FTA, then the regime {F'} will fail to form.

To generalize the result in proposition 2, we use simulations to show results under

the condition of 8, > f, > 0. The simulation results are: (i) if 5, <~ 1.41, the

4When 3 goes to be infinite, the supply curve will be flat.
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inequality AW S 0 holds for any [, and f; (i) when B, >~ 1.41, then
AW S 0if and only if £, < BéF}_{Cb}, where BéF}_{q)} is an increasing function
of B, and w > 0 for a given [3; (iii) AWb{F}_{Cb} > 0 for any 3, and fj.

The simulation results indicate that the highly-productive country will prefer FTA
only if the asymmetry degree in productivity is sufficiently small. The low-productive
country always prefers FTA for any levels of productivity asymmetry.

Figure 1.2, based on the condition of 5, > (8, > 0, plots the simulation result that

reveals the two areas, in which each labelled regime is uniquely stable. The grey area

is the area in which the condition of £, > 3, > 0 does not hold.

5
4.
Ko}
231
5] {F}
[}
1 {0}
0 T T T T
0 1 2 3 4 5

B of country a

Figure 1.2: Simulation (two-country model)

Based on the assumption of 5, > [, > 0, we provide the general results of compar-

ative static in the two-country model as follows (the proof of these results are shown
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in the appendix):

benefit cost
<0 <0 >0 <0
—~ NN —~~NN
dw, | dCS dpas dPS, dp,s |  dTR,
dtb dpaB dtb dpaB dtb dtb
—_ —_
=40 >0 =45 <0 =0
cost benefit
<0 >0 >0 <0
aw, dCS,d dPS d(zp0)d
a a a a 'r
_ PaA 4 T bA) APbA (1.2)
dta dpaA dta dta dpbA dta
———— N — v
—d4C5a =0 4T Ra

dtq dtq

Based on the formulas 1.1 and 1.2, we see that there will be two costs and two
benefits if country a opts out from FTA.

The first cost is that the consumer welfare (i.e. CS,) is negatively related to its
own tariff (i.e % < 0) because raising its own tariff will lead to a higher price of
good A at country a (i.e. dfl’T“:‘ > 0).

The second cost is that country a’s producer surplus (i.e. PS,) will decrease with
a higher external tariff (i.e. % < 0) because an external tariff is draging the price

of good B down (i.e. dZTZ,B < 0).

The first benefit is that country a’s consumer surplus will increase with a higher

dCSy

it 0) because a higher external tariff leads to a lower price

external tariff (i.e.
. dp,
of good B at country a (ie. B2 <0).
The second benefit is that country a will have a higher tariff revenue thanks to a
higher own tariff (i.e. % > 0).

Next, we explain how these costs and benefits will become smaller with a larger

productivity asymmetry level (i.e. a higher productivity of country a or a lower
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productivity of country b). We show the results of the following:®

<0 >0 =1 <0 >0
/—H_/%
2 e g e
d*W, | dCS, d°paa n d*C'S, dpaa dpaa

dtadﬁb B dpaA dtadﬁb dpzA dﬁb dtal

__d2CSq
T dtadpy

<0=-smaller cost with alower 3,

=1 <0 >0 >0 >0

m /—’W_;R —
d* (zpa) dppa  d(xpa) d°ppa . d(zpa)
dpyadfy dt, dpya dt.dBy By

(1.3)

-~

>0=smaller benefit with a lower 3

__d2TRg
T dtqdBy,

<0 >0 =1 <0 <0
—~—~N AN

dQWa o dOSa dzpaB d2CSa dpaB dpaB

dtydB, | dpas dtydB, dp?p dB, di,

-~

__d2CSa
T dtydBa

<0=-smaller benefit with a higher 3,

>0 >0 >0 <0 <0 >0 <0
dPS, dp?g N d*PS, dp.s dp.n N d*PS, dp.g
dpaB dtbdﬁa deB d/Ba dtb dpaBdBa dtb

v~

(1.4)

_d2PS,
T dtydBa

>0=-smaller cost with a higher 3,

Based on the formulas 1.3 and 1.4, we show that the two costs are being smaller

with a larger degree in productivity asymmetry.

We firstly show that the inequality jjacd%; < 0 implies that a lower 3, (a lower
By represents a larger productivity asymmetry level) leads to a larger value of %.
Since % < 0, the magnitude of dgtf“ is smaller with a lower 5,. To put this in
5Tt is noteworthy that [fizt(:j/i) < 0 holds even though we cannot see this directly from its decom-

1
position form. In Appendix, we show that ‘Z&T;ﬁ“b) = — Got 2} So are Z:L%ZZ and ffifig“ Also

W, W, _
note that dLdi = 0 and dndb, = 0.
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economics words, a larger asymmetry degree leads to a less sensitive C'S, response
to country a’s own tariff. Therefore a larger asymmetry degree will make country a’s
consumers more tolerable to opt out from FTA. It is because of that a lower 3, leads
to a lower supply of good A, thus a lower consumption by country a’s consumers.

Secondly, we show that country a’s producers’ aversion to the external tariff will

d?Ps, : dPS,
s > 0. Since <22 < (, the

be relieved by a higher 5, based on the inequality &

magnitude of % will be smaller with a higher 3,. A higher [, leads to a larger
supply of good B, thus a less sensitive P.S, response to the higher external tariff.
Since the two benefits are also being smaller with a larger asymmetry level, we

show the overall effect as follow:

cost benefit
7\ 7\
7 7 N

2 2 2 2
(dcsa dPSa)_<dTRa dcs@)>0<:>5a—ﬁb>athresh01d
(1.5)

dt.dpy dtydp, dt.dpy dtydp,
The inequality 1.5 shows that if the productivity asymmetry level is sufficiently
large, the two costs decrease more fastly than the two benefits. As a result, the

highly-productive country a would like to opt out from FTA in order to raise the

tariff levels.

1.4 Three-country Model

In this section, we will extend to a three-country model.

1.4.1 Model Set-up

The three-country model follows the mechanism under the two-country setting, but
adds one more country and one more differentiated good. Henceforth, there are three
countries {a, b, c} and three differentiated goods {A, B,C'}. Each country consumes
all three goods but only supplies two differentiated goods. Therefore, each country

imports one differentiated good that it is not able to supply domestically, and exports
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the other two differentiated goods. That is, country i € {a,b,c} imports a good
I € {A, B,C} from its two trading partners j and k for j € {a,b,c}, k € {a,b,c}
and i # j # k. Country ¢ exports the other two goods J and K for J € {A, B,C},
Ke{AB,C},and [ #£J %K.

The quadratic and additively separable utility function is:

dir)?
Ui(di,w;) = Z <di1 — (dar) ) + w; for i € {a,b,c}.

2
I=A,B,C

The consumer surplus is thus a function of local prices:

CSi= Y, (%) for i € {a,b,c}.

I=A,B,C
The production function is:

2
qiJ
% — €iQiJ

B

cost;; =

where ¢;; = e;+ fipiy for J € {A, B,C} and J # I is the supply of good J by country
i (note that ¢;; = 0), e; is country i’s endowments of good J (note that country i’s
endowment of good I is also zero), and [; is country i’s productivity, which we will
allow to be asymmetric later.

It is noteworthy that country ¢ neither produces good I nor has any endowments
of good I because each country only supplies two goods. Country 7 therefore supplies

good J and K but no I. The producer surplus is:
(¢i)° e (airx)®
iqdiJ €idiK
PS; = <piJQiJ - 2T> + (piKQiK - 2T> ;
for J€e {A,B,C}, K € {A,B,C},J#K #1.
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We denote country i’s total tariff revenues as T'R;. The total tariff revenues are
from imposing tariffs on its two trading partners. We denote ¢;; as the tariff imposed
by country i on its partner country j for j € {a,b,c} and i # j.

We denote x;; as the exports of good I by country j. Then we have T'R;:

TR, =TR;; + TR, = tijz;1 + tixTrr,

for j € {a,b,c} ,k € {a,b,c},j #k #1i.

The welfare is:

W, =0CS; + PS; + TR; fOI‘iE{CL,b,C}.

The market clearing condition is:

dir = i1 + 2 = (g1 — djr) + (qer — dir)

Arbitrage does not exist in such trading markets, so that we have p;;r = p;jr + t;;
and p;;r = prr + tir. Then we can derive the following equations that represent the

price levels of good I:

3—e;—ep+ (14 B)ti; + (1 + Bt

pir =

3+ Bi + B
D = 3—e;—er— (24 Bty + (1 + B)tin
" 3+ B; + B
Pri = 3—e—ep + (L4 B))ti — (24 Bj)tun
3+ B + B '

Based on the price equations derived in Saggi and Yildiz (2010)’s endowment

model, they find that one-third of the tariff effects on price is given to domestic



consumers, and export suppliers bear on the rest two-third (i.e. ‘Cil’t’—'ff = %, 6323_7 = —%)
ij ij
S dpir 145 dpjir 24P
In contrast, our productivity model finds that ity = 36,48 and —; = 338,45 of

which the implications are: the tariff burdens are dependent on the magnitude of the
productivity parameter 5. For example, the tariff burdens from country j’s exports

fallen on country ¢’s consumers increase with country j’s productivity 3; because

()
% > 0, but this burdens fallen on country j’s suppliers decrease with its own
J

productivity.

1.4.2 Comparative Static

We provide a general result of comparative static in this three-country model.

We will use the notations that directly represent each country and each good.
We use country a as an example. There are six tariffs that affect the country’s
welfare: t,, and t,. are country a’s two own tariffs imposed by country a on its two
trading partners; t,, and t., are country a’s two external tariffs imposed by its trading
partners; t,. and t, are two tariffs imposed between country b and country c.We will

show their roles respectively.

<0 >0 >0 <0 >0 >0

dw, dCS,d d (xp4)d d(2ea) d dPs,
a a a X xC C a
_ PaA T bA) APpA too+ A) ap Atac + (1.6)
dtap dpaa ditg dpya  digp dpea  dtay dtap
=0
= —‘idiia <0 = —dthia >0
<0 >0 >0 >0 >0 <0
—~— —N— —
dWa dCSa dpaA d (be) dpbA d (ICA) dpcA dPSa
= — | + | Xea + tab ac | T (17)
dtac dpaA dtac dpbA dtac dpcA dtac dtac
=0
h _ dcga <0 7 _ dT‘}ga <0 g

T dtge dtac

Based on the formulas 1.6 and 1.7, we see that country a’s two own tariffs play the
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same role in affecting country a’s welfare. The own tariffs are harmful to domestic

consumers because they raise the prices of the imported goods by country a. Therefore

the own tariffs are considered as a cost from the perspective of domestic consumers.

The own tariffs do not affect the producer surplus.

Even though the own tariffs reduce country a’s importing volume, their effect

on the total tariff revenue is positive. Therefore the own tariffs are considered as a

benefit if the government tries to raise its tariff revenue.

We then study how productivity asymmetry affects the magnitude of the cost and

benefit from the own tariffs. We then have the followings:

s,  &20S,

dtabdﬁa B dtacdﬁa =0

<0 >0 =1 <0 >0
*’CS,  dCS, d*paa | d*CS,dpas dpaa
dtadBy  dpea dtadBy, — dp?, dBy dta
<0 <0 =1 <0 >0
*’CS,  dCS, d*paa | d*CS,dpas dpaa
dtapdB.  dpea dtadB.  dpl, dBe dia
<0 >0 =1 <0 >0
*’CS,  dCS, d*paa | d*CSy dpas dpas
dtoedBe  dpea dteedBe — dphy df. die

<0 <0 =1 <0 >0
—~— NN

2CS,  dCS, Ppes dPCS, dpas dpan
dtacdﬁb B dpaA dtacdﬂb deA dﬁb dt(zb

dTR2  dTR?

<0

<0

_ —0
dtabdﬁa dtacdﬁa
>0 >0 =1 <0 >0 >0
—N— —— —N—
*TR,  d(xpa) n d(xp4) d°pya d? (zp4) dpbAt - d(xca) d°pea

dtadBy  dBy dppa diadBy, " dpyadBy die,

(1.8)

(1.9)

dpcA dtabdﬁb e



dQTRa . d(CL’bA)

e e
d(xpa) d*poa

>0 <0

dtabdﬁc - dﬁc

dQTRa . d(lL‘cA)

ta
dpbA dtabdﬁc ’

=1 <0

2
d* (xpa) dppa

=1 <0

2
d (ch) dpcA

20

>0 <0

dpcA dﬁc dt(zb “

>0 <0

—N——
d(xpa) d*pya

— e ——
d(ch) d2pcA ¢

dpcA dtabdﬁc “
>0 <0

———
d (ch) dzpcA

dtacdﬁb B dﬁb

d2TRa . d(fL’cA)

ab

dpyadBy ditac

=1 <0

2
d (l’cA> dpcA

dppa  dte.dpy o

>0 >0

—N——
d(zpa) d*pya

tac
dpcA dtacdﬁb

>0 >0
—N——
d (ch) d2pcA +

dpbA dtacdﬁc “

dpcA dtacdﬁc o

dtacdﬁc B dﬁc dpcAdﬁc dtac “

d?*CSa + d?CS, + d?CS, + d?CS, and

Based on above formulas, since the signs of

dtapdBy | digpdBe | dtacdBe | dtacdBy
d?>T R, d?>T R, d?>TR, d?>T R, ; : d2Wy
drndis Va7 dtcass T dradp, are ambiguous, we cannot conclude the sign of dads>

which is the effect of productivity asymmetry degree on the welfare response to the
own tariff change. We in later sections will assume some special conditions for f,,
By and ., based on which we are able to determine the sign. We will address this
in the next section and show that our intuitions in the three-country framwork can
correspond to that in the two-country framework.

We next study the roles played by the two external tariffs:

<0 <0 >0 <0
—~ e~ —~ S~
aW, | ACS, dpas APS,dpus | , dTR, (110
dtba B dpaB dtba dpaB dtba dtba '
=0
:%>0 :%«)
<0 <0 >0 <0
dw dCS, d dPS, d dT'R
a _ a APaC + a @PaC + a (111)
dtca dpaC dtca dpaC dtca dtca
=0

" dtca T dtca

Through the formulas 1.10 and 1.11, the two external tariffs are viewed as a benefit

dCS,

oL > 0 and % > (0. This meets the convention

by country a’s consumers since

that a higher external tariff reduces a country’s exports, thus its domestic supply



21

increases. Therefore the domestic consumers will consider the external tariffs as a

benefit.

However, the external tariffs are obviously harmful to producers. From the view
of producers, the external tariffs are considered as a cost.
We then study the effects of productivity asymmetry on the benefit and cost from

raising the external tariffs. We show the followings:

<0 >0
—~N—"
d’CS, dCS, d*pup

tradBa  dpap dtradBe "

<0 >0
d?CS, B dCS, d*p.c
GtoadBa  dpac dteadfe
>0 >0 >0 <0 <0 >0 <0
@?PS, APS, dp,  @PS,dpepdpes  d*PS, dpes
JtradBa  dpop dinedBe | dply Be diwe | dpapdBe dine

<0

>0

>0 >0 >0 <0 <0 >0 <0
—~—TT N T

d*PS, _dPS§, dp? d*PS, dp.c dpac d*PS, dpac
dtcadﬁa B dpaC’ dtcadﬁa deC dﬂa dtca dpaCdBa dtca

>0

We show that a higher 3,, which represents a larger productivity asymmetry,
decreases both the benefit and cost from raising higher external tariffs on country a’s
exports. It is because of that a larger production of country a’s output leads to a less
sensitive price response.

The tariffs, t,. and ., are enacted between country a’s two trading partners. To

see their roles in affecting country a’s welfare changes, we show the followings:

<0 >0
dW, | dCS, dpap dPS, n dT'R,
dtbc B dpaB dtbc dtbc dtbc
—— N~
_ 405,

=<0
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<0 >0
W, _ [4CSpac | | dPS. | dTR,
dte, | dpac dtw dt e, dtep
) =0 =0
_ 405, g

dicp

We see from the above two formulas that ¢,. and ¢, affect country a’s welfare
through the channel of consumer surplus because these two tariffs can influence the
prices of good B and good C. Country b imports good B from not only country a
but also country c. So does country c. These two tariffs adversely affect country a’s
consumer welfare. Therefore, country a expects that country b always signs an FTA
with country c¢. We will address this again in the next section, in which we show that
either {F'} or {bc} can be a stable equilibrium, as a result, country a’s consumers are

happy to see that t,. =ty = 0.

1.5 Equilibrium analysis

In the three-country framework, there are 4 regimes under bilateralism: {®},{F'},{ij}, {ih}
for i € {a,b,c}, j € {a,b,c}, j # i. If all countries announce no trade agreements,
then a status quo forms, denoted as {®}. If two countries, say i and j, form a bi-
lateral free trade agreement without involving the other country k for k € {a,b,c},
k # j # i, we denote this bilateral FTA as {ij}. If all three countries sign agreements
with each other, a global free trade regime {F'} forms.

The last regime is {ih}, which means that country i, signing a bilateral FTA
respectively with countries j and k, serves as a hub country. Country j, which signs a
bilateral FTA with country 7 but does not sign any agreements with country k, serves

as a spoke country. So does country k, which is also a spoke country.

Definition 2. In the global free trade regime, denoted by {F'}, the tariffs are such
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that:

(F} , . o,
ti;’ =0forie{a,b,c},j€{abct,j#i
In the bilateral FTA {ij} the tariffs are such that:°
{i7} _ dis} _
ty =t =0
t;{,ij} = Argmazx {Wi{ij}} = Argmazx {C’Si{ij} + PSZ-{ij} + TR;-{ij}}
tik tik
In the status quo regime {®}, the tariffs are such that:

tl{q)} = Argmax {Wi{cb}} = Argmax {CS;{LI)} + PS;{LI)} + TR;-{CD}} )
t;

ti

d d d
st i = ¢ =

Then based on the optimal tariffs, we can compare the welfare difference between

each regime.

1.5.1 Equilibrium when all three countries are identical

Proposition 3 concludes our result under the condition of symmetry in the three-

country model.
Proposition 3. If 5, = [, = B., global FTA is the only stable equilibrium.

The intuition behind Proposition 3 is analogous to what we explain in the two-
country model under a symmetric condition.
In our set-up for an asymmetric three-country trading, we define two similarly

productive countries and one distinctive country. We firstly study the case that

6Under bilateral FTA, member countries are allowed to impose discriminatory tariffs on non-
member country. In this chapter, we focus on the role played by productivity. In chapter 2, we
will study the role played by discriminatory tariffs and we will study another case under which
discriminatory tariffs are banned.
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there exist two identically highly-productive countries and one unique low-productive
country. Secondly we study the case that there exist one unique highly-productive

country and two identically low-productive countries.

1.5.2 Equilibrium when there are two highly-productive coun-

tries

To avoid confusion, henceforth we denote the low-productive country as S (i.e. the
country with a smaller level of productivity). We denote the highly-productive coun-
try as L (i.e. the country with a larger level of productivity).

We assume that there are two identical countries with a positive productivity
and one country without any productivity. Therefore, we have two highly-productive
countries and one low-productive country. We denote the two highly-productive coun-
tries as L; and Ls. It is noteworthy that L; is identical to L.

We then prove the following Lemma:

Lemma 1. If B, = 0, = > 0 and 5. = 0 (i.e. county a and country b are country

L and country c is country S), the following inequalities hold:
AW 5 0 e g < plfimtilel 1 91 (1.12)

AWS{F}_{M} > 0 for any [ (1.13)

AW o o AR S AW SR S o AW IS S 0 for any 5
(1.14)

Proof. See Appendix ]

It is noteworthy that {L h} = {L2h} = {Lh}, {L1S} = {L2S} = {LS} and

{L1Ly} = {LL} because L; and L, are identical countries.
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Based on Lemma 1, firstly it is obvious that Lemma 1 ascertains the failure of the
hub-spoke regime {Lh} and {Sh}: neither the highly-productive country nor low-
productive country wants to be a spoke. Since the total world welfare (i.e. W, +
Wy, + W,) under global FTA is larger than that under the hub-spoke regime, as long
as the hub country gains more benefits the spoke countries must bear more loss.

Secondly, we see that the highly-productive country never wants to be a non-
member based on the inequality AWL{f}_{LQS} > 0. Also, we see that the two highly-
productive countries do not have an incentive to deviate from FTA. Highly-productive
countries have a larger volume of exports and a smaller volume of imports, thus
benefit more from tariff reductions granted by others. Similarly, such countries have
relatively less to lose from eliminating their own optimal tariffs since these tariffs
apply to relatively larger import volumes.

Therefore, the equilibrium is dependent on the unique low-productive country’s
deviation for FTA. Based on the inequality 1.12, the unique low-productive country
would like to be an outsider when the productivity asymmetry degree is too large.
To this unique low-productive country, the larger the asymmetry degree in exporting
volumes, the larger the increase in its export deficit from the elimination of its part-
ners’ tariff and the more the loss due to its own trade liberalization since the tariff
reduction applies to a larger volume of imports (due to the larger export level of its
partners).

With Lemma 1, we have the following proposition:

Proposition 4. If 8, = 8, = 8 > 0 and . = 0, there exist a threshold S5
such that:

(1) The unique low-productive country prefers regime {F'} to any other regimes if
and only if B < BgF}f{LL};

(i1) {F} is the only stable equilibrium when [ < BgF}_{LL};
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(1ii) {LL} is the only stable equilibrium when B > ﬁéF}*{LL}.

Figure 1.3 illustrates Proposition 4.

Bilateralism
0 Productivity Asymmetry 00
Global FTA bilateral FTA between two highly-productive countries

Figure 1.3: Proposition 4 (two highly-productive Countries)

In the two-counrty model, we show that the low-productive country prefers {F'}
no matter what level the productivity asymmetry is. However, as Proposition 4 shown
in the case of two highly-productive countries and one unique low-productive coun-
try, the unique low-productive country will deviate from {F'} when the productivity
asymmetry level is too large. This implies that when the unique low-productive coun-
try has two trading partners which have a larger productivity, it will not insist on
joining FTA as it does under the two-country environment in which it trades with
only one highly-productive partner. To understand the underlying insights, we use
the results of comparative static to show the benefits and costs by opting out from
FTA:

Firstly, one obvious benefit from opting out is the tariff revenue gains:

dT'Rgs
dts

> 0,

where tg is the tariff imposed by country S.

Secondly, we show that:

dCSs

>0
dtr,

A higher external tariff ¢;, (i.e. the tariffs imposed by country L, which represents
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the two highly-productive countries a and b) leads to a higher C'Ss (i.e. the consumer

surplus of country S, which represents the low-productive country c) thanks to the

lower prices (i.e. Uper) () and Wer) 0, country c¢ is country .S). It is noteworthy
d(tLl) d(tLQ)

that there are two external tariffs ¢, and ¢7,, and they play the same role here. We

therefore use t;, as a general notation that represents both two external tariffs.

The first cost from being a non-member is that:

The unique country .S imposes its own tariffs tg that are harmful to its consumers

(i.e. d%i*;) < 0) due to the price response (% > 0).
The second cost is:
d(PS
(PSs) <0
d(tr)

A higher external tariff ¢, is causing PSg to decrease because of the price response

o pea) d(pep) d(PSs)
(i.e. a(i0,) < 0 and N < 0 so that i < 0).

We then show the effects of a larger productivity asymmetry degree on the benefits

and costs:
d* (TRs) _ d* (C'Ss)
{)d )~V dtde)
d* (CSys) ‘ d* (PSs)

< 0.

< 0;
d(ts)d(Br) d(tr)d(Br)
Therefore a larger productivity asymmetry level (i.e. a larger §1) will increase
both the benefits and costs.

We then combine the effects on benefits and costs. We show that the following
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inequality holds:

Benefits
‘ & (CSs) ' i (C'Ss) 'cﬂ(TRs) |
d(tr,r,)d(Br)| |d(tL)d(Br)| |d(ts)d(Br)
Costs
@ (CSs) @ (PSs) |
_‘d(ts)d(;h) _ d(tL)d(zm >0 <= B > athreshold (1.15)

It is noteworthy that since d(éif%:) < 0 holds and the regimes {F'} and {L,Ly}
eliminate ¢7,,, the C'Sg will be highest when ¢;,;, = 0 with holding other factors
constant. We show that % < 0 holds.

Therefore, a higher productivity asymmetry degree grows the benefits of the
unique low-productive country from being a non-member faster than the costs of
the unique low-productive country from being a non-member.

We generalize Proposition 4 by assuming 5, = £, > . > 0, based on which we

run a simulation. Figure 1.4 illustrates the simulation result.

5

4.
)
>3
€
=)
o}
V)
B 21
[

1.

{High&High}
0 T T T T
0 1 2 3 4 5

B of country a=P of country b

Figure 1.4: Simulation (two highly-productive countries)
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1.5.3 Equilibrium when there is only one highly-productive

country

In this sub-section we assume that there exist one unique highly-productive country
L and two identically low-productive countries S (i.e. 5, > 0, 5, = 5. = 0). We

prove the following Lemma:

Lemma 2. If 5, = >0 and B, = . = 0 (i.e. country a is the unique country L

and countries b and c are country S), the following inequalities hold:

AW 5 0 g < gl 1 0.89 (1.16)
AW 5 0 = g < iP5 o8 73 (1.17)
AW S 0, AW S 0, AWETTERE S 0 for any (1.18)
AWM 5 0 g < gl x 675 (1.19)

AWéF}f{SS} > 0 for any B
AWIIE 5 0 g < gl 1181
Wi Wi s 0 = g < gl % 0.04 (1.20)
Proof. See Appendix O

Firstly, we want to know whether the bilateral FTA between one highly-productive
country and one low-productive country {LS} is stable. The bilateral FTA is stable
when two countries simultaneously intend to push the third country out, or one
country prefers to be a non-member by itself. The inequality 1.17 says that the
unique highly-productive country prefers {LS} when the asymmetry degree is at a

considerably large level. Together with the inequality 1.16, { LS} will be stable when
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£ > ﬁéF}f{LS}. Then what about in the range ﬁéF}f{LS} < B < ﬁéF}f{LS}, in which
the highly-productive country would like to sign FTA with the other low-productive
country? Since in this range, both two low-productive countries hate to be an outsider,
and also they hate to be a spoke, therefore the {LS} is stable only if g > BEF}f{LS}.

Secondly, we see that another bilateral FTA {SS} will be stable when f >
Bip}_{ss}, in which the highly-productive country will opt out from FTA. Then what
about the choice of country L between {SS} and {LS}? Based on the inequality
1.20, country L always values {SS} better than {LS}. Then we can conclude the

following proposition:

Proposition 5. If 5, = 5 > 0 and B, = 5. = 0, there exists a threshold ﬁiF}f{SS}
such that

(1) The unique highly-productive country prefers regime {F'} to any other regimes
if and only if B < 5?}7{55};

(i1) {F'} is the only stable equilibrium when [ < BI{JF}_{SS};

(i7i) {SS} is the only stable equilibrium when B > ﬁiF}f{SS}.

Figure 1.5 illstrates Proposition 5.

Bilateralism
0 Productivity Asymmetry 00
Global FTA bilateral FTA between two low-productive countries

Figure 1.5: Proposition 5 (One highly-productive Country)

To better study the underlying intuitions, we also provide the results of compar-
ative statics. Since the equilibrium hinges on the attitude from the unique highly-
productive country towards being an outsider, we then study the effect of this unique

country being a non-member on its welfare based on different levels of its productivity.
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We show that: if the unique country L chooses to opt out from FTA, it will gain

benefits including (i) a higher tariff revenue (dgtlg) > 0); (ii) a higher C'S, thanks to

the higher external tariffs ¢g (d((i(é“zg) > 0).

The costs include: (i) d%i?) < 0, a lower C'Sy, due to that country L’s own tariffs

tr, lead to an adverse price response; (ii) déﬁ‘zﬁ) < 0, a lower PSy, due to the adverse

price response from a higher external tariff.

To see how productivity asymmetry affects the benefits, we show the following

inequalities:

d*(TRy)
— >0 1.21
d(tr)d(Bs) (121
d*(CSy)
—— >0 1.22
1(ts)d(Bs) (122
To see how productivity asymmetry affects the costs, we show the following in-
equalities:
d*(CSp)
— <0 1.23
d(tr)d(Bs) (1:23)
d*(PSy)
—— <0 1.24
4(1s)d(55) 24

We show that a larger productivity asymmetry degree (i.e. a lower fs) reduces
both the benefits and costs. We then show the combined effect as follows:
Costs Benefits

T E(PSy) - ’le(OSL)
d(ts)d(Bs) d(ts)d(Bs)

& (TRy)
d(tz)d(Bs)

‘ & (CSy)
d(tr)d(Bs)

(1.25)
The inequality 1.25 is in line with our result of comparative static in the two-
country model. If the productivity asymmetry level is too large, the costs decrease

at a faster pace than the benefits.

> (0 <= fg < athreshold
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Figure 1.6 illustrates the simulation results based on the generalization of 5, >

ﬁb:60>0-

5
541
s {F}
22,
5, {Low&Low}
0 T T T T
0 1 2 3 4 5

B of country a

Figure 1.6: Simulation (One highly-productive Country)

1.6 Conclusion

Given the fact that a sprinkling of countries are not linked to preferential trade agree-
ments, our world now is a coalition in which various trade agreements are affecting
each country’s welfare. From Bhagwati (1991)’s work that lits up our cogitation about
the effects of preferential trade agreements on global free trade to Bagwell and Staiger
(1997)’s contribution that ascertains the nexus between FTA and liberal multilateral
trade policies, researchers have pitched into the job of understanding the effects of
preferential trade agreements from various perspectives. As Saggi and Yildiz (2010)
take into account the endogeneity of FTAs, we successfully extend their work by re-

shaping the framework with adding the slope of the endogenous supply curve which
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represents the heterogeneity of producing powers. We generalize previous works by
studying the role of productivity asymmetry under other possible trading environ-
ment. Our major contributions lie at the investigation of the connection between the
productivity and the welfare response to tariffs under different trading regimes. We
corroborate the significance of a larger productivity asymmetry to abridge the appeal
of global FTA. Under both trading environments that we study in this paper, the
global FTA will fail to form when the productivity asymmetry level is too large. Our
work may shed some lights on the future studies on how the heterogeneity in national

productivity will affect the world trade liberalization.
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Chapter 2

Productivity Asymmetry, bilateralism,

Multilateralism, and the Quest to Free Trade

2.1 Introduction

The World Trade Organization (WTO) which has always been advocating free trade
has investigated how the design of trade negotiation can help the world trade system
toward the global free trade. A number of studies have investigated the contradicting
roles of GATT Article I on Most-Favored-Nation (MFN) treatment and GATT Article
XXIV on Customs Unions and Free-trade Areas (Kose and Riezman, 2000; Kowalczyk
and Riezman, 2009; Lake and Yildiz, 2016; Hantzsche and Young, 2019; Akdi and
Erdil, 2019; Lake, 2019; Lake, Nken and Yildiz, 2020; Cole, Lake and Zissimos, 2021).
On the one hand, the most-favored-nation principle may discourage countries from
tariff negotiation because they can free ride on tariff cuts between other negotiating
countries without reducing their own tariffs. On the other hand, given GATT Article
XXIV, countries may opt out from global free trade and form a preferential trade
agreement with positive external tariffs on non-member countries.

In this chapter, we propose that productivity heterogeneity across countries can

affect the role played by bilateralism (i.e. discriminatory tariff) and multilateralism
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(i.e. non-discriminatory tariff) in affecting the formation of global free trade.

We utilize the same three-country productivity model as in the first chapter. We
consider four trade regimes under the consent of bilateralism: (i) bilateral free trade
agreement (i.e. two countries sign a bilateral free trade agreement (FTA) and impose
a discriminatory tariff on the other non-member country); (ii) global free trade agree-
ment (i.e. all three countries sign FTA with each other); (iii) hub-spoke agreement
(i.e. one country serving as a hub signs bilateral FTAs with the other two countries
which, serving as two spokes, do not sign FTA with each other); (iv) status quo (i.e.
no country communicates with others).

Under multilateralism (i.e. banning bilateralism) we have three trade regimes: (i)
multilateral trade agreement with non-discriminatory tariff (i.e. two countries sign
a trade agreement that chooses an optimal tariff that is also imposed on the non-
member country); (ii) global free trade agreement (i.e. all three countries sign FTA
with each other); (iii) status quo (i.e. no country communicates with others).

Our equilibrium analysis follows from the concept of coalition proof Nash equilib-
rium.

The main objective of our analysis is to study how the role of bilateralism affects
the formation of global free trade. We show that in a case of symmetric productivity
(i.e. all countries have the same productivity), global free trade is the only equilibrium
no matter if bilateralism is permitted, or not. This finding generalizes the conclusion
of Saggi and Yildiz (2010).

We then investigate how different degrees of productivity heterogeneity can affect
the change of equilibrium. We consider two special cases as we do in chapter one:
(i) two identically highly-productive countries and one unique low-productive coun-
try and (ii) one unique highly-productive country and two identically low-productive

countries. We find that when the degree of productivity heterogeneity is sufficiently



41

large, in equilibrium, only the two similarly productive countries will form (i) a bi-
lateral free trade agreement when discriminatory policy is approved and (ii) a multi-
lateral agreement when discriminatory policy is prohibited.

We find that the consent of bilateralism under different trading environments can
affect the formation of global FTA differently. In the case of two highly-productive
countries and one low-productive country, the consent of bilateralism supports the for-
mation of global FTA because bilateralism approves the discriminatory policy that
leads to a higher loss to the non-member country regardless of the productivity het-
erogeneity. However, in the case of one unique highly-productive country and two
low-productive countries, the consent of bilateralism can prevent the formation of
global free trade because the unique highly-productive country is more likely to be
non-member under an environment of discrimination.

We also find that as the productivity asymmetry rises above a sufficiently large
level, global free trade will fail to form no matter if bilateralism is possible, or not. The
intuitions are in line with that in chapter 1. As in the case of two highly-productive
countries and one unique low-productive country, a larger productivity asymmetry
level will increase both the benefits and costs from being a non-member by the unique
low-productive country. A larger productivity asymmetry degree grows the benefits of
the unique low-productive country from being a non-member faster than the costs of
the unique low-productive country from being a non-member. Therefore, the unique
low-productive country will opt out from FTA when the productivity asymmetry level
is too large.

As in the case of one unique highly-productive country and two low-productive
countries, a larger productivity asymmetry level will decrease both the benefits and
costs from being a non-member by the unique highly-productive country. A larger

productivity asymmetry degree reduces the costs faster than the benefits. Therefore,
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the unique highly-productive country will opt out from FTA when the productivity
asymmetry level is too large.
The chapter proceeds as follows. Section 2.2 presents the literature review. Section

2.3 presents the equilibrium analysis. Section 2.4 concludes.

2.2 Literature Review

Our study in chapter 2 adds contributions to the same strand of literature in chapter
1. However, the main purposes of chapter 1 and chapter 2 are differently. In chapter
1, we focus on the role of productivity asymmetry, whereas in chapter 2 we study the
role of bilateralism. In chapter 2, we add one condition under which a discriminatory
tariff policy is banned and bilateral FTA is no longer possible. Therefore, in chapter
2, we can study the equilibrium under multilateralism.

This chapter is also mostly related to Saggi and Yildiz (2010). They study the role
of bilateralism under the framework of endowment heterogeneity. We extend their
model to a framework of productivity heterogeneity. Moreover, Saggi and Yildiz
(2010) only study one trading environment in which there exist two larger countries
and one small country. We add one more trading environment in which there are one

unique highly-productive country and two low-productive countries.

2.3 Equilibrium analysis

In this section, we will study the role played by bilateralism and multilateralism that
could affect the formation of FTA under the conditions of asymmetric productivity in
different trading environments. We will use the same three-country model described
in section 1.4.

Under the consent of bilateralism there are 4 regimes: {®},{F},{ij},{ih} for
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i €{a,b,c}, j€{a,b,c}, j#i. Ifall countries announce no trade agreements, then a
status quo forms, denoted as {®}. If two countries, say ¢ and j, form a bilateral free
trade agreement without involving the other country k for k € {a,b,c}, k # j # i,
we denote this bilateral FTA as {ij}. If all three countries sign agreements with each
other, a global free trade regime {F'} forms. The last regime is {¢h}, which means
that country 7, signing a bilateral FTA respectively with countries j and k, serves as
a hub country. Country j, which signs a bilateral FTA with country ¢ but does not
sign any agreements with country k, serves as a spoke country. So does country k,
which is also a spoke country.

Under multilateralism (i.e. when bilateralism is banned), there are 3 regimes:
{®},{F},{ij}". The two regimes {®} and {F'} are same with those under bilater-
alism. In the regime {ij}" in which all countries are prohibitted to impose discrim-
inatory tariff, country ¢ and country j will jointly maximize their welfares with an
optimal tariff that will be also imposed on the non-member country k. It is note-
worthy that under multilateralism the regimes {ij} and {ih} are no longer existing
because they impose discriminatory tariffs on non-member countries.

We denote t{"} as the tariff under the regime {r}.

Definition 3. In the global free trade regime, denoted by {F'}, the tariffs are such
that:

(F} . ‘ .,
ti;’ =0forie{a,b,c},j€{abct,j#i

In the bilateral FTA {ij} the tariffs are such that:

figy _ i} _

t;.{,ij} = Argmazx {Wi{ij}} = Argmax {C’Si{ij} + PSi{ij} + TRjij}}

tik tik
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In the status quo regime {®}, the tariffs are such that:

t;-{q)} = Argmazx {Wi{q)}} = Argmazx {CS’Z{q}} + PSZT{@} + TRZ{CD}}
t;

t;

P P o
s.t. tl{j - tz{k} — tz{ }

In the multilateral agreement {ij}", the tariffs are such that:

t;{ij}m = Argmax (VVi{ij}m + VVj{U}m>
t.

7

Then based on the optimal tariffs, we next compare the welfare difference between
each regime.

We denote VVi{T} as the welfare of country 7 under the regime {r}, and AWi{r}f{s} =
Wi — Wl as the welfare difference between regime {r} and {s}. If W, = o,
we conclude that country i is indifferent between {r} and {s}; if AI/VZ»{T}*{S} > 0, we

conclude that country ¢ prefers {r} to {s}.

2.3.1 Equilibrium when all three countries are identical

Proposition 6 concludes our first result based on the condition of symmetry:

Proposition 6. If 5, = 8, = B. and e, = e, = e., global FTA is the only stable

equilibrium under both bilateralism and multilateralism.

Proposition 6 is in line with the conventional intuition: under the condition of
symmetry (i.e. 8, = B, = . and e, = e, = e.) the world welfare gains will be spread
equally into each country. As countries are announcing their strategies simultaneously,

no one has an incentive to deviate for the FTA that brings considerably more consumer
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and producer surplus than opting out. As a result, the final regime will be global
FTA that will reach a Pareto optimal outcome.

Proposition motivates a question: is global FTA still uniquely stable under a
condition of asymmetry? We then will solve for the equilibrium regimes under the
condition of asymmetry from the perspective of productivity. It is noteworthy that
we want to isolate the effects solely from the productivity heterogeneity. Therefore,
henceforth we will assume that countries have identical endowment by assuming e; = 1
for all i.

In our set-up for an asymmetric three-country trading, we define two similarly
productive countries and one distinctive country. We firstly study the case that
there exist two identically highly-productive countries and one unique low-productive
country. Secondly we study the case that there exist two identically low-productive

countries and one unique highly-productive country.

2.3.2 Equilibrium when there are two highly-productive coun-

tries

To avoid confusion, henceforth we denote the low-productive country as S (i.e. the
country with a smaller level of productivity). We denote the highly-productive coun-
try as L (i.e. the country with a larger level of productivity).

We assume that there are two identical countries with a positive productivity
and one country without any productivity. Therefore, we have two highly-productive
countries and one low-productive country. We denote the two highly-productive coun-
tries as L; and Ls. It is noteworthy that L; is identical to L.

We then prove the following Lemma:

Lemma 3. If 5, =3, = > 0 and B. = 0 (i.e. countries a and b are country L and

country ¢ is country S), under the consent of bilateralism the following inequalities
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hold:

AW IRE S g e g < gl & g1 (2.1)
AW;F}_{Lh} > 0 for any S (2.2)

AW S o AW IR S o, AWM S o AW S 0 for any

(2.3)
Proof. See Appendix n

Lemma 3 is a re-statement of Lemma 1. We thus have the following proposition

which is a re-statement of proposition 4:

Proposition 7. If 5, = 6, = > 0, B. = 0 and bilateralism is available, there exist
a threshold /BéF}_{LL} such that:

(1) The unique low-productive country prefers regime {F'} to any other regimes if
and only if B < BéF}f{LL};

(17) {F'} is the only stable equilibrium when [ < BéF}_{LL};

(i1i) {LL} is the only stable equilibrium when [ > @gF}_{LL}.

We then will discuss the formation of final regime under multilateralism (i.e. when
bilateralism is prohibited). Since under multilateralism countries are not permitted
to impose discriminatory tariffs on the non-member country, the regimes of bilateral

FTA and hub-spoke are no longer an option. We prove the following lemma:

Lemma 4. If B, = 6, = 8 > 0 and B. = 0, under multilateralism the following

inequalities hold:
AW 5 gy g < gl 0 19 (2.4)

AW o, AWt 0 AW S0 for any
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Proof. See Appendix n

Based on Lemma 4, still the two highly-productive countries have no incentives
to deviate for FTA. The intuition is analogous to that underlies under bilateralism.

With Lemma 4, we have the following proposition:

Proposition 8. If 3, = B, = 8 > 0, B. = 0 and bilateralism is not available, there

exist a threshold ﬁng}f{LlLQ}m such that

(1) The unique low-productive country prefers regime {F'} to any other regimes if
and only if § < ﬁgF}_{LlLQ}m;

(i1) {F} is the only stable equilibrium when [ < BéF}f{LILQ}m'

’

(113) {LL}™ is the only stable equilibrium when B > BéF}_{LlLZ}m_
Figure 2.1 illustrates Propositions 7 and 8.

{SF}—{LL} o0

| | |
| | | | |

Global FTA {LL}

F}-{LL}™
By

||
] | |

Global FTA Ly

Figure 2.1: Propositions 7 and 8 (two highly-productive Countries)

Combining propositions 7 and 8, the parameter space of global FTA being sta-
ble under multilateralism is considerably smaller than that under bilateralism. Since
multilateralism bans the discriminatory policy, non-member country under multilat-

eralism is levied by a same tariff as the member country is. As a result, the non-
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member is more tolerable to be an outsider under a non-discriminatory environment.
As shown in Lemma 4, under multilateralism the unique low-productive country only
wants to join global FTA when the asymmetry degree is almost vanishing.

Since the unique low-productive country has two trading partners which have
larger exporting volumes, it will not insist on joining FTA as it does under the two-
country model in chapter 1 in which it trades with only one larger-exporting partner.

The underlying intuitions follow what we explain in the comparative static in
chapter 1. We combine the effects on benefits and costs. We show that the following
inequality holds:

Benefits Costs

@ (TRyg) ‘_) 4 (C'Ss)
d(ts)d(Br)| |d(ts)d(Br)

d? (PSs)
d(tz)d(BL)

d*(CS
) (CSs) >0 <= [ > athreshold

d(tz)d(BL)

Therefore, a higher productivity asymmetry degree grows the benefits of the
unique low-productive country from being a non-member faster than the costs of
the unique low-productive country from being a non-member.

We generalize the asymmetry condition as 3, = S, > 5. > 0, based on which we

run a simulation. Figure 2.2 illustrates the simulation result under bilateralism.

2.3.3 Equilibrium when there is only one highly-productive

country

We assume that there exist one unique highly-productive country and two identically
low-productive countries (i.e. 8, > 5, = . = 0). We thus can prove the following

Lemma:

Lemma 5. If 5, = 8 > 0 and B, = . = 0 (i.e. country a is the unique country

L and countries b and ¢ are country S ), under bilateralism the following inequalities
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L
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Figure 2.2: Simulation (two highly-productive countries)

hold:
AW 50— g < gl 1089

AW S 0 s g < giIESY g 73
AWS{F}f{Lh} > 0, AWéf}f{Sgh} > 0, AW;IF}*{LSQ} > 0 for any
AWM 5 0 = g < g x 675
AW;F}_{SS} > 0 for any 3
AW}F}_{SS} >0 <= < BiF}_{SS} ~ 1.81
Wik w5 0 — g < g5t 1 0.04

Proof. See Appendix
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(2.5)
(2.6)
(2.7)

(2.8)

(2.9)

]

Lemma 5 is a re-statement of Lemma 2. We have the following proposition 9
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which is a re-statement of proposition 5.

Proposition 9. If 3, = 6 > 0, 8, = B. = 0 and bilateralism is available, there exist
a threshold ,BIEF}_{SS} such that

(1) The unique highly-productive country prefers regime {F'} to any other regimes
if and only if B < 5?}7{55};

(i7) {F'} is the only stable equilibrium when [ < BI{JF}_{SS};

(i7i) {SS} is the only stable equilibrium when B > ﬁiF}f{SS}.

We then derive the stable equilibrium when bilateralism is prohibited. We prove

the following Lemma:

Lemma 6. If 5, = 6 > 0 and 8, = [. = 0, under multilateralism the following

inequalities hold:
AWS{f}_{LSQ}m > 0, AW;F}_{LS}"L > 0, AWS{SS}m_{@} > 0 for any [

AW 5 0 e g < g 1 930

Based on Lemma 6, both two low-productive countries like neither being a non-
member nor pushing the other low-productive country out. Thus we have the follow-

ing proposition:

Proposition 10. If 3, = 5 > 0, B, = B. = 0 and bilateralism is not available, there
exist a threshold BéF} 5 such that

(1) The unique highly-productive country prefers regime {F'} to any other regimes
if and only of B < ﬁéF}f{Ss}m;

(17) {F'} is the only stable equilibrium when [ < BiF}_{SS}m;

(i11) {SS}™ is the only stable equilibrium when 5 > BéF}_{SS}m.

Figure 2.3 illstrates Propositions 9 and 10.
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Figure 2.3: Proposition 9 and 10 (One Unique highly-productive Country)

We follow the general results of comparative static in chapter 1 section 1.5.3 and
show that a larger productivity asymmetry degree (i.e. a lower 3g) reduces both the

benefits and costs. We show the combined effect as follows:

Closts Benefits
7\ 7\

~ Y Ve Y

‘ = (CSy) & (PSy) ‘ Z(CSy) 7 (Thy)
d(tr)d(Bs) d(ts)d(Bs) d(ts)d(Bs) d(tz)d(Bs)

> (0 <= fg < athreshold

(2.10)

The inequality 2.10 is in line with the result of comparative static in the two-

country model in chapter 1. If the productivity asymmetry level is too large, the
costs decrease at a faster pace than the benefits.

Figure 2.4 illustrates the simulation results based on the generalization of 3, >

By = B, > 0 under bilateralism.
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Figure 2.4: Simulation (One highly-productive Country)
2.4 Conclusion

In chapter 2, we study the role of bilateralism in affecting the formation of global free
trade. We show that global free trade is the only equilibrium in the case of symmetric
productivity no matter if bilateralism is prohibited, or not. However, in the case of
asymmetric productivity, the consent of bilateralism can either help or hinder the
formation of global free trade. We study two special cases: (i) one highly-productive
country and two low-productive countries and (ii) two highly-productive countries
and one low-productive country. We find that in the case of two highly-productive
countries and one low-productive country, the consent of bilateralism can help the
formation of global free trade; but in the case of one highly-productive country and
two low-productive countries, the consent of bilateralism can prevent the formation
of global free trade. The role of productivity asymmetry suggests: (i) a sufficiently

large productivity asymmetry degree will break the formation of a global free trade;
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(i) a trade agreement between two similarly-productive countries will form with a

sufficiently large productivity asymmetry degree.
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Chapter 3

Productivity Asymmetry and Trade Liberalization:

The Case of Customs Unions

3.1 Introduction

A customs union (CU) serves as an international trade agreement under which free
trade that eliminates external tariffs is granted for member countries, but not for non-
member countries. To WTO members, a customs union is one of the overwhelming
preferential trade agreements (PTA) that permit countries to grant trade liberaliza-
tion to their member trading partner countries that they can simultaneously retain a
trade barrier to their non-member partners. Another mainstream PTA is the bilat-
eral free trade agreement (FTA) that also eliminates external tariffs among member
countries. CU, however, functions differently with bilateral FTA under which mem-
ber countries independently determine their optimal tariffs imposed on non-members,
whereas under CU member countries must jointly determine the optimal external tar-
iffs from the perspective of the aggregate welfare of all members. CU has been less
prevalent than bilateral FTA, but the importance of CU never declines. The WTO
database demonstrates that 118 countries accompany with at least one CU according

to Ovadek and Willemyns (2019). Specifically, CUs have played important roles in
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affecting the trade regimes of European Union countries and Latin America. How-
ever, researchers have understudied CUs. This paper aims to remedy this rift and
earn a better access to fully comprehend the intuitions behind CUs’ effects on global
trading market.

In this chapter, we study the role played by productivity heterogeneity across coun-
tries in affecting the formations of customs unions and global free trade. Studying
the three-country equilibrium analysis in our chapter 2, we start with the specula-
tion: when customs unions replace bilateral FTA, global FTA only forms when the
productivity asymmetry degree is sufficiently small.

We use the same three-country model as in chapter 1. We consider three trading
regimes when customs union is the only possible PTA: (i) customs union (i.e. two
countries sign a CU agreement and impose a discriminatory tariff on the other non-
member country); (ii) global free trade agreement (i.e. all three countries sign free
trade with each other); (iii) status quo (i.e. no country communicates with others).

Under multilateralism (i.e. banning PTAs that impose discriminatory tariffs), we
have three trade regimes: (i) multilateral trade agreement with non-discriminatory
tariff (i.e. two countries sign a trade agreement that chooses an optimal tariff that is
also imposed on the non-member country); (ii) global free trade agreement (i.e. all
three countries sign FTA with each other); (iii) status quo (i.e. no country commu-
nicates with others).

Our equilibrium analysis follows from the concept of coalition proof Nash equilib-
rium.

The main objective of our analysis is to study how the role of CU affects the
formation of global free trade under a condition of different productivity across coun-
tries. We start with the special case of symmetric productivity (i.e. all countries have

the same productivity), and we find that global free trade is the only equilibrium
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no matter CU is permitted or not. This finding generalizes the conclusion of Saggi,
Woodland, and Yildiz (2013) in which they show the stable formation of global free
trade under symmetric endowment.

We then investigate how different degrees of productivity heterogeneity can af-
fect the change of equilibrium. We consider two special cases as we do in chapter 1:
(i) two identically highly-productive countries and one unique low-productive coun-
try and (ii) one unique highly-productive country and two identically low-productive
countries. We find that when the degree of productivity heterogeneity is sufficiently
large, in equilibrium only the two similarly-productive countries will form (i) a CU
when discriminatory policy is approved and (ii) a multilateral agreement when dis-
criminatory policy is prohibited.

We find that the consent of CU under different trading environments can affect the
formation of global FTA similarly. In the case of two highly-productive countries and
one low-productive country, regardless of the productivity heterogeneity, the consent
of CU supports the formation of global FTA. Also, in the case of one unique highly-
productive country and two low-productive countries, the consent of CU still supports
the formation of global free trade.

We also find that as the productivity asymmetry rises above a sufficiently large
level, global free trade will fail to form no matter CU is possible or not. The intuitions
are in line with that in chapter 1. As in the case of two highly-productive countries
and one unique low-productive country, a larger productivity asymmetry level will
increase both the benefits and costs from being a non-member by the unique low-
productive country. A larger productivity asymmetry degree grows the benefits of
the unique low-productive country from being a non-member faster than the costs of
the unique low-productive country from being a non-member. Therefore the unique

low-productive country will opt out from FTA when the productivity asymmetry level
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is too large.

As in the case of one unique highly-productive country and two low-productive
countries, a larger productivity asymmetry level will decrease both the benefits and
costs from being a non-member by the unique highly-productive country. A larger
productivity asymmetry degree reduces the costs faster than the benefits. Therefore
the unique highly-productive country will opt out from FTA when the productivity
asymmetry level is too large.

The chapter proceeds as follows. Section 3.2 describe the literature review. Section
3.3 presents the equilibrium analysis when only CU is the available PTA. Section 3.4
presents the equilibrium analysis when both bilateral FTA and CU are available.

Section 3.5 concludes chapter 3.

3.2 Literature Review

A few works focus on the study of the economic effects from customs union formation.
Akdi and Erdil (2019) find that CU has an impact in EU-Turkey trade relations with
regard to periodicity. Hantzsche and Young (2019) estimate the economic effects of
Brexit on UK which instead forms a customs union with EU and they find that leaving
the EU to join such a customs union would result in the UK economy being around 3
per cent smaller than it would have been had the UK stayed in the EU. Aromolaran
and Olebogeng (2021) find that in the Southern African Customs Union the major
capital low components of foreign portfolio investment and foreign direct investment
respectively generate a unidirectional causality in respect of GDP per capita with
causation running from the respective capital flow components.

Our study is mostly related to Saggi, Woodland, and Yildiz (2013). To isolate
the effect of CUs, they allow asymmetric endowment levels, and thus their main

contribution affirms the necessity of CUs that can nudge small countries (i.e. countries
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with lower endowments) to sign FTA with large countries. Under our model that adds
the heterogeneity in supply curve and allows asymmetry in productivity, one of our
findings is consistent with their finding that CUs are necessary to help achieve global
FTA. We, however, differ with them in terms of that we add production into the
model.

One result in this chapter is in contrast with that in chapter 2 which studies the
role of bilateralism instead of CU. Under the trading environment in which there is
only one low-productive country, in chapter 2 we find that the consent of bilateralism
can prevent the formation of global free trade. However, in this chapter we find that
the consent of CU instead of bilateral FTA will always help achieve the formation of

global free trade.

3.3 Equilibrium analysis

In this section, we will study the role played by CU and multilateralism that could
affect the formation of FTA under the conditions of asymmetric productivity in dif-
ferent trading environments.

In the three-country framework, there are 3 regimes when CU is approved: {®} ,{F'}, {ij}"
for i € {a,b,c}, j € {a,b,c}, j # i. If all countries announce no trade agreements,
then a status quo forms, denoted as {®}. If two countries, say 7 and j, form a custom
union without involving the other country k for k € {a,b,c}, k # j # i, we denote
this CU as {ij}". If all three countries sign agreements with each other, a global free
trade regime {F'} forms.

However, under multilateralism (i.e. when CU is banned), there are 3 regimes:
{®},{F},{ij}"". The two regimes {®} and {F} are same with those under the
consent of CU. In the regime {ij}" in which all countries are prohibitted to impose

discriminatory tariff, country ¢ and country j will jointly maximize their welfares with



62

an optimal tariff that will be also imposed on the non-member country k.

We denote t{"} as the tariff under the regime {r}.

Definition 4. In the global free trade regime, denoted by {F'}, the tariffs are such
that:

(F}y . . .,
ti; ' =0forie{a,b,c},j€{abct,j#i

In the custom union {ij}" the tariffs are such that:

(0 g

ij
tl{,ij}u = Argmax {Wi{ij}u + Wj{ij}u}
ik

In the status quo regime {®}, the tariffs are such that:

t?} = Argmax {Wi{q)}} = Argmazx {CS;{q)} + PS;{Q} + TRZ{CD}}
ti t;

P P o
s.t. tl{j - tl{k} — tz{ }

In the multilateral agreement {ij}", the tariffs are such that:
t;{ij}m = Argmax (VVi{ij}m + I/V]{ij}m>
t;

Then based on the optimal tariffs, we next compare the welfare difference between
each regime.

We denote VVi{T} as the welfare of country ¢ under the regime {r}, and AWi{r}f{S} =
Wi — Wl as the welfare difference between regime {r} and {s}. If W, = o,
we conclude that country i is indifferent between {r} and {s}; if AI/VZ»{T}*{S} > 0, we

conclude that country ¢ prefers {r} to {s}.
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3.3.1 Equilibrium when all three countries are identical

Proposition 11 concludes our first result based on the condition of symmetry:

Proposition 11. If 3, = B, = B. and e, = e, = e, global FTA is the only stable

equilibrium no matter custom unions are approved or not.

Proposition 11 is in line with the conventional intuition: under the condition of
symmetry (i.e. 8, = B = B and e, = e, = e.) the world welfare gains will be spread
equally into each country. As countries are announcing their strategies simultaneously,
no one has an incentive to deviate for the FTA that brings considerably more consumer
and producer surplus than opting out. As a result, the final regime will be global
FTA that will reach a Pareto optimal outcome.

Proposition motivates a question: is global FTA still uniquely stable under a
condition of asymmetry? We then will solve for the equilibrium regimes under the
condition of asymmetry from the perspective of productivity. It is noteworthy that
we want to isolate the effects solely from the productivity heterogeneity. Therefore,
henceforth we will assume that countries have identical endowment by assuming e; = 1
for all i.

In our set-up for an asymmetric three-country trading, we define two similarly
productive countries and one distinctive country. We firstly study the case that
there exist two identically highly-productive countries and one unique low-productive
country. Secondly we study the case that there exist two identically low-productive

countries and one unique highly-productive country.
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3.3.2 Equilibrium when there are two highly-productive coun-

tries

To avoid confusion, henceforth we denote the low-productive country as S (i.e. the
country with a smaller level of supply for the differentiated goods). We denote the
highly-productive country as L (i.e. the country with a larger level of supply).

We assume that there are two identical countries with a positive productivity
and one country without any productivity. Therefore, we have two highly-productive
countries and one low-productive country. We denote the two highly-productive coun-
tries as Ly and L. It is noteworthy that L, is identical to Ls. Henceforth, if L, signs
a CU with Lo, the regime is denoted as {L,Lo}" = {LL}".

We then prove the following Lemma:

Lemma 7. If B, = B, = 5 > 0 and 5. = 0 (i.e. countries a and b are country L,

country c is country S), when CU is available the following inequalities hold:
AW S g ey g < gl oy 53 (3.1)

AW S o AW O 0 AW S 0 for any 5 (3.2)
Proof. See Appendix -

We denote as BEF}f{LlLQ}U the cut-off point that makes country S be indifferent
between regime {F'} and regime {LL}".

Firstly we see that Lemma 7 ascertains that the highly-productive country never
wants to be a non-member based on the inequality AWéf}f{LQS}u > 0. Secondly,
we see that both two highly-productive countries do not have an incentive to deviate

from global FTA. Highly-productive countries have a larger volume of exports and

a smaller volume of imports, thus benefit more from tariff reductions granted by
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others. Similarly, such countries have relatively less to lose from eliminating their
own optimal tariffs since these tariffs apply to relatively larger import volumes.

Therefore, the equilibrium is dependent on the unique low-productive country’s
deviation for global FTA. Based on the inequality 3.1, the unique low-productive
country would like to be an outsider when the asymmetry degree in productivity
is too large. To the unique low-productive country which has to trade with two
larger exporters, the larger the asymmetry degree in exporting volumes, the larger
the increase in its export deficit from the elimination of its partners’ tariff and the
more the loss due to its own trade liberalization since the tariff reduction applies to
a larger volume of imports (due to the larger export level of its partners).

We thus have the following proposition:

Proposition 12. If 3, = 3, = 3 > 0, B. = 0 and customs unions are available, there
exist a threshold of B such that

(1) The unique low-productive country prefers regime {F'} to any other regimes if
and only if B < BéF}_{LL}u;

(i1) {F} is the only stable equilibrium when [ < ﬁgF}_{LL}u;

(i13) {LL}" is the only stable equilibrium when 3 > ﬁL{gF}f{LL}u.

We then will discuss the formation of the final regime under multilateralism (i.e.
when customs unions are prohibited). Since under multilateralism countries are not
permitted to impose discriminatory tariffs on the non-member country, we speculate

that global FTA will be less likely to form. We then prove the following lemma:

Lemma 8. If 5, = 6, = [ > 0 and . = 0, under multilateralism the following

inequalities hold:

AW S g s g < gl 0 12 (3.3)
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AWéf}_{LlLQ}m > 0, AWL{lLlM}m_{q)} > 0, AW]E?}_{LQS}WL > 0 for any
Proof. See Appendix m

Based on Lemma 8, still the two highly-productive countries have no incentives to
deviate from global FTA. The intuition is analogous to that underlies under Lemma

7. With Lemma 8, we have the following proposition:

Proposition 13. If 5, = 5, = 3 > 0, 5. = 0 and customs unions are not available,
there exist a threshold of B such that

(1) The unique low-productive country prefers regime {F'} to any other regimes if
and only if 5 < BL{gF}f{LILQ}m;
(i7) {F'} is the only stable equilibrium when < BgF}_{LILZ}m;

(i1d) {LL}™ is the only stable equilibrium when [ > ﬁéF}_{Lle}m.

Figure 3.1 illustrates Propositions 12 and 13.
Customs Union

0 Productivity Asymmetry 00

| | |
| 1 | 1 |

Global FTA Customs Union between two highly-productive countries

Multilateralism
|| |
| l | [ |

Global FTA multilateral agreement between two highly-productive countries

Figure 3.1: Propositions 12 and 13 (two highly-productive Countries)

Combining propositions 12 and 13, the parameter space of global FTA being stable

under multilateralism is considerably smaller than that under CUs. Since multilater-
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alism bans the discriminatory policy, the non-member country under multilateralism
is levied by a same tariff as the member country is. As a result, the non-member is
more tolerable to be an outsider under a non-discriminatory environment. As shown
in Lemma 8, under multilateralism the unique low-productive country only wants to
join global FTA when the asymmetry degree is almost vanishing.

To further understand the underlying insight, we show the results of comparative
static.

Firstly, one obvious benefit from being a non-member by the unique low-productive

country is the tariff revenue gains:

dT'Rg
dts

> 0,

where tg is the tariff imposed by country S.

Secondly, a higher external tariff leads to a higher consumer surplus of country S:

dCSs
dity,

> 0,

where ¢, is the external tariff imposed by country L. This second benefit is because

of the lower local prices (i.e. Upea) () and Uper) < 0, country c is country S). It
d(tLl) d(tLQ)

is noteworthy that there are two external tariffs ¢;,and ¢;,, and they play the same

role here. We therefore use t, as a general notation that represents both two external

tariffs.

The first cost from being a non-member by country S is that:

d(CSs)
d(tsi <0

the unique country S imposes its own tariffs tg that are harmful to its consumers (i.e.
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d(CSs)
d(ts)

< 0) due to the adverse price response (dc(zgf}) > 0).

The second cost is:

a higher external tariff ¢, is causing PSs to decrease because of the price response

i o Apea) d(peB) d(PSs)
(i.e. on < 0 and i(iry) < 0 so that 75" < 0).

We then show the effects of a larger productivity asymmetry degree on the benefits

and costs:
d* (TRs) -0 d* (C'Ss)
d(ts)d(Br) d(tr)d(BL)
d*(CSs) <0 d* (PSs)
d(ts)d(Br) d(tr)d(BL)

> 0.

< 0.

Therefore a larger productivity asymmetry level (i.e. a larger 81) will increase
both the benefits and costs.
We then combine the effects on benefits and costs. We show that the following
inequality holds:
Benefits Costs

& (TRyg) ‘_[ 4 (C'Ss)
d(ts)d(Br)| |d(ts)d(Br)

| d2(PSs) |
d(tr)d(Br)

" 4 (C'Ss)
d(tr)d(Br)

> (0 <= [ > athreshold

Therefore, a higher productivity asymmetry degree grows the benefits of the
unique low-productive country from being a non-member faster than the costs of
the unique low-productive country from being a non-member.

We generalize the condition of asymmetry to be g, = 8, > . > 0, based on which

we run a simulation. Figure 3.2 illustrates the simulation result under CU.
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Figure 3.2: Simulation (two highly-productive countries)

3.3.3 If there is only one highly-productive country

We assume that there exist one unique highly-productive country and two identically
low-productive countries (i.e. 8, > 5, = . = 0). We thus can prove the following

Lemma:

Lemma 9. If 3, = f > 0, 8, = 8. = 0 and CUs are approved, the following

inequalities hold:

AW S gy g < IS ¢ 0.186831 (3.4)
AWL{F}_{LS}u > 0 for any S (3.5)
AW 5 0 for any (3.6)

AWS{F}_{SS}u > 0 for any B
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AW 5 0 ey g < g9 1 6175
Proof. See Appendix m

The CU is stable when two countries simultaneously intend to push the third
country out, or one country prefers to be a non-member by itself. The inequality 3.5
says that the unique highly-productive country prefers {F} to {LS}" all the time.
Together with the inequality 3.6, {LS}" will never be stable.

We see that another form of CU {SS}" will be stable when § > BiF}f{SS}u,
in which the highly-productive country will opt out from global FTA. We thus can

conclude the following proposition:

Proposition 14. If 3, = 8 > 0, 8, = B. = 0 and CUs are approved, there exist a
threshold of B such that

(1) The unique highly-productive country prefers regime {F'} to any other regimes
if and only of B < ﬁéF}f{Ss}u;

(17) {F'} is the only stable equilibrium when [ < BéF}_{SS}u;

(i13) {SS}" is the only stable equilibrium when [ > BEF}_{SS}U.

Before we discuss the intuitions for Proposition 14, we derive the stable equilibrium

when CUs are prohibited. We prove the following Lemma:

Lemma 10. If B, = B > 0 and 5, = B. = 0, under multilateralism the following

inequalities hold:
AW;IF}_{LSQ}WL > 0, AWS{F}_{LS}m > 0, AWéss}m_{é} > 0 for any S (3.7)

AW 5 0 e g < gl 1 9 39 (3.8)

Based on Lemma 10, both two low-productive countries like neither being a non-

member nor pushing the other less-productive country out. Thus we have the follow-
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ing proposition:

Proposition 15. If 3, = 3 > 0, 8, = B. = 0 and CUs are not available, there exist
a threshold of B such that

(1) The unique highly-productive country prefers regime {F'} to any other regimes
if and only if B < pLFI1ST,

(17) {F'} is the only stable equilibrium when [ < ﬁéF}f{Ss}m;

(i12) {SS}™ is the only stable equilibrium when 3 > 5;1?}-{35}*”.

Figure 3.3 illstrates Propositions 14 and 15.

Customs Union

0 Productivity Asymmetry 00

| | |
| l | |

Global FTA CU between two low-productive countries

Multilateralism

|
| | | | |

Global FTA multilateral agreement between two low-productive countries

Figure 3.3: Propositions 14 and 15 (One highly-productive Country)

Propositions 14 and 15 are in contrast with chapter 2 that studies the role of
another PTA which is bilateral FTA. In chapter 2 propositions 9 and 10 (shown in
figure 2.3) show that the consent of bilateral FTA can prevent the formation of global
free trade when there is only one highly-productive country. However, CU will always
help form the global free trade no matter there is only one highly-productive country

or there are two highly-productive countries.
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We provide the results of comparative statics. Since the equilibrium hinges on
the attitude from the unique highly-productive country towards being an outsider,
we then study the effect of this unique country being a non-member on its welfare
based on different levels of its productivity.

We show that: if the unique country L chooses to opt out from FTA, it will gain

benefits including (i) a higher tariff revenue (d%}zﬁ) > 0); (ii) a higher C'S, thanks to

the higher external tariffs ¢g (d%iﬁ) > 0).

The costs include: (i) d%ig) < 0, a lower C'Sy, due to that country L’s own tariffs

d(PSr)

ty lead to an adverse price response; (i) =75

< 0, a lower PSy, due to the adverse
price response from a higher external tariff.
To see how productivity asymmetry affects the benefits, we show the following

inequalities:

d*> (TRy)
——— >0 3.9
T02)d(5s) 39
d*(CSyp)
—— >0 3.10
2(ts)d (Bs) 310
To see how productivity asymmetry affects the costs, we show the following in-
equalities:
d*(CSy)
——= <0 3.11
IATIC 10
d*(PSy)
——— <0 3.12
d(ts)d(Bs) (3.12)

We show that a larger productivity asymmetry degree (i.e. a lower fs) reduces
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both the benefits and costs. We then show the combined effect as follows:

Costs Benefits
N\ N\

2@sy) || |]

- ‘ & (CSy)
d(ts)d(Bs) d(ts)d(Bs)

& (TRy)
d(tz)d(Bs)

d2
’ (C5L) > (0 <= fg < athreshold

d(tr)d(Bs)

(3.13)

The inequality 3.13 is in line with the result of comparative static in the two-

country model in chapter 1. If the productivity asymmetry level is too large, the
costs decrease at a faster pace than the benefits.

Figure 3.4 illustrates the simulation results based on the generalization of 3, >

By = B > 0 under CU.
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Figure 3.4: Simulation (One highly-productive Country)
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3.4 Bilateral FTA

One question that deserves comments is: does the freedom to pursue bilateral FTA
affect the formation of CU and global FTA? To anwser this question, we in this section
allow countries to choose to form bilateral FTA or CU freely. Under a bilateral F'TA,

member countries independently choose their optimal external tariffs as follows:

tl{;j} = Argmazx {T/Vi{ij}} ,

tik

s.t. tij =0

where {ij} is a bilateral FTA under which countries i and j are member countries.

Compared to the CU {ij}" :

t;,{]ij}u = Argmax {Wi{ij}u + Wj{ij}u} |

tik

s.t. tij =0

We show the following:
£ S 4l (3.14)

The inequality 3.14 provides a natural speculation: if bilateral FTAs are available,
CU will never be stable. According to chapter 2 that studys how bilateralism affects
the formation of global FTA, the thresholds of asymmetry degree in productivity are
much smaller than the corresponding thresholds in this chapter. To further indicate

the findings, we still need to discuss under different trading environments.
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3.4.1 Two Country L and One Country S

In this pattern, we have two identically highly-productive countries and one unique
low-productive country. Therefore, if 5, = 8, = > (. = 0, we then prove the

following two inequalities hold.
AWL{LL}_{LL}u > 0 for any

AWéF}_{LL} >0 <= < BéF}_{LL} ~ 191

Based on these two inequalities and together with Lemma 1 in chapter 1, we show

the following propistion:

Proposition 16. If 3, = 5, = 8 > . = 0 and CUs and bilateral FTAs are both
available, there exist a threshold of B such that

(1) {F} is the only stable equilibrium when [ < 5?}7{“};

(i7) {LL} is the only stable equilibrium when § > BgF}_{LL};

(1ii) The consent of bilateral FTA makes global FTA be less likely to form.

Proposition 16 is an extension of Proposition 4 in chapter 1, which does not include
CU as an alternative PTA. We further find that the CU can be a superior PTA in

nudging the formation of global FTA.

3.4.2 Two Country S and One Country L

In the second trading pattern, we have two identically low-productive countries and
one unique highly-productive country. If 8, = 8 > £, = B. = 0, we prove the

following two inequalities hold:

AW;SS}f{SS}u > ( for any (3
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AW 5 0 g < gl 1181

Based on these two inequalities and together with Lemma 2 in chapter 1, we have

the following propistion:

Proposition 17. If 5, = 8 > [y, = B. = 0 and CUs and bilateral FTAs are both
avatlable, there exist a threshold of 8 such that

(1) {F} is the only stable equilibrium when [ < ﬁiF}f{SS};

(17) {SS} is the only stable equilibrium when [ > ﬁiF}_{SS};

(1ii) The consent of bilateral FTA makes global FTA be less likely to form.

Proposition 17 is an extension of Proposition 5 in chapter 1, which does not
include CU as an alternative PTA. We again find that the CU can be a superior PTA

in nudging the formation of global FTA.

3.5 Conclusion

In chapter 3, we study the role played by a popular preferential trade agreement
(PTA) which is custom unions in affecting the formation of global free trade. In our
three-country model, we focus on how country-specific productivity affects the role
of custom unions. Our main findings show that the consent of CUs can nudge the
formation of global free trade no matter if there is only one highly-productive country,
or there are two highly-productive countries.

Moreover, we study the case when both CUs and bilateral FTA are approved
meantime. We find that the global free trade will be less likely to form because
bilateral FTA will be always preferred to CUs.

Another finding in this chapter shows that a too large productivity asymmetry
degree will trigger the failure of global free trade no matter if CUs are available, or

not.
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APPENDIX A:
Chapter 1

Proof of Proposition 2:

Proof. Under two-country model, we have:

TRq
CSa PS, ~ 2
A r 7\ -~ z/bf
. 1 9 1 2 Ba 2 7 N
Wa - 5 (1 - paA) + 5 (1 - paB) + €aPaB + ? (paB) + ta(eb -1 + (1 + 51)) pbA)
o 1—t, _ 1+ (Bp+D)ta
P = oy Pad = ~(,52)
1+ (Ba+Dty, _ 1t

Py = (Bat2) * PaB = (Bat2)

{} _ 1 {y _ 1
@ T (BB b T (3+Ba)

(Fy-fey _ 1 ( _<1 &) > L, ( 3)
Wa (ﬁa+2)2tb 1+ 5, 2—|— 5 ty —|—(2>2 1+2

(Fy—{oy _ 1 1 ) 1 (_ o (Ba+3) (14 8) )
W = gt (1=30) gt (-1

Proof of the results of comparative static in the two-country model:

dCSa AT Ry

dta dj\a d(};Sa —0
N -~ ~ ta
1 1 1-—2¢, ~ =
Proof. %: (5b+ )y 5 (1— ta)+< + ) ( )+ 0
) (B +2)° (B +2)
Note that t3% = (3+16 ; with assuming e, = ¢, = 1, thus dgtlja = (1+€’;i$2)2t“) > 0.
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d2C S, <0 22T Ry
dtadpy dtadB,
7z ~ ~ M_
ew, _ | _2(0—t) (B +1) 1—2t,
e (B + 2 (5 + 27
7 ~ dt
aw, th+ Ba+1 — (24 284 — Baly) —~
Tty | a2 5 + 0
’ (Ba+2) (Ba+2)
<o P50 50
/_/% -~ N
2w, _ | _ Ba + 2ty (2 —tp) B + 21 -
dtpdfBa (Ba + 2)3 (ﬁa + 2)3

Under Three-country Model we have:

eg=€p=¢e.=1
(171+<1+Bb)tab+(1+5c)ta6)2 (1717(2+Bc)tba+(1+5c>tbc)2 (171*<2+f3b)tca+(1+5b)tcb)2

CSa — 3+éb+5c _|_ 3+32a+ﬁc _|_ 3+52a+ﬁb
2
— 1_(2+Bc)tba+(1+60)tbc & 1_(2+:8C)tba+(1+186)tbc
PSa = 3+Ba+Be T3 ( 3+Ba+Be )
+17(2+Bb)tcd+(1+ﬁb)tcb + & 17(2+/8b)tca+(1+ﬂb)tcb 2
3+Ba+Bp 2 3+Ba+Bp
1=(248c)tap+(1+Bc)tac 1+(14-8p)tap—(24Bp)tac
TR, = tay ( (B + 1) S (abils) oy, (5, 4 1) BN

Proof of Lemma 1:

Proof. All below equations can be solved by Newton method or Bisection method
with one unique positive solution (note that country a and country b are country L

and country c is country S):

AW AFr{as}h _ AWS{'F}f{LL} _

(483+2782+583+40) (4+28)(3+28)° — (484 +408°+14482+2208+121 ) (9+153+782+5° )
(2824108+11)%(3+8)2 (4+28)(3+28)2

AW S 0 = 8 <~ 1.91498008

{F}—{ah} _ {F}—{Lh} __ 6087+764554+40883°+119443*+206263%+21112524+119075+2871
AW = AW - 2(8+3)(28+3)%(282+108+11)%(482+1358+11) >
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AW{F} {bh} __ AW{F} {L2h} _

(1658+274B7+1948B6+7663B5+18395B4+27673B3+2548062+13104B+2871) >0
2(8+3)2(28+3)2(482+138+11)(282+108+11)

{F}—{ch} (FI={Sh} _ (HAD00HAAIS0)E 1)~ (515)°11+5)°(1+5)
AWa =AW 2(3+B)2(11+38) (3+5)2 (11+38)

>0

A F—(bey _ 26487 +45375° + 3075157 + 1260525 + 3582300° 4 7261574 + 3184557
¢ 2(8+3)°(B4+4)(28+3)*(36+11)* (482 + 133 +11)°
206963° + 5114335 + 451063* + 9849333% + 81910232 + 3983433 + 84942
2(B+3)°(B+4)(28+3)* (38 + 11)* (482 + 138 + 11)*

Proposition 4 is self-enforcing based on Lemma 1.

Proof of the comparative static result in the case of {L, L, S}:

Proof. Here country c is the unique country S. t., and t., are own tariffs tg5. ;. and

tqe are external tariffs t;. 8, = 3 = B, B = Bs.

_ 14+ (48p)tap—(2+B8b)tac

PeA = PaA — tac = 34 By 1+ Be
PeB = PoB — the = H(Hﬁsafﬁszr(ﬂzjﬂa)tbc
_ 14+(04Ba)teat+(148)te
Pec = atBy
CSC %(1_])014) +l(1_pCB)2+%(1_ch)2
2 2
1 +(1+8p)tab—(2+Bp)tac 1 14+(14+8a)tva=(2+Ba)toe
CSe=3 ( - §+Bb+6c } ) T3 (1 - 3+§a+6c ; )
2
1 14+(14-Ba)tea+(148p)tc
+§ <1 - 3+Ba+bb : b)
dp?, _ _ 6b+1 dp?, _ Bc+2
dtapdBe (3+/8b +/BC)2 > dtapdBy (3+/8b+/80)2
_ 1+(1+B8)tab—(2+Bb)tac
acs. _ _(Bb +1) <1 348, +8c > <0
dtay 3 + ﬁb + Bc
ees, _ Bt D)+ B+ B +2(8+2) tac =28+ 1) tw)
o (34 By + B’
d’CS. _
dtapdfBy

. ((250 + 3) tac - (Qﬁc + 4) tab + ﬁc + 3) Bb + (3ﬁc + 5) tac - (250 + 4) tab + BCQ + 4ﬁc + b}
(3+Bb+ﬁc)3
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1+(1+5 )ta 7(2“1’5 )tac
(5 +2) (1 - O G )

dCsS,
¢ = >0
diac ﬁ 3+ /Bb + ﬁc
+1
dpep a dCS.
dtbf_ﬁc+ﬁa+3>0’ dtba<0
_ 1+(14Ba)tba—(24+Ba)tbe
dCS. _ (8o +2) (1 3+Ba+Be ) -0
e 3+ Ba + Be
_ 2(/8L+1)tcb+1>
dpec 2 (ﬁL + 1) = (. 9CS. _ _2 (ﬁL T 1) (1 2BL+3 0
dte 261+ 3 ? dbca 206+ 3
Ppec 2 S (. PCS. _ 8(te—1) (B +1) <0
dtcadfBr, (QﬁL _|_ 3)2 ’ dteqdBr (2/BL + 3)3
PSC = peB T % (]%B)Q + Dea + % (pcA)z
PeB = DbB — the = 1+(1+ﬁ§fﬁbz—7—(ﬁi+ﬁa)tbc
PcA = PaA — tac = 1+(1+5§}:224_r§32c+6b)t%
2
R 1+(1+ﬁa)t a7(2+ﬁa)t c Bc 1+(1+ﬁa)t a7(2+/3a)t c
PSe = Soarhe T2 < R >
+ 1+(1+Bb)tab_(2+ﬁb)tac + & <1+(1+6b)tab_(2+5b)tac>2
3+5b+5c 2 3+6b+/80
dpcB: 1+/8a dgpcB — /BC+2 >O
dtba 3+/8a+/80 ) dtbadﬁa (3+/Ba —|—/BC)2
dp.B — _/8(1 - 2 < d2pcB — 56 + 1 <
e~ Bt By +3 ) Tedhe (g 45 4 3)2
dpea _ 51? + 1 > pea _ Bc +2 >
Moo Pt o3 T e (B4 B+ 3)°
dpea _517 -2 Ppea Bc +1

e B+ Bp+3 ) Meedh (g4 g 4 3)2
TR.=tu (s + Boprc — 1+ poc) + tea (€ + BaPac — 1 + Pac)

TRC = tcb <(/3b + 1) 1+(1+5a)t5a_(2+ﬁa)tcb) + tca <(/Ba + 1) 1_(2+6b)tca+(1+ﬁb)tcb>

3+Ba+Bp 3+Ba+Bp
dd)t(bc = (Ba +1) (B + 1) >0, j:X;BC _ (By+1) (B + 22) > (0, where X is export.
“ o Bt fats B (Bat By +3)
ixe _ (“Ba—=2)(By+1) exe (Bt D)’
fo Bt fts Pl (B + By +3)°
2xe . (Bat 2)°

dtepdfBy (ﬁb 1B, + 3)2

arr, _ 2B+ 1) (@2t —1) prp _ 2(2t—1) -

e 20 +3 WA T (98, 1 3)?

Proof of Lemma 2:



AWiF}—{ac} _

AWAFI—aby _

AW FIany _

AWAFI—feh} _

AWAFI b} _

AWLFI—be) _

86

{(Fy—{ac} _ A pAF—{LS} (-@m) 1 23
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= TI8 T IGARRAII0RFIL T 2GR0
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44 (B +4)% (36 + 11)° (282 + 1083 + 11)?

Proposition 5 is self-enforcing based on Lemma 2.

Proof of the comparative static result in the case of {L, S, S}:

Proof. Here country a is the unique country L. t, and t,. are own tariffs t;. t,, and

t.. are external tariffs tg. 5, = B, By = B = Ps.

Paa

1+(14-8p)tap+(14-Bc)tac

3+Bb+ﬁc ?

1—(2+Bc)tpa+(1+8c)tbe
Pan = Po5 — tha = %léﬁ(ﬁ Bete

1-(2+ tca"r 14+ tc
PaCc = PecCc — tca ( ﬁgb_?_ﬁtﬁ_(ﬂb Bo)tes
dpaA — (1+ﬁb) d2paA — BC + 2
diap 3+Bp+Bc? dtapdBy (ﬁb + 8.+ 3>2
dpaB I (2+ﬁc < O dpr . /86 + 2
dtpa ~ 3+Ba+B8c Y dtpedBa (ﬁa +5c+3)2
dpac . —(2+Ps) <0 dpl. Bb +2
dica o 3+/8a+5b

YdtcadBa T (ﬁa +Bb +3)2
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_(a*a)Q (a—pq )2 (a—pa )2
CS, = &teal | 10 Pab) 4 (Pac)

(17 1+(1+Bb)tab+(l+ﬁc)tac )2 (171*(2+ﬁc)tba+(1+r@c>tbc )2 (171*(2+Bb)tca+(1+ﬁb)tcb )2

CSa _ 3+éb+6c + - 3+L;a+/:fc + 3+[;a+ﬁb
=PaA
C 1 (14 Bo)tas + (1+ Be)lae
By+1)|1— ( 3 )tab + ( )
+ ﬂb + Bc
dcs.
t = <0
s Bc + ﬁb +3
_ 17(2+Bc)tba+(1+lgc)tbc
dCS, _ (2+6) (1 8+Ba+5e ) 50
e 3+ fa+ e
_ 17(2+Bb)tca+(1+5b)t6b
dCS, _ (B +2) (1 h ) L
dhea 3+ ﬁa + 6b
cs, _ (24 B8) (14 Ba+ Be — 2((Be + 1) the — (Be + 2) toa))
dtbadﬁa (3 _|_ Ba + /60)3
d?>CS, — <ﬂb + 2) <(1 — (2 + 5b)tca + (1 + ﬁb)tcb> . (1 . 1(2+5b)tca+(1+5b)tcb)>
dtcadﬁa </8a _|_ /Bb _|_ 3)2 (/BCL _|_ /Bb + 3) 3+ﬁa+ﬁb

PSa = €qPaB + % (paB)2 + €aPaC + % (paC’)27

17(2+Bc)tba+(1+ﬂc)tbc 17(2+/Bb)tca+(1+6b)tcb

PaB = PbvB — tba - 34 Ba+Be sPaC = PeC — tca - 34 Bat+Bs
2
2+/36)t a+(1+/36)t C /Ba 1_(2+ﬂ6)t a+(1+ﬁC)t c
+1 4fteat (s | fo ( —(2+ﬂb)tca+(1+ﬂb)tcb>2
3+Ba+PBp 3+Ba+PBp
dPS, _dPS, _,
dtey — dtee
dPSa __ﬁa'(ﬁc+2) (1_(2+50)tba+<1+ﬁc>tbc> _ ﬁc+2 <0
dtpq (34 Bo + ) Be+Ba+3
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d’PSs __
dtbadﬁa -
3\0
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(Ba+ fe +3)°
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Thus, ;ibff;a >0 < f, > threshold, so is dﬁjj o
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APPENDIX B
Chapter 2

Proofs

Proof of Lemma 4:

(—B7—1785—1088°—3428* —5783% —49232 ~1473+27 )
(3+8)*(B2+58+7)(3+28)" (4+28)

1
(B+1) _ 5 (B+1)
(5+1)(*2+E§ﬁg;) (PM) (3+8)° I-whem—T
(3+28)%(7+48)

Proof. AW — B 0.12407;

AWC{F}f{ac}m _

+
(11+38)%(3+8)2(48%+482+198+68+20) —2(3+25)2 (48%+238+18) -

3162015 T (4+8)(2+8)—1 >0
{Fy={be}™ _ {F}—{L25}™ _
AW - AWLl B 2(3+28)2(482+138+11)° (3+8)2(11+35)*

0 ]

Proposition 8 is self-enforcing based on Lemma 4.

Proof of Lemma 6:

(B+1)° (282 +118+13)

Proof. AW — AppFITESST - S -k >0 =
(B+3)7 (B +68+7)

B < IS 939

A sy _ 13 26" +1653° + 396” + 2053 — 23

5 882 2(5+3)° (B +4)" (B2 +58+7)"
_fapy™ _ m p JENRE S

AW = AW IR = (2-3) ﬁ+2(355)2(<4<+4ﬁ+)§>+<§)+_ﬁ(>1il(31)16))_2(3+(§>+22+ﬁ> ~

0 O

Proposition 10 is self-enforcing based on Lemma 6.
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APPENDIX C
Chapter 3

Proofs

Proof of Lemma 7:

Proof. All below equations can be solved by Newton method or Bisection method with
one unique positive solution. Also note that country a and country b are country L

and country c is country S:

{F}—{ab}" _ {F}—{LL}" _ —2B5+38%+32834+682—-1028—81
AWe =AWy = GG 0 = f < 4.53243

< 2824+108+11 L
{(F}—{ab}* _ (F}—{LiL2}" _ ©+27) (1+8) (2~ tazy) | (1+8) (2~ 5727)
AW - AWLl — 2(3+B)2(5+28) 2(3+28)%(4+28) - 2(3+8)2(5+20)

F}—{ac}* F}—{LS}*
AWG{}{GC} :AWL{}{ P
—589-9388 71387 —28973%—66398°—813284—310833+509782+78158+3375
2(8+5)%(B+3)%(6+4)%(28+5)%(26+3)2

AW{F}f{bc}” __ 26439+45373%43075187 +1260523°+35823085+ 72615734 +318437 O
“ 2(8+3)% (B+4)(28+3)° (38+11)*(482+138+11)

Proposition 12 is self-enforcing base on Lemma 7.

Proof of Lemma 9:

Proof. AWIEbr AWi{F}f{SS}u —

1, 228+2)(1-15) ) (sS)
36 Gae - 0 = B<f ~ 6.175

(F}—{ac}" _ {(F}—{LS}" _ Crmy) 1 3
AW = oWy >0= 23+8)2(4+8)  2(3+8)%(262+105+11) 2178

(1+5)<2+m) (14+8) (2~ g )
198 T 2(3+B)2(262+106+11) 2(3+5)%(4+8)

AW@{F}f{ac}“ _ AWL{F}f{LS}“ _

>



91

T363  2(3+8)°(4+8) | 2(282+108+11)°(3+8)
(B4 9) (636° 4 2738% + 289/ + 303)

288 (3 +3)* (36 + 11)°

(F}—{ab}* _ A ppiF)-{LSa}" _ 248 457+20821) (24 8)?
AW, = AW 1 2-2) ( ) 0

AW = AW IS - >0 O

Proposition 14 is self-enforcing based on Lemma 9.



