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Preface

International economic transactions have come a long way over the last few decades. Yet, the
effects of this globalization on eco-social outcomes such as inequality, the environment, and
economic growth remain controversial. The goal of this dissertation i¢éo ftameworks to

think about the role of international trade in shaping economic inequality and the development
of infant industries. There are two reasons for the selection of this topic. First and foremost, |
have an aspiration for conducting research dealing with problems in the real economy. Second,
| have a great interest in economic inequality and infant industry protection because they may

have a tangible impact on economic development and income distribution.

Two features stand out in my approach to this dissertation. First, the frameworks here are
developed with realistic assumptions, such as the assumption of time limit fidptaxtection
during the transition to a free trade organization in Chapter 2, or the assumption of endogenous
choice of technology system in Chapter 3. Second, after the theoretical analysis, these models
are calibrated to explore their quantitative properties. Therefore, | believe these frameworks are

valuable from both theoretical and practical perspectives.

The dissertation is structured as follows. Chapter 1 provides background information on
the development of international trade and investment, the motivation of the dissertation, and
an overview of each chapter. Chapter 2 investigates the optimal path for infant industry pro-
tection during the transition to World Trade Organization membership. Chapter 3 discusses the
effects of trade openness on domestic and international wage inequality with endogenous tech-
nology. Chapter 4 studies shifts in wealth distribution in response to the entry of foreign direct

investment firms.



| develop three theoretical models to study the mechanisms behind international macroeco-
nomics and trade. My results challenge conventional wisdom and contrast previous studies’.
These new results demonstrate that in order to understandféutseof trade policies in a spe-
cific country, we need to develop theoretical models with more realistic assumptions and to
simulate such models using real data. Understanding tiesetsecomprehensively will help
policy makers design optimal trade policies, choose suitable development strategies, and ad-

dress well income inequality problems.
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Chapter 1

Overview

1.1 Background

International economic transactions have never been as prevalent as it currently is. Over the
last two decades, world export growth is three times higher than gross domestic product (GDP)
growth! implying a rapid development in international trade. The number of member countries
participating in global free trade agreements is steadily increasing as well. The World Trade
Organization (WTO) has approved terms for its 162nd member to join by the end of 2015.
Along with the WTO, negotiations and implementations of new free trade and bilateral trade
agreements have become ubiquitous worldwide. In addition, the world economy has witnessed
a significant increase in foreign direct investment (FDI), especially in developing countries.
From 1990 to 2012, FDI inflows into developing countries increased more than thirtyfold, which
is nearly four times higher than the world inflows during the same périod.

Increasingly, there are concerns that this rapid intensification of international economic inte-
gration might negativelyféect income inequality and economic development. This dissertation
focuses on the following two aspects: 1. International integration might give rise to serious
conflicts of interest by increasing domestic and international income inequality, 2. Integration

might afect the development of domestic industries, especially infant industries. Although re-

!Author’s calculations using the World Development Indicators database.
2Author’s calculations using the World Development Indicators database.
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searchers have been trying to examine the issue from economic perspectives, research on these
topics remains inconclusive.

For that reason, the principal goal of this dissertation is to re-evaluate and clarify the impacts
of international economic policies on income inequality and economic development. The three
major research questions are described as follows. First, | address the issue of when and how
tariff policies should be used to protect infant industries during the process of joining the WTO.
To address this question, | propose a framework to derive the optimal dynamic patHfef tari
to protect infant industries when a country initiates a process to join the WTO. Subsequently,
| apply this model to numerically analyze the Viethamese motorcycle industry, a typical infant
industry in a country which is in the process of joining the WTO.

Second, | examine how trade opennefis@s wage inequality in trading countries, both
within and between them. To address this research question, | derive a general-equilibrium
monopolistic competition trade model between two asymmetric countries under the assumption
of endogenous technology choice.

Last, | investigate the impact of FDI firms’ entry on household wealth distribution. Changes
in domestic wealth distribution arise in response to the entry of FDI firms under the assumption
of borrowing constraint for domestic agents, caused by credit market imperfections.

The contribution of this dissertation is threefold. First, | propose three theoretical models to
study the mechanisms behind the impacts of trade policies on income inequality and economic
development. Specifically, these theoretical models are developed under assumptions reflecting
important aspects of the real economy. These assumptions are time limit for protection of infant
industry in Chapter 2, endogenous technology choice in Chapter 3, and the entry of FDI firms
as an additional foreign factor in the domestic labor market in Chapter 4.

Second, | have performed calibrations on theoretical models presented in the dissertation to
reflect the real world outcomes. In Chapter 2, the calibration exercise using actual data of the

Vietnamese motorcycle industryfers explicit policy prescriptions for the protection process.

3Basu and Guariglia (2007), Sampson (2014), and Houpt (2002) make an explicit claim about the negative
impact, while Lindert and Williamson (2002), Milanovic (2005), and Krugman and Venables (1995) hold the
opposite opinions.



As such, the model and methodology can be generalized for adaptation to other countries and
other industries.

Third, my results challenge conventional wisdom and help clarify the role of international
economic policies. This is because my theoretical models use assumptions matching essential
aspects of the real economy and are calibrated using real data. This dissertation helps policy
makers design optimal trade policies, choose suitable development strategies, and better deal

with problems of income inequality.

1.2 Structure of the dissertation

The rest of this dissertation comprises of three chapters.

Chapter 2 aims to address the issue of when and hofipaticies should be used to protect
infant industries during the process of joining the World Trade Organization (WTO). More
specifically, under the assumption that an infant industry experiences dynamic externalities,
this chapter investigates what a government should do to protect such an industry beffore tari
barriers are reduced to fulfil commitment to a free trade regime. In the chapter, a framework
is proposed to derive the optimal dynamic path offfario protect infant industries when a
country initiates the process of joining the WTO. The framework is based on the model of Melitz
(2005), in which externalities associated with dynamic learning-by-doing provide a rationale
for infant industry protection. Unlike the original model, this chapter assumes that there is a
time limit for protection: after a fixed number of years, f&iare required to be constant over
time at a low level. This setup reflects the nature of the actual WTO agreement. This model
Is solved analytically to derive quantitative implications for the optimaktaath, unlike in
Melitz (2005), where only qualitative analyses are undertaken. An interesting result emerges:
conventional wisdom holds that a country should reduce th# tate gradually over time so
that it converges to its long-run rate at the terminal date of protection. By contrast, this chapter
finds that, under plausible scenarios, the optimal time path of thféd¢an be upward sloping.

A numerical analysis applied to the Vietnhamese motorcycle industry, a typical infant industry
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in a country joining the WTO, confirms such a pattern.

Chapter 3 investigates how trade opennékects wage inequality of trading countries, both
within and between them. Specifically, based on the theoretical literature on monopolistic com-
petition between two asymmetric countries, | derive a new framework under the assumption
of endogenous technology choice. This assumption implies that firms simultaneously choose
to adopt diterent technology compositions which are appropriate for its labor composition. In
other words, instead of utilizing standard constant technology as in most of other research, firms
in this model are allowed to choose the technology system that maximizes their profits. With
this framework, | find that firms in countries which are skilled-labor-abundant choose technolo-
gies that are appropriate for skilled labor, and vice versa for firms in unskilled-labor-abundant
countries. The wage gap betweelfelient types of labor depends on the comparative level of
technological capability, the skill composition in the two countries, and the skill bias. During
the transition from autarky to free trade, if the size of the labor force and its composition in both
countries satisfy a particular condition, | find that the decline in transport cost will increase the
relative wage between two countries in both types of labor. Moreover, tlkssdgseon wage
inequality in all phases, i.e., autarky, free trade, and the transition from autarky to free trade, are
partially absorbed by the endogeneity in technology choice. In other words, if a firm utilizes a
standard constant technology only, thiEeet on wage inequality is amplified. This amplifica-
tion is also analyzed based on calibration results, utilizing data from 52 countries, helping the

chapter capture a more comprehensive understanding on the situation in each specific country.

Chapter 4 examines the role of foreign direct investment (FDI) firms on household wealth
distribution. Based on Matsuyama (2011)’s framework on credit market imperfections and
wealth distribution, | derive a new model that introduces the entry of FDI firms as an additional
foreign factor. This version resolves the inconsistency regarding the impact of FDI on wealth
inequality among previous empirical studies. It does so by providing country-specific condi-
tions, under which the entry of FDI firms accounts for (in)equality in domestic wealth. The
chapter yields some interesting results. First, the entry of FDI firms can provide a “big push”

to move the poor out of a poverty trap, resulting in increased equality in wealth distribution
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and job selection. Second, this entry can also reduce inequality tfeaait way: it causes an
“underdevelopment trap” whereby all domestic agents have no choice other than to work for
FDI firms. On the other hand, the entry of FDI firms may widen the gap between the rich and
poor, leading to greater inequality. It does so by redistributing wealth to make the richest agents
who survive after the competition with FDI firms bettdf.oln addition, the cost of starting a

new business, the bequest motive, the global interest rate, and home country productivity play

critical roles in determining thefiects of FDI firm entry.






Chapter 2

Optimal Infant Industry Protection during Transition to

World Trade Organization Membership

- A Numerical Analysis for the Viethamese Motorcycle Industry -

2.1 Introduction

Recent decades have seen the rapid intensification of globalization with respect to trade. Mem-
bership in global free trade organizations is steadily increasing.

The World Trade Organization (WTQO) unambiguously lowers barriers to international trade,
stimulates international transactions, and gives consumers access to a greater variety of goods at
lower prices. However, there are concerns that the WTO may adverety mfant industries.
Throughout history, numerous countries have used tpalicies to protect infant industries,
with varying degrees of success. For example, Head (1994) and Zussman (2008) suggest, re-
spectively, that the tdfiprotection &orded the United States steel rail industry and the German
iron and steel industry from the 1850s to the 1950s helped to raise welfare and promote devel-
opment. On the other hand, Houpt (2002) argues thdf faotection for the Spanish iron and
steel industry was harmful.

The aim of this chapter is to address the issue of when and hdfialicies should be used

to protect infant industries during the process of joining the WTO. More specifically, under the

1The WTO currently has 153 member states, and 30 observers (Observers must start accession negotiations
within five years of becoming observers.).



assumption that the infant industry under study is experiencing dynamic externalities, this chap-
ter investigates what a rational government should do to protect such an industry befbre tari
barriers are reduced to a low level upon full commitment to a free trade regime. Generally, a
free trade regime is a system of trade rules that includes detailed and lengthye@duction
schedules negotiated based on generalized formulas. For example, according to the Swiss for-
mula for agricultural free trade agreements of the WTO (see Figure 2.1), after becominga WTO
member, a country has about five to seven years to redués tarthe level stipulated through

the course of initial negotiations.

Tariff
160
140
120
100
80
60
40
20
—
0 —
Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year6

Figure 2.1. The Swiss formula of the WTO applied to current agriculture negotiations (See WTO Agri-
culture Negotiations (2003))

The theoretical argument for infant industry protection is that it shields newly emerging in-
dustries from full exposure to international markets. One of the first to put forward the argument
for infantindustry protection was John Stuart Mill in the 19th century. According to Mill (1848),
industry protection is beneficial under the following conditions: (1) the industry should exhibit
dynamic learning tendencies that are external to individual firms;(2) any protection should be
temporary; and (3) the industry must eventually become viable without protection. In recent
years, there has been a growing literature, both empirical and theoretical, on infant industries
based on Mill’'s argument. For instance, Harrison (1994) and Tybout (1992) empirically show

that there is a significant positive correlation between increased protection and higher produc-
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tivity growth. Head (1994), using a numerical simulation, shows that intervention had positive
effects on welfare in the United States steel rail industry. In addition, there are theoretical
studies that model various aspects of the infant industry argument. Examples include the stud-
ies of Bardhan (1971), who develops a model of the learnitfectin a dynamic framework,

and Krugman (1987) and Young (1991), who examine the impact of learning spillovers across

industries and countries.

A theoretical model of particular interest in the context of the current study is the learning-
by-doing model of Melitz (2005), which enables the comparison of three policy instruments
—tariffs, subsidies, and quotas —from which a hypothetical social planner could choose. Melitz
(2005) focuses on a given industry’s learning potential, the shape of the learning curve, and the
degree of substitutability between domestic and foreign goods. His model incorporates the key
features of an infant industry, but isf8aiently simple to permit extension for the purpose of

the current analysis.

This chapter applies the model of Melitz (2005) to the process of a country joining the
WTO. As already mentioned, WTO membership imposes many regulations, especially time-
based restrictions. However, Melitz's model does not incorporate time restrictions. Rather, the
model assumes that the social planner can protect the infant industry until it becomes mature.
This is clearly unrealistic. Hence, in this chapter, restricted-time protection is incorporated
into Melitz's model. The optimal tafti path during the protection period is derived using both
analytical and numerical means. Analytically, two important factors influence this path: (1) the
slope of the demand curve; and (2) the growth level of the industry. It is found that during the
implementation period, the optimal tArpath may slope upward for some feasible cases. This
result challenges the conventional wisdom that governments should gradually redfisecari

reach the stipulated level at the required time.

In fact, the calibration of the model used in this chapter to analyze the case of the Viethamese
motorcycle industry supports the analytical results by showing that the optinfalp@ith over

the protection period is upward sloping.

The contribution of this chapter is threefold. First, it is one of only a small number of
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researches that reexamine the current schedule @f taductions in the wake of a country’s
accession to the WTO. Second, the model and methodology can be generalized for adaptation
to other countries and other industries. Furthermore, the model is applicable to any country
planning to join an optional free trade organization in the future. Third, the calibration exercise
using actual datafters explicit policy prescription for the protection process. Specifically, the
calibration suggests that the optimal fhpath during the protection period may be upward
sloping.

The rest of this chapter is organized as follows. Section 2.2 presents the infant industry
protection model used in this study. Section 2.3 discusses the calibration. Section 2.4 concludes

the chapter.

2.2 The model

This section presents a model of infant industry protection in which the industry is experiencing

a dynamic learningféect. The model extends that of Melitz (2005) in two respects. First, by
incorporating the actual conditions of joining the WTO, time restrictions are modeled when
there is a commitment to reduced import farates. In practice, an infant industry does not
have unlimited time to reach maturity before a country joins the WTO. Second, a calibration
exercise based on actual data is done to derive some quantitative results. For purposes of the

calibrations later, all the functions used in the model are explicitly specified.

The basic assumptions of the model are as follows. Consider a world consisting of two
countries, the home country and a foreign country. Firms in both countries are price takers.
The home country is assumed to be a semi-open economy that imports goods only to overcome
domestic supply shortages; it does not export. Hence, only the foreign country’s exports to the
home country are taken into account. Only in the home country are there leafi@otg @ the
industry. In this model, tafiis are the only tools available to the social planner to protect an

industry, as is the case under the rules of the WTO. Time is assumed to be discrete.
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2.2.1 The model

The learning function
The home country’s total production at tinhés denoted byg, and the foreign country’s
production exported to the home country is denoted;by36th are assumed to be nonnegative
(o, G = 0). Because time is discrete, the relationship linking tot?l production in one period
of time, ¢, to cumulative production at the end of that peri@,= Z gs, Can be written as
s=0

follows:

G = Qt— Q1 (2.1)

The home country’s industry is assumed to be an infant industry, in which marginal cost
at timet, denoted by, is a decreasing function of cumulative producti@p to reflect the
assumption that the industry is experiencing dynamic learrfiiegts that are external to firms.

This marginal cost function (i.e. the learning function) is specified as follows:

Q) =expgb-aQ),a>0 Q<Q
(2.2)

\Y4
Q|

c=cC Qt

When cumulative production has risen above the threshold Ryvéhe industry has matured
and thereafter produces at a constant marginal cbsicause learning ceases. In the foreign
country, the industry is assumed to be mature and no longer experiences ledfeats} et
produces at a constant marginal cofar'the entire time. The foreign good is assumed to be an
imperfect substitute for the domestic one.

Each country values output at its current marginal cost as follows:

Home: p; = ¢(Q) = expgdb—aQ) (2.3)

Foreign: pi=C+ 1y

wherep; is the price of the domestic goog, iS the price of the imported good, amgddenotes

11



the import tarif rate.

It is assumed that the social planner in the home country can only use impéd tari
protect the domestic industry against international trade. Unlike in Melitz’'s model, which does
not incorporate restricted-time protection, in the current model, the time by which #ltari
must be reduced is given. This point of time is denoted byntil this time, the social planner
can protect the domestic industry by imposing importisrbut after this time, taffis must be
reduced to the level fixed by the requirements of the WTO agreement. Thus, the foreign price

can be rewritten as follows:

(2.4)

Domestic demand and utility functions

On the domestic demand side of the model, it is assumed that there is a representative
consumer who generates demand for both domestic and imported goods. Her utility function is

assumed to have a symmetric quadratic fénwhich can be written as follows:

U(a. &) = B(qtz + qtz) + NG + @10 + @b, B, < 0;a1,2 >0 (2.5)

This utility function describes a hump-shaped curve: to the right of the peak, utility decreases
asq, or G rises® To ensure that the utility function is not decreasing with consumption, two

additional conditions are imposed gnandd;:

—ng —aa and G < —nG — az

“=7 2

Given that the pricgy, and p; must be positive, the problem of the representative consumer

2As in Melitz (2005), in order to simplify the analysis on #si this chapter will use a symmetric quadratic
utility function because this type of utility function can generate a simple linear parametrization of the demand
system. As a result, the slope of demand curve and the substitutability between the domestic and imported good
are constant. This setting does nfieat the result of the chapter. Refer to Section 2.2.2 for the analysis € tari
to find that the conclusion on optimal t&path does not depend on the form of utility function.

3The signs of3, 7, a1 anda; are explained following equations (2.7) and (2.8).
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is to maximize her benefit, which is given by the utility derived from consuming domestic and

imported goods minus their cost, as follows:

CB = U(t G) — pta — Pt (2.6)

The first-order necessary conditions for the benefit-optimization protﬁ%?n,: aacq?‘ =0,

yield the following demand functions for domestic and foreign goods, respectively:
Pt = Uq(h, Gt) = 280 + nG + a1 (2.7)

Pr = Ug(ar, &) = nax + 266G + a2 (2.8)

The slope of each demand curve & #hich must therefore be negative3(2 0). Substi-
tutability between foreign and domestic goods is measure%,bwhich means thaj must be
negative and lie betweerBZand zero § € [26,0]). In addition, because the first and second
terms on the right-hand sides of equations (2.7) and (2.8) are negati®&ada, must be posi-

tive to keep prices positive.

Domestic welfare and policy

Domestic welfare at timeis given by the sum of domestic consumer benefit, domestic firm
profit, and tarf revenue. Since firms in this model are assumed to be perfectly competitive,

domestic firm profit is zero. Thus, domestic welfare will be calculated as follows:
TW = CB + 70

By using the price valuation functions and the consumer benefit function, total welfare can be

rewritten as:

TW = U(t, G) — cG — CG;
The problem of the social planner is to maximize the sum of discounted domestic welfare over

13



time. Thus, the social planner’s problem can be written as:
) 1 t
TW = — | [U(t, G) — - ¢ 2.9
max tz(; (1+ r) [U (k. &) - 6o — E6i] (2.9)

wherel—ir Is the exogenous discount rate.

According to equation (2.3), marginal cost at timef domestic good; is a function of
cumulative productior®;. In addition, from equation (2.7 Can be rewritten as a function of
g: and Q. Total production in period, g, and cumulative productio®; have relationship for-
mulated in equation (2.1). Therefore, the social planner solves the above optimization problem
subject to equation (2.1). The computation is presented in Appendix 2.A, in which it is shown
that the chosen variable for the social planner reduces to cumulative production &, ae
Then, the procedure to obtain optin@} using numerical simulation is described in Appendix

2.D.

2.2.2 Analytical computation

Conventional wisdom is that a country in this situation should redudé tares gradually to its
long-run rate at the terminal date of protection or at least should keep thaitadhanged until
that terminal date. This is because unless th&'tate is gradually reduced or kept unchanged,

it may cause a distortion of the benefit of consumer.

In Melitz (2005), the optimal tafi path is also determined in the same way as what the
conventional wisdom suggests. Without a particular assumption on the terminal date of protec-
tion, optimal tarif protection is also found to decrease as learning progresses and to cease with
learning at the time the infant industry becomes mature. The explanation of Melitz (2005) is
that as the industry grows due to the learning-by-doifigog, its marginal cost falls, raising its
competitiveness. Thus, the more the industry grows, the less protection it needs. Moreover, the

decline in the protection also benefits the consumers.

By contrast, this chapter finds that in some plausible scenarios, the optimal time path of the

14



tariff rate can be upward slopirigMathematically, the following taffi rate can be derived by

solving the social planner’s problem given in Section 22.1:

. 2'8(1 ~ %)qt N %eb—a(QWQt—l) _ %Bal tas—C (2.10)

From this equation, we can calculate the change ifftartwo consecutive years as follows:

Tyl — Tt = 2B (% - %) (G2 — O) + i (eb_a(q”lJer) - ep_a(QIJer_l)) (2.11)
n n
In order to discuss the optimal t&rpath, let us pay attention to the relationship between
(te11 — ) @and @1 — ). In almost all infant industries, the productignis increasing year by
year. As an example, we can observe the increasing in motorcycle production of 8 developing
countries in from 1997 to 2007 shown in Figure 2.2 This increase in the production of an infant

industry can be interpreted mathematicallygas > ¢, thus .1 — Q) is positive.

3,000 3,000

2,500 /’ 2,500

2,000 /’/ 3,000
J

1,500 r_// £+ 1500

1,000 - / 1,000
/

500 - 500

*
T f
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———Cambodia
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e Vigtnam

Brazil

{ten thousand motorcycles)

Peru

s Chiina

Motorcycle Production of China and Indi

——India

Motocycle Production by countryexcept China
and India (thousand motorcycles)

Year

Figure 2.2. Motorcycle production in some developing countries

Source:2008 World Motorcycle Facts & Figures.

4According to the accession rules of the WTO, once a country makes a commitment in terms of market access,
tariffs should not be increased above the bound rate. However, in almost all member countries, the applied rates (i.e.
the tarifs actually levied in 2011) were generally well below the bound rates drawn from the approved schedule
of concessions of WTO members. This is confirmed by Worldfff&ofiles (2011) - a joint publication of the
WTO, the International Trade Centre and the United Nations Conference on Trade and Development. Therefore,
countries are given discretion to introduce upward-slopingftpéths as long as their téirirates are below the
bound rates. | would like to thank an anonymous reviewer for bringing this point to my attention.

The solution is presented in Appendix 2.A.
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The positive cofficient of the first term on the right-hand side of equation (2.11) indicates a
monotonically increasing relationship between(— r;) and (.1 — &).® The codficient of the
second term clearly indicates a monotonically decreasing relationship between £;) and
the gap between,; andg,. The trend exhibited by the optimal t&rpath depends on which
term is dominant. If the first term increases faster than the second, the optirfigbasni will

exhibit an upward sloping, and vice versa. The following factors can influence such dominance.

First, ceteris paribus, the steeper the slope of the demand cyiyel{@ more likely is the
tariff path to exhibit an upward trend. Mathematically, whgranda are constant, if 2 is
suficiently large, the increase in the first term dominates, and the optimfilgath exhibits
an upward trend. Intuitively, the steeper the slope of the demand curve, the less responsive is
demand to price. Therefore, the price distortion to welfare caused by an increasé witari

be less pronounced.

Second, if the industry grows ficiently large, the social planner can increase theftari
Mathematically, wherQ,_; is large’ the increase in production no longer leads to a large de-
crease in marginal cost; thus, the negatiffea of the second term is less likely to dominate.

As a result, there is a possibility that the tgath will exhibit an upward trend. Intuitively, in

the early stages of development, the marginal cost is still too high for a high level of produc-
tion. However, when the marginal cost becomes lower as the industry grdtsesly large,
production should increase. Understanding this, the social planner has an incentive to increase

tariffs gradually to stimulate production in the following stages.

In summary, contrary to conventional wisdom, theffarould be upward sloping. To exam-
ine this possibility in practice, a numerical example of an upward-slopinfi paih —based

on the Viethamese motorcycle industry —is presented in the next section.

6This follows from the condition thaj € [23, 0].
"Because; is cumulative production, i©;_; is large,Q; will definitely be large.
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2.3 Calibration

In this section, the model is calibrated based on 1998-2007 data on the Vietnamese motorcycle
industry. The Vietnamese motorcycle industry is chosen for analysis for several reasons. First,
Vietnam is a developing country that has been heavily dependent on international trade since the
“Doi Moi reforms” initiated in 1986° and has many new infant industries. Almost all of these

are currently given tafii protection by the Viethamese government; they include the motorcycle
industry, the electronics industry, and the shipbuilding industry. However, Vietrthomby
became the WTO’s 150th member on 11 January 2007, since when it has had to comply with
the tarff-cutting schedule set by the WTO that is applied to all developing countries. This
schedule indicates the time and scale of cuts for each WTO member country. Specifically, after
a stipulated time from formal accession, countries have to reduce their protectigettaievels

that are calculated based on talevels at the time of joining.

A second reason for focusing on the motorcycle industry is that it is an industry that uses
advanced technology and hence is expected to exhibit strong leaff@atse In addition, the
protection &orded the motorcycle industry by the Vietnamese government is quite substantial,
with a tarff rate of up to 90% on imported finished goods, and a lower rate of 30% on im-
ported parts. Under the WTO'’s téfreduction process, the térate on finished goods must

be reduced to 60% by 2012.

2.3.1 Description of model parameters

There are 12 model parameterg (&he slope of the demand curve% (the degree of substi-
tutability between domestic and foreign goods); a, (free demand parameters);b (coefi-
cients of the learning functionﬁ (the exogenous discount ratelimarginal cost in the mature
domestic industry)¢ {marginal cost in the foreign industryQ), (initial cumulative production);

Q (the cumulative production of the domestic industry right after it matures)rdttte com-

8The ratios of imports and exports to GDP for Vietnam in 2007 were 90% and 77%, respectively. (Source:
World Development Indicators.)
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mitted import tarf rate afterT).® In the following, each of these parameters is discussed in

turn.

Parameters in the demand functions

B,n, a1 anda,: Codficients of the demand functions:

Pe = 260 + nG; + a1

Pr = n0k + 26G; + a-

Codficients of the demand functions,n, @; anda,, are estimated using the Seemingly Unre-
lated Regression Equations (SURE) system with cross equations constraints. For the estimation,
1998-2007 data on domestic prices, domestic production, foreign prices, and foreign production

were used. The theoretical explanation for the estimation is provided in Appendix 2.C.

Parameters in the learning function

a, b: Codficients of learning function Ip, = b—aQ; (derived from equation (2.2)). Because
there are only 10 observations, Ordinary Least Square estimates are insignificant. Thus, to
calculate the values @ andb, a linear connection is assumed between the two data points for
1998 and 2007, with the logarithm of the price treated as an abscissa and cumulative production
treated as an ordinate. The values@indb are then calculated algebraically as thefioents

of this line.

Cumulative production

Qo: 1998 is the first year of the sample; thus, production in 1998 is assumed to be the initial

cumulative production.

Q: Calculated from equation (2.3) usiagb andc.

9The data on the Vietnamese motorcycle industry used in the calibration are described in Appendix 2.B.
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Marginal cost in the mature industry

c. This value is calculated from the average price, excludingféarof motorcycles im-
ported from three countries, Taiwan, Thailand, and Indonesia, in 2007. These three countries
are chosen because their motorcycle industries were “born” nearly half a century ago, and the
production and exports of the motorcycle industry in these three countries have been stable over
recent years. Thus, in these countries, the motorcycle market is stable, and their motorcycle
industries can be considered mature industries.

¢: This value is assumed to be equatta.e., marginal costs are assumed to be the same at

home and abroad when the industry is mature.

Other parameters
r: The annual demand deposit interest rate is used.
7. Calculated as = rate x €, using the taff rate required by the WTO when the time for

tariff reduction comes. As mentioned above, tlaie is 60%.

The calibrated parameter values are reported in Table 2.1.

Table 2.1. Calibration parameters

Parameter Value
28 -404.76 [78.91]
n -183.76 [52.5]
a1 2,105,021.2 [182,936.92]
s 2,503,490.02 [200,731.42]
a 0.000045
b 14.56
r 0.041
c 535,795 (USD per thousand motorcyclegs)
o 535,795 (USD per thousand motorcycles)
Qo 12,790 (thousand motorcycles)
Q 30,410.93 (thousand motorcycles)
T 321,477.4 (USD per thousand motorcycles)

Note Values in square brackets are standard errors.
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2.3.2 Findings

This section reports the results of the calibrafibriThe first issue of interest is the appropri-
ateness of the time horizon for the loosening of trade barriers in the Viethamese motorcycle
industry. The calibration results show that this industry needs more time to develop before the
tariff is greatly reduced. In other words, the implication for the government is that it should con-
tinue to protect the motorcycle industry for a few more years. This is illustrated in Figure 2.3,
which shows the tafii rates for simulated time periods corresponding tedent committed
tariff-reduction timesl'. As the value ofl decreases, the level of the tpath corresponding

to eachT increases. Intuitively, the sooner térbarriers are to be lowered (the lowerTs,

the less time the infant industry has to prepare for lower protection and, thus, the greater the
protection it needs before térare lowered. This extra protection is reflected in thefftaaites

from the initial point in time to timel. Comparing the magnitude of the hypotheticalffari

rates with the actual rate leads to the conclusion that the industry needs more protection. More
specifically, when there are five years to go untilftarare reduced, as in reality (from 2007

to 2012), i.e., wherT is equal to five years, the calculated initial farate (the taff rate in

2007) is about 800%, which is much higher than the current rate of 90%. This means that the
current rate is too low and that in order both to protect industry and to maximize total welfare
over time, the government should impose a highefttesite on imports than the current rate.

As Figure 2.3 shows, the longer the tareduction timeT, the more the initial taff rate can

be reduced. According to this analysis, the optifdhat corresponds to the current farate

(90%) is eight years. This means that the Viethamese motorcycle industry needs eight years
of protection rather than the five years granted under the WTO schedule. Thus, the analysis
suggests that in the case of this particular industry, accession to the WTO has come slightly too

early.

10A description of the numerical exercises is provided in Appendix 2.D.
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Figure 2.3. The optimal tefipath for various values of

The second issue of interest is the optimalffgrath for the period preceding the reduction
in trade barriers. This is illustrated in Figure 2.3, which shows that the optim#lpaths for
different values oT are all slightly upward sloping. As discussed in Section 2.2.2, this upward
trend may be the product of a steeply sloped demand curvefiaiesntly high growth level of
the industry, or a combination of both.

Corresponding to the upward-sloping fpath during the protection period, the transition
paths of other variables such as domestic production and imports, are illustrated in Figure 2.4.

This figure is based oh = 6, and the overall period exhibits three distinct phases.
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Figure 2.4. Taifft path and paths for domestic production and imports over time

The first phase is the time before f&iare reduced. During this phase, imports follow a
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downward trend whereas domestic production follows an upward trend. These divergent trends
can be explained by tdfiprotection and the learnindgtect. As shown by Figure 2.3, because

the government imposes a rising faidn imports, the more expensive foreign good is less
attractive to consumers. Simultaneously, the learniiigceimproves the competitiveness of

the domestic product by lowering its marginal cost. Thus, the upward-sloping trend in domestic
production can be attributed to a combination of the protective trade policy and the learning

effect.

Following the first phase, the second phase consists of the period from when the import
tariff rate is reduced to a target level to when the industry reaches maturity. The imp®rt tari
rate is reduced in accordance with the initial agreement formed upon joining the WTO, and
the resulting taff rate is quite low relative to the current rate. Therefore, if import prices fall
following the lowering of the taff rate, the demand for foreign products, and hence imports,
will rise. Consequently, during this period, foreign production trends upward. However, a
surprising result is that although protective barriers are lowered, domestic production continues
to trend upward slightly following the small drop at the beginning of this phase. This can be
explained by the predominance of the learnifi¢e over the ffect of increased competition

from imports.

During the final phase, once the industry has matured, domestic production and imports
remain constant at the levels attained at the end of the second period. At thistesgches
Q, andc = expb — aQ) is equal toc or €. As a resultg reacheg). The same applies @ and
6.

Finally, the following conclusions can be drawn. First, the Viethamese motorcycle industry
remains immature. This suggests that increased protection from the government is needed to
guarantee successful development in the face of international competition. Second, contrary to
conventional wisdom, before t#lis must be reduced, the optimal thpath is upward sloping.

In other words, as long as térprotection can be used and the infant industry is experiencing
learning externalities, the government should continue to raisgstavithout worrying that

high tarifs may limit consumer access to cheaper goods. This is because ledteutg will
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counteract such distortions.

2.4 Conclusions

The purpose of this chapter was to examine the infant industry protection policies of a country
about to join a free trade organization. The chapter presented a simple learning-by-doing model
to illustrate the relationship between the market mechanism and infant industry protection pol-
icy under the following assumptions: (1) that the industry is experiencing dynamic learning
effects; and (2) that the social planner has committed to loweringjisténi a stipulated level by

a specified point of time in the future. Thus, the social planner can usepgestection as a
policy instrument only until that point in time. The goal is therefore to protect the industry and
maximize total welfare within this allotted time period.

Against this background, the model developed was used to derive an optinflap&th
based on the country having made a specifiditagduction commitment upon joining the
WTO. Through computation, the shape of this optimalfigrath was found to depend on ex-
ogenous factors. Specifically, if there is dfmiently steeply sloped demand curve, or if the
industry grows sfiiciently high, the optimal tafi path could be upward sloping. This result
contrasts with the conventional wisdom that governments should gradually redticetas so
that they reach the stipulated level at the required time. In some cases, the upward-slaffing tari
path may violate the current WTO agreements. However, it is believed that this result can be
considered as a policy recommendation. That is, this model suggests that if the WTO policies
on tarif setting are relaxed to some extent, the welfare of particular member countries can be
improved.

In the next step of the analysis, the model was calibrated by using data on the Viethamese
motorcycle industry. The contribution of this numerical approach is fourfold. First, few stud-
ies analyze the current schedule of fiareductions in the wake of a country’s accession to the
WTO. Second, the model and methodology can be generalized for adaptation to other countries

and other industries; the model could also be applied to any country planning to join the WTO.
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Third, the calibration exercise based on actual data generates an optifighdatirithat rep-
resents a policy prescription for the protection process. Fourth, the calibration results support
the analytical finding that the optimal térpath during the protection period may be upward
sloping.

Limitations and possible extensions should be mentioned. First, the model assumes a semi-
open economy. In practice, infant industries export and mature domestic industries import
goods that compete with domestic products. A more realistic model would comprise more than
two open economies.

Second, this study analyzed an infant industry experiencing learfiagt® However, a
common problem when examining real-world cases is that, because infant industries are young
by definition, available data are limited. For example, only 10 years of data from 1998 to 2007
are available on the Vietnamese motorcycle industry. Using a small sample sizeffieaty a

parameter estimation.

Appendix 2.A. The computation

This appendix describes the computation of the transition paths of all variables. According
to the model, the social planner must maximize total domestic welfare over time. However,
for any case of the tdfipolicy, after an industry matures, the values of all variables remain
constant. Welfar&V will remain atW permanently after the industry matures. Thus, the social
planner only needs to maximize cumulative welfare until a certain time in the future. This time
period is given by the time in which an industry under any protection level, even the weakest
one (under which industry growth is slowest), definitely matures. This time is denotggd.by
Specifically, the period over which total domestic welfare is maximized by the social planner
can be divided into three phases. The first phase runs from the current time period to the time by
which tarifs must be reduced to a very low rate upon full commitment to the WTO. During this
period, the social planner uses importfi@gas the only instrument to protect an infant industry

and maximize total welfare. The policy chosen during this phase will determine welfare for the
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entire period. The second phase runs from the end of the first period to the time when learning
ceases. During this phase, the infant industry has not yet matured and marginal costs decrease
as cumulative production rises. At the end of this second phase, the industry has rtatured.
The third phase runs from when the industry matures @il During this phase, there are
neither learning #ects nor protection and total domestic production at any timseconstant

(aqx = ). The calculation of welfare €fiers for each phase, reflecting thefeient policy and

industry circumstances.

First phase
During the first phase, the social planner can use impoftsaais a policy instrument to
protect the industry and to maximize social welfare. I£be the Lagrangian associated with

this problem:

T t
£ = (%) [U(ak, Gr) — Ci0 — €O + A(Qe-1 + G — Q)]
o +Tr

t

From equation (2.7)} can be rewritten as a function gfandQ;:

-aQ _ -
a(ae. Qo) = & s’gqt == 2.7)

Substitute the utility function defined in equations (2.5), marginal cost of domestic good
derived in equations (2.3), amcalculated in equations (2.7°), the Lagrangian can be rewritten

as follows:

T t
2= 3 (1) 1 + (@ Q0P + 7900 @) + s+ 28l Q)

t=0

— &g, — &6(or, Q) + A(Qes + G — Q)]

Hsumming welfare until industry maturity, or summing welfare from the first and second phases, causes the
following problem. The industry feorded the weakest tdfiprotection, which gives this industry the slowest
growth, takes the longest time to mature. Hence, in this case, the total welfare added up until the industry becomes
mature may take a larger value than other cases df motection. This would be wrong. Welfare levels among
cases of taff protection should be compared over the same length of time. The preceding discusgigstodws
that, after achieving maturity, the welfare of an industry should be continuously summeglgntil
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The social planner can only use f&sias a policy instrument during the first phase. Never-

theless, according to marginal cost of domestic good derived from equation (2.3) and demand

function from equations (2.7) and (2.8), the fiart;, can be mathematically calculated \ga

and Q. Thus, we find the first order conditions of the Lagrangian with respect to the three

variablesg;, Q;, and, as follows:

The partial derivatives of the Lagrangian with respeai;to
% = 2Bq; + 2,8(1(%’8) +n; + UQt(%ﬁ) tag+ 0’2(%) - o 6(%8) +4=0
— (,72_7]452) qt - (eb_aQ‘ - CU]_) + (%86 - %80’2) + A4 = 0
n2_4ﬂ2
n

=

)qt—(zﬁCIt+'7qt)+27'8(77Qt+2,8qt—7t)+/1t:0

Thus, we have:

Tt = l/lt

28

The partial derivatives of the Lagrangian with resped®to

(2.A.1)

02 = 266 (52) Qe () €% +ap () 2% +ad Qv -E(2) @24+ (h ) Ay = O

1+r

= TG0 20,60 4 2 4 () ds = O
= G0 — 22 (a, ~ 8) — A+ () s = O

1+r

= 4= gt () e a8 2%)

Thus, we have:

1 1
— —-aQ
= (1 + 2%eb—aQ) ((1 + r)/lm rad qt)

The partial derivatives of the Lagrangian with respect;to

%:Qt—l+qt_Qt:O

From equations (2.3), (2.7), (2.8), and (2.A.1), we have

0 = }[E:+ T - ze(eb_aq — P4~ “1) — ;)]
n 2B n
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Solving forg;, we get:

n 2,8) ( n 28 pa . 2B ~)
= D - TP Dy —an + & 2.A.3
Gt 2'8(2,8 7 )\ 28 t » 7 1— Q@2 ( )
Solving for 4; in equation (2.A.3), then substituting into equation (2.A.1), we get equation

(2.10);

2 @2
Tt:(—n 478)qt+2£eb‘aQ‘—2£a1+a2—§
n n n

Second phase

During this phase, the industry remains immature and the social planner can no longer
adjust tarffs. Tarif barriers have to be reduced to a very low rafeupon full commitment to

the WTO. Using the marginal cost function (2.3) and demand function (2.8), we have

2R — 280, — a1
n

5+Tt=77qt+2,3( )+az

Solving forgq,, we get
Y B S T a0
qt - (772 _ 4;82)[770 + Ty — 2:8 + 2,8(11 - 77“2]

Becausey = Q; — Qi_1, the cumulative production function in this period can be derived as

follows:

Qi =Qu1+

PR [Z,BEb_aQ‘ - 17(6 +T-az+ 2#8&1)] (2.A.4)

Third phase

The third phase is the period when the industry has reached maturity; i.e., the industry has
reached a steady state and total domestic production at anyt immihis period is constant.

After maturity, because the optimal policy is clearly free trade, protection is eliminated in this
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phase t = 0).}2 During this phase, solutions for domestic production and imports are obtained

from the cumulative production function and demand function:

(38 — )€ — 2Bay + na

5 s (2.A.5)
- (2 - n)4f:8;r 176:712 — 2Baz (2.A.6)

The social planner can only use téias a policy instrument during the first phase. This
tariff setting will determine the level of cumulative production at the end of this pliasel his
cumulative production subsequently determines the production levels in the following phases.
As a result, total welfare over the three phases can be calculated th@gugFhat is, through
this Qr, the policy chosen during the first phase determines welfare for the entire period.

The optimalQy is the value that maximizes total welfare, in other words, the key factor in
this dynamic model iQy. Thus, the key objective is to find the optim@t. However, the
calculation of the optima@Qr which maximizes total welfare cannot be done analytically, thus

a numerical approach is required. This is described in Appendix 2.D.

Appendix 2.B. Data

This appendix provides details of the data used for the calibration exercise. Specifically, the
data used cover the period 1998-2007. The Vietnamese motorcycle industry was “born” in
1995. Because the next two years were devoted to building the necessary infrastructure, there
was little actual production during this period. For example, in 1997, Honda Vietnam produced

only 73 motorcycles. Therefore, in order to obtain significant parameter estimates, data from

2In fact, a complete phasing out of protection is not part of the WTO commitments. Once a country has
implemented the agreed térreductions, taffs stay at the agreed level until a new round of negotiations leads
to further liberalization. However, even when tggiin the third phase are set to nonzero values (i.e. 30%, 60%,
etc.), the chapter’s main conclusions do not change. In other words, the conclusions of the chapter are robust to
such variations. As a benchmark specification, | assumedfare of zero in the third phase. In this case, the
optimal result can be obtained from the model theoretically. Thus, the result of the chapter represents a suggestion
for the WTO to consider when conducting the next round of negotiations. This should help the WTO to implement
commitments that avoid introducing additional distortions wheffttaaire set following industry maturity. | would
like to thank an anonymous referee for this suggestion.
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1998 are used. The most recent data available relate to 2007.

Data sources for domestic production, imports, domestic prices, foreign prices, current im-

port tarif rates, and the annual demand deposit interest rate are described in Table 2.B.

Table 2.B. Data sources

Name of Variable

Source

Domestic productionc)

General Statistics fice of Vietham (GSO)

Imports ()

Until 2001 : Calculated by the author based on motor
cle registration data from the Ministry of Public Security
Vietham and domestic production data from the GSO

From 2001 World Trade Atlas.

Domestic price fx)

Calculated by the author. Weighted average price of tk
companies: Honda Vietnam, FDI without Honda Vietn;
and domestic companies (state and non-state).

Price data The price of the main product line for eag
sector is used. Data sources: until 2001: “Vietnam Al
motive News”; from 2001: Japan International Cooperat
Agency (JICA) and Hanoi National Economics Univers
(See Ministry of Industry of Vietnam (2007)).

Share data Calculated using production data for Hon
from “2008 World Motorcycle Facts & Figures” and d
mestic and FDI production data from the GSO.

Import price ()

World Trade Atlas

Current tart (7o)

General Department of Vietnam Customs

Treasury Bill rate ()

International Financial Statistics (IFS)
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Appendix 2.C. Estimation of the demand function’s co#ficients

Codficients of the demand functiong, n, @;, anda,, are estimated using the SURE system

with cross equations constraints. The demand functions:

P=26q+n0+ai+e

P=nq+2680+a2+e
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Step 1: Setup

The simultaneous equations above can be rewritten as:

P=Xvy+e€
where
2B Y1
n Y2
g 1 0 0O a €
P: p,X: q q ,")/: ! :ys;ez !
p 000qgqgl1l n Y4 €
2B Vs
a? Ye

Step 2: Ordinary Least Squares result

The Ordinary Least Squares estimator:
A= (X'X)IX'P
The variance-covariance matrix of the disturbances is
6’11 é\'12 €

) 1
= whereo?; = Z&éj; e = e = xeexy e

021 022 €
The disturbance formulation is, therefore

E[eX]=Q=3a]

Step 3: Feasible Generalized Least Square ré%ult

13See Econometric Theory and Methods P.503-508.
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The Feasible Generalized Least Square estimator:
¥ = XXX aQtP
And its variance-covariance matrix is
Var(d) = (X' 1X)t

The constraints in this case are
Y1=75

Y2 =Ya

_ 1 00 0 -10
Or they can be rewritten aR~, = OwhereR =

010-1 0 O

Step 4: SURE system with cross equation constraints fésult

SURE system with cross equation constraints estimator:
v.=4-Cm=(I-CR)y

whereC = (X’ X)) IR [R(X’21X)IR]5: m = RY

And its variance-covariance matrix is

Var[v./X] = (I - CR)Var(%)(I - CRY

Appendix 2.D. Description of the numerical exercises

This appendix describes the numerical simulation used to obtain the opfimalThe first
task is to clarify the potential intervals f@;. They must lie between the initial cumulative

production level,Q,, and the cumulative production level attained when learning ce&xes,

14See Econometric Analysis 6th Edition P.88.
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i.e.,Qr € [Qo, Q. Assume thatQ,, Q] is a discrete interval containing multiple values.
Second, with each of these values, a shooting algorithm is used to compute all values of
cumulative production from initial cumulative productio®y, to production at timel, Q.

With this information, total welfare for the first phad#;, can be calculated.

10° 2.6
24 /f-\

AN

N A\

18 -
1.6 /

1.4

Welfare

12
12,750 14.750 16,750 13.750 20.750 22,750 24.750 26.750 23,750

Cumulative Production at Tariff-Reduced Time
(Thousand Motorcycles)

Figure 2D. Total welfare for various values Qf

Third, the cumulative production function derived from equation (2.A.4) is used to compute
all cumulative production in the second phase frQm and then to calculate the total welfare
for this phaseW..

Fourth, during the third phase, when cumulative production has risen above the threshold
level Q, production in each periademains constant, as shown in equations (2.A.5) and (2.A.6).
Hence, welfare for each of these periods is also constant. Consequently, total welfare for the
third phaseW;, is calculated as the sum of the constant values for all periods within this phase.
The longer this third phase lasts, the higheNigs The length of this phase depends on the
learning speed, which mainly determines whether the industry matures quickly or slowly.

Fifth, cumulative production at tim€, Qr, is calculated to maximize total welfare over the
three periodsTW = W; + W, + W;). Figure 2D illustrates optimal value @ within the
interval [Qo, (5] that maximize total welfare.

Figure 2D shows that the relationship betwd@alf andQy is represented by a hump-shaped
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curve. Cumulative production at tinffe Qr, which is where total welfare reaches its maximum,

lies somewhere in the middle of its potential inter\@b,[Q_].
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Chapter 3

Effect of International Trade on Wage Inequality with

Endogenous Technology Choice

3.1 Introduction

Together with the rapid trade globalization in recent decades, there are increasing concerns
about how trade opennesexts wage inequality in trading partners, both within and between
them. Early analyze first appeared in the Heckscher-Ohlin framework. They show that the rise
in the skill premium - the relative wage of skilled to unskilled workers - is mainly due to cheaper
unskilled-labor-intensive imports. Recently, trade economists have proposed more sophisticated
trade models to examine the key determinant of the skill premium. For example, Feenstra and
Hanson (1996) have shown that outsourcing unskilled-labor intensive production can raise the
skill premium in both trade partners. Acemoglu (1999) shows how trade liberalization can
induce skill-biased technological progress in models with endogenous innovation. Epifani and
Gancia (2008) focus on the trade-induced sc#lece In this chapter, | aim to examine the
effect of trade openness on wage inequality under an assumption of endogenous technology

choice.

The motivation for such assumption is the fact that in realitffedent types of technology
systems are appropriate forffdirent inputs. Hence, together with choosinfjetent combina-

tions of labor, firms simultaneously choose to adofiietent technology compositions which
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are appropriate for its labor composition. For example, a firm can choose to be unskilled-labor-
intensive by having its factory mainly run by unskilled labor and supervised by a few number

of skilled labor, or choose to be skilled-labor-intensive by introducing an automatic system op-
erated by skilled labor. As a result, a firm can choose its particular technology system, which

could be diterent from the selection of other firms in the same country.

Under the assumption of endogenous technology choice, a firm’s decision of input volume
and technology system will interact endogenously, leadingffergint results, compared to the
case with the standard assumption of fixed technology system. Thus, applying this assumption
to a trade model could lead tofférent é€fects of trade on wage inequality. For that reason, the
core of the framework in this chapter is a new version of a two-country general equilibrium trade
model with monopolistic competition analyzed under the assumption of endogenous technology

choice.

The use of this non-standard assumption has been developed since the late 1960s by Atkin-
son and Stiglitz (1969). Their paper introduces discrimination between labor-intensive and
capital-intensive techniques and claims that a firm cannot choose its techniques solely due to
factor prices, but must take into account the technical knowledge specific to each technique un-
der the spillover ffect. Since the pioneering work of Atkinson and Stiglitz (1969), endogeneity
in technology choice has been discussed in several ways. Basu and Weil (1996) introduce the
concept of appropriate technology into a learning-by-doing model whéegeatt technologies
are specific to particular combinations of inputs. Acemoglu (2002) finds that technical change
will be biased to optimize the conditions and factor suppliers in the country where the technol-

ogy is developed.

Despite the importance of the endogenous technology choice assumption, not many trade
models incorporate this important notion. In one of the most influential studies in the field,
Yeaple (2005) builds a general equilibrium trade model where homogeneous firms in identical
countries can choose its own technology and employees from a set of labor of heterogeneous
skills. He finds that a decline in trade costs induces firms to adopt new technologies, leading

to wage premium expansion between highly and moderately skilled labor. In departure from
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the common assumption that technology is chosen depending on endowment characteristics,
Acemoglu et al.(2007) develop a framework where a firm chooses its own technology corre-
sponding to the range of intermediate inputs used in production. Their framework shows that a
combination of contractual imperfections and technology adoption may influence cross-country

income diferences and patterns of trade.

In this chapter, a firm is allowed to choose a large number Hémint technologies that
differ in the use of unskilled and skilled labor. Firms choose their optimal compositions of
technology, thus these sets are all non-dominated and located at the country’s “technology fron-
tier”. Under these settings, the introduction of countries that are heterogeneous in technological
capability and labor composition can lead to a verjeltent d€fects of trade on wage inequal-
ity. A theoretical model of particular interest in the context of the production functions with
endogenous technology choice is the model of Caselli and Coleman (2006). They adopt the
idea that each type of labor could be more or le§sative with diferent types of technology.

They assume imperfect substitutions between unskilled and skilled labors, and find that in a
given economy, an appropriate technology is chosen depending on the skill composition of la-
bor. Their model incorporates the key features of factor-specific productivity, bufiisiently

simple to permit extension for the purpose of my analysis. This chapter applies the specification
of the production structura la Caselli and Coleman (2006), in which skill bias in technology
could arise endogenously, to a two-country general equilibrium trade model with monopolistic

competition.

The chapter yields some interesting results. In autarky, firms in countries which are skilled-
labor-abundant choose technologies that are appropriate for skilled labor, and vice versa for
firms in unskilled-labor-abundant countries. In trade, the wage gap between types of labor de-
pends on the relative level of technological capability, the skill composition in both countries,
and the skill bias. During the transition from autarky to free trade, if the labor force and labor
composition in both countries satisfy a particular condition, | find that the decline in transport
cost will increase the relative wage between the two countries in both types of labor. Moreover,

these &ects on wage inequality in all phases, i.e., autarky, free trade, and the transition from au-
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tarky to free trade, are also partially explained by the endogeneity in technology choice. In other
words, if a firm only utilizes a standard constant technology, tfeceon wage inequality is
amplified. Furthermore, based on calibration results utilizing data from 52 countries, | find that
in some plausible scenarios, the amplification derived from the standard constant technology
assumption may generatef@rent understandings of the role of openness on wage inequality.
The remainder of the chapter is organized as follows. Section 3.2 lays out the model and
characterizes the autarkic equilibrium. Section 3.3 solves for the free trade equilibrium in an
asymmetric two-country setting. Section 3.4 provides analytical and numerical analysis on

transport cost. Section 3.5 details the conclusions and extensions.

3.2 Autarky economy

In this chapter, | rely on a general-equilibrium monopolistic competition model that emphasizes
production diferentiation. In order to highlight the mechanisms through which a firm’s choice
of technology and employmenffact wage, | start with a closed economy and then examine the

implications of opening to international trade.

3.2.1 The setup

The economic environment assumes that in a country, ther&l dmens with monopolistic
competition. Each firm produces afféirentiated good and usedfdrent technologies. The
production requires two factors of production, which is unskilled and skilled labor. Each type
of labor works with diferent technology.

Firmi hires a composition of unskilled and skilled labor to produce only goBdoduction

function of good:

X = [(A1) + (ATYT (3.1

wherey is substitutability between unskilled and skilled labor<€0y < 1). I and|® are the

number of unskilled and skilled labor hired by fiimrespectively. A" and A° are appropriate
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technologies to unskilled and skilled labor hired by firmespectively.

Firmi chooses\! andA’ from a menu of a large number offfiérent technologies thatfter
in comparability to unskilled and skilled labor. It means that a firm can choose which type of
firm it wants to become, e.g. an unskilled-labor-intensive firm, or a skilled-labor-intensive firm.
However, a country has its own level of technological capability so that a firm faces limitation

in choosing technology. The menu of feasible technical choice is shown as follows:

(1-a)(AY + (A < B (3.2)

whereB is the level of technological capabilityd(> 0), « is skill bias parameter, anglis a
parameter that determines the tradebetweerA’ andA°. Mathematically, it shows the curva-

ture of the technology constraint curve.s andB are strictly positive parameters. Specifically,

for unchanged, a largea makes it dificult to access skilled labor’s technology. Wheris

0.5, it is the symmetric case. This setting of production function is borrowed from Caselli and
Coleman (2006). That paper introduces a general production function where the assumption of
perfect substitutability of dierent types of labor is relaxed, and technology used for each type
of labor is endogenized. The paper shows that this type of production function can explain real

data well.

Population in this country i&. Skilled labor takes a share of of the population, the rest
(1- o) is unskilled labor, (< o < 1). Letp = £Z be the ratio of unskilled labor over skilled

labor. Then we have full employment condition like this:

Unskilled labor:
N

D= =1-o)L (3.3)

Skilled labor:
N
Z IS=L%=0L (3.4)
i

Note thatN is the number of firms. Wages for unskilled and skilled laborvgt@andw?,
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respectively. These three variables are determined in equilibrium.
Goods enter symmetrically into demand. All consumers in the economy are assumed to

have the same utility function:

U= ZN: ¢ (3.5)

i=1
where 0< 6 < 1. This corresponds to the constant elasticity of substitution utility function,

which is homothetic and has elasticity equall—fég > 1.

k-type labor’s utility maximization is

max ¥ (cf)’

sty pc=wk

wherek is unskilled or skilled laborl{ = u, s). Then, price is determined by the demand curve

as follows:

0 _
P = ?(c!‘ o (3.6)

whereAX is Lagrange multiplier in utility maximization problem kftype labor. Price elasticity
of demand curve igk.

Given that the wages" andw® must be positive, the problem of firiris to maximize its
profit under the technology constraint shown in equation (3.2). The profit function is computed

by subtracting labor cost from revenue, as follows:

max pi(x — fe) — wel® — wHlY
St (1- a)(AY + (A = B

(3.7)

wheref, is fixed cost needed to pay to set up a firm.

Firms can freely enter the market. However, firms do not choose to do that unless their

'Here, firm pays fixed cosk by its production, not by its input. With this setting, the analysis on wage in-
equality is considerably simplified but the main features in the conclusion of the chapter are still maintained. Refer
to propositions presented in Sections 3.2, 3.3, and 3.4 to find that intuitive explanation for each proposition does
not depend on the form of fixed cost. Clearly, if firm pays fixed cost by its input, there will have more interesting
aspects to discuss, and some quantitatifeces may change. However, in order to focus on the consequences of
the main assumption of the chapter, the assumption of endogenous technology choice, this setting is left for future
work.
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expected profits become equal to the fixed cost. Free entry condition can be written as:
i = PiX —WS|IS—\/W|Iu =B fe (38)

Under the good market clearing condition, output must equal the product of consumption of

a representative individual in each type of labor and the corresponded size of labor force:
X — fe = L% + LY (3.9)

Here, | assume that firms are symmetric. Then, labor market clearing condition will become

NIY = (1 - o)L andNI® = oL.

3.2.2 Closed economy equilibrium

Under the condition of that paramefgis larger thanlf—y, there exists a unique interior solution.

At equilibrium, the technology and employment choice?are

AS:( > 7 );;A“:( el 7 )é
o1+ (%50°)77] (1-a)1+ (35p°)7]

I

fea//%p focr
(1—9)B/§[1+ (ﬁpﬂ)ﬁy’] (1_9)82[1+(1%pﬁ);iy]

The relative wage at the equilibrium of unskilled and skilled labor is computed as follows:

|U . |S

)

—Y

By
Y By

The number of entry firms can be determined by using the condition of full employment.

From (3) we have:
y By

N = O-_L _ (1_9)8;[1+(ﬁp5)/3‘7]ﬁ .

|S

fo(1 + p)ars

2See Appendix 3.A.
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The influence of parameters on variables at the equilibrium is shown in Table 3.1:

Table 3.1

pla|B|lo]|f|L
AVl +]+|+]010]|0
AS|—-|-|+]0]0|0
Mi+[?2/-]+]|+ |0
s/ -1?|-]+]|+1]0
w|+|-]0[0/0|0
N |?2|?2|+|-]—-|+

There also exist some interesting features to interpret.

Proposition 3.1. The weight of technology system appropriate for unskilled labor over that for

skilled Iabor(ﬁ—‘_;f) increases withr andp.

Mathematically, the weight of technology system used for unskilled labor over that used
for skilled Iabor(ﬁ—!) is equal to(ﬁpy)ﬂ. The exponen% is positive ifg is larger thany
under the condition for existence of interior solution. The intuitive explanation for the result
is as follows. First, if technology system of unskilled labor is relatively easier to aceeds (
compared to that of skilled labor, firm obviously chooses to utilize more technology appropriate
for unskilled labor,A". Second, if this country is unskilled-labor-abundant'f, firms tend to

choose more technology appropriate for unskilled labor. For example, a developing country

with unskilled-labor-abundant usually has more firms with technology used for unskilled labor.

Proposition 3.2. The increase in the rate of unskilled over skilled lalfpr 1) reduces the
relative wage between these two types of Ia(%ri ) The change in this wage premium is

partially absorbed by the endogeneity in technology choice.

This feature is intuitive. However, compared to the case of standard constant technology
(A andA? are given), the decrease in the relative wage in the case of endogenized technology
choice is smaller. The selectability of technology has partially absorbedfb.eSpecifically,

under assumption that the South country is abundant in unskilled labor, wage of unskilled labor
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is relatively low. However, because technology system is endogenized, firms choose the system
that can utilize resource which is abundant as much as possible; that is unskilled labor. As a
result, demand for unskilled labor increases, it will absorb partly ffeceof large number

of unskilled labor. Therefore, with the endogenous technology choice model, we find that the
inequality between two types of labor is not as serious as the case of fixed technology model.

The same setting and result happen to the case of the relative wage between unskilled and skilled

Iabor(%s).

3.3 Free trade

3.3.1 The setup

In this section, | suppose that two countries open trade with one another at zero transportation
cost. The two countries are the North countdy &nd the South countns)), which are diterent
in level of technological capabilityB’) and ratio between unskilled and skilled labpr)(

J=N,S.

The setting is similar to autarky version. Each good is produced by only one firm in one
country. A firm in each country hires unskilled and skilled labor, taking as given wage'of

andw’s, to produce goodwith production function
X = (AN + (KD (3.10)
The technology constraint has the form of
(L-)(A"Y +a(AY < B’ (3.11)

The firm maximizes its profit under the technology constraint. We have profit maximization
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problem
max p(x’ — fo) - WSS —

(3.12)
s.t(1- a)(AMY + a(A) = B
Full employment condition is as follows:
- Unskilled labor: ,
N
Z |iJ,LI — NJlJ,U — LJ,U — (1 _ O-J)L‘] (313)
i
- Skilled labor:
NJ
Z |iJ,S — N.]l.],S — L\],S — O'JLJ (314)

The ratio of unskilled labor over skilled labor in countky” is defined a§j§.

Under the free entry condition, firms’ expected profits become equal to the fixed cost:

m) = plx — WS —wt = plf, (3.15)

Good market clearing condition in free trade accounts for good consumed both domestically

and internationally.
XiJ _ fe — LJ,uCiJ,u + LJ,sCiJ,S + L—J,uq]*,u + L—J,SCIJ*,S (316)

where

- —J means “not country”

: c;f’k is consumption of good produced in coundrgf thek-type labor living in countryd

. ci“]*’k is consumption of imported good from country of the k-type labor living in country

J k=u-s
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Utility maximization problem ok-type labor in countryd is as follows:

max TV () + 23V (K

: (3.17)
I ple+ ) prle T = wk

wherecj* kis consumption of imported good from country of k-type labor living in country
Jk=u,s.

Trade balance condition shows that export and import value of a country have to be equal:
N N-J
Z pIJ(CI *,kL—J,k + Ci\]*,—kL—J,—k) — Z pj—J(Cj—J*,kLJ,k + Cj—J*,—kLJ,—k) (318)
i j

3.3.2 Free trade equilibrium

The result forA™, A’S 174 125 W2 andN? does not change from that in autarky version. At free

trade, price indices between two countries become equal. Thus, the relative real wage between

two countries with respect of unskilled and skilled labor respectivély is

( W)’v b

\A\Afjs = (BB_—JJ)g 2 (3.19)
1+( (- J)ﬁ)
=(es) ol aw)ﬁ)i (3.20)

1+( (- J)ﬂ)ﬁ
Proposition 3.3. The larger the gap of technological capability between the North and the
South is(B—N T ) the higher the relative wages between the two countries for both types of labor

become(wNu wes 4 )

WS, s

This result is very intuitive. We can think of a fact that with level of technological capability

higher than China, both unskilled and skilled labor in the United States earn higher wage than

3See Appendix 3.B.
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labor in China.

Proposition 3.4. If the North is less unskilled-labor-abundant than the Sdpth < p°), the
North’s relative wage of unskilled labor is high szﬂ T ) while the relative wage of skilled
labor is Iower(‘“v%’z l ) The changes in these relative wages are also partially absorbed by the

endogeneity in technology choice.

The scarcity of unskilled labor in the North will increase the demand for this type of labor,
thus raise the wage of unskilled labor in comparison of that of skilled labor. This result can be
derived easily in classical trade model as Heckscher-Ohlin model. However, this chapter shows
that although the scarcity of a type of labor mdieat the wage inequality, the magnitude of
the change under such influence is not as large as in classical modelgtétetlabor com-
position on wage is absorbed partially because a firm can choose its own technology together

with the number of labor to hire.

Proposition 3.5. If technology appropriate for unskilled labor is relatively easier to access
compared to that for skilled labdi T), the country which is more unskilled-labor-abundant

(0° > pN) will have higher relative wage of both types of Ial{ﬁ—ﬂ 1, VMV'STZ 1 )

Intuitively, when technology appropriate for unskilled labor is relatively easier to access
(@ T) compared to that for skilled labor, firms will utilize technology which is appropriate
for unskilled labor,A". This is especially #ective for production in the country abundant in

unskilled labor. Thus, wages for both types of labor in this country are improved.

Proposition 3.6. If the dificulty in accessing to technologies appropriate for both types of labor
is the samed = 0.5), country with higher unskilled-labor-abundant le\igP > pN > 1) will
exhibit larger wage inequalit(/ﬁj > xv% > 1). The dfference between these relative wages is

also partially absorbed by the endogeneity in technology choice.

This result is very intuitive. Country with higher unskilled-labor-abundant has relatively
higher unskilled labor supply and lower skilled labor supply, thus the wage gap between these

two types of labor will be higher. Once again, the chapter emphasizes that the magnitude of the
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effect on wage inequality in two countries trading with each other is not as large as in classical
literature. Firm in this country will utilize more technology appropriate for unskilled labor, thus
wage of unskilled labor is not that low. As a result, the wage gap between unskilled and skilled

labor is partially absorbed by this endogeneity in technology choice..

3.4 Transport cost

3.4.1 The setup

In this section, the model is extended to allow for transport cost. The main purpose of this
extension is to find how this cosffacts wage inequality for both types of labor within and
between two trade partners via the decision of choosing technology system.

The world here consists of two countries (paying cost) to trade with each other. This cost
is assumed to be the “ice-berg” type, which means only a fraatiih< r < 1) of any good
shipped arrives. The rest, a fraction of-1r, is lost during transportation. Whan= 0, the
economy is autarky; and when= 1, the economy is free trade. The introduction of transport
costs causes some changes in the setting of the model compared to free trade.

While the price of a domestic good is the same as thefp#lyat the firm receives, the price
of imported good is the c.i.f price, which is calculated by the division of the producer’s price by
transport cost. This means that consumers in couhpgy ﬁj‘J(: p;) to buy goodj produced
in country—J and consumers in countryd pay (= p;) for goodi of countryJ. Thus, the

individual budget constraint becomes:

N~J

NZ pJ Ik Z A—J —J*k (3.21)

j

wherep: f.0.b price,p(= E): c.i.f price.
Because only a fractionof goods used for export arrives, the good market clearing condi-
tion is
Ju JsAJds 1 Ju J*u 1 -JsAJ*,S
x) - fo= LM R e e B + —-L™c™ (3.22)

T I T 1
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Trade balance condition has the form of

N-J

Z (L sc J* sy J* b Z _‘](LJ’SCJ-_J*’S + LJ’UCJ—_J*’U) (3.23)

]

3.4.2 The equilibrium

The solution of the equilibrium is described in Appendix 3.C. This section focuses off¢lae e

of transport cost on the relative real wage, both within and across trading partners.

First, in the equilibrium, the relative wage between skilled and unskilled labor in codintry

is calculated as follows:

VV‘lu 7+ﬁ7 B

wis (1 ) ()7
a

W‘J’ S

The wage ratio between skilled and unskilled labor in coudtgnly depends on labor
specific to that country. The wage ratio does not depend on any specific trading partner or
transport cost. The reason for this is that the change in price and consumption of each good

absorbs all thef€ects of trade in this case.

Next, let us focus on the relative real wage between two countries for both types of labor.
Unlike the case of free trade where the relative wage depends only on the specifics of both
trading countries, the wage rate in this case also depends on transport cost. In order to examine
this relationship, | study the impact of transport cost on nominal wage rate and price index ratio

between two countries, separately.

First, the impact of transport cost on nominal wage rate is shown in the following proposi-

tion.

Proposition 3.7. In the world of two countries, when the size of labor force and the ratio of
unskilled over skilled labor in both countries satisfy that B < 1, the decline in transport cost

(r 1) will increase the wage ratio between two countries in both types of Iabﬁfs (¢ and
WJu T)
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Y
By
l+(1fn(p‘])ﬂ)

[ ] y
Here, D7 = Lp L
J - By 1+pd LY

ﬂ%y By
[“(130 (p‘J)ﬁ) ]

D’~J consists of two aspects: the size of labor force and the ratio of unskilled over skilled

labor of both countries. The following part analyzes how each aspksdts the influence of
transport cost on relative wage VX . First, assume that the ratio of unskilled over skilled
labor of both countries are the same = p™); if country J has a smaller labor force than
country-J (L? < L7Y), D*? will be smaller than 1. As Proposition 3.7 suggests, the decline
in transport cost will increase the relative wage between couhtnd —J in both types of
labor. Intuitively, the lower the transport cost is, the freer trade becomes. As a result, trade
flows between two countries will rise because of the increase in the demand for import goods.
The demand for import goods in both countries increases in the same amount because of trade
balances. Regarding the same demand level for import good in both countries, cbhasy
a smaller labor force, wages of both types of labor in coudtwyill be relatively higher than
that in country—J. Second, holding the size of the labor force between two countries the same
(LY = L7Y), and skill bias between two types of labor the same=(0.5), and both countries
are unskilled-labor-abundans’( o= > 1), if country J is more unskilled-labor-abundant than
country—J (o > p~Y), D>~ will be smaller than 1. According to Proposition 3.7, the decline
in transport cost will increase the relative wage between couhtand —J in both types of
labor. Intuitively, if both countries are unskilled-labor-abundant, both countries will choose the
technology system that is able to utilize unskilled labor as much as possible. As decreasing
transport cost leads to the increase in demand for import good in both countries, céuntry
which is more unskilled labor intensive, will be mor@extive in production, raising wages for
both types of labor.

Second, | discuss the impact of transport cost on price index ratio: agroaches one,
the economy is closer to free trade, leading the price indices between two countries become
equal. Thus, when transport cost reduces to zero, the price index ratio between two countries

converges to one. Nevertheless, the transition of the price index ratio from autarky to free trade
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cannot be examined analytically. Therefore, a numerical approach is required. This is described

in Appendix 3.E.

3.4.3 Calibration

In this section, the model is calibrated based on data from 52 countries, both developed and de-
veloping, to examine how theftierence between the exogenous technology and the endogenous

technology choice matters for impact of transport cost on relative wage between two countries.

Data

This chapter uses a dataset of cross-section of 52 countries for a single year, constructed by
Caselli and Coleman (2006). In their dataset, the wage premium between unskilled and skilled
labor, which are divided by “secondary completed”, is constructed from data of the Mincerian
rate of returfh and diference in schooling years between these two types of labor in 1985. Here,
“Secondary completed” is defined as having achieved high school diploma. The Mincerian rate
of return is the marginalféect of an extra year of education on wageff@ience in schooling

years is estimated from the duration of primary, secondary, and tertiary schooling. The data of
gross domestic production (GDP) based on purchasing power parity (PPP) in current interna-
tional US dollar, and population aged 15-64 from the World Development Indicators in 1990.
The data on skilled and unskilled labor share are calculated from educational attainment for

population aged 15 and over in 1990, provided in the dataset by Barro and Lee {2001).

Description of model parameters

There are eight model parametefs(substitutability between unskilled and skilled labar);

(share of skill labor)p (ratio of unskilled labor over skilled labor¥, (preference parameter);

4The Mincerian rate of return is estimated from the following equatiofw) = 1o+ 11 S + exp +/lgexpf+ei
wherew is wage,sis years of schooling, anelxpis experience. Data using for the estimation is from 52 countries
with about 5,200 persons per country and a median sample size of 2,469 from 1970 to 1990.

5Skilled labor share- Share of “completed secondary’Share of “total tertiary”.
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fe (fixed cost);3 (the curvature of the technology constraint){the skill bias); and (level of

technological capability). In the following, each of these parameters is discussed in turn.

Substitutability between unskilled and skilled labor
Following Katz and Murphy (1992), elasticity of substitution between unskilled and skilled

labor (denoted byﬁ—y) is set at 1.4, thug is equal to 0.286.

Labor share
From data of unskilled and skilled labor, we can calculate the share of skilled labor in total labor
force () for each country. The ratio of unskilled labor over skilled lahot) for each country
J is derived by dividing the share of number of unskilled labor in total labor force by that of

skilled labor. p? = :=¢°).

oJ

Preference parameter
According to Broda and Weinstein (2006), elasticity of substitution (denotélglbj/s assumed
to be 2.7, thug = 0.63.

Fixed cost
Assume that fixed cost, equals to 1. Robustness will be checked with respect to alternative

values of fixed costfe.

Parameters in the technology constraint equation
From the first-order condition regarding the demand for both types of l&boand|>s° we

have
1y
5

A () () (3.2

AJ,u WJ,u |J_u

Using equation (3.24), the optimal technology raﬁﬁ,, can be calculated from skill premium

w* and labor ratidy; obtained from the data set.

6See equations (3.C.13) and (3.C.14) in Appendix 3.C.
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From the first-order condition regarding technology appropriate for both types of lbor,
andA’s, of the firm profit maximization problerhyve can derive the following

A¥S 11— a\is 1P\
2= () ()

Take logarithm of both sides, we have

In (ﬁ—jj) - ﬂ%y In (:j—j) ; % In (ﬂ) (3.25)

Next, | estimate equation (3.25) by OLS With(lﬁj—j) as the dependent variable anc(#?ﬁ)
as the sole regressor. The estimation result gives the value of theﬁé_‘,lyomleus, the parameter
[ can be calculated. Tregi; In (%) as the intercept, then skill biasis derived.

From the aggregate production function in equation (3.10) in couhtnye haveX’ =
[(ANLMYY 4 (AYSLIsy]7 whereX? is total production. Combine with the optimal technology
ratio, ;‘Tjj, which is calculated from equation (3.24), we can derive the value of each optimal
technology,A’ and A% for each countryd. Given these optimal technology values, | use the

technology constraint in equation (3.11) to obtain the level of technological capability

The estimation results
The result of estimated parameters is shown as follaws: 0.408,8 = 0.437,y = 0.286,
6 = 0.63. Other parameters, optimal technolo{? andA’, and estimations of 2 countries

Indonesia and Malaysia as an example are shown in Table 3.2 below.

Table 3.2

o P A AS B L
Indonesia] 0.127| 6.880| 0.073| 0.124| 0.352| 181,436,821
Malaysia | 0.247| 3.050| 0.160| 0.189| 0.463| 18,211,097

’See equations (3.C.11) and (3.C.12) in Appendix 3.C.
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Findings

This section reports the results of the calibration. | show how transport cost matters for the
difference of exogenous technology and the endogenous technology choice.

Figure 3.1 shows the impact of transport cost on relative real wage of both unskilled and
skilled labor between Indonesia and Malaysia. In this figure, the horizontal axis corresponds to
7. Note that, since this variable measures the fraction of goods that reach the importer country
safely, transport cost decreases as we move to the right along this axis. The vertical axis shows
the real wage rate between two countries. Figure 3.1.A shows the case of unskilled labor while
Figure 3.1.B shows the case of skilled labor. The solid lines represent endogenous technology
choice while the dotted lines represent constant techndlogy.

Although relative real wage curves between Indonesia and Malaysia in both cases are down-
ward sloping, their dference has étierent implications for thefect of openness on wage in-
equality. In the case of skilled labor in Figure 3.1.B, there is a horizontal line where the wages
of skilled labor in two countries are completely equal; in other words, wage rate equals one for
any transport cost. We call this line “line one”. We can find that a part of this line lies wholly in
between the solid line and the dotted line, corresponding to transport cost between point A and

point B

8The setting and solution of the standard model with exogenous technology are shown in Appendix 3.C.
Here, the constant technologies for both types of labor in Indonesia and Malay#d'&te= 0.088 A'NPS =
0.09, AMYSU = 0,17, andAMYSs = 0,173, whereIND and MY S are the acronyms for Indonesia and Malaysia,
respectively.

9Point A and B correspond to where transport cost equals 0.37 and 0.8, respectively.
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Figure 3.1

Note: Sincer measures the fraction of goods that reach the importer country safely, transport costs decrease as we
move to the right along the horizontal axis.

Let us analyze the response of relative real wage to transport cost when the cost decreases
from point A to point B. In the case of standard constant technology (the dotted line), the relative
real wage curve between two countries diverges far away from “line one”; in other words, two
countries become less equal in the wage of skilled labergages up from point A to point B. In
contrast, the solid line decreases toward the “line one”. It means that in the cases of endogenous
technology choice, the relative wage of skilled labor between Indonesia and Malaysia becomes
more equal as transport cost falls. Therefore, exogenous and endogenous technology choices
matter for the impact of trade openness on wage inequality between two countries.

Similar results can also be found in other pairs of countries such as Sweden and Switzerland,
Chile and Peru, and Greece and Hongkong. They are illustrated in Figure 3.2. We find that
dotted lines and solid lines move in the same direction, and lie around or intersect with “line
one” partly or wholly. This yields qualitatively fferent impacts of trade openness on wage

inequality between the cases of exogenous and endogenous technology choice.

54



Wage rate of unskilled labor between Sweden and Switzer land Wage rate of skilled labor between Chile and Peru Wage rate of unskilled labor between Greece and Hongkong
1.2 1.06 1.2
Endogenous technology choice Endogenous technology choice ‘ Endogenous technology choice

115 HL= = = *Given technology system 1.04 == = *Given technology system 1,15 H= = = *Given technology system
Lif 1.02 / NI
. -~
. S~
. S
. Y
. N

0.95 0.96 .’ 0.95
.

=
s
&
'

Wage rate
Wage rate
.
Wage rate

l

0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Fig 3.2.A Fig 3.2.B Fig 3.2.C

Figure 3.2

Note: Sincer measures the fraction of goods that reach the importer country safely, transport costs decrease as we
move to the right along the horizontal axis.

The dotted lines and the solid lines lie around or intersect with “line one”. This is because
two countries have similar labor composition and technology capacity. However, even if the
dotted lines and the solid lines do not lie around or intersect with “line one”, qualitatively
different impacts of trade openness on wage inequality between the cases of exogenous and

endogenous technology choice remain. An example of this situation is discussed below.

The examples above share the same following feature: the solid line and the dotted line
move in the same direction, either upward sloping or downward sloping. However, there is also
a case where the solid lines and the dotted lines movefiardnt directions. That happens in
the case of France and Italy, shown in Figure 3.3. Specifically, for both unskilled and skilled
workers, the dotted line is downward sloping while the solid line is upward sloping. In the
case of unskilled workers shown in Figure 3.3.A, both lines lie above “line one”. Therefore,
as transport cost falls, the relative real wage of unskilled labor between France and Italy in the
endogenous technology choice model becomes less equal, while that with constant technology
becomes more equal. On the other hand, in the case of skilled workers shown in Figure 3.3.B,
both lines lie below “line one”, thus the opposite outcome happens to the relative real wage. As

transport cost falls, the relative real wage of skilled labor between the two countries with en-
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dogenous technology choice becomes more equal, while that with constant technology becomes
less equal. In short, endogenous technology choice and constant technologyfieseatdm-

plications for the impact of trade openness on real wage inequality.

Wage rate of unskilled labor between France and Italy Wage rate of skilled labor between France and Italy
1.8 : . , . 1

=== Endogenous technology choice === Endogenous technology choice
1.7 == =+Given technology system 1 0.95 | == ='Given technology system

l'ine one

[ | "
. | 0.85

0.8 T T e |

Wage rate

1 n n . . line one . . . .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Fig 3.3.A Fig 3.3.B

Figure 3.3

Note: Sincer measures the fraction of goods that reach the importer country safely, transport costs decrease as we
move to the right along the horizontal axis.

3.5 Conclusions and extensions

This chapter strives to explain how trade opennelescts wage inequality, both domestically
and internationally, under the new assumption of endogenous technology choice. Based on the
theoretical literature on a two-country general equilibrium trade model with monopolistic com-
petition, the chapter proposes a new version under the assumption of endogenous technology
choice. The assumption implies that firms can choose which technology system to maximize
their profits. The #ect of trade openness here is examined by considering the impact on wage
rate when they move from autarky to free trade, both within and across trading partners.

In autarky, | find that firms in skilled-labor-abundant countries choose technologies that
are appropriate for skilled labor, and vice versa for firms in unskilled-labor-abundant countries.

Furthermore, theféect of labor compaosition on the skill premium between unskilled and skilled
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labor is partially absorbed by the endogeneity in technology choice. In other words, in the case
of standard constant technology, skill composition has strong influence on wage inequality,
while in the case of endogenous technology choice, sti@tteis not so strong. In trade,
wage inequality between types of labor is influenced by the comparative level of technological
capability, the labor composition in both countries, and the skill bias. Moreover, countries
with higher ratio of unskilled labor will exhibit larger wage inequality. Compared to the case
of standard constant technology, thesie@s on wage inequality is also weaker. During the
transition from autarky to free trade, the impact that the decline of transport cost has on wage
inequality is also analyzed. If the size of labor force as well as its skill composition in both
countries satisfies a particular condition, the decline in transport cost will increase the relative

wage between two countries in both types of labor.

Furthermore, | run a calibration using data from 52 countries to examine ffezettice
between the standard model with exogenous technology and the new model with endogenous
technology choice. As suggested by the results of the calibration, the impact of openness on real
wage inequality under the cases of standard constant technology and endogenous technology

choice is both qualitatively and quantitativelyffidrent in some pairs of countries.

The model presented in this chapter can be extended in some other directions. First, the two
parameters, the skill biag), and the parameter that determines the curvature of the technology
constraint g) play a very important role in the model. Thus, introducinffedences in these
parameters across countries may provide interesting results. Second, transport cost of all goods
Is the same in this model, hence we can alloffedlent goods to face fierent transport cost. For
example, transport cost in the service sector may be lower than that in the manufacturing sector.
Additionally, each sector is more or less intensive iffiedent types of labors, thus the extension
will be more fruitful in analyzing the féect of endogeneity in technology choice toward wage
inequality. Third, except the aspect of labor, two countries in this model areffetafit in level
of technology capability. Firmin any country can choose any set@fandA® from a menu of
feasible technical choice which is shown in equation (3.11). In fact, a firm in a country with low

level of technology capability may find itflicult to access to a high®, appropriate technology
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to skilled labor, even when it eagers to give upAll appropriate technology to unskilled labor.
Thus, introducing a limitation to the choice of appropriate technology for skilled |&omay

bring the model closer to the reality.

Appendix 3.A. Solution for autarky equilibrium
k-type labor’s utility maximization:

maxy(ch)’

st pick = wk

Solve the utility maximization, we have

0 _
m:ﬁﬂel (3.A.1)
Apply for both types of labor
V=
G = (j—) c’ (3.A.2)

Substitute equation (3.A.1) into good market clearing condition in equation (3.9), we have:

x — fe = L% + LYc"

|~
iR

u —
= L%’ + L“(j—s)g c’

1

= [0’ +(1- J)(%)H]CisL

Xi— fe
1
6-1
[(r+(1—(r)( j{( ) ] L
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¢’ can be rewritten as follows:® =




Substitute this into equation (3.6), we get

(3.A.3)

whereA = [o(15)71 + (1 - o)(¥)71]02

Firm i’s profit maximization:

maxpy(x - fo) - wAIP - Wiy
st (1- a)(AY + a(ASY = B

The Lagrangian is
2L = pi(% — f) = woIP = WY — (1 - @)(AYY + a(AY - B]

Firms are symmetry. Substitute the price in equation (3.A.3) into the Lagrangian, we have

01

6-1
@ = X([) (X = o)’ = WIS —WHl¥ — (1 — @) (A + (A% — B

The first-order conditions:

EY RN

2 _ _
07 0o T ey - (- iy (3.A4)

2y f \6-1
Zf; =0e QX(X L fe) XYV (ATEY S = apB (A (3.A.5)
2 _ 0-1
Zﬁ P QX(X - fe) X7 (AU LAY = (3.A.6)
2 _ 6-1
%”ff —0e eX(foe) XY (ASIS)LAS = W (3.A7)
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Substitute price in equation (3.A.3) into the free entry condition in equation (3.8) and ag-

gregate to the whole economy, we have

0

N = ) = oW + (1 - o)w! (3.A.8)

Letw® to be numerairey® =1

Using the technology constraint in equation (3.2), full employment condition in equations
(3.3) and (3.4), first order condition of profit maximization in equations (3.A.4)-(3.A.7), and

free entry condition in equation (3.A.8) to solve #f, A5, [V, 13, u, A, N andw".

Appendix 3.B. Solution for free trade equilibrium

Utility maximization ofk-type labor in countryd:

NJ Ik N~ = Js.k
max ¥ (67 + X7 ()’

NY 13 ~IK N 3 n-dxk _ \adk
sty plc+ X pple T = w

The same setting is applied to country. Solve the utility maximization problem for both
countries, we have

0 woes 0 sk
P = (@) = (@ (3B.1)

Using equation (3.B.1) applied for two countries, we get

k-1 Ik k-1 -3k
D)o and( i ) _ (3.B.2)
(Ci\],—k ) /lJ,—k CiJ>:<,—k /l—J,—k
Jk
Ci’ 6-1 /l‘]’k
(C.J*,k) -5 (3.8.3)

Substitute equations (3.B.2), (3.B.3) into good market clearing equation (3.16), we get:
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X — fo= LM + LISCHS + LW 4 Losgh

Qdu 1 —JU\ A1, 1-dS\ 7

A3\ 38 2
= L‘][o- +(1- o-J)( ) 1]C-J’s+ L‘J[o-‘3+(1—o-“])( ) 1]( ) “els
as) ] i

/l—J,s /lJ,s
Js
c
- [[aJuJ’S)s—ll + (1= )@ H L + [0 @) + (L o)) ] L”] —
A Ad (AJ,S)m
Js
=[AL? + AL ——
(/1J s)(, 1
Thus, we have
1
s (X = fe)(1¥9) 7
(I AL + A-ILY
Using equations (3.B.2), (3.B.3), we have
wo_ (€=M (6 = f(Ae 2B4
C' - AJLJ + A—JL—J n Ci - AJLJ + A_‘]L_‘] ( e )
Substitute into equation (3.B.1),
Y = (@ = L5 - 1) (3.8.5)
whereA = [ALY + A7IL7Y)%1L
Remind the individual budget constraints:
N-J
Z pJ Ik Z —J*k — Wik
Substitute the price in equation (3.B.5) into the budget constraints
0
- (AHFINT(x = o)+ N7(x; = fo)] = wr (3.8.6)
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Firmi in countryJ maximize its profit

max p)(x - fo) - wsIP® —w
s.t(1- a)(AI.J’”)ﬁ + Q(AI_J,S)ﬁ - B’

The Lagrangian is

27 = pl(} = f) — WP - WY = 7 [(1 - (A + (Y - B

Firms in countryJ are symmetry. Substitute the price in equation (3.B.5) into the La-

grangian, we have

2 = %(XJ — £’ =W - W - (1 - @) (AN + (A - B]

The first-order conditions:

0L 0 J -1\ 1—y ¢ adupduyy-11Ju J Juys-1
g = 08 -0 = 1 OO I ANMRY N = (1 a)u’B(AY (3.B.7)
J 62
—gﬁs =0 X(XJ _ fe)e—l(XJ)l—y(AJ,slJ,S)7—1|J,s — a,'quB(AJ,S)ﬁ—l (3.B.8)
J 2
%ﬁu =0e QX(XJ = fo) ) (AN AN = W (3.B.9)
J 2
(?fs =0 HX(XJ — f) ) (AR TIAYS = W (3.B.10)

Let wSS to be numeraireyss = 1

Using the technology constraint in equation (3.11), full employment condition in equations
(3.13) and (3.14), first order condition of profit maximization problem in equations (3.B.7)-

(3.B.10) for both countries; budget constraint in equation (3.B.6) for both countries and both
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types of labor; and trade balance condition in equation (3.18) (all 19 equations) to solve for 19
variables as followsANS, ANU | ASS ASU N [NuSs [Su S5 N NS NN WS whu WSy,
/lN’S /lN,u /lS,S /IS,U.

Note: From trade balance in equation (3.18), budget constraint in equation (3.B.6) and good

market clearing in equation (3.16), we can derive the following free entry condition.

%NJ(XJ — fo)? = [oW*S + (1 — o)w™]L? (3.B.11)

Appendix 3.C. Solution for transport cost

Consumption side

Utility maximization ofk-type labor in countryd:

NJ Ik N-J/ —Jxk
max ¥ (7 + X7 ()’

sty Pl + 2 pyle T = wik
Solve the utility maximization, price of goagroduced in country will be as follows:

0
J_
P = T3k

0

Jkyo-1 _
)= T3k

(o (3.C.1)

Using equation (3.C.1) applying for both countries, we have

P ST S EL RS
CiJ,—k Cj—J*,—k RS Ci.]*,—k Cj—J,—k -3k
* —Jx,k
CiJ K /?'—J,k o Cj /lJ,k o
c - (T/lJ,k) and—g- = (T/l—J,k) (3.C.3)

Substitute this into good market clearing condition in equation (3.22)

1 oo, 1 \
X — fo= LM + LIS¢H + LMY + S ®
T T
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.J,s
(@97 + (L= PYA)HI L+ [P + (1 o)) L

Al ™ A (4 J )H '
Js
= [AL? + r ALY ——
(/lJS)y 1
The same for production in countrd
7J,s
o= PN + ALY —
(1739)7
Thus, we have
I _ f)(A) 7
e (% ~E)(1 ) (3.C.4)
(A%
and .
(x° = f) ()71
=l (3.C.5)
(A=)
where
A = (rT ALY + ATILTY)ED (3.C.6)
A? = (ALY + v AL D (3.C.7)
Substitute into equation (3.C.4) into equation (3.C.1),
A (3.C.8)
p| - [’*\J X| €, O,
The same for price in countryJ
LN A 3.C9
pj_F(j_e) (3.C.9)

Substitute the price in equations (3.C.8) and (3.C.9) and consumption in equations (3.C.1),
(3.C.3)-(3.C.5) into the budget constraint in equation (3.21)

N (XJ - fe)9 + N_‘J(X_‘:| - fe)g — W‘lk

oAyt -
T 71 (AY)7

(3.C.10)
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Let wSS to be numerairey>s = 110

Price index

Utility maximization ofk-type labor in country

I Jk -, —Jek
max 3V (cM)’ + 2 (Y

NI 3. Jk N a g —Jek _ 2 Jk
st plg+ X pc =W’

This utility maximization problem has similar form with that in Dixit-Stiglitz model. The price

index can be calculated as

0-1

pJ = Z(pf)rﬂ " Z(pj—J)% (3.C.11)

Production side
Endogenous technology choice model

Firmi in countryJ maximize its profit

max  p)(x’ = fo) = WSS —w

Ju s pdu pJs
PP ANA

s.t(1- )(AMY + (A = B

The Lagrangian is
L2 = plOF = f) = WP - WM - W[(1 - ) (AMY + a(AMY - B]

Firms in countryJ are symmetry. Substitute the price in equation (3.C.8) into the La-

101 calibration, in order to convert other variables in the model into numeraire equivalent, it is necessary to
calculate this wage for each country. The average wage of a country can be calculated in two ways. First, assume
that all 52 countries have the same labor share in income as of 65%, then the average wage of a labor will be

J . ..
To?a?iéﬁﬁi’uo( = 28X ) Second, this average wage can also be calculatedwa$ + (1 — o?)w?'. Equalizing

these two calculations, we havdw?’s + (1 — o)W = 055—?”. Given the share of each type of labor and the skill
premium%, the wage of skilled labor in each country can be derived.
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grangian, we have

7 = %(xJ — fo)” = WPSIH — W — L[(L - a)(AMY + (A - B
The first-order conditions:

0L 62

AT = 0© 750 = ) O (AN I = (1 - ) B(ANY (3.C.12)
%z =0 %(xJ = fo) ) (AN IS = qulp(ATe (3.C.13)
?afj =0 %(xJ = o) OO (AN AN = w (3.C.14)

6(9]—-2;: =0e %(xJ = f)* OO T (AT IAY = we (3.C.15)

Using the technology constraint in equation (3.11), full employment condition in equations
(3.13) and (3.14), first order condition of profit maximization in equations (3.C.12)-(3.C.15)
for both countries; budget constraint in equation (3.C.10) for both countries and both types of
labor; and trade balance condition in equation (3.23) (all 19 equations) to solve for 19 variables
as follows: ANS, ANUASS ASU NS [Nu|Ss [Sub SN NS NN WS wNu wSu aNs - aNu,

/IS,S’ /lS,u.

Standard constant technology model

In this model, the world technology combinatioﬁtﬁ, Is constant. This technology combination

is the weighted average of the Iogarithmﬁéj} of each country, which is derived from equation
(3.24). Each weight involved in this weighted average equals the share of labor force of each
country in the total labor force of all 52 countries provided in the data. From data of unskilled

and skilled labor share, wage premium between these two types of labor, and labor force which
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are described in Section 3.4.3, the world technology combinaﬁbn’s 1.02 by calculation.
Given this world technology combination, using aggregate production function of each country
X3 = [(AMLIY 1 (AISLIsy]7, technology appropriate for unskilled and skilled labor in country
Jin the standard model with exogenous technolway,andAES, can be computed. Now, firms

in each country adopt the same technology system and simply chdteseli combinations of
labor. Firmi in countryJ maximize its profit

max p’(x — fe) - w1 — i

U1
Substitute price in equation (3.C.8) into profit maximization problem above, we have
0
max = (x’ — fo)? —w>ss — w2

IiJ,u’IiJ,s AJ

The first-order conditions:

?\—j(x‘l — )P L)Y (1Y) LAY = w (3.C.16)
?\—j(x‘l — )P L)Y (1L (ALS) = WS (3.C.17)

Using full employment condition in equations (3.13) and (3.14), first order condition of
profit maximization in equations (3.C.16), (3.C.17) for both countries; budget constraint in
equation (3.C.10) for both countries and both types of labor; and trade balance condition in
equation (3.23) (all 13 equations) to solve for 13 variables as folloWsiNY 1SS, 1SU NS NN,

WN,s’ WN,u,WS,u, /lN,S’ /1N,u’ /lS’S, /lS,u_
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Appendix 3.D. Proof of proposition 3.7

Substitute price and consumption in equations (3.C.1), (3.C.3)-(3.C.5) into trade balance in

equation (3.23), we have:

Al NI AY %
AT N—JLJ([\_J)

SubstituteN”? andN~J which is solved in Appendix 3.C into the previous equation, we have

~

J\1%
;\_J) (3.D.1)

whereD!! is denoted as

Using definition ofA? andA~? in equations (3.C.6) and (3.C.7) we can derive the following

equation:
1
0-1
A £
— — TI-9
AJL? (A‘J)
AT y (3.D.2)
1
~3 \* )
Lety = (XA_J) andx = 719
Then, from equations (3.D.1) and (3.D.2), we have
Dy’ = 1-«ky
y—«k
or
DY —Dky’ +ky—-1=0 (3.D.3)
y’ y

n the main body of the chapter, tHisis clearly denoted aB’~ to avoid any misunderstanding.
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Left hand side of equation (3.D.3) is a functionyadindx: g(y, «) = Dy’*! — Dky’ + ky — 1.
Thus equation (3.D.3) will bg(y, ) = 0. Differentiate functiom(y, ) by y,

gy, «) = D(6 + 1)y’ — kDY’ + «
+1
_ Doy - akDy 4+

= Doy’ — 6xkDy’ ! + D;<y§/+ 1 (by equation (3.D.3))

= Doy’ + % + Dy }(1-6)>0 (3.D.4)

Thus, functiong(y, «) is monotonic increasing ig. Aty = «, functiong(y,«) = ¥* - 1 < 0.
= D« @*1(1 - «?) > 0. Thus, solutiory of equation (3.D.3) will lie

)

Aty = 1, functiong(y, «)

X |

betweenx and3, (K <y<

Differentiate functiom(y, «) by x and use equation (3.D.3), we have

2
-1
gy, &) = >;_ " (3.D.5)

Because > k, sign ofg,(y, k) depends on sign of/f — 1).

>0 wheny>1

gy k) =
<0 wheny<1

Using implicit function theorem, we can deriyg = %%, thus
y o

<0 wheny>1
dy = (3.D.6)

dx
>0 whenO<y<1
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Back to equation (3.D.3)

y=1=9(,«k)=D-Dk+«x-1=(1-«)(D-1)
>0

y=k=9(y,k) =k*-1<0 (3.D.7)
6+1
y=1=g0.0=D(}) -<1>0
Treatk as a parameter,
=1=9(y,x) >0 3D,
If DV >1= Y 90-) — Solution of equation (3.D.3) € («, 1) £8D9)
y=k=d(y,«x) <0
%’ >0
=1=9(y,«x) <0 (3D,
D4 <1 W0-9<0" _, Solution of equation (3.0.3 < (L 1) 2262

y=¢=9(.«)>0

dy
a<o

Wage rate between two countries for skilled labor can be calculatej\@_%byy equations

(3.C.13), (3.C.14) as follows:

wis ;\—J
w-is = AJ

(1_ (pJ)ﬁ) y ﬁyﬂy . aﬂi
— =>S|gr{ ("9:
L+ (i507)

>0

ol ol

| S

The same for wage rate between two countries for unskilled labor, we can also find that
[oxy 845 . [dy
o | = -7 | = s

Thus, knowing sign 0\:}}(’ , we can find how transport costaffects wage rate of labor type
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K, m% The result will be as follows:

gx= |<0 whenD>1
W o (3.D.8)

>0 whenD<1

Discussion of D

D is contributed from two aspects: the size of labor folcegnd the ratio of unskilled over

skilled labor p) of both countries) and—-J.

First, keep the ratio of unskilled over skilled labor of both countries are the sa@med ™),

if country J has smaller labor force than country (L < L=7), D will be smaller than 1.

Second, keep the size of labor force between two countries are the &dme I(7Y), if
country J is more unskilled-labor-abundant than country (o° > p~), the answer for the

guestion of thatD is smaller or larger than 1 depends on characteristic of fundt{ph =

B~y
21w
1+(ﬁ(p3)ﬁ)ﬁ } (1+p%)71. Under the condition of that skill bias between two types of labor

is the samed = 0.5) and both countries are unskilled-labor-abundahto(” > 1), function
h(p) is found to be monotonic decreasifg(p) < 0). Thus, ifp? > p~J, thenh(p’) < h(p™).

ConsequenthyD < 1.

Appendix 3.E. Some extra calibration results for the impact of

transport cost

To fully understand the impact of transport cost on the relative real wage, the sections below
discuss the impact of transport cost on the relative nominal wage and price index ratio sepa-

rately.
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Impact of transport cost on relative nominal wage

This section reports calibration results for the impact of transport cost on relative nominal wage.
Figure 3E.1 shows the impact of transport cost on the relative nominal wage for both unskilled

and skilled labor between Indonesia and Malaysia.

Nominal wage rate of unskilled labor between Nominal wage rate of skilled labor between
Indonesia and Malaysia Indonesia and Malaysia
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Figure 3E.1

Note: Sincer measures the fraction of goods that reach the importer country safely, transport costs decrease as we
move to the right along the horizontal axis.

In this figure, the horizontal axis corresponds tdote that, since measures the fraction of

goods that reaches the importer country safely, transport cost decreases as we move to the right
along this axis. The vertical axis shows the relative nominal wage between the two countries.
Panel A shows the case of unskilled labor, while panel B shows the case of skilled labor. The
solid lines represent endogenous technology choice while the dotted lines represent constant
technology. The resultis consistent with Proposition 3.7 which states that relative nominal wage
increases monotonically as transportation costs are reduced. In this case, th®'f4etbrs

denoted in Proposition 3.7 between Indonesia and Malaysia is 5.384, which is larger than 1,
thus the relative nominal wage curves are downward sloping for both types of labor as transport

cost decreases.
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Impact of transport cost on price index ratio

This section reports the calibration results for the impact of transport cost on the price index
ratio. Figure 3E.2 shows the impact of transport cost on the price index ratio between two pairs

of countries: Indonesia-Malaysia and France-Italy.

Price index ratio between Indonesia and Malaysia Price index ratio between France and Italy

== Endogenous technology choice = Endogenous technology choice
= = ="Given technology system . 1 1.02 | == ="Given technology system

bad
=4 ©
© &

<
©
@
Y
Y

Price index ratio
=3
&
Price index ratio
=3
©
8
A}
A)

=4
©

L
~
&

=
—~
o
©
&

Fig 3E.2.A Fig 3E.2.B

Figure 3E.2

Note: Sincer measures the fraction of goods that reach the importer country safely, transport costs decrease as we
move to the right along the horizontal axis.

In this figure, the horizontal axis correspondstorhe vertical axis shows the price index

ratio between two countries. The solid lines represent endogenous technology choice while
the dotted lines represent constant technology. Panel A shows the case between Indonesia and
Malaysia. In both models of exogenous and endogenous technology choice, the price index
ratios between these two countries are monotonic increasing and converge to one during the
transition from autarky to free trade. On the other hand, in Panel B, which shows impact of
transport cost on the price index ratio between France and lItaly, the price index ratios are mono-
tonic increasing and decreasing in the models of exogenous and endogenous technology choice,
respectively. However, as the economy is close to free trade, these ratios also converge to one
as discussed in Section 3.4.2. This convergence narrows the gap of the impact of transport cost

on relative real wage between the two models as the economy is closer to free trade.
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Chapter 4

An Analysis of Changes in Wealth Distribution in Response to

the Entry of Foreign Direct Investment Firms

4.1 Introduction

Over the last few decades, developing countries have witnessed a significant increase in foreign
direct investment (FDI) inflows. From 1990 to 2012, FDI inflows into developing countries

increased more than thirtyfold, nearly four times the world average (See Figure 4.1).

FDI inflows into developing countries

600 P‘
o 500 /
= 400 / \'/
2 300 /

Figure 4.1

Source:The World Development Indicators database.

Accompanying the surge in FDI inflows is an increasing concern about the adverse impacts

tAuthor’s calculations using the World Development Indicators database.
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of FDI on social wealth equality. Several studies, both theoretical and empirical, examined this
relationship. For the most part, the theoretical studies have focused offehts @f wealth
distribution on foreign investment. For example, Amissah, Bougheas and Falvey (2011) and
Gall, Schitbauer and Kubny (2014) examine the impact of the distribution of wealth under
credit market imperfections. Nevertheless, how foreign investment (especially FBtjsa

wealth distribution is less well understood.

Empirical studies investigating the same issue typically specify income distribution as a
proxy for wealth distribution. Their results about the impact of FDI on income distribution
have been mixed. For example, both Basu and Guariglia (2007) and Choi (2006) use data from
more than a hundred developing countries and conclude that FDI promotes income inequality.
On the contrary, Lindert and Williamson (2002) and Milanovic (2005) find no evidence of a
significant relationship between FDI and income inequality. This controversy might be a result
of the lack of theoretical research in the area. The goal of this chapter is to develop a framework
in which we examine changes in domestic wealth distribution in response to the entry of FDI

firms.

Based on the theoretical framework developed in Matsuyama (2011), we build a new model
that includes the entry of FDI firms as an additional foreign factor. Matsuyama (2011) provides
a rich framework for highlighting some key results in the theoretical literature regarding credit
market imperfections, household wealth distribution, and development. In particular, the pa-
per employs a series of previous modétsat progressively build on each other to analyze the
dynamics of inequality and development under credit market imperfections. It also identifies a
number of major research trends and perspectives, and discusses the advantages of a hierarchi-
cally integrated approach. More specifically, changes in wealth distribution in this framework
is generated by the introduction of a borrowing constraint. This constraint prevents agents from
borrowing, thereby establishing a barrier between rich and poor agents. Whether an agent can
breach this barrier determines the distribution of wealth. This assumption of a borrowing con-

straint is natural, especially in developing countries, where the credit market remains generally

2See Galor and Zeira (1993), Banerjee and Newman (1993), Aghion and Bolton (1997), and Matsuyama (2006).
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immature. Furthermore, although this framework covers almost all of the properties of the re-
lationship between imperfect credit markets and wealth distribution, itftscently general

and simple to allow for the extension of these properties to introduce new factors, including
the participation of FDI firms. Therefore, the significance of this chapter is that it introduces
the entry of FDI firms as an additional foreign factor into the theoretical literature on credit
market imperfections and wealth distribution, which hitherto concern only closed economies,
and analyzes how FDI firmgfact the results of previous studies. More importantly, the FDI
firm modeled in this analysis is ficiently creditworthy such that, unlike the domestic firms,

it does not face any credit constraints. From the perspective of the domestic economy, a repre-
sentative FDI firm is from the “rest of the world”. We assume that the rest of the world is then
suficiently large and rich to ensure that while profit remains positive, an FDI firm can always
afford the setup costs and join the domestic economy. This is the nféenettice between FDI

and domestic firms in the credit market.

The chapter yields some interesting results. By providing country-specific conditions under
which the entry of FDI firms alters (in)equality in domestic wealth, it resolves the existing
disagreement concerning the impact of FDI on wealth inequality in existing empirical studies.
First, the entry of FDI firms can provide a “big push” to move the poor out of a poverty trap,
resulting in increasing job and wealth equality among domestic agents. Second, this can also
promote equality by leading to an “underdevelopment trap” whereby all domestic agents have
no choice other than to work for FDI firms. In contrast, by redistributing domestic wealth to
make the richest agents who survive after the competition with FDI firms befteghe entry
of FDI firms may lead to inequality. Last, we identify four specific factors that determine the
effects of FDI firm entry, namely, the cost of starting a new business, the bequest motive, the
global interest rate, and productivity in the home country. Specifically, when there is a higher
cost of starting a new business, a greater bequest to the next generation, a higher global interest
rate, or a higher home country’s productivity, the entrance of FDI firms will be more likely to
“push” the economy toward a state where all domestic agents experience greater equality in

wealth and job selection.
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The remainder of the chapter is organized as follows. Section 4.2 presents the basic model.
Section 4.3 provides the analytical computation and Section 4.4 discusses the simulation. Sec-

tion 4.5 details the conclusions.

4.2 The model

The model introduced in this chapter is based on Matsuyama (2011). The economic environ-
ment assumes that in a country, there are an infinite number of generations. Each generation has
a unit mass of identical agents who live for only one period. Thus, the population is assumed
to be continuous and its sizk, is setto 1. There is a single numeraire good which may be
allocated to consumption or investment.

In this chapter, the country is assumed to be a small open economy where the interest rate,

r, is determined exogenously depending on the current world rate.

Domestic agents

At the beginning of period, an Agent inheritsh; units of the numeraire good from his parents.
Then, based on his own state of inheritance and ability, he decides to either run a business as an
entrepreneur or work for another company as a worker. This job selection allows for endogenous
entry and exit of entrepreneurs, which is an important channel of resource allocation. At the
end of the period, the agent derives utility by consunmingnd by leaving a bequelt, ; to the

next generation. Thus, the utility function is
Ui =c ), (4.1)

whereg is the bequest share.

If Agent decides to become a worker, he can work in a domestic firm or an FDI firm and
earn a wagev,. At the beginning of periot, a worker does not need to spend money on neither

consumption nor investment so he lends all of his unemployed inheritaratanterest rate
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(r > 1). Thus, at the end of periddhis wealth isn + rh.

An entrepreneurAgent, establishes a firm. Each domestic firm is assumed to have an

identical production function as follows:

Ye = ¢(l) 4.2)

where¢’ > 0,¢” < 0,¢(0) = 0 andl; is the number of worker working in this domestic firm

(It < 1). Labor is the sole input into the production process. To start the firm, the entrepreneur
has to pay a setup coB(F > 0). At the beginning of periodl if he has more wealth than the
setup cost, he can lend the remainder at interestrraféhus, the income of the firm, or the
wealth of the entrepreneur at the end of peripdan be derived ag(lit) — wilit + r(h, — F).

If you separate the part that varies with the number of workg(g), — wl;, and denote it as

n(ly), the wealth of the entrepreneur can be rewritten(&3 + r(h; — F). In order to maximize

the profit, the entrepreneur determines the optimal number of workers to recruit. His profit
maximization condition takes the form of = ¢’(l;). That is, the optimum number of workers

Is a decreasing function of the equilibrium wage, which is determined in the labor market,

i = ¢'~1(wy), I"(wy) < O.

Every entrepreneur is subject to two constraints: profitability constraint and borrowing con-
straint. First, in term of a profitability constraint, an entrepreneur has no incentive to invest

unless his income is greater than that of a worker. Thus, his profitability constraint is

7T(|(Wt)) + r(ht — F) > W + I’ht — ﬂ'(Wt) - W; = rF.

Solving the equation, we get

W < W (4.3)

Second, in term of a borrowing constraint, an entrepreneur can only run a business if he has
enough setup cosk. Based on this assumption, the borrowing constraint can be written as

follows:
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he > F. (4.4)

This assumption is consistent with the case of developing countries where a credit market has

not been developed yet.

FDI firms

A new addition to the basic model in Matsuyama (2011) is the introduction of FDI firms. In
contrast to domestic firms, the most important assumption relevant to FDI firms in this model
Is that they do not face any borrowing constraints. FDI firms come from the “rest of the world,”
and “the rest of the world” is large and rich enough to ensure that as long as the profitability
constraint is satisfied, there will be FDI firms that cdfoad to pay a setup cost to join this
economy. FDI firms join the economy by hiring workers for production, and at the end of the

period, they repatriate the income earned back to their host countries.

Each FDI firm has an identical production function that uses labor as its sole input, and the

productivity is also assumed to be identical to that of domestics firms as shown below:

Y= (1) (4.5)

where¢’ > 0,¢” < 0,4(0) = 0 andl, is the number of workers in the FDI firm. Then, we

assume

(1) = ¢ (1), ¥l (4.6)

Its profit maximization condition takes the formwf = ¢’(l;). That is, the optimum number
of workers is a decreasing function of the equilibrium wage, which is determined in the labor

market ad; = ¢'~1(w;) wherel’(w) < 0.

Similar to domestic firms, FDI firms also face a profitability constraint. Unless an FDI firm’s

profit is less than what it gains from lending the setup cost instead of investing it, the FDI firm
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will invest. Thus, its profitability constraint is

a(w) > rF

wherer(w) = [I(wr)] — I(wh) - W.
Solving the equation, we get

W, < W (4.7)

Itis easy to see that if the profitability constraint of a domestic firm is satisfied, that of FDI firms

also holds, as seen in this equatiari: > w*.

Labor market
In the labor market, both domestic and FDI firms share a common Wége ¢'(I)) = ¢'(l;)
wherel; is optimum number of workers in domestic and FDI firms. The wagejs an equi-
librium wage at period as it is determined when the labor market is clearing.

The labor supply, defined as participation in the labor force, is the number of people who
cannot satisfy the borrowing constraint to run a firm. Therefore, labor supply takes the following
form:

LtS = Gt(F)

Here,G,(F) denotes the fraction at periaaf the agents whose inheritance is less thah
In contrast, labor demand is the number of workers that domestic and FDI firms need to

maximize their profit. Labor demand is defined as follows:

LY = [1 - G(F)II(W) + 61(W)

whered is the ratio of the number of FDI firms to domestic firms. The first term on the right-

hand side of the equation above is a production of the fraction of domestic entrepreneurs whose

3Refer to borrowing constraint in equation (4.4).
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inheritance is larger thahR, [1 — G;(F)], and the number of workers hired by a domestic firm,
n(V;y). Thus, this first term shows the total number of workers in domestic firms. Similarly, the
second term on the righ-hand side of the equation above shows the total number of workers who
are hired by FDI firms.

The market is clearing when the labor demand equals labor sugpky LP. Then the

equilibrium wage at every period; is solved.

The bequest rule
Based on the utility function in equation (4.1), to maximize his util&kgent should leave a
bequest that is equal to a fractigh),of his wealth at the end of periddThus, the bequest rule

is determined as follows:

BIW, + rhy] h<F
ht+1 = (48)
Blr(W,) +r(h, — F)] otherwise

4.3 The analytical computation

Analysis of the entry of FDI firms in an economy will be discussed in this section.

4.3.1 Labor market

This section describes the labor market equilibrium and the wage movements upon the entry of

FDI firms.

Proposition 4.1. Immediately after the entry of FDI firms, the equilibrium wage becomes

higher.

The intuitive picture behind this proposition is quite basic; and the proposition is consistent

with the line of empirical research investigating theet of FDI on domestic wage rate.

Proof. e The case of no FDI firm:
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1. Labor demand: [P ):

[1-G(F)Il(w) wp <w

Lo =
0 W > W*
2. Labor supply: L7 ):
L? _ Gi(F) w<w
1 W > W*

whereG;(F) is the share of workers at period

The labor supply and demand curves described by the equations above are shown in Figure
4.2.A* In this figure, the horizontal axis is the labor share and the vertical axis is the wage. As
long as the profitability constraint holds, the equilibrium wage is determined at the intersection

of the labor supply and demand curves.

e The case of existing FDI firms:
1. Labor demand:

[1 - G(F)]IPOS(wy) + IFP'(wy) Wy < W
LY =3 IFD(wy) W< W < W

0 Wy > W,

2. Labor supply: The equation is the same as for the case of no FDI firm.

Due to the entry of FDI firms, the total demand for labor in this economy increases, thus the
demand curvel.”’, shifts upward. As long as the domestic profitability constraint holdss (

w* (< w*)), the new equilibrium wage is determined at the intersection of the labor supply curve

“4In terms of labor demand, if wage is too low, domestic firms need as much labor as possible, thus demand for
labor is the whole population,” = 1. If wage increases to a certain level, the labor demand curve is downward
sloping.

83



and new demand curve. Based on Figure 4.2.B, it is clear that the equilibrium wage in the case

of existing FDI firms is always higher than in the case of no FDI firdis > W,.

We

W

i) w L

w* w”

w,’ \\
D
W, Wy ;
j7 L?
0 G(F) 1 L7, 13 0 G (F) 1 L2, L3
Fig4.2.A Fig4.2.B
Figure 4.2

4.3.2 Wealth dynamics

The bequest rule is derived in equation (4.8) as shown again below:

BIW + rh] h <F
ht+1 =

Blr(W) + r(hy — F)] otherwise.
This transition of wealth will take the shape shown in Figure 4.3.
The horizontal axis corresponds to the inheritance Ag&nt receives from his parer;,
and the vertical axis corresponds to the bequest he leaves to histghildlo the left of F on
the horizontal axis lies the ling@W; + rhy), called the “lower line,” showing the transition of a
worker’s wealth. The ling(m(W,) +r (h;— F)) to the right ofF, called the “upper line,” indicates
the transition of an entrepreneur’s wealth. The equilibrium wage obtained in the labor market

will determine the position of these two lines in each period. However, due to the profitability
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constraint of domestic firms, the “upper line” is always vertically higher than the “lower line.”

At the steady state, the size of the bequest from an agent to his child is exactly equal to the
inheritance he receives from his pardmt= h,;. Under the assumption that < 1, the steady
state can be solved. The wealth of workers at the steady state is obtained at the intersection of
the “lower line” and the 45-degree line, while that of entrepreneurs occurs at the intersection
of the “upper line” and the 45-degree line. It is important to note that under the assumption
that every agent in the economy is homogeneous in ability, the graph of wealth transition can
be applied to the whole economy. Therefore, the steady-state wealth of each agent is also the

wealth per capita at the steady state of this economy.

When FDI firms join the economy, an increase in the equilibrium wage causes a shift in the
transition path of wealth for all agents. The increase in the equilibrium wage will increase the
income and thus increase the bequest toward the next generation of the worker. On the other
hand, the increase in the equilibrium wage will decrease the profit of the entrepreneur and thus
decrease the income and subsequently decrease the bequest left to his child. Therefore, the
transition path of a worker’s wealth shows an upward shift and that of an entrepreneur’s wealth

shows a downward shift. These shifts are shown in Figure 4.4.

With such shifts, the comparative positions of point A and point B change, altering the

steady-state wealth of all of the agents. For example, upon the upward shift of the “lower line,”

5See Appendix 4.A for the confirmation of the existence and stability of the steady state.
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point A moves vertically upward. If point A moves above the 45-degree line, the intersection
between this line and the “lower line” will disappear. The same situation happens to the in-
tersection of the 45-degree line and the “upper line” when point B moves below the 45-degree
line upon the downward shift of the “upper line.” Therefore, the participation of FDI firms may
cause four cases for the economy: 1. Poverty trap, 2. Big push, 3. Underdevelopment trap, and

4. Inequality.

4.3.3 The equilibria

Case 1: Poverty trap

Figure 4.5 illustrates this case. Graphically, when point A lies below and point B lies above
the 45-degree line, a steady state exists that includes both entrepreneurs and workers. At the new
steady state, the job share does not change. Agents whose initial wealth is smaller than setup
costF can never become entrepreneurs; hence, this steady state is called the “poverty trap.”
SHowever, because of the increase in equilibrium wage, the steady-state wealth of workers
increasesHKl, T), while that of entrepreneurs fall$if |). Workers become betterffp and
entrepreneurs become worsg, and thus the entry of FDI firms makes this economy more

equal.

5This name is borrowed from Matsuyama (2011).
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Case 2: Big push

Figure 4.6 illustrates this case.
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Figure 4.6

This case occurs when both points A and B lie above the 45-degree line. In this case, work-
ers can escape from the poverty trap and become entrepreneurs. The entry of FDI firms acts as
a “big push.” The process of this equilibrium is as follows. First, the increase in equilibrium
wage upon the entry of FDI firms can cause the economic condition of all workers to improve,

with some of them becoming wealthy enough to run their own businesses. That is, they become
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entrepreneurs. This leads to a shrinkage of the labor force and an increase in the labor demand.
As a result, equilibrium wage increases continuously, and thus more workers can become en-
trepreneurs. This process repeats itself continuously until the wealth levels of workers and
entrepreneurs are equivalent. The “lower line” and “higher line” now merge into a single line
somewhere between the original line positions. This steady state is shown in Figure 4.6.B. In
this state, every agent has the same level of wealth, which is higher than setkp Thstefore,
this steady state is also referred to as “big push,” and here the economy becomes completely
equal. However, there is an indistinctness in wealth between workers and entrepreneurs; the
job share is undetermined. Because the wealth of all of the agents is equal at the end of the
period, the labor market mechanism becomes functionless. Then, the composition of workers
and entrepreneurs is adjusted automatically to keep this steady state unchanged.

Next, case 3 and case 4 happen when both points A and B lie below the 45-degree line as

shown in Figure 4.7.

45°
B(r(Wy) +r(h, — F))

ht+1

BrWe) —rF

BW,

Figure 4.7

The process of reaching this equilibrium is described as follows. First, the increase in equi-
librium wage in response to the entry of FDI firms causes all entrepreneurs to become poorer.
Some entrepreneurs cannot maintain their own businesses and become workers, leading to a de-
crease in the labor demand and an increase in the labor force. This leads adversely to a decrease
in equilibrium wage. Graphically, the “lower line” and “higher line” initially move toward each

other in response to the wage-increasifig@ of the entry of FDI firms. However, soon after-
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wards, they move back again. This backward movement of the transition paths of the wealth of
the workers and entrepreneurs makes this case more complicated than the previous two. How
far the two lines move away from each other will determine the properties of the new steady
state. This depends mainly on the wealth distribution of this economy before FDI firms enter

the economy, which is discussed next.

Case 3: Underdevelopment trap

In the case whereby all entrepreneurs in the economy are not rich enough to avoid significant
loss of profit following the wage increase caused by the entry of FDI firms, the entrepreneurs
will be incapable of leaving a large bequest. The next generation will be unable to continuously
run the businesses and will become workers. As a result, the labor force will eventually include
the whole population, and labor demand will now be the purview of FDI firms only. Intuitively,
the large increase in labor supply together with the decrease in labor demand will lead to a
decrease in equilibrium wage. No domestic agent is able to become an entrepreneur; all of the
population works for FDI firms. The inheritance at the steady state in this case is lower than the
setup cosF; thus, this is called an “underdevelopment trafhere is equality in the economy,
and the labor share is 1. Figure 4.8 illustrates this situation. Every agent in this economy now

shares the same steady-state wealtH at

Reyq
B(r(W) +1(h; — F))
B(m(W;) —7F)
F /
HL ........................
| e B(W +Thye)
BW,
0 HL: F hy

Figure 4.8

"This name is borrowed from Matsuyama (2011). He describes this case as “If everyone is poor, nobody hires,
and hence everyone remains poor.”
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There is a good, simple example of this case. Before the introduction of FDI firms, assume
that this economy was already at a steady state where the wealth of all the entrepreneurs equals
He.8 Inthis case, if the increase in equilibrium wage resulting from the entry of FDI firms forces
an entrepreneur become a worker, other entrepreneurs will become workers as well because they

are all identical. This case clearly leads to the “underdevelopment trap” steady state.

Case 4: Inequality

In this case, although some poor entrepreneurs cannot continue running their own businesses
when wage increase, others are rich enough so that the loss in profit does not prevent them from
continuously leaving the next generation an amount of bequest larger than setép Thsts,
the domestic businesses can be maintained. Here, the market exit of poor entrepreneurs leads
to an increase in labor supply and a decrease in labor demand, resulting in a wage decrease.
However, the decrease in wage reduces the loss in profits of the remaining entrepreneurs. If
these relatively rich entrepreneurs can wait until this loss becomes zero, they can continuously
maintain their businesses. At the steady state, the number of workers has increased while the
number of entrepreneurs has decreased. This case can explain the increased inequality that may
occur in response to the entry of FDI firms. Thus, this case is named as “inequality”. Figure 4.9
shows such an example.

In Figure 4.9, the “lower line” and “higher line” move to new positions below and above
their respective lines at the old steady state prior to the entry of FDI firms. In this case, the
wealth of workers decreases while that of entrepreneurs increases. The gap between the wealth

of workers and entrepreneurs widens; thus, inequality occurs.

8See Figure 4.3.
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The properties of the four equilibria described above are summarized in the Table 4.1. In

these cases, théfect of the entry of FDI firms on wealth equality is clarified. In summary, this
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-
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e ) + (e — F))

-

W, +rhy)

Figure 4.9

entry can create both equality and inequality as empirical research indicates.

Table 4.1
Case Name Equality Worker share | Equilibrium wage
Case 1l Poverty trap Equal Unchanged Increase
Case 2 Big push Completely equal Undetermined Increase
Case 3| Underdevelopment trapCompletely equa 1 Increase
Case 4 Inequality Equal or unequa Increase Increase or decrease

There is a point worth noting here. Case 2 and case 4 can only happen if FDI firms first

enter the economy when it i®t at the steady state. In contrast, case 1 and case 3 can happen

regardless the economy is at the steady state or not at the entry of FDI firms.

Before the entry of FDI firms, assume that this economy was already at a steady state. At

this point, as discussed in Section 4.3.2, all agents whose inheritance from their parent is less

than the setup cogt will share the same steady-state wealtiHat On the other hand, all

agents whose inheritance from their parent exceeds the setulp walsshare the same steady-

state wealth aHg. As a result, there is no diversity in the wealth of workers as well as that of
entrepreneurs. In other words, all of workers as well as entrepreneurs are identical with respect

to initial wealth at the entry of FDI firms. Under this assumption, only case 1 and case 3 can
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happen. This is because these two cases share the following property: in each case, all the

workers show the same reaction to the entry of FDI firms, and so do all the entrepré&neurs.

Nevertheless, case 2 and case 4 afiedint from the rest in that these two cases happen
depending on the wealth diversity workers and entrepreneurs, respectively. Discretely, in case 2,
the increase in equilibrium wage upon the entry of FDI firms can improve economic conditions
for all workers. Due to the diversity in wealth of workers, some become wealthy enough to
run their own businesses. This leads to a shrinkage of the labor force and an increase in labor
demand, thus equilibrium wage increases continuously. On the other hand, in case 4, due to the
wealth diversity of entrepreneurs, some poor entrepreneurs cannot continue running their own
businesses when wage increases. Meanwhile, others are rich enough such that the loss in profit
does not prevent them from continuously leaving the next generation a bequest amount larger
than the setup co$t. The exit of poor entrepreneurs leads to an increase in labor supply and a

decrease in labor demand, resulting in a wage decrease.

4.3.4 Conditions of the equilibria

In this section, the conditions in which these four equilibria may occur will be examined. First,
we will discuss the condition in which workers and entrepreneurs exist. The condition for the
existence of the worker or entrepreneur or both depends on the comparative position of the

45-degree line on the plane of the wealth transition path.

If the “lower line” and 45-degree line intersect, workers exist and the intersection determines

their equilibrium wealth. This happens if and only if point A lies under the 45-degree line, or

BW+rF) < F = W, <W

%In case 1, because of the increase in equilibrium wage due to the entry of FDI firms, workers become better
off but all of them still cannot leave enough inheritance to their heirs in order for them to become entrepreneurs.
On the other hand, entrepreneurs become woltdeud all of them still leave enough inheritance to theirs heirs in
order for them to continue running their own businesses. Thus, the job composition in this case shows no change
before and after the entry of FDI firms. In case 3, the increase in equilibrium wage upon the entry of FDI firms
makes all entrepreneurs less profitable, thus all of them cannot leave enough inheritance to the next generation.
This makes the next generation have no choice other than becoming workers.
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whereW, = F(1 - gr)/B. Thus,W; is the minimum wage that ensures the existence of the
worker.

On the other hand, if the “higher line” and 45-degree line intersect, entrepreneurs exist and
the intersection determines their equilibrium wealth. This happens if and only if point B lies

above the 45-degree line, or

Bla(W) +1(F - F)] < F == n(W) < F/g & W < W,

whereW, is the solution of equation(\W;) = F/B. Thus,W; is the minimum wage that ensures
the existence of the entrepreneur.
Next, we will discuss the condition under which the three cases of equilibrium described

above may occur.

1. Poverty trap: The condition for this case is that:

W, < min (Wl,Wz)

Intuitively, we know that when the equilibrium wage is low, workers are so poor that
they can never own a business, whereas entrepreneurs gain such a high profit that they
can maintain their business. Therefore, the economy will contain both workers and en-

trepreneurs.

2. Big push: The case happens when both point A and point B lie above the 45-degree line.
In this case, workers can escape from the poverty trap and reach to a better state under
the following condition:

W < W < W,

3. Underdevelopment trap and inequality: In these cases, both point A and point B lie below

the 45-degree line. The condition of the equilibrium wage for this case is as follows:

W2<VVt<W1
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From case 2 to case 4, the condition of equilibrium wage is higher than the case of two

equilibria. However, the specific conditions of the economy for each case need to be clarified.

The main diference between these two cases is the scaM cbmpared with that of\,. In
case 3 and caseW, < W; and in case 2, the reverse is true. Figure 4.10 shows the comparative

position of W; andW,. The equilibrium wage is shown on the horizontal axis, and the profit is

(WM

T E(lf )
gli—Fr

=™

Figure 4.10

shown on the vertical axis. Profit is the decreasing function of Wagmys, the profit function

Is represented by a downward-sloping curV. is determined at the value &f(1 — 8r)/8 on

the horizontal axis, and/; is determined at the intersection of the profit function curve and the
horizontal lineF/B. In Figure 4.10, point X appears. The ordinate of this point is calculated as
the functiont(W) atW, = F(1—pr)/B. According to Figure 4.10); < W, if and only if point

X lies above ling=/B. Thus, the condition fow; < W5 is as follows:

n(%(l—ﬁr)) > (4.9)

[ —
Wy

k
B

107(1,) = (1) = Wele = 6(l0) = ¢/(1) - It = () = — (1) 1 > 0~ 7/ (wp) < O.
<0
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This equation is applied to derive the following proposition:

Proposition 4.2. The high (low) state exists if at least one of the conditions below holds:

1. The setup cost is giciently low (high).

2. The bequest share isgaiently high (low).

3. The interest rate is gficiently high (low).

4. The Home productivity is gtciently high (low).

Mathematically, wherF is low or 8 andr are high,W; is more likely to be smaller than
W,. Thus, “big push” case may occur. Intuitively, first, if the cost required for starting a firm is
low, the earning at the end of the period is high. Therefore, the bequest that an agent leaves to
his child may become larger than that which he received from his parent. Then, his child may
receive enough setup cost to start a busings8);) > F. Here, the increase in the bequest
results in social prosperity as well as a better state of the economy. This role of the setup cost
in the economic growth leads to a policy implication. The setup cost used in this chapter is
the expense associated with the entire process of establishing a new firm. Part of this cost is
related to government policies, both tangible (i.e., legal and professional fees, license, etc.) and
intangible (i.e., registration time, administration, corruption, etc.). Therefore, if the government
establishes policies that ease the environment for firm establishment, the economy can reach to
a better state. Second, if the bequest share of the agent is high or he is altruistic, the bequest
increases. Third, when the interest rate is high, although none of the agents can borrow, returns
to lenders increase because of high capital gains. In this case, the wealth of workers increases,
and thus the bequest increases as well. Last, if the Home productivity is high, the wealth of
all domestic agents increases. It is obvious that the higher the wealth is, the higher the bequest

becomes. Therefore, the economy may move to case 2 - big push case.
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4.4 Numerical examples

The goal of this section is to replicate some results in the analytical section by introducing a

numerical simulation analysis using assumed parameter values.

4.4.1 Settings

First, the model is approximated by a discrete number of domestic agents in order to be tractable
for the simulation.
Second, all functions used in the model need to be explicitly specified. The production

functions of domestic and FDI firms are assumed as follows:
Ye=o(l) = A- I}

and

Ye=¢()=A-1}
respectively.
Third, inheritance is dierent for each agent. The initial wealth distribution is assumed to
take the Pareto distribution form as follows:

h = (. — %) (/L)% i=1---L (4.10)

max

wherelL is the population andl is the parameter of the Pareto distribution.
Last, in the benchmark case, all of the parameters in the model are set as shown in Table

4.2.
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Table 4.2

Parameter Value Note

v 0.5 Labor share in production function of domestic firm
v 0.5 Labor share in production function of FDI firm
B 0.5 Bequest share

r 1.1 World interest rate

F 0.8 Initial setup cost

A 1 Productivity of domestic firms

A 1 Productivity of FDI firms

Nimax 3-F Wealth of the richest agent

Nimin 0.01-F Wealth of the poorest agent

0 0.01 Share of FDI firms over population

k 20 Parameter of Pareto distribution

L 10,000 Population

With this setting, about 6% of the population in the initial distribution can become an en-

trepreneur.

4.4.2 Findings

This section discusses the results of the numerical analysis. FDI firms are assumed to enter
when the economy is not at the steady stat&he initial distribution is as in equation (4.10)

in Section 4.4.1. With parameters reported in Section 4.4.1, | simulate all cases indicated in
Table 4.1. The results are shown from Figure 4.11 to Figure 4.14. Each figure has four panels
named A to D. In panels A, B, and C, the horizontal axes indicate time. The solid lines show
the transition paths of wage, worker share, and Ginffa@ent in response to the entry of FDI

firms at time 1. The dotted lines illustrate the steady state level of wages, worker share, and Gini
codfticient when FDI firms do not exist in the economy. Panel D shows the steady-state wealth
with and without FDI firm. All agents in the economy are ordered from poorest to richest along
the horizontal axes. The solid line shows the case of the entry of FDI firms, while the dotted

line illustrates the steady state of the case where there is no FDI firm.

1 The simulation results for the case of that FDI firms enter when the economy is at the steady state are shown
in Appendix 4.B.
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Case 1: Poverty trap (Benchmark)

The simulation results are described in Figure 4.11. This benchmark case corresponds to case
1, the “poverty trap” described in Section 4.3.3.

Figure 4.11.A shows the wage schedule. As the solid line lies above the dotted line, wage is
found to be higher in the case of FDI firms compared to the case of no FDI firm. Furthermore,
wage is unchanged from the second period, indicating a poverty trap where there is no flow
from the pool of workers into the pool of entrepreneurs or vice versa. When there is no change
in the composition of labor supply and demand, wage takes a constant value, which is equal to
the steady-state value.

Figure 4.11.B shows no change in the worker share compared to that at the steady state
before FDI firms entered. The worker share is 94.6%.

Due to the increase in wage, workers become richer while entrepreneurs become poorer
compared to the case of no FDI firm. The change in agents’ wealth and the unchanged com-
position of the population can be seen in Figure 4.11.D. At the steady state, the wealth of the
workers is 8.8% higher while that of the entrepreneurs is 16.3% lower, respectively, in the case
of FDI firms.

Finally, Figure 4.11.C shows a lower Gini deient at the steady state in the case of FDI
firms compared to the case of no FDI firm, representing greater equality in this economy. Better-

off workers and worsefbentrepreneurs mean an improvement in equality.
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Fig 4.11.A. Wage Fig 4.11.B. Worker share
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Case 2: Big push

This case corresponds to case 2, named “big push”, described in Section 4.3.3. Figure 4.12
shows the simulation results when the bequest share increases from 0.5 (the benchmark case)

to 0.8.

As the equilibrium wage increases soon after the entry of FDI firms and the bequest share
is high enough, workers raise their bequest until their heirs have enough inheritance to pay the
setup cost. Due to the profitability condition, when inheritance is larger than setup cost, agents
would rather become entrepreneurs than workers. Thus, agents not bound by the borrowing con-
straint pay the setup cost to run their own businesses. The number of entrepreneurs increases
while the number of workers decreases, leading to an overall increase in wage. The continuous
increase of equilibrium wage is shown in Figure 4.12.A, while the decrease in worker share is il-
lustrated in Figure 4.12.B. The increase in wage, decrease in firm profit, and transition of agents
from workers to entrepreneurs continue until the income of the workers and entrepreneurs be-

come identical. From then on, there is nffelience between the income of a worker and of an
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entrepreneur; the economy shows a more equal distribution of wealth. This equality is indicated
as the reduction in Gini cdicient in Figure 4.12.C. Figure 4.12.D shows the wealth at steady
state of all agents in the economy in both cases: with and without FDI firms. The wealth of the
workers increases by 10.3% while that of the entrepreneurs decreases by 29.8%.

Fig 4.12. A. Wage Fig 4.12.B. Worker share
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Case 3: Underdevelopment trap

This case corresponds to case 3 in Section 4.3.3, referred to as the “underdevelopment trap”,
in which the bequest share decreases from 0.5 (the benchmark case) to 0.3. The results are
illustrated in Figure 4.13.

Immediately after the entry of FDI firms, equilibrium wage is relatively high at the first
period. However, due to the high equilibrium wage, entrepreneurs’ profit decreases. In this case,
the decrease in profit along with the lower inheritance makes children of entrepreneurs poorer
so that they are eventually unable to continue their businesses. Here, all of the entrepreneurs are

poor and they have no choice other than becoming workers for FDI firms. As a result, worker
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share becomes 1 as shown in Figure 4.13.B.

As every agent in this economy becomes a worker, the abundance in labor supply leads to
a decline in wage. Figure 4.13.A shows a reduction in wage from the second period. Wage at
the steady state drops to less than a half of what it was at the time when FDI firms enter the
economy, but it is still higher than the case of no FDI firm. That is, workers in this case are
better df (Figure 4.13.D).

As the economy becomes completely equal, Figure 4.13.C shows the convergence of Gini
codficient to zero. Figure 4.13.D also confirms the equality where the wealth at steady state of
all agents in the economy is the same. However, this is an equality in which every agent is poor,

no one can become an entrepreneur. Thus, this case is named as “underdevelopment trap.”

Fig 4.13.A. Wage Fig 4.13.B. Worker share
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Case 4: Inequality

This case corresponds to case 4, which is “inequality” described in Section 4.3.3. Figure 4.14

shows the simulation results when the bequest share decreases from the benchmark case of 0.5
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to 0.3. Here, in order to create a larger diversity in wealth of entreprengpss assumed to
be 4- F instead of 3 F as shown in Table 4.2.

As the equilibrium wage increases soon after the entry of FDI, some poor entrepreneurs can-
not continue running their own businesses. The exit of poor entrepreneurs leads to an increase
in labor supply and a decrease in labor demand, resulting in a wage decrease. Steady-state wage
is 10.6% lower than that in the case of no FDI firm (Figure 4.14.A). The increase in labor supply
is illustrated in Figure 4.14.B. However, although some poor entrepreneurs’ children have no
other chance but become workers, others are rich enough that the loss in profit does not prevent
them from continuously leaving the next generation an amount of bequest larger than the setup
costF. Therefore, the worker share in Figure 4.14.B converges to 98.7% but not 100% as in
the case “underdevelopment trap.” The wealth at the steady state of these rich entrepreneurs
and other workers is illustrated in Figure 4.14.D. Compared to the case of no FDI firm, the
steady-state wealth of workers after the entry of FDI firms decreases by 10.6% while that of en-
trepreneurs increases by 17.2%. In the economy, 98.7% of agents share the same wealth, thus
the Gini codficient in Figure 4.14.C still shows a downward trend as it becomes more equal.
However, the fact that entrepreneurs, consisting only 1.3% of the population, holding nearly

30% wealth of the whole country, shows that inequality becomes more serious in this case.
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Fig 4.14. A. Wage Fig 4.14.B. Worker share
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4.5 Conclusions

The purpose of this chapter is to examine the changes in terms of wealth distribution in response
to the entry of FDI firms. The chapter introduces a model of wealth distribution in the presence
of an imperfect capital market and analyzes the impact of FDI firms. The main assumption
regarding FDI firms is that they are féigiently creditworthy, unlike the domestic firms with

which they compete, such that they do not face any borrowing constraints.

Against this background, we used the model developed to derive the transition of wealth and
labor corresponding to the entry of FDI firms. Through this analytical computation, the chapter
Is the first to describe how the entry of FDI firms can explain (in)equality in domestic wealth.
Their entry could promote equality by giving a “big push” to move workers out of a “poverty
trap” so that all domestic agents become equal with respect to wealth and job selection. Alter-
natively, FDI firms may cause the economy to fall into an “underdevelopment trap”, whereby
all domestic agents have no choice other than to work for FDI firms. On the other hand, the

entry of FDI firms could also widen the gap between the rich and the poor, i.e., it could cause
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inequality by redistributing domestic wealth to make the richest agents béttethey survive

the competition with FDI firms. We also identified four factoffeating the impact of FDI firms

on the economy, namely, setup costs, bequest motives, global interest rates, and home country
productivity. More specifically, a lower cost in starting a new business, a more altruistic popula-
tion, a higher global interest rate, and a greater productivity of the home country could promote

wealth equality.

Appendix 4.A. Discussion on the existence and stability of the

steady state

Regarding the existence and stability of the steady state, let us start with the simplest case in
which there are only two groups of agents. In each group, the agents are identical in terms
of initial wealth. The initial amounts of wealth in these two groups are desigrtesdh?;

he andh? are larger and smaller than the setup c8strespectively. Under the labor market
clearing condition and the profitability constraint, the solution for the following equation is

unique:

Gi(F)
Tt(lz), W > wW*

[1-G(F)llw) = Gi(F) = I(w) =

. The left-hand side of the above equation is a monotonic decreasing function of wage,
while the right-hand side is constant; thus, a unique equilibrium wage can always be found.
Furthermore, there are only two groups of identical agents. Thus, there is no flow from one
pool of agents to another, otherwise there will be no worker or entrepreneur. In brief, under the
profitability constraint, the labor market clearing condition will determine the equilibrium wage
but cannot change the population composition of this economy.

Simulations of more complicated cases where agents no longer have identical initial wealth
can be performed. Specifically, we run simulations that combine 1,000 random ranges from

“nearly zero” toF fluctuating around the initial wealth of worket¥, and 1,000 random ranges

from F to 100- F fluctuating around the initial wealth of entreprenetn}, Using the same
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settings as in Section 4.4.1, the simulations show that the steady state is always reached and
there is no change in the composition of workers and entrepreneurs. Accordingly, this system

has a solution, and it is unique and stable.

Appendix 4.B. Some extra simulation results

FDI firms are assumed to enter during the economy at the steady state. This is the steady state
of the case of no FDI firm. As discussed in Section 4.3.3, under this situation, only case 1 and
case 3 happen. The results for these two cases are shown in Figure 4B.1 and Figure 4B.2. Each
figure has four panels named A to D. In panels A, B, and C, the horizontal axes indicate time.
The solid lines show the transition path of wage, worker share, and Giffiaest in response

to the entry of FDI firms at time 1. The dotted lines illustrate the steady state level of wage,
worker share, and Gini céiicient when FDI firm does not exist in the economy. On the other
hand, Panel D shows the wealth at steady state of all agents in the economy in both cases: with
and without FDI firms. All agents in the economy are ordered from poorest to richest along
each of the horizontal axes. The solid line shows the case of the entry of FDI firms, while the

dotted line illustrates the steady state of the case where there is no FDI firm.

Casel: Poverty trap

The simulation results are described in Figure 4B.1. This benchmark case corresponds to case
1, the “poverty trap” described in Section 4.3.3.

Figure 4B.1.A shows the wage schedule. As the solid line lies above the dotted line, wage is
found to increase as soon as FDI firms enter and then remain unchanged starting at the second
period. The increase in wage following the entry of FDI firms is consistent with Proposition 4.1.
However, after increasing in just one period, wage remains unchanged from the second period.
This is because the benchmark case illustrates the poverty trap where there is no switching from
workers to entrepreneurs or vice versa. When there is no change in the composition of the labor

supply and demand, wage takes a constant value, which is equal to the steady-state value.
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Figure 4B.1.B shows no change in the worker share compared to that at the steady state
before FDI firms entered. The worker share is 94.6%.

Due to the increase in wage, workers become richer while entrepreneurs become poorer.
The results of the change in agents’ wealth and the unchanged composition of the population
can be seen in Figure 4B.1.D. The wealth of the workers increases by 8.9% while that of the
entrepreneurs decreases by 14.1%.

Finally, Figure 4B.1.C shows a reduction in the Gini fiients, representing a greater
equality in this economy. The increase in the wealth of workers and the decrease in that of

entrepreneurs lead to the improvement in economic equality.
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Case 3: Underdevelopment trap case

This case corresponds to case 3 in Section 4.3.3, referred to as the “underdevelopment trap”,
in which the bequest share decreases from the benchmark case of 0.5 to 0.3. The results are

illustrated in Figure 4B.2.
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As Proposition 4.1 suggests, immediately after the entry of FDI firms, equilibrium wage
increases by 15.5% (Figure 4B.2.A). Due to the increase in the equilibrium wage, profit of
all entrepreneurs decreases. In this case, the decrease in profit due to the entry of FDI firms
along with the lower inheritance causes children of entrepreneurs to become poorer. They are
eventually unable to continue their businesses. Here, all of the entrepreneurs are poor and they
have no choice other than becoming workers for FDI firms. As a result, worker share becomes
1 as shown in Figure 4B.2.B. The abundance in labor supply leads to a decline in wage. Figure
4B.2.A shows a reduction in wage from the second period. Wage at the steady state drops to
less than a half of what it was at the time when FDI firms entry the economy.

As the economy becomes completely equal, Figure 4B.2.C shows the convergence of Gini
codficient to zero. However, this is an equality in which every agent is poor. As shown in
Figure 4B.2.D, the wealth at steady state of all agents in the economy is the same, at a very low

level. This level is 42.8% lower than the wealth of workers in the case of no FDI firm.
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Chapter 5

Conclusion

This dissertation seeks to analyze thikeets of international economic policies on income in-
equality and economic development. The three main issues addressed in this dissertation are
described as follows. First, | discuss the optimal infant industry protection policies when a
country initiates the process to join the World Trade Organization (WTQ). | propose a frame-
work to derive the optimal dynamic path of tdisito protect infant industries during the process

of joining the WTO. Then, | apply this model to numerically analyze the Viethamese motorcy-
cle industry, an example of an infant industry in a country starting to join the WTO. Second,

| examine how trade opennesfexts wage inequality in trading countries. To evaluate this
research question, | derive a new version of a two-country general equilibrium trade model with
monopolistic competition. The model is analyzed under the assumption that firms are allowed
to choose dterent types of technologies endogenously. Third, | examine how the entry of For-
eign Direct Investment (FDI) firmsfiects domestic household wealth distribution. | develop

a framework in which | examine the changes in domestic wealth distribution that emerges as
a response to the entry of FDI firms, given the introduction of borrowing constraint caused by

credit market imperfections.

The conclusions drawn from the three major research issues discussed above are described
as follows. First, under some plausible scenarios, the optimal dynamic pathfif tauprotect

infant industries when a country initiates the process to join the WTO can be upward sloping.
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This contrasts with conventional wisdom, which suggests that a country in this situation should
reduce the tafi rate gradually so that it converges to its long-run rate at the terminal date of
protection. A numerical analysis applied to the Viethamese motorcycle industry, a typical infant
industry in a country joining the WTO, confirms such a pattern. Second, by introducing the
realistic assumption of endogenous technology choice, almost alffdetseon wage inequality

in trading countries, both domestically and internationally, are found to be partially absorbed.
Conversely, if a firm only utilizes a standard constant technology,ffeeteon wage inequality

Is amplified. This amplification is also examined by calibration using data from 52 countries.
Third, the entry of FDI firms can causefidirent scenarios of wealth in(equality), depending on

the specifics of a country, such as the cost of starting a new business, the bequest motive, the
global interest rate, and home country productivity. Specifically, entry of FDI firms can promote
wealth equality. This is possible when every agent in the economy becomes letsrtioe
poorer members of society move out of the poverty trap thanks to the entry of FDI firms. On
the other hand, equality can also be an “underdevelopment trap” - an equality where everyone
Is poor, whereby all domestic agents have no choice other than to work for FDI firms, with a
relatively low wage. In contrast, the entry of FDI firms may widen the disparity between the
rich and poor, leading to greater inequality in wealth distribution. It does this by redistributing

wealth to make the richest agents who survive competition with FDI firms better o

The contribution of this dissertation is threefold. First, | construct three theoretical models
to examine the mechanisms behind the impact of international economic policies on income
inequality and economic development. These theoretical models are developed under more re-
alistic assumptions. These assumptions are: (i) time limit for protection of infant industry in
Chapter 2, (ii) endogenous technology choice in Chapter 3, and (iii) the appearance of FDI firms
as an additional foreign factor in domestic labor market in Chapter 4. Second, | have calibrated
these theoretical models to reflect real-world outcomes. In Chapter 2, calibration using actual
data of the Viethamese motorcycle industfieos precise policy prescription for the protection
process. Thanks to this, the model and methodology can be generalized to other countries and

industries. Third, the results obtained from the dissertation challenge conventional wisdom and
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deepen our understanding of the role of international economic policies. Using theoretical mod-
els developed with realistic assumptions and calibrated using actual data, this dissertation helps
us understand fferent channels through which international economic policies can shape eco-
nomic development and income distribution. Understanding th&sete comprehensively will

help policy makers come up with optimal trade policies, adopt suitable development strategies,

and better address income inequality.
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