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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 is to offer frameworks 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, I

have an aspiration for conducting research dealing with problems in the real economy. Second,

I 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 for tariff protection

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, I 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.
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I 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 understand the effects of 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 these effects comprehensively 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,1 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 period.2

Increasingly, there are concerns that this rapid intensification of international economic inte-

gration might negatively affect 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 affect the development of domestic industries, especially infant industries. Although re-

1Author’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.3

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, I 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, I propose a framework to derive the optimal dynamic path of tariffs

to protect infant industries when a country initiates a process to join the WTO. Subsequently,

I apply this model to numerically analyze the Vietnamese motorcycle industry, a typical infant

industry in a country which is in the process of joining the WTO.

Second, I examine how trade openness affects wage inequality in trading countries, both

within and between them. To address this research question, I derive a general-equilibrium

monopolistic competition trade model between two asymmetric countries under the assumption

of endogenous technology choice.

Last, I 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, I 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, I 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 industry offers 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.
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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 how tariff policies 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 before tariff

barriers are reduced to fulfil commitment to a free trade regime. In the chapter, a framework

is proposed to derive the optimal dynamic path of tariffs to 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, tariffs are 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 optimal tariff path, unlike in

Melitz (2005), where only qualitative analyses are undertaken. An interesting result emerges:

conventional wisdom holds that a country should reduce the tariff rate 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 the tariff can be upward sloping.

A numerical analysis applied to the Vietnamese 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 openness affects wage inequality of trading countries, both

within and between them. Specifically, based on the theoretical literature on monopolistic com-

petition between two asymmetric countries, I derive a new framework under the assumption

of endogenous technology choice. This assumption implies that firms simultaneously choose

to adopt different 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, I 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 between different 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, I find that the decline in transport cost will increase the

relative wage between two countries in both types of labor. Moreover, these effects on 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, the effect 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, I 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

4



and job selection. Second, this entry can also reduce inequality in a different 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 better off. In addition, the cost of starting a

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

critical roles in determining the effects of FDI firm entry.

5





Chapter 2

Optimal Infant Industry Protection during Transition to

World Trade Organization Membership

- A Numerical Analysis for the Vietnamese 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.1

The World Trade Organization (WTO) 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 adversely affect infant industries.

Throughout history, numerous countries have used tariff policies to protect infant industries,

with varying degrees of success. For example, Head (1994) and Zussman (2008) suggest, re-

spectively, that the tariff protection afforded 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 that tariff protection for the Spanish iron and

steel industry was harmful.

The aim of this chapter is to address the issue of when and how tariff policies 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.).
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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 before tariff

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 lengthy tariff reduction

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 becoming a WTO

member, a country has about five to seven years to reduce tariffs to the level stipulated through

the course of initial negotiations.

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 infant industry 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 learning effect in 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 is sufficiently 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 tariff 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 tariff path may slope upward for some feasible cases. This

result challenges the conventional wisdom that governments should gradually reduce tariffs to

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 Vietnamese

motorcycle industry supports the analytical results by showing that the optimal tariff path 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 of tariff reductions 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 data offers explicit policy prescription for the protection process. Specifically, the

calibration suggests that the optimal tariff path 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 learning effect. 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 tariff rates. 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 learning effects in the

industry. In this model, tariffs 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.

10



2.2.1 The model

The learning function

The home country’s total production at timet is denoted byqt, and the foreign country’s

production exported to the home country is denoted by ˜qt. Both are assumed to be nonnegative

(qt, q̃t ≥ 0). Because time is discrete, the relationship linking total production in one period

of time, qt, to cumulative production at the end of that period,Qt =

t∑
s=0

qs, can be written as

follows:

qt = Qt − Qt−1 (2.1)

The home country’s industry is assumed to be an infant industry, in which marginal cost

at time t, denoted byct, is a decreasing function of cumulative productionQt, to reflect the

assumption that the industry is experiencing dynamic learning effects that are external to firms.

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


c(Qt) = exp(b− aQt),a ≥ 0 Qt ≤ Q̄

c = c̄ Qt ≥ Q̄

(2.2)

When cumulative production has risen above the threshold levelQ̄, the industry has matured

and thereafter produces at a constant marginal cost ¯c because learning ceases. In the foreign

country, the industry is assumed to be mature and no longer experiences learning effects. It

produces at a constant marginal cost ˜c for 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: pt = c(Qt) = exp(b− aQt) (2.3)

Foreign: p̃t = c̃+ τt

wherept is the price of the domestic good, ˜pt is the price of the imported good, andτt denotes

11



the import tariff rate.

It is assumed that the social planner in the home country can only use import tariffs to

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 all tariffs

must be reduced is given. This point of time is denoted byT. Until this time, the social planner

can protect the domestic industry by imposing import tariffs, but after this time, tariffs must be

reduced to the level fixed by the requirements of the WTO agreement. Thus, the foreign price

can be rewritten as follows: 
p̃t = c̃+ τt t < T

p̃t = c̃+ τ̄ t ≥ T

(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 form,2 which can be written as follows:

U(qt, q̃t) = β(q
2
t + q̃2

t ) + ηqtq̃t + α1qt + α2q̃t, β, η < 0;α1, α2 > 0 (2.5)

This utility function describes a hump-shaped curve: to the right of the peak, utility decreases

asqt or q̃t rises.3 To ensure that the utility function is not decreasing with consumption, two

additional conditions are imposed onqt andq̃t:

qt <
−ηq̃t − α1

2β
and q̃t <

−ηqt − α2

2β

Given that the pricept and p̃t must be positive, the problem of the representative consumer

2As in Melitz (2005), in order to simplify the analysis on tariffs, 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 not affect the result of the chapter. Refer to Section 2.2.2 for the analysis on tariffs
to find that the conclusion on optimal tariff path does not depend on the form of utility function.

3The signs ofβ, η, α1 andα2 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:

CBt = U(qt, q̃t) − ptqt − p̃tq̃t (2.6)

The first-order necessary conditions for the benefit-optimization problem,∂CBt

∂qt
= ∂CBt

∂q̃t
= 0,

yield the following demand functions for domestic and foreign goods, respectively:

pt = Uq(qt, q̃t) = 2βqt + ηq̃t + α1 (2.7)

p̃t = Uq̃(qt, q̃t) = ηqt + 2βq̃t + α2 (2.8)

The slope of each demand curve is 2β, which must therefore be negative (2β < 0). Substi-

tutability between foreign and domestic goods is measured byη

2β , which means thatη must be

negative and lie between 2β and zero (η ∈ [2β,0]). In addition, because the first and second

terms on the right-hand sides of equations (2.7) and (2.8) are negative,α1 andα2 must be posi-

tive to keep prices positive.

Domestic welfare and policy

Domestic welfare at timet is given by the sum of domestic consumer benefit, domestic firm

profit, and tariff 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:

TWt = CBt + τtq̃t

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

rewritten as:

TWt = U(qt, q̃t) − ctqt − c̃q̃t

The problem of the social planner is to maximize the sum of discounted domestic welfare over
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time. Thus, the social planner’s problem can be written as:

max
τt

TW=
∞∑

t=0

(
1

1+ r

)t

[U(qt, q̃t) − ctqt − c̃q̃t] (2.9)

where 1
1+r is the exogenous discount rate.

According to equation (2.3), marginal cost at timet of domestic goodct is a function of

cumulative productionQt. In addition, from equation (2.7), ˜qt can be rewritten as a function of

qt andQt. Total production in periodt, qt, and cumulative productionQt 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 at timeT, QT .

Then, the procedure to obtain optimalQT using numerical simulation is described in Appendix

2.D.

2.2.2 Analytical computation

Conventional wisdom is that a country in this situation should reduce tariff rates gradually to its

long-run rate at the terminal date of protection or at least should keep the tariff unchanged until

that terminal date. This is because unless the tariff rate is gradually reduced or kept unchanged,

it may cause a distortion of the benefit of consumer.

In Melitz (2005), the optimal tariff 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 tariff 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-doing effect, 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 sloping.4 Mathematically, the following tariff rate can be derived by

solving the social planner’s problem given in Section 2.2.1:5

τt = 2β

(
η

2β
− 2β
η

)
qt +

2β
η

eb−a(qt+Qt−1) − 2β
η
α1 + α2 − c̄ (2.10)

From this equation, we can calculate the change in tariff in two consecutive years as follows:

τt+1 − τt = 2β

(
η

2β
− 2β
η

)
(qt+1 − qt) +

2β
η

(
eb−a(qt+1+Qt) − eb−a(qt+Qt−1)

)
(2.11)

In order to discuss the optimal tariff path, let us pay attention to the relationship between

(τt+1 − τt) and (qt+1 − qt). In almost all infant industries, the productionqt is 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 mathematically asqt+1 > qt, thus (qt+1 − qt) is positive.

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 tariffs 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 World Tariff Profiles (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-sloping tariff paths as long as their tariff rates are below the
bound rates. I would like to thank an anonymous reviewer for bringing this point to my attention.

5The solution is presented in Appendix 2.A.
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The positive coefficient of the first term on the right-hand side of equation (2.11) indicates a

monotonically increasing relationship between (τt+1− τt) and (qt+1− qt).6 The coefficient of the

second term clearly indicates a monotonically decreasing relationship between (τt+1 − τt) and

the gap betweenqt+1 andqt. The trend exhibited by the optimal tariff path depends on which

term is dominant. If the first term increases faster than the second, the optimal tariff path 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 curve (2β), the more likely is the

tariff path to exhibit an upward trend. Mathematically, whenη2β anda are constant, if 2β is

sufficiently large, the increase in the first term dominates, and the optimal tariff path 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 increase in tariff will

be less pronounced.

Second, if the industry grows sufficiently large, the social planner can increase the tariff.

Mathematically, whenQt−1 is large,7 the increase in production no longer leads to a large de-

crease in marginal cost; thus, the negative effect of the second term is less likely to dominate.

As a result, there is a possibility that the tariff path 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 grows sufficiently 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, the tariff could be upward sloping. To exam-

ine this possibility in practice, a numerical example of an upward-sloping tariff path —based

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

6This follows from the condition thatη ∈ [2β,0].
7BecauseQt is cumulative production, ifQt−1 is large,Qt 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 1986,8 and has many new infant industries. Almost all of these

are currently given tariff protection by the Vietnamese government; they include the motorcycle

industry, the electronics industry, and the shipbuilding industry. However, Vietnam officially

became the WTO’s 150th member on 11 January 2007, since when it has had to comply with

the tariff-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 protective tariffs to levels

that are calculated based on tariff levels 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 learning effects. In addition, the

protection afforded the motorcycle industry by the Vietnamese government is quite substantial,

with a tariff rate of up to 90% on imported finished goods, and a lower rate of 30% on im-

ported parts. Under the WTO’s tariff-reduction process, the tariff rate on finished goods must

be reduced to 60% by 2012.

2.3.1 Description of model parameters

There are 12 model parameters: 2β (the slope of the demand curve);η2β (the degree of substi-

tutability between domestic and foreign goods);α1, α2 (free demand parameters);a,b (coeffi-

cients of the learning function);11+r (the exogenous discount rate); ¯c (marginal cost in the mature

domestic industry); ˜c (marginal cost in the foreign industry);Q0 (initial cumulative production);

Q̄ (the cumulative production of the domestic industry right after it matures); and ¯τ (the 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 tariff rate afterT).9 In the following, each of these parameters is discussed in

turn.

Parameters in the demand functions

β, η, α1 andα2: Coefficients of the demand functions:


pt = 2βqt + ηq̃t + α1

p̃t = ηqt + 2βq̃t + α2

Coefficients of the demand functions,β, η, α1 andα2, 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: Coefficients of learning function lnpt = b−aQt (derived from equation (2.2)). Because

there are only 10 observations, Ordinary Least Square estimates are insignificant. Thus, to

calculate the values ofa 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 ofa andb are then calculated algebraically as the coefficients

of this line.

Cumulative production

Q0: 1998 is the first year of the sample; thus, production in 1998 is assumed to be the initial

cumulative production.

Q̄: Calculated from equation (2.3) usinga, b andc̄.

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

c̄: This value is calculated from the average price, excluding tariffs, of 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.

c̃: This value is assumed to be equal to ¯c; i.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.

τ̄: Calculated as ¯τ = rate× c̃, using the tariff rate required by the WTO when the time for

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

The calibrated parameter values are reported in Table 2.1.

Table 2.1. Calibration parameters

Parameter Value
2β -404.76 [78.91]
η -183.76 [52.5]
α1 2,105,021.2 [182,936.92]
α2 2,503,490.02 [200,731.42]
a 0.000045
b 14.56
r 0.041
c̄ 535,795 (USD per thousand motorcycles)
c̃ 535,795 (USD per thousand motorcycles)

Q0 12,790 (thousand motorcycles)
Q̄ 30,410.93 (thousand motorcycles)
τ̄ 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 calibration.10 The first issue of interest is the appropri-

ateness of the time horizon for the loosening of trade barriers in the Vietnamese 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 tariff rates for simulated time periods corresponding to different committed

tariff-reduction timesT. As the value ofT decreases, the level of the tariff path corresponding

to eachT increases. Intuitively, the sooner tariff barriers are to be lowered (the lower isT),

the less time the infant industry has to prepare for lower protection and, thus, the greater the

protection it needs before tariff are lowered. This extra protection is reflected in the tariff rates

from the initial point in time to timeT. Comparing the magnitude of the hypothetical tariff

rates with the actual rate leads to the conclusion that the industry needs more protection. More

specifically, when there are five years to go until tariffs are reduced, as in reality (from 2007

to 2012), i.e., whenT is equal to five years, the calculated initial tariff rate (the tariff 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 higher tariff rate on imports than the current rate.

As Figure 2.3 shows, the longer the tariff-reduction timeT, the more the initial tariff rate can

be reduced. According to this analysis, the optimalT that corresponds to the current tariff rate

(90%) is eight years. This means that the Vietnamese 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 tariff path for various values ofT

The second issue of interest is the optimal tariff path for the period preceding the reduction

in trade barriers. This is illustrated in Figure 2.3, which shows that the optimal tariff paths for

different values ofT are all slightly upward sloping. As discussed in Section 2.2.2, this upward

trend may be the product of a steeply sloped demand curve, a sufficiently high growth level of

the industry, or a combination of both.

Corresponding to the upward-sloping tariff path 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 onT = 6, and the overall period exhibits three distinct phases.

Figure 2.4. Tariff path and paths for domestic production and imports over time

The first phase is the time before tariffs are reduced. During this phase, imports follow a

21



downward trend whereas domestic production follows an upward trend. These divergent trends

can be explained by tariff protection and the learning effect. As shown by Figure 2.3, because

the government imposes a rising tariff on imports, the more expensive foreign good is less

attractive to consumers. Simultaneously, the learning effect improves 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 import tariff

rate is reduced in accordance with the initial agreement formed upon joining the WTO, and

the resulting tariff rate is quite low relative to the current rate. Therefore, if import prices fall

following the lowering of the tariff 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 learning effect over the effect 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 this stage,Qt reaches

Q̄, andc = exp(b− aQ) is equal to ¯c or c̃. As a result,qt reaches ¯q. The same applies to ˜qt and

¯̃q.

Finally, the following conclusions can be drawn. First, the Vietnamese 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 tariffs must be reduced, the optimal tariff path is upward sloping.

In other words, as long as tariff protection can be used and the infant industry is experiencing

learning externalities, the government should continue to raise tariffs without worrying that

high tariffs may limit consumer access to cheaper goods. This is because learning effects 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 lowering tariffs to a stipulated level by

a specified point of time in the future. Thus, the social planner can use tariff protection 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 optimal tariff path

based on the country having made a specific tariff-reduction commitment upon joining the

WTO. Through computation, the shape of this optimal tariff path was found to depend on ex-

ogenous factors. Specifically, if there is a sufficiently steeply sloped demand curve, or if the

industry grows sufficiently high, the optimal tariff path could be upward sloping. This result

contrasts with the conventional wisdom that governments should gradually reduce tariff rates so

that they reach the stipulated level at the required time. In some cases, the upward-sloping tariff

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 tariff 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 Vietnamese

motorcycle industry. The contribution of this numerical approach is fourfold. First, few stud-

ies analyze the current schedule of tariff reductions 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 optimal tariff path that rep-

resents a policy prescription for the protection process. Fourth, the calibration results support

the analytical finding that the optimal tariff path 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 learning effects. 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 size may affect

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 tariff policy, after an industry matures, the values of all variables remain

constant. WelfareW will remain atW̄ 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 denoted bytmax.

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 tariffs must be reduced to a very low rate upon full commitment to the WTO. During this

period, the social planner uses import tariffs as 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 matured.11

The third phase runs from when the industry matures untiltmax. During this phase, there are

neither learning effects nor protection and total domestic production at any timet is constant

(qt = q̄). The calculation of welfare differs for each phase, reflecting the different policy and

industry circumstances.

First phase

During the first phase, the social planner can use import tariffs as a policy instrument to

protect the industry and to maximize social welfare. LetL be the Lagrangian associated with

this problem:

L =

T∑
t=0

(
1

1+ r

)t

[U(qt, q̃t) − ctqt − c̃q̃t + λt(Qt−1 + qt − Qt)]

From equation (2.7), ˜qt can be rewritten as a function ofqt andQt:

q̃(qt,Qt) =
eb−aQt − 2βqt − α1

η
(2.7’)

Substitute the utility function defined in equations (2.5), marginal cost of domestic good

derived in equations (2.3), and ˜q calculated in equations (2.7’), the Lagrangian can be rewritten

as follows:

L =

T∑
t=0

(
1

1+ r

)t

[β(q2
t + (q̃(qt,Qt))

2) + ηqtq̃(qt,Qt) + α1qt + α2q̃(qt,Qt)

− eb−aQtqt − c̃q̃(qt,Qt) + λt(Qt−1 + qt − Qt)]

11Summing welfare until industry maturity, or summing welfare from the first and second phases, causes the
following problem. The industry afforded the weakest tariff protection, 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 of tariff protection. This would be wrong. Welfare levels among
cases of tariff protection should be compared over the same length of time. The preceding discussion oftmax shows
that, after achieving maturity, the welfare of an industry should be continuously summed untiltmax.
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The social planner can only use tariffs as 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 tariff, τt, can be mathematically calculated viaqt

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

variables,qt,Qt, andλt, as follows:

The partial derivatives of the Lagrangian with respect toqt:

∂L
∂qt
= 2βqt + 2βq̃t

(
−2β
η

)
+ ηq̃t + ηqt

(
−2β
η

)
+ α1 + α2

(
−2β
η

)
− eb−aQt − c̃

(
−2β
η

)
+ λt = 0

⇐⇒
(
η2−4β2

η

)
q̃t −

(
eb−aQt − α1

)
+

(
2β
η

c̃− 2β
η
α2

)
+ λt = 0

⇐⇒
(
η2−4β2

η

)
q̃t − (2βqt + ηq̃t) +

2β
η

(ηqt + 2βq̃t − τt) + λt = 0

Thus, we have:

τt =
η

2β
λt (2.A.1)

The partial derivatives of the Lagrangian with respect toQt:

∂L
∂Qt
= 2βq̃t

(
−a
η

)
eb−aQt+ηqt

(
−a
η

)
eb−aQt+α2

(
−a
η

)
eb−aQt+aeb−aQtvqt−c̃

(
−a
η

)
eb−aQt−λt+

(
1

1+r

)
λt+1 = 0

⇐⇒ −2βa
η

q̃teb−aQt − a
η
α2eb−aQt + a

η
c̃eb−aQt − λt +

(
1

1+r

)
λt+1 = 0

⇐⇒ −2βa
η

q̃teb−aQt − a
η
eb−aQt(α2 − c̃) − λt +

(
1

1+r

)
λt+1 = 0

⇐⇒ λt =
1(

1+ a
2βe

b−aQt
) (( 1

1+r

)
λt+1 + aeb−aQtqt

)

Thus, we have:

λt =
1(

1+ a
2βe

b−aQt

) ((
1

1+ r

)
λt+1 + aeb−aQtqt

)
(2.A.2)

The partial derivatives of the Lagrangian with respect toλt:

∂L
∂λt
= Qt−1 + qt − Qt = 0

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

qt =
1
η

[c̃+
η

2β
λt − 2β

(
eb−aQt − 2βqt − α1

η

)
− α2]
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Solving forqt, we get:

qt = 2β

(
η

2β
− 2β
η

) (
η

2β
λt −

2β
η

eb−aQt +
2β
η
α1 − α2 + c̃

)
(2.A.3)

Solving forλt in equation (2.A.3), then substituting into equation (2.A.1), we get equation

(2.10):

τt =

(
η2 − 4β2

η

)
qt +

2β
η

eb−aQt − 2β
η
α1 + α2 − c̃

Second phase

During this phase, the industry remains immature and the social planner can no longer

adjust tariffs. Tariff barriers have to be reduced to a very low rate (¯τ) upon full commitment to

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

c̃+ τt = ηqt + 2β
(eb−aQt − 2βqt − α1

η

)
+ α2

Solving forqt, we get

qt =

( 1
η2 − 4β2

)
[ηc̃+ ητt − 2βeb−aQt + 2βα1 − ηα2]

Becauseqt = Qt − Qt−1, the cumulative production function in this period can be derived as

follows:

Qt = Qt−1 +
1

4β2 − η2

[
2βeb−aQt − η

(
c̃+ τ̄ − α2 +

2β
η
α1

)]
(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 any timet in this period is constant.

After maturity, because the optimal policy is clearly free trade, protection is eliminated in this
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phase (¯τ = 0).12 During this phase, solutions for domestic production and imports are obtained

from the cumulative production function and demand function:

q̄ =
(2β − η)c̃− 2βα1 + ηα2

4β2 − η2
(2.A.5)

¯̃q =
(2β − η)c̃+ ηα1 − 2βα2

4β2 − η2
(2.A.6)

The social planner can only use tariffs as a policy instrument during the first phase. This

tariff setting will determine the level of cumulative production at the end of this phase,QT . This

cumulative production subsequently determines the production levels in the following phases.

As a result, total welfare over the three phases can be calculated throughQT . That is, through

this QT , the policy chosen during the first phase determines welfare for the entire period.

The optimalQT is the value that maximizes total welfare, in other words, the key factor in

this dynamic model isQT . Thus, the key objective is to find the optimalQT . However, the

calculation of the optimalQT 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

12In fact, a complete phasing out of protection is not part of the WTO commitments. Once a country has
implemented the agreed tariff reductions, tariffs stay at the agreed level until a new round of negotiations leads
to further liberalization. However, even when tariffs in 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, I assumed a tariff rate 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 when tariffs are set following industry maturity. I 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 tariff rates, and the annual demand deposit interest rate are described in Table 2.B.

Table 2.B. Data sources

Name of Variable Source
Domestic production (qt) General Statistics Office of Vietnam (GSO)

Imports (q̃t)
Until 2001 : Calculated by the author based on motorcy-
cle registration data from the Ministry of Public Security of
Vietnam and domestic production data from the GSO

From 2001: World Trade Atlas.

Domestic price (pt)
Calculated by the author. Weighted average price of three
companies: Honda Vietnam, FDI without Honda Vietnam
and domestic companies (state and non-state).

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

Share data: Calculated using production data for Honda
from “2008 World Motorcycle Facts & Figures” and do-
mestic and FDI production data from the GSO.

Import price (p̃t) World Trade Atlas
Current tariff (τ0) General Department of Vietnam Customs

Treasury Bill rate (r) International Financial Statistics (IFS)

Appendix 2.C. Estimation of the demand function’s coefficients

Coefficients of the demand functions,β, η, α1, andα2, are estimated using the SURE system

with cross equations constraints. The demand functions:


p = 2βq+ ηq̃+ α1 + ε1

p̃ = ηq+ 2βq̃+ α2 + ε2
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Step 1: Set up

The simultaneous equations above can be rewritten as:

P = Xγ + ε

where

P =

p

p̃

 ; X =

q q̃ 1 0 0 0

0 0 0 q q̃ 1

 ; γ =



2β

η

α1

η

2β

α2



=



γ1

γ2

γ3

γ4

γ5

γ6



; ε =

ε1

ε2



Step 2: Ordinary Least Squares result

The Ordinary Least Squares estimator:

γ̂ = (X′X)−1X′P

The variance-covariance matrix of the disturbances is

Σ̂ =

σ̂11 σ̂12

σ̂21 σ̂22

 whereσ̂i j =
1
N

ε̂′i ε̂ j; ε =

ε̂1

ε̂2

 = [I − X(X′X)−1X′]P

The disturbance formulation is, therefore

E[ε̂|X] = Ω̂ = Σ̂ ⊗ I

Step 3: Feasible Generalized Least Square result13

13See Econometric Theory and Methods P.503-508.
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The Feasible Generalized Least Square estimator:

ˆ̂γ = (X′Ω̂−1X)−1X′Ω̂−1P

And its variance-covariance matrix is

Var( ˆ̂γ) = (X′Ω̂−1X)−1

The constraints in this case are 
γ1 = γ5

γ2 = γ4

Or they can be rewritten as:Rγ∗ = 0 whereR =

1 0 0 0 −1 0

0 1 0 −1 0 0


Step 4: SURE system with cross equation constraints result14

SURE system with cross equation constraints estimator:

γ∗ = ˆ̂γ − Cm = (I − CR) ˆ̂γ

whereC = (X′Ω̂−1X)−1R′[R(X′Ω̂−1X)−1R′]−1; m = R ˆ̂γ

And its variance-covariance matrix is

Var[γ∗|X] = (I − CR)Var( ˆ̂γ)(I − CR)′

Appendix 2.D. Description of the numerical exercises

This appendix describes the numerical simulation used to obtain the optimalQT . The first

task is to clarify the potential intervals forQT . They must lie between the initial cumulative

production level,Q0, and the cumulative production level attained when learning ceases,Q̄;

14See Econometric Analysis 6th Edition P.88.
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i.e.,QT ∈ [Q0, Q̄]. Assume that [Q0, Q̄] 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 production,Q0, to production at timeT, QT .

With this information, total welfare for the first phase,W1, can be calculated.

Figure 2D. Total welfare for various values ofQT

Third, the cumulative production function derived from equation (2.A.4) is used to compute

all cumulative production in the second phase fromQT , and then to calculate the total welfare

for this phase,W2.

Fourth, during the third phase, when cumulative production has risen above the threshold

levelQ̄, production in each periodt remains 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 phase,W3, is calculated as the sum of the constant values for all periods within this phase.

The longer this third phase lasts, the higher isW3. The length of this phase depends on the

learning speed, which mainly determines whether the industry matures quickly or slowly.

Fifth, cumulative production at timeT, QT , is calculated to maximize total welfare over the

three periods (TW = W1 + W2 + W3). Figure 2D illustrates optimal value ofQT within the

interval [Q0, Q̄] that maximize total welfare.

Figure 2D shows that the relationship betweenTWandQT is represented by a hump-shaped
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curve. Cumulative production at timeT, QT , which is where total welfare reaches its maximum,

lies somewhere in the middle of its potential interval [Q0, Q̄].
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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 openness affects 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 scale effect. In this chapter, I 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 reality, different types of technology

systems are appropriate for different inputs. Hence, together with choosing different combina-

tions of labor, firms simultaneously choose to adopt different 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 different 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, leading to different results, compared to the

case with the standard assumption of fixed technology system. Thus, applying this assumption

to a trade model could lead to different effects 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 effect. 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 where different 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 differences and patterns of trade.

In this chapter, a firm is allowed to choose a large number of different 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 very different effects 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 less effective with different 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, but is sufficiently

simple to permit extension for the purpose of my analysis. This chapter applies the specification

of the production structurèa 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, I find that the decline in transport

cost will increase the relative wage between the two countries in both types of labor. Moreover,

these effects 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, the effect on wage inequality is

amplified. Furthermore, based on calibration results utilizing data from 52 countries, I find that

in some plausible scenarios, the amplification derived from the standard constant technology

assumption may generate different 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, I rely on a general-equilibrium monopolistic competition model that emphasizes

production differentiation. In order to highlight the mechanisms through which a firm’s choice

of technology and employment affect wage, I 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, there areN firms with monopolistic

competition. Each firm produces a differentiated good and uses different technologies. The

production requires two factors of production, which is unskilled and skilled labor. Each type

of labor works with different technology.

Firm i hires a composition of unskilled and skilled labor to produce only goodi. Production

function of goodi:

xi = [(Au
i l

u
i )
γ + (As

i l
s
i )
γ]

1
γ (3.1)

whereγ is substitutability between unskilled and skilled labor (0< γ < 1). lui and ls
i are the

number of unskilled and skilled labor hired by firmi, respectively.Au
i andAs

i are appropriate
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technologies to unskilled and skilled labor hired by firmi, respectively.

Firm i choosesAu
i andAs

i from a menu of a large number of different technologies that differ

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− α)(Au
i )
β + α(As

i )
β ≤ B (3.2)

whereB is the level of technological capability (B > 0), α is skill bias parameter, andβ is a

parameter that determines the trade-off betweenAu
i andAs

i . Mathematically, it shows the curva-

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

for unchangedB, a largeα makes it difficult to access skilled labor’s technology. Whenα is

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 different 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 isL. Skilled labor takes a share ofσ of the population, the rest

(1− σ) is unskilled labor, (0< σ < 1). Letρ = 1−σ
σ

be the ratio of unskilled labor over skilled

labor. Then we have full employment condition like this:

Unskilled labor:
N∑
i

lui = Lu = (1− σ)L (3.3)

Skilled labor:
N∑
i

ls
i = Ls = σL (3.4)

Note thatN is the number of firms. Wages for unskilled and skilled labor arewu andws,
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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 =
N∑

i=1

cθi (3.5)

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

which is homothetic and has elasticity equal to1
1−θ > 1.

k-type labor’s utility maximization is


max

∑N
i (ck

i )
θ

s.t
∑N

i pick
i = wk

wherek is unskilled or skilled labor (k = u, s). Then, price is determined by the demand curve

as follows:

pi =
θ

λk
(ck

i )
θ−1 (3.6)

whereλk is Lagrange multiplier in utility maximization problem ofk-type labor. Price elasticity

of demand curve is1
θ−1.

Given that the wageswu andws must be positive, the problem of firmi is 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(xi − fe) − wsls

i − wului

s.t (1− α)(Au
i )
β + α(As

i )
β = B

(3.7)

where fe is fixed cost needed to pay to set up a firm.1

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

1Here, firm pays fixed costfe 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 quantitative effects 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:

πi = pi xi − wsls
i − wului = pi fe (3.8)

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:

xi − fe = Lscs
i + Lucu

i (3.9)

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

Nlu = (1− σ)L andNls = σL.

3.2.2 Closed economy equilibrium

Under the condition of that parameterβ is larger than γ1−γ , there exists a unique interior solution.

At equilibrium, the technology and employment choice are2

As =

(
B

α[1 + ( α1−αρ
β)

γ
β−γ ]

) 1
β

; Au =

(
B( α1−αρ

β)
γ
β−γ

(1− α)[1 + ( α1−αρ
β)

γ
β−γ ]

) 1
β

lu =
feα

1
βρ

(1− θ)B1
β

[
1+

(
α

1−αρ
β

) γ
β−γ

] β−γ
βγ

; ls =
feα

1
β

(1− θ)B1
β

[
1+

(
α

1−αρ
β

) γ
β−γ

] β−γ
βγ

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

ws =

(1− α
α

) γ
β−γ
ρ
β−γ−βγ
β−γ ≡ ϕ

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

From (3) we have:

N =
σL
ls
=

(1− θ)B1
β

[
1+

(
α

1−αρ
β
) γ
β−γ

] β−γ
βγ

L

fe(1+ ρ)α
1
β

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

ρ α B θ fe L
Au + + + 0 0 0
As − − + 0 0 0
lu + ? − + + 0
ls − ? − + + 0
ws

wu + − 0 0 0 0
N ? ? + − − +

There also exist some interesting features to interpret.

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

skilled labor
(

Au

As

)
increases withα andρ.

Mathematically, the weight of technology system used for unskilled labor over that used

for skilled labor
(

Au

As

)
is equal to

(
α

1−αρ
γ
) 1
β−γ

. The exponent 1
β−γ is positive ifβ is larger thanγ

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 access (α ↑)

compared to that of skilled labor, firm obviously chooses to utilize more technology appropriate

for unskilled labor,Au. Second, if this country is unskilled-labor-abundant (ρ ↑), 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 labor(ρ ↑) reduces the

relative wage between these two types of labor
(

wu

ws ↓
)
. 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

(Au
i andAs

i are given), the decrease in the relative wage in the case of endogenized technology

choice is smaller. The selectability of technology has partially absorbed this effect. Specifically,

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 the effect of 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

labor
(

ws

wu

)
.

3.3 Free trade

3.3.1 The setup

In this section, I suppose that two countries open trade with one another at zero transportation

cost. The two countries are the North country (N) and the South country (S), which are different

in level of technological capability (BJ) and ratio between unskilled and skilled labor (ρJ),

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 ofwJ,u

andwJ,s, to produce goodi with production function

xJ
i = [(AJ,u

i lJ,u
i )γ + (AJ,s

i lJ,s
i )γ]

1
γ (3.10)

The technology constraint has the form of

(1− α)(AJ,u
i )β + α(AJ,s

i )β ≤ BJ (3.11)

The firm maximizes its profit under the technology constraint. We have profit maximization
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problem 
max pJ

i (xJ
i − fe) − wJ,slJ,s

i − wJ,ulJ,u
i

s.t (1− α)(AJ,u
i )β + α(AJ,s

i )β = BJ
(3.12)

Full employment condition is as follows:

- Unskilled labor:
NJ∑
i

lJ,u
i = NJlJ,u = LJ,u = (1− σJ)LJ (3.13)

- Skilled labor:
NJ∑
i

lJ,s
i = NJlJ,s = LJ,s = σJLJ (3.14)

The ratio of unskilled labor over skilled labor in countryJ, ρJ is defined as1−σ
J

σJ .

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

πJ
i = pJ

i xJ
i − wJ,slJ,s

i − wJ,ulJ,u
i = pJ

i fe (3.15)

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

and internationally.

xJ
i − fe = LJ,ucJ,u

i + LJ,scJ,s
i + L−J,ucJ∗,u

i + L−J,scJ∗,s
i (3.16)

where

· −J means “not countryJ”

· cJ,k
i is consumption of good produced in countryJ of thek-type labor living in countryJ

· c−J∗,k
i is consumption of imported good from country−J of thek-type labor living in country

J, k = u, s
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Utility maximization problem ofk-type labor in countryJ is as follows:


max

∑NJ

i (cJ,k
i )θ +

∑N−J

j (c−J∗,k
j )θ

s.t
∑NJ

i pJ
i cJ,k

i +
∑N−J

j p−J
j c−J∗,k

j = wJ,k
(3.17)

wherecJ∗,k
i is consumption of imported good from country−J of k-type labor living in country

J, k = u, s.

Trade balance condition shows that export and import value of a country have to be equal:

NJ∑
i

pJ
i (cJ∗,k

i L−J,k + cJ∗,−k
i L−J,−k) =

N−J∑
j

p−J
j (c−J∗,k

j LJ,k + c−J∗,−k
j LJ,−k) (3.18)

3.3.2 Free trade equilibrium

The result forAJ,u
i ,A

J,s
i , l

J,u
i , l

J,s
i ,

wJ,u

wJ,s andNJ 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 respectively is3

wJ,s

w−J,s
=

( BJ

B−J

) 1
β

[ 1+
(
α

1−α(ρ
J)β

) γ
β−γ

1+
(
α

1−α(ρ
−J)β

) γ
β−γ

] β−γ−βγ
βγ

(3.19)

wJ,u

w−J,u
=

( BJ

B−J

) 1
β

[ 1+
(
α

1−α(ρ
J)β

) −γ
β−γ

1+
(
α

1−α(ρ
−J)β

) −γ
β−γ

] β−γ−βγ
βγ

(3.20)

Proposition 3.3. The larger the gap of technological capability between the North and the

South is
(

BN

BS ↑
)
, the higher the relative wages between the two countries for both types of labor

become
(

wN,u

wS,u ↑, wN,s

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 South(ρN < ρS), the

North’s relative wage of unskilled labor is higher
(

wN,u

wS,u ↑
)

while the relative wage of skilled

labor is lower
(

wN,s

wS,s ↓
)
. 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 may affect the wage inequality, the magnitude of

the change under such influence is not as large as in classical models. The effect of labor 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 labor(α ↑), the country which is more unskilled-labor-abundant

(ρS > ρN) will have higher relative wage of both types of labor
(

wS,u

wN,u ↑, wS,s

wN,s ↑
)
.

Intuitively, when technology appropriate for unskilled labor is relatively easier to access

(α ↑) compared to that for skilled labor, firms will utilize technology which is appropriate

for unskilled labor,Au. This is especially effective 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 difficulty in accessing to technologies appropriate for both types of labor

is the same (α = 0.5), country with higher unskilled-labor-abundant level(ρS > ρN > 1) will

exhibit larger wage inequality
(

wS,s

wS,u >
wN,s

wN,u > 1
)
. The difference 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 cost affects 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 fractionτ (0 ≤ τ ≤ 1) of any good

shipped arrives. The rest, a fraction of 1− τ, is lost during transportation. Whenτ = 0, the

economy is autarky; and whenτ = 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 the payoff that 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 countryJ pay p̂−J
j (=

p−J
j

τ
) to buy goodj produced

in country−J and consumers in country−J pay p̂J
i (=

pJ
i

τ
) for good i of country J. Thus, the

individual budget constraint becomes:

NJ∑
i

pJ
i cJ,k

i +

N−J∑
j

p̂−J
j c−J∗,k

j = wJ,k (3.21)

wherep: f.o.b price,p̂(= p
τ
): c.i.f price.

Because only a fractionτ of goods used for export arrives, the good market clearing condi-

tion is

xJ
i − fe = LJ,ucJ,u

i + LJ,scJ,s
i +

1
τ

L−J,ucJ∗,u
i +

1
τ

L−J,scJ∗,s
i (3.22)
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Trade balance condition has the form of

NJ∑
i

p̂J(L−J,scJ∗,s
i + L−J,ucJ∗,u

i ) =
N−J∑

j

p̂−J(LJ,sc−J∗,s
j + LJ,uc−J∗,u

j ) (3.23)

3.4.2 The equilibrium

The solution of the equilibrium is described in Appendix 3.C. This section focuses on the effect

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 countryJ

is calculated as follows:
wJ,u

wJ,s
=

(
α

1− α

) γ
β−γ

(ρJ)
γ+βγ−β
β−γ

The wage ratio between skilled and unskilled labor in countryJ only 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 the effects 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, I 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 DJ,−J < 1, the decline in transport cost

(τ ↑) will increase the wage ratio between two countries in both types of labors (wJ,s

w−J,s ↑ and

wJ,u

w−J,u ↑).
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Here, DJ,−J ≡

[
1+

(
α

1−α (ρJ)β
) γ
β−γ

] β−γ
βγ

[
1+

(
α

1−α (ρ−J)β

) γ
β−γ

] β−γ
βγ

1+ρ−J

1+ρJ
LJ

L−J

DJ,−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 aspect affects the influence of

transport cost on relative wage viaDJ,−J. First, assume that the ratio of unskilled over skilled

labor of both countries are the same (ρJ = ρ−J); if country J has a smaller labor force than

country−J (LJ < L−J), DJ,−J will be smaller than 1. As Proposition 3.7 suggests, the decline

in transport cost will increase the relative wage between countryJ and−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, countryJ has

a smaller labor force, wages of both types of labor in countryJ will be relatively higher than

that in country−J. Second, holding the size of the labor force between two countries the same

(LJ = L−J), and skill bias between two types of labor the same (α = 0.5), and both countries

are unskilled-labor-abundant (ρJ, ρ−J > 1), if country J is more unskilled-labor-abundant than

country−J (ρJ > ρ−J), DJ,−J will be smaller than 1. According to Proposition 3.7, the decline

in transport cost will increase the relative wage between countryJ and−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, countryJ,

which is more unskilled labor intensive, will be more effective in production, raising wages for

both types of labor.

Second, I discuss the impact of transport cost on price index ratio. Asτ approaches 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 the difference 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 return4 and difference 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 marginal effect of an extra year of education on wage. Difference 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).5

Description of model parameters

There are eight model parameters:γ (substitutability between unskilled and skilled labor);σ

(share of skill labor);ρ (ratio of unskilled labor over skilled labor);θ (preference parameter);

4The Mincerian rate of return is estimated from the following equation:ln(wt) = λ0+λ1si+λ2expi+λ3exp2
i +εi

wherew is wage,s is years of schooling, andexpis 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);β (the curvature of the technology constraint);α (the skill bias); andB (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 by1
1−γ ) is set at 1.4, thusγ 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 (σ) for each country. The ratio of unskilled labor over skilled labor (ρJ) for each country

J is derived by dividing the share of number of unskilled labor in total labor force by that of

skilled labor. (ρJ = 1−σJ

σJ ).

Preference parameter

According to Broda and Weinstein (2006), elasticity of substitution (denoted byθ−1
θ

) is assumed

to be 2.7, thusθ = 0.63.

Fixed cost

Assume that fixed costfe equals to 1. Robustness will be checked with respect to alternative

values of fixed cost,fe.

Parameters in the technology constraint equation

From the first-order condition regarding the demand for both types of labor,lJ,u and lJ,s,6 we

have
AJ,s

AJ,u
=

(wJ,s

wJ,u

) 1
γ
( lJ,s

lJ,u

) 1−γ
γ

(3.24)

Using equation (3.24), the optimal technology ratio,AJ,s

AJ,u , can be calculated from skill premium

wJ,s

wJ,u and labor ratiolJ,s

lJ,u 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 labor,AJ,u

andAJ,s, of the firm profit maximization problem,7 we can derive the following

AJ,s

AJ,u
=

(1− α
α

) 1
β−γ

( lJ,s

lJ,u

) γ
β−γ

Take logarithm of both sides, we have

ln
(AJ,s

AJ,u

)
=
γ

β − γ ln
( lJ,s

lJ,u

)
+

1
β − γ ln

(1− α
α

)
(3.25)

Next, I estimate equation (3.25) by OLS with ln
(

AJ,s

AJ,u

)
as the dependent variable and ln

(
lJ,s

lJ,u

)
as the sole regressor. The estimation result gives the value of the slopeγ

β−γ , thus, the parameter

β can be calculated. Treat1
β−γ ln

(
1−α
α

)
as the intercept, then skill biasα is derived.

From the aggregate production function in equation (3.10) in countryJ, we haveXJ =

[(AJ,uLJ,u)γ + (AJ,sLJ,s)γ]
1
γ whereXJ is total production. Combine with the optimal technology

ratio, AJ,s

AJ,u , which is calculated from equation (3.24), we can derive the value of each optimal

technology,AJ,s andAJ,u for each countryJ. Given these optimal technology values, I use the

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

The estimation results

The result of estimated parameters is shown as follows:α = 0.408, β = 0.437, γ = 0.286,

θ = 0.63. Other parameters, optimal technologyAJ,s andAJ,u, and estimations of 2 countries

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

Table 3.2

σ ρ Au 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

7See 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. I 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

τ. 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 technology.8

Although relative real wage curves between Indonesia and Malaysia in both cases are down-

ward sloping, their difference has different implications for the effect 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.9

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 Malaysia areĀIND,u = 0.088, ĀIND,s =

0.09, ĀMYS,u = 0.17, andĀMYS,s = 0.173, whereIND and MYS 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:Sinceτmeasures 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 labor asτ goes 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 different impacts of trade openness on wage

inequality between the cases of exogenous and endogenous technology choice.
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Figure 3.2

Note:Sinceτmeasures 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 move in different 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 technology have different im-

plications for the impact of trade openness on real wage inequality.
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Figure 3.3

Note:Sinceτmeasures 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 openness affects 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 effect 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, I 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, the effect of labor composition 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, such effect is 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, these effects 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, I run a calibration using data from 52 countries to examine the difference

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 quantitatively different in some pairs of countries.

The model presented in this chapter can be extended in some other directions. First, the two

parameters, the skill bias (α), and the parameter that determines the curvature of the technology

constraint (β) play a very important role in the model. Thus, introducing differences in these

parameters across countries may provide interesting results. Second, transport cost of all goods

is the same in this model, hence we can allow different goods to face different 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 in different types of labors, thus the extension

will be more fruitful in analyzing the effect of endogeneity in technology choice toward wage

inequality. Third, except the aspect of labor, two countries in this model are not different in level

of technology capability. Firmi in any country can choose any set ofAu
i andAs

i 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 it difficult to access to a highAs
i , appropriate technology
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to skilled labor, even when it eagers to give up allAu
i , appropriate technology to unskilled labor.

Thus, introducing a limitation to the choice of appropriate technology for skilled labor,As
i , may

bring the model closer to the reality.

Appendix 3.A. Solution for autarky equilibrium

k-type labor’s utility maximization:


max

∑N
i (ck

i )
θ

s.t
∑N

i pick
i = wk

Solve the utility maximization, we have

pi =
θ

λk
(ck

i )
θ−1 (3.A.1)

Apply for both types of labor

cu
i =

(
λu

λs

) 1
θ−1

cs
i (3.A.2)

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

xi − fe = Lscs
i + Lucu

= Lscs
i + Lu

(
λu

λs

) 1
θ−1

cs
i

=

[
σ + (1− σ)

(
λu

λs

) 1
θ−1

]
cs

i L

cs
i can be rewritten as follows:cs

i =
xi− fe[

σ+(1−σ)

(
λu
λs

) 1
θ−1

]
L
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Substitute this into equation (3.6), we get

pi =
θ

Λ

(xi − fe
L

)θ−1

(3.A.3)

whereΛ = [σ(λs)
1
θ−1 + (1− σ)(λu)

1
θ−1 ]θ−1

Firm i’s profit maximization:


max pi(xi − fe) − wsls

i − wului

s.t (1− α)(Au
i )
β + α(As

i )
β = B

The Lagrangian is

L = pi(xi − fe) − wsls
i − wului − µ[(1 − α)(Au

i )
β + α(As

i )
β − B]

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

L =
θ

Λ

(1
L

)θ−1

(x− fe)
θ − wsls− wulu − µ[(1 − α)(Au)β + α(As)β − B]

The first-order conditions:

∂L

∂Au
= 0⇔ θ

2

Λ

(x− fe
L

)θ−1

x1−γ(Aulu)γ−1lu = (1− α)µβ(Au)β−1 (3.A.4)

∂L

∂As
= 0⇔ θ

2

Λ

(x− fe
L

)θ−1

x1−γ(Asls)γ−1ls = αµβ(As)β−1 (3.A.5)

∂L

∂lu
= 0⇔ θ

2

Λ

(x− fe
L

)θ−1

x1−γ(Aulu)γ−1Au = wu (3.A.6)

∂L

∂ls
= 0⇔ θ

2

Λ

( x− fe
L

)θ−1

x1−γ(Asls)γ−1As = ws (3.A.7)
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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

θ

ΛLθ
N(x− fe)

θ = σws+ (1− σ)wu (3.A.8)

Let ws to be numeraire,ws = 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 forAu,As, lu, ls, µ,Λ,N andwu.

Appendix 3.B. Solution for free trade equilibrium

Utility maximization ofk-type labor in countryJ:


max

∑NJ

i (cJ,k
i )θ +

∑N−J

j (c−J∗,k
j )θ

s.t
∑NJ

i pJ
i cJ,k

i +
∑N−J

j p−J
j c−J∗,k

j = wJ,k

The same setting is applied to country−J. Solve the utility maximization problem for both

countries, we have

pJ
i =

θ

λJ,k
(cJ,k

i )θ−1 =
θ

λ−J,k
(cJ∗,k

i )θ−1 (3.B.1)

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

( cJ,k
i

cJ,−k
i

)θ−1

=
λJ,k

λJ,−k
and

( cJ∗,k
i

cJ∗,−k
i

)θ−1

=
λ−J,k

λ−J,−k
(3.B.2)

( cJ,k
i

cJ∗,k
i

)θ−1

=
λJ,k

λ−J,k
(3.B.3)

Substitute equations (3.B.2), (3.B.3) into good market clearing equation (3.16), we get:
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xJ
i − fe = LJ,ucJ,u

i + LJ,scJ,s
i + L−J,ucJ∗,u

i + L−J,scJ∗,s
i

= LJ
[
σJ + (1− σJ)

(
λJ,u

λJ,s

) 1
θ−1

]
cJ,s

i + L−J
[
σ−J + (1− σ−J)

(
λ−J,u

λ−J,s

) 1
θ−1

](
λ−J,s

λJ,s

) 1
θ−1

cJ,s
i

=

[
[σJ(λJ,s)

1
θ−1 + (1− σJ)(λJ,u)

1
θ−1 ]︸                                  ︷︷                                  ︸

ΛJ

LJ + [σ−J(λ−J,s)
1
θ−1 + (1− σ−J)(λ−J,u)

1
θ−1 ]︸                                        ︷︷                                        ︸

Λ−J

L−J

]
cJ,s

i

(λJ,s)
1
θ−1

= [ΛJLJ + Λ−JL−J]
cJ,s

i

(λJ,s)
1
θ−1

Thus, we have

cJ,s
i =

(xJ
i − fe)(λJ,s)

1
θ−1

ΛJLJ + Λ−JL−J

Using equations (3.B.2), (3.B.3), we have

cJ,k
i =

(xJ
i − fe)(λJ,k)

1
θ−1

ΛJLJ + Λ−JL−J
andcJ∗,k

i =
(xJ

i − fe)(λ−J,k)
1
θ−1

ΛJLJ + Λ−JL−J
(3.B.4)

Substitute into equation (3.B.1),

pJ
i =

θ

λJ,k
(cJ,k

i )θ−1 =
θ

Λ
(xJ

i − fe)
θ−1 (3.B.5)

whereΛ = [ΛJLJ + Λ−JL−J]θ−1

Remind the individual budget constraints:

NJ∑
i

pJ
i cJ,k

i +

N−J∑
j

p−J
j c−J∗,k

j = wJ,k

Substitute the price in equation (3.B.5) into the budget constraints

θ

Λ
θ
θ−1

(λJ,k)
1
θ−1 [NJ(xi − fe)

θ + N−J(x j − fe)
θ] = wJ,k (3.B.6)
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Firm i in countryJ maximize its profit


max pJ

i (xJ
i − fe) − wJ,slJ,s

i − wJ,ulJ,u
i

s.t (1− α)(AJ,u
i )β + α(AJ,s

i )β = BJ

The Lagrangian is

L J = pJ
i (xJ

i − fe) − wJ,slJ,s
i − wJ,ulJ,u

i − µ
J[(1 − α)(AJ,u

i )β + α(AJ,s
i )β − BJ]

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

grangian, we have

L J =
θ

Λ
(xJ − fe)

θ − wJ,slJ,s
i − wJ,ulJ,u

i − µJ[(1 − α)(AJ,u
i )β + α(AJ,s

i )β − BJ]

The first-order conditions:

∂L J

∂AJ,u
= 0⇔ θ

2

Λ
(xJ − fe)

θ−1(xJ)1−γ(AJ,ulJ,u)γ−1lJ,u = (1− α)µJβ(AJ,u)β−1 (3.B.7)

∂L J

∂AJ,s
= 0⇔ θ

2

Λ
(xJ − fe)

θ−1(xJ)1−γ(AJ,slJ,s)γ−1lJ,s = αµJβ(AJ,s)β−1 (3.B.8)

∂L J

∂lJ,u
= 0⇔ θ

2

Λ
(xJ − fe)

θ−1(xJ)1−γ(AJ,ulJ,u)γ−1AJ,u = wJ,u (3.B.9)

∂L J

∂lJ,s
= 0⇔ θ

2

Λ
(xJ − fe)

θ−1(xJ)1−γ(AJ,slJ,s)γ−1AJ,s = wJ,s (3.B.10)

Let wS,s to be numeraire,wS,s = 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 follows:AN,s, AN,u, AS,s, AS,u, lN,s, lN,u, lS,s, lS,u, µS, µN, NS, NN, wN,s, wN,u, wS,u,

λN,s, λN,u, λS,s, λS,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.

θ

Λ
NJ(xJ − fe)

θ = [σwJ,s+ (1− σ)wJ,u]LJ (3.B.11)

Appendix 3.C. Solution for transport cost

Consumption side

Utility maximization ofk-type labor in countryJ:


max

∑NJ

i (cJ,k
i )θ +

∑N−J

j (c−J∗,k
j )θ

s.t
∑NJ

i pJ
i cJ,k

i +
∑N−J

j p̂−J
j c−J∗,k

j = wJ,k

Solve the utility maximization, price of goodi produced in countryJ will be as follows:

pJ
i =

θ

λJ,k
(cJ,k

i )θ−1 = τ
θ

λ−J,k
(cJ∗,k

i )θ−1 (3.C.1)

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

cJ,k
i

cJ,−k
i

=
c−J∗,k

j

c−J∗,−k
j

=

(
λJ,k

λJ,−k

) 1
θ−1

and
cJ∗,k

i

cJ∗,−k
i

=
c−J,k

j

c−J,−k
j

=

(
λ−J,k

λ−J,−k

) 1
θ−1

(3.C.2)

cJ∗,k
i

cJ,k
i

=

(
λ−J,k

τλJ,k

) 1
θ−1

and
c−J∗,k

j

c−J,k
j

=

(
λJ,k

τλ−J,k

) 1
θ−1

(3.C.3)

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

xJ
i − fe = LJ,ucJ,u

i + LJ,scJ,s
i +

1
τ

L−J,ucJ∗,u
i +

1
τ

L−J,scJ∗,s
i
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=

[
[σJ(λJ,s)

1
θ−1 + (1− σJ)(λJ,u)

1
θ−1 ]︸                                  ︷︷                                  ︸

ΛJ

LJ +
1

τ
θ
θ−1

[σ−J(λ−J,s)
1
θ−1 + (1− σ−J)(λ−J,u)

1
θ−1 ]︸                                        ︷︷                                        ︸

Λ−J

L−J

]
cJ,s

i

(λJ,s)
1
θ−1

= [ΛJLJ + τ
θ

1−θΛ−JL−J]
cJ,s

i

(λJ,s)
1
θ−1

The same for production in country−J

x−J
j − fe = [τ

θ
1−θΛJLJ + Λ−JL−J]

c−J,s
j

(λ−J,s)
1
θ−1

Thus, we have

cJ,k
i =

(xJ
i − fe)(λJ,k)

1
θ−1

(Λ̃J)
1
θ−1

(3.C.4)

and

c−J,k
j =

(x−J
j − fe)(λ−J,k)

1
θ−1

(Λ̃−J)
1
θ−1

(3.C.5)

where

Λ̃−J ≡ (τ
θ

1−θΛJLJ + Λ−JL−J)(θ−1) (3.C.6)

Λ̃J ≡ (ΛJLJ + τ
θ

1−θΛ−JL−J)(θ−1) (3.C.7)

Substitute into equation (3.C.4) into equation (3.C.1),

pJ
i =

θ

Λ̃J
(xJ

i − fe)
θ−1 (3.C.8)

The same for price in country−J

p−J
j =

θ

Λ̃−J
(x−J

j − fe)
θ−1 (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)

θ(λJ,k)
1
θ−1

(
NJ(xJ − fe)θ

(Λ̃J)
θ
θ−1

+
N−J(x−J − fe)θ

τ
θ
θ−1 (Λ̃J)

θ
θ−1

)
= wJ,k (3.C.10)
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Let wS,s to be numeraire,wS,s = 1 10

Price index

Utility maximization ofk-type labor in countryJ


max

∑NJ

i (cJ,k
i )θ +

∑N−J

j (c−J∗,k
j )θ

s.t
∑NJ

i pJ
i cJ,k

i +
∑N−J

j p̂−J
j c−J∗,k

j = wJ,k

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

index can be calculated as

PJ =

 NJ∑
i

(pJ
i )

θ
θ−1 +

N−J∑
j

(p̂−J
j )

θ
θ−1


θ−1

(3.C.11)

Production side

Endogenous technology choice model

Firm i in countryJ maximize its profit


max

lJ,ui ,l
J,s
i ,A

J,u
i ,A

J,s
i

pJ
i (xJ

i − fe) − wJ,slJ,s
i − wJ,ulJ,u

i

s.t (1− α)(AJ,u
i )β + α(AJ,s

i )β = BJ

The Lagrangian is

L J
i = pJ

i (xJ
i − fe) − wJ,slJ,s

i − wJ,ulJ,u
i − µ

J[(1 − α)(AJ,u
i )β + α(AJ,s

i )β − BJ]

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

10In 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

0.65×GDP
Total population

(
= 0.65XJ

LJ

)
. Second, this average wage can also be calculated asσJwJ,s + (1 − σJ)wJ,u. Equalizing

these two calculations, we haveσJwJ,s+ (1−σJ)wJ,u = 0.65×XJ

LJ . Given the share of each type of labor and the skill

premiumwJ,s

wJ,u , the wage of skilled labor in each country can be derived.
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grangian, we have

L J =
θ

Λ̃J
(xJ − fe)

θ − wJ,slJ,s
i − wJ,ulJ,u

i − µ
J[(1 − α)(AJ,u

i )β + α(AJ,s
i )β − BJ]

The first-order conditions:

∂L J

∂AJ,u
= 0⇔ θ

2

Λ̃J
(xJ − fe)

θ−1(xJ)1−γ(AJ,ulJ,u)γ−1lJ,u = (1− α)µJβ(AJ,u)β−1 (3.C.12)

∂L J

∂AJ,s
= 0⇔ θ

2

Λ̃J
(xJ − fe)

θ−1(xJ)1−γ(AJ,slJ,s)γ−1lJ,s = αµJβ(AJ,s)β−1 (3.C.13)

∂L J

∂lJ,u
= 0⇔ θ

2

Λ̃J
(xJ − fe)

θ−1(xJ)1−γ(AJ,ulJ,u)γ−1AJ,u = wJ,u (3.C.14)

∂L J

∂lJ,s
= 0⇔ θ

2

Λ̃J
(xJ − fe)

θ−1(xJ)1−γ(AJ,slJ,s)γ−1AJ,s = wJ,s (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: AN,s, AN,u, AS,s, AS,u, lN,s, lN,u,lS,s, lS,u, µS, µN, NS, NN, wN,s, wN,u, wS,u, λN,s, λN,u,

λS,s, λS,u.

Standard constant technology model

In this model, the world technology combination,Ās

Āu , is constant. This technology combination

is the weighted average of the logarithm ofAJ,s

AJ,u 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 combination,Ās

Āu , is 1.02 by calculation.

Given this world technology combination, using aggregate production function of each country

XJ = [(ĀJ,uLJ,u)γ+(ĀJ,sLJ,s)γ]
1
γ , technology appropriate for unskilled and skilled labor in country

J in the standard model with exogenous technology,ĀJ,u andĀJ,s, can be computed. Now, firms

in each country adopt the same technology system and simply choose different combinations of

labor. Firmi in countryJ maximize its profit

max
lJ,ui ,l

J,s
i

pJ
i (xJ

i − fe) − wJ,slJ,s
i − wJ,ulJ,u

i

Substitute price in equation (3.C.8) into profit maximization problem above, we have

max
lJ,ui ,l

J,s
i

θ

Λ̃J
(xJ − fe)

θ − wJ,slJ,s
i − wJ,ulJ,u

i

The first-order conditions:

θ2

Λ̃J
(xJ − fe)

θ−1(xJ)1−γ(lJ,u)γ−1(ĀJ,u)γ = wJ,u (3.C.16)

θ2

Λ̃J
(xJ − fe)

θ−1(xJ)1−γ(lJ,s)γ−1(ĀJ,s)γ = wJ,s (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 follows:lN,s, lN,u,lS,s, lS,u, NS, NN,

wN,s, wN,u, wS,u, λN,s, λN,u, λS,s, λS,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:

ΛJ

Λ−J
=

NJL−J

N−JLJ

(
Λ̃J

Λ̃−J

) θ
1−θ

SubstituteNJ andN−J which is solved in Appendix 3.C into the previous equation, we have

ΛJLJ

Λ−JL−J
= D

(
Λ̃J

Λ̃−J

) θ
1−θ

(3.D.1)

whereD11 is denoted as

D ≡

[
1+

(
α

1−α(ρ
J)β

) γ
β−γ

] β−γ
βγ

[
1+

(
α

1−α(ρ
−J)β

) γ
β−γ

] β−γ
βγ

1+ ρ−J

1+ ρJ

LJ

L−J

Using definition ofΛ̃J andΛ̃−J in equations (3.C.6) and (3.C.7) we can derive the following

equation:

ΛJLJ

Λ−JL−J
=

(
Λ̃J

Λ̃−J

) 1
θ−1

− τ θ1−θ

1− τ θ1−θ
(
Λ̃J

Λ̃−J

) 1
θ−1

(3.D.2)

Let y ≡
(
Λ̃J

Λ̃−J

) 1
1−θ

andκ = τ
θ

1−θ

Then, from equations (3.D.1) and (3.D.2), we have

Dyθ =
1− κy
y− κ

or

Dyθ+1 − Dκyθ + κy− 1 = 0 (3.D.3)

11In the main body of the chapter, thisD is clearly denoted asDJ,−J to avoid any misunderstanding.
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Left hand side of equation (3.D.3) is a function ofy andκ: g(y, κ) = Dyθ+1 − Dκyθ + κy− 1.

Thus equation (3.D.3) will beg(y, κ) = 0. Differentiate functiong(y, κ) by y,

g′y(y, κ) = D(θ + 1)yθ − θκDyθ−1 + κ

= Dθyθ − θκDyθ−1 +
Dyθ+1 + κy

y

= Dθyθ − θκDyθ−1 +
Dκyθ + 1

y
(by equation (3.D.3))

= Dθyθ +
1
y
+ Dκyθ−1(1− θ) > 0 (3.D.4)

Thus, functiong(y, κ) is monotonic increasing iny. At y = κ, functiong(y, κ) = κ2 − 1 < 0.

At y = 1
κ
, functiong(y, κ) = Dκ−(θ+1)(1 − κ2) > 0. Thus, solutiony of equation (3.D.3) will lie

betweenκ and 1
κ
,
(
κ < y < 1

κ

)
.

Differentiate functiong(y, κ) by κ and use equation (3.D.3), we have

g′κ(y, κ) =
y2 − 1
y− k

(3.D.5)

Becausey > k, sign ofg′κ(y, κ) depends on sign of (y2 − 1).

g′κ(y, κ) =


> 0 wheny > 1

≤ 0 wheny ≤ 1

Using implicit function theorem, we can derivedy
dk = −

g′κ(y,κ)
g′y(y,κ)

, thus

dy
dκ
=


≤ 0 wheny > 1

> 0 when 0< y ≤ 1

(3.D.6)
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Back to equation (3.D.3)



y = 1 =⇒ g(y, κ) = D − Dκ + κ − 1 = (1− κ)︸ ︷︷ ︸
>0

(D − 1)

y = κ =⇒ g(y, κ) = κ2 − 1 < 0

y = 1
κ
=⇒ g(y, κ) = D

(
1
κ

)θ+1

[1 − κ2] > 0

(3.D.7)

Treatκ as a parameter,

If DJ,−J > 1 =⇒
y = 1 =⇒ g(y, κ) > 0

y = κ =⇒ g(y, κ) < 0
=⇒ Solution of equation (3.D.3)y ∈ (κ, 1)

eq.(3.D.6)
−−−−−−→

dy
dκ > 0

If DJ,−J < 1 =⇒
y = 1 =⇒ g(y, κ) < 0

y = 1
κ
=⇒ g(y, κ) > 0

=⇒ Solution of equation (3.D.3)y ∈ (1, 1
κ
)

eq.(3.D.6)
−−−−−−→

dy
dκ < 0

Wage rate between two countries for skilled labor can be calculated byΛ̃J

Λ̃−J by equations

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

wJ,s

w−J,s
=
Λ̃−J

Λ̃J

[ 1+
(
α

1−α(ρ
J)β

) γ
β−γ

1+
(
α

1−α(ρ
−J)β

) γ
β−γ

] β−γ−βγ
β−γ

︸                          ︷︷                          ︸
>0

=⇒ sign

[
∂ wJ,s

w−J,s

∂τ

]
= −sign

[
∂ Λ̃

J

Λ̃−J

∂τ

]
= −sign

[dy
dκ

]

The same for wage rate between two countries for unskilled labor, we can also find that

sign

[
∂ wJ,u

w−J,u

∂τ

]
= −sign

[
∂ Λ̃

J

Λ̃−J

∂τ

]
= −sign

[dy
dκ

]

Thus, knowing sign ofdy
dκ , we can find how transport costτ affects wage rate of labor type
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k, wJ,k

w−J,k . The result will be as follows:

∂ wJ,s

w−J,s

∂τ
=


< 0 whenD > 1

> 0 whenD < 1

(3.D.8)

�

Discussion of D

D is contributed from two aspects: the size of labor force (L) and the ratio of unskilled over

skilled labor (ρ) of both countriesJ and−J.

First, keep the ratio of unskilled over skilled labor of both countries are the same (ρJ = ρ−J),

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

Second, keep the size of labor force between two countries are the same (LJ = L−J), if

country J is more unskilled-labor-abundant than country−J (ρJ > ρ−J), the answer for the

question of thatD is smaller or larger than 1 depends on characteristic of functionh(ρ) =[
1+

(
α

1−α(ρ
J)β

) γ
β−γ

] β−γ
βγ

(1+ρJ)−1. Under the condition of that skill bias between two types of labor

is the same (α = 0.5) and both countries are unskilled-labor-abundant (ρJ, ρ−J > 1), function

h(ρ) is found to be monotonic decreasing (h′(ρ) < 0). Thus, ifρJ > ρ−J, thenh(ρJ) < h(ρ−J).

Consequently,D < 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.
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Figure 3E.1

Note:Sinceτmeasures 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 toτ. Note that, sinceτmeasures 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 result is consistent with Proposition 3.7 which states that relative nominal wage

increases monotonically as transportation costs are reduced. In this case, the factorDIND,MYS

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.
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Figure 3E.2

Note:Sinceτmeasures 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 toτ. The 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 Italy, 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.

73





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).1

Figure 4.1

Source:The World Development Indicators database.

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

1Author’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 on the effects of wealth

distribution on foreign investment. For example, Amissah, Bougheas and Falvey (2011) and

Gall, Schiffbauer and Kubny (2014) examine the impact of the distribution of wealth under

credit market imperfections. Nevertheless, how foreign investment (especially FDI) affects

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 models2 that 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, it is sufficiently 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 firms affect the results of previous studies. More importantly, the FDI

firm modeled in this analysis is sufficiently 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

sufficiently 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 main difference 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 better off, the 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 size,L, is set to 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 periodt, anAgentt inheritsht 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 consumingct and by leaving a bequestht+1 to the

next generation. Thus, the utility function is

Ut = c1−β
t hβt+1 (4.1)

whereβ is the bequest share.

If Agentt decides to become a worker, he can work in a domestic firm or an FDI firm and

earn a wagewt. At the beginning of periodt, a worker does not need to spend money on neither

consumption nor investment so he lends all of his unemployed inheritanceht at interest rater
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(r ≥ 1). Thus, at the end of periodt, his wealth iswt + rht.

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

identical production function as follows:

Yt = φ(l t) (4.2)

whereφ′ > 0, φ′′ < 0, φ(0) = 0 andl t is the number of worker working in this domestic firm

(lt < 1). Labor is the sole input into the production process. To start the firm, the entrepreneur

has to pay a setup costF(F ≥ 0). At the beginning of periodt, if he has more wealth than the

setup cost, he can lend the remainder at interest rater. Thus, the income of the firm, or the

wealth of the entrepreneur at the end of periodt, can be derived asφ(l tt) − wtl tt + r(ht − F).

If you separate the part that varies with the number of workers,φ(l t) − wtl t, and denote it as

π(lt), the wealth of the entrepreneur can be rewritten asπ(l t) + r(ht − F). In order to maximize

the profit, the entrepreneur determines the optimal number of workers to recruit. His profit

maximization condition takes the form ofwt = φ
′(lt). That is, the optimum number of workers

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

lt = φ′−1(wt), l′(wt) < 0.

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

π(l(wt)) + r(ht − F) ≥ wt + rht ⇐⇒ π(wt) − wt ≥ rF.

Solving the equation, we get

wt ≤ w∗. (4.3)

Second, in term of a borrowing constraint, an entrepreneur can only run a business if he has

enough setup cost,F. Based on this assumption, the borrowing constraint can be written as

follows:

79



ht ≥ 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 can afford to pay a setup costF 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:

Ŷt = φ̂(lt) (4.5)

whereφ̂′ > 0, φ̂′′ < 0, φ̂(0) = 0 andlt is the number of workers in the FDI firm. Then, we

assume

φ̂′(lt) = φ
′(l t),∀l t (4.6)

Its profit maximization condition takes the form ofwt = φ̂
′(lt). That is, the optimum number

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

market aslt = φ̂′−1(wt) wherel′(wt) < 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

π̂(wt) ≥ rF

whereπ̂(wt) = φ̂[l(wt)] − l(wt) · wt.

Solving the equation, we get

wt ≤ w∗∗. (4.7)

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

also holds, as seen in this equation:w∗∗ ≥ w∗.

Labor market

In the labor market, both domestic and FDI firms share a common wageWt = φ
′(lt) = φ̂′(lt)

wherelt is optimum number of workers in domestic and FDI firms. The wage,Wt, is an equi-

librium wage at periodt 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:

LS
t ≡ Gt(F).

Here,Gt(F) denotes the fraction at periodt of the agents whose inheritance is less thanF.3

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:

LD
t ≡ [1 −Gt(F)]l(Wt) + θl(Wt)

whereθ 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 thanF, [1 −Gt(F)], and the number of workers hired by a domestic firm,

n(Vt). 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 supplyLS
t = LD

t . Then the

equilibrium wage at every periodWt is solved.

The bequest rule

Based on the utility function in equation (4.1), to maximize his utility,Agentt should leave a

bequest that is equal to a fraction,β, of his wealth at the end of periodt. Thus, the bequest rule

is determined as follows:

ht+1 =


β[Wt + rht] ht ≤ F

β[π(Wt) + r(ht − F)] otherwise.
(4.8)

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 the effect of FDI on domestic wage rate.

Proof. • The case of no FDI firm:
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1. Labor demand: (LD
t ):

LD
t =


[1 −Gt(F)]l(wt) wt ≤ w∗

0 wt > w∗

2. Labor supply: (LS
t ):

LS
t =


Gt(F) wt ≤ w∗

1 wt > w∗

whereGt(F) is the share of workers at periodt.

The labor supply and demand curves described by the equations above are shown in Figure

4.2.A.4 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.

• The case of existing FDI firms:

1. Labor demand:

LD
t =


[1 −Gt(F)]lDOS(wt) + lFDI(wt) wt ≤ w∗

lFDI(wt) w∗ < wt < w∗∗

0 wt ≥ 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 curve,LD′
t , shifts upward. As long as the domestic profitability constraint holds, (w ≤

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,LD

t = 1. If wage increases to a certain level, the labor demand curve is downward
sloping.
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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 firms,W′
t >Wt.

Fig 4.2.A Fig 4.2.B

Figure 4.2

�

4.3.2 Wealth dynamics

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

ht+1 =


β[Wt + rht] ht ≤ F

β[π(Wt) + r(ht − F)] otherwise.

This transition of wealth will take the shape shown in Figure 4.3.

The horizontal axis corresponds to the inheritance thatAgentt receives from his parentht,

and the vertical axis corresponds to the bequest he leaves to his child,ht+1. To the left ofF on

the horizontal axis lies the lineβ(Wt + rht), called the “lower line,” showing the transition of a

worker’s wealth. The lineβ(π(Wt)+ r(ht−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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Figure 4.3

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 parent,ht = ht+1. Under the assumption thatβr < 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.5

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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Figure 4.4

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

cost F can never become entrepreneurs; hence, this steady state is called the “poverty trap.”

6However, because of the increase in equilibrium wage, the steady-state wealth of workers

increases (HL ↑), while that of entrepreneurs falls (HE ↓). Workers become better off, and

entrepreneurs become worse off, and thus the entry of FDI firms makes this economy more

equal.

6This name is borrowed from Matsuyama (2011).
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Figure 4.5

Case 2: Big push

Figure 4.6 illustrates this case.

Fig 4.6.A
Fig 4.6.B

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 setup costF. Therefore,

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.

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-increasing effect 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 costF; thus, this is called an “underdevelopment trap.”7 There 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 atHL.

Figure 4.8

7This 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 In this 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 setup costF. Thus,

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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Figure 4.9

The properties of the four equilibria described above are summarized in the Table 4.1. In

these cases, the effect of the entry of FDI firms on wealth equality is clarified. In summary, this

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

Table 4.1

Case Name Equality Worker share Equilibrium wage
Case 1 Poverty trap Equal Unchanged Increase
Case 2 Big push Completely equal Undetermined Increase
Case 3 Underdevelopment trapCompletely equal 1 Increase
Case 4 Inequality Equal or unequal 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 isnot 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 costF will share the same steady-state wealth atHL. On the other hand, all

agents whose inheritance from their parent exceeds the setup costF will share the same steady-

state wealth atHE. 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 entrepreneurs.9

Nevertheless, case 2 and case 4 are different 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 costF. 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

β(Wt + rF ) ≤ F ⇐⇒Wt ≤W1

9In 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 worse off but 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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whereW1 ≡ F(1 − βr)/β. Thus,W1 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

β[π(Wt) + r(F − F)] ≤ F ⇐⇒ π(Wt) ≤ F/β⇔Wt ≤W2

whereW2 is the solution of equationπ(Wt) = F/β. Thus,W2 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:

Wt ≤ min (W1,W2)

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:

W1 <Wt <W2

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 <Wt <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 difference between these two cases is the scale ofW1 compared with that ofW2. In

case 3 and case 4,W2 <W1 and in case 2, the reverse is true. Figure 4.10 shows the comparative

position ofW1 andW2. The equilibrium wage is shown on the horizontal axis, and the profit is

Figure 4.10

shown on the vertical axis. Profit is the decreasing function of wage;10 thus, the profit function

is represented by a downward-sloping curve.W1 is determined at the value ofF(1 − βr)/β on

the horizontal axis, andW2 is determined at the intersection of the profit function curve and the

horizontal lineF/β. In Figure 4.10, point X appears. The ordinate of this point is calculated as

the functionπ(W) atW1 = F(1− βr)/β. According to Figure 4.10,W1 <W2 if and only if point

X lies above lineF/β. Thus, the condition forW1 <W2 is as follows:

π

(
F
β

(1− βr)︸      ︷︷      ︸
W1

)
>

F
β

(4.9)

10π(lt) = φ(lt) − wtlt = φ(lt) − φ′(lt) · lt ⇒ π′(lt) = − φ′′(lt)︸︷︷︸
<0

·lt ≥ 0
l′(wt)
=⇒ π′(wt) ≤ 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 sufficiently low (high).

2. The bequest share is sufficiently high (low).

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

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

Mathematically, whenF is low or β and r are high,W1 is more likely to be smaller than

W2. 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 business,βπ(Wt) > 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:

Yt = φ(l t) = A · lνt

and

Ŷt = φ̂(lt) = Â · lγt

respectively.

Third, inheritance is different for each agent. The initial wealth distribution is assumed to

take the Pareto distribution form as follows:

h0
i = (h0

max− h0
min) (i/L)k , i = 1 · · · L (4.10)

whereL is the population andk 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
ν 0.5 Labor share in production function of domestic firm
ν̂ 0.5 Labor share in production function of FDI firm
β 0.5 Bequest share
r 1.1 World interest rate
F 0.8 Initial setup cost
A 1 Productivity of domestic firms
Â 1 Productivity of FDI firms
hmax 3 · F Wealth of the richest agent
hmin 0.01 · F Wealth of the poorest agent
θ 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 state.11 The initial distribution is as in equation (4.10)

in Section 4.4.1. With parameters reported in Section 4.4.1, I 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 Gini coefficient 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

coefficient 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.

11The simulation results for the case of that FDI firms enter when the economy is at the steady state are shown
in Appendix 4.B.

97



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 coefficient 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 worse-off entrepreneurs mean an improvement in equality.
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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 no difference 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 coefficient 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%.
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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 off (Figure 4.13.D).

As the economy becomes completely equal, Figure 4.13.C shows the convergence of Gini

coefficient 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.”
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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 entrepreneurs,hmax is 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 coefficient 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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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 sufficiently 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 better off if they survive

the competition with FDI firms. We also identified four factors affecting 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 designatedh0
E andh0

L;

h0
E andh0

L are larger and smaller than the setup cost,F, respectively. Under the labor market

clearing condition and the profitability constraint, the solution for the following equation is

unique:

[1 −Gt(F)]l(wt) = Gt(F)⇒ l(wt) =
Gt(F)

1−Gt(F)
,wt ≥ w∗

. The left-hand side of the above equation is a monotonic decreasing function of wage,wt,

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 workers,h0
L, and 1,000 random ranges

from F to 100· F fluctuating around the initial wealth of entrepreneurs,h0
E. 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 Gini coefficient 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 coefficient 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.

Case1: 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 coefficients, 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

coefficient 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 the effects of international economic policies on income in-

equality and economic development. The three main issues addressed in this dissertation are

described as follows. First, I discuss the optimal infant industry protection policies when a

country initiates the process to join the World Trade Organization (WTO). I propose a frame-

work to derive the optimal dynamic path of tariffs to protect infant industries during the process

of joining the WTO. Then, I apply this model to numerically analyze the Vietnamese motorcy-

cle industry, an example of an infant industry in a country starting to join the WTO. Second,

I examine how trade openness affects wage inequality in trading countries. To evaluate this

research question, I 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 different types of technologies endogenously. Third, I examine how the entry of For-

eign Direct Investment (FDI) firms affects domestic household wealth distribution. I develop

a framework in which I 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 path of tariffs to protect

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 tariff rate gradually so that it converges to its long-run rate at the terminal date of

protection. A numerical analysis applied to the Vietnamese 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 all the effects on 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, the effect on wage inequality

is amplified. This amplification is also examined by calibration using data from 52 countries.

Third, the entry of FDI firms can cause different 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 better off as the

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 off.

The contribution of this dissertation is threefold. First, I 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, I have calibrated

these theoretical models to reflect real-world outcomes. In Chapter 2, calibration using actual

data of the Vietnamese motorcycle industry offers 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 different channels through which international economic policies can shape eco-

nomic development and income distribution. Understanding these effects comprehensively will

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

and better address income inequality.
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