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Abstract

Essays on Globalization, Skill Upgrading, and the Labor Market

Qiliang Chen

Chair of the Supervisory Committee:
Stephen Turnovsky

Department of Economics

This dissertation contributes to our understanding of the impact of global integration on

skill upgrading and labor market outcomes. Across the three chapters of this dissertation, I

investigate how foreign direct investment shapes skill upgrading decisions made by households,

how trade liberalization affects firms’ on-the-job training decisions, and how three dimensions

of globalization (trade, FDI, and migration) exert an influence on the labor market.

The first chapter develops a dynamic stochastic general equilibrium model to address how

foreign direct investment affects skill upgrading and wage inequality following households’

endogenous labor training decisions. The model predicts that inward FDI in developing

countries creates a positive productivity spillover effect on domestic firms and encourages

more workers to invest in labor training to upgrade their skills. Lifting restrictions on FDI

gives rise to higher wage inequality because multinational firms create more high-skill jobs

and increase firm-level productivity. Compared to the special case with fixed high-skilled

worker formation, the benchmark model with the skill upgrading channel produces smaller

wage inequality over time.

The second chapter studies the short-term heterogeneous impacts of an Asian trade

agreement, APTA, on skill upgrading performed by Chinese manufacturers. First, we

develop a general equilibrium model of trade with heterogeneous firms, endogenous export

decisions, and endogenous skill upgrading decisions to explain firm performance following

trade liberalization. Second, we test the theoretical model by means of generalized difference-



in-differences estimations, which demonstrate that firms facing higher reductions in India’s

tariffs invest more rapidly in on-the-job training. The effect of trade openness on export

participation is the largest for firms with mid-range productivity, whereas that on training

spending is the smallest for the same group of firms, which calls for policy attention. Chapter

two is a joint work with Chujian Shao1 and Chen Zhuang2.

In the third chapter, panel structural vector autoregression is utilized to study how global

integration affects the labor market based on data from 141 countries over the period of

1991-2021. Three dimensions of globalization are considered, including trade, foreign direct

investment, and international migration. The empirical results show that trade globalization

has more significant effects on labor market outcomes compared to financial globalization

(FDI) and interpersonal globalization (labor migration). Specifically, trade integration is

associated with higher labor productivity, a lower unemployment rate, a higher labor force

participation rate, and lower income and wealth gaps between the top 10% and the bottom

50% of the population. Overall, the impact of globalization on labor market outcomes is

similar in high-income countries and the rest of the world.

1Email: cshao206@gmail.com
2Email: zogcee@gmail.com



TABLE OF CONTENTS

Page

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Chapter 1: Foreign Direct Investment, Skill Upgrading, and Wage Inequality . . . 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 The Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
1.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

Chapter 2: Heterogeneous Impacts of Trade Liberalization on Skill Upgrading:
Evidence from APTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.2 The Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
2.3 Trade Policies and Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
2.4 Empirics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
2.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

Chapter 3: The Effects of Globalization on the Labor Market: A Panel VAR Analysis 70
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
3.2 Empirical Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
3.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
3.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Appendix A: Foreign Direct Investment, Skill Upgrading, and Wage Inequality . . . 106
A.1 Additional Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
A.2 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
A.3 Model Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

i



Appendix B: Heterogeneous Impacts of Trade Liberalization on Skill Upgrading:
Evidence from APTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

B.1 Additional Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
B.2 More Details of the Theoretical Model . . . . . . . . . . . . . . . . . . . . . . 116
B.3 Data Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

Appendix C: The Effects of Globalization on the Labor Market: A Panel VAR Analysis140
C.1 Additional Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
C.2 Data Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

ii



LIST OF FIGURES

Figure Number Page

1.1 Total global FDI flows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.2 Three leading FDI recipients in 2022 . . . . . . . . . . . . . . . . . . . . . . . 20
1.3 Average net FDI inflows – Low and middle income vs high income countries . 21
1.4 Net FDI inflows in low and middle income regions . . . . . . . . . . . . . . . 22
1.5 Transition dynamics for a 1% temporary increase in aggregate productivity . 23
1.6 Transition dynamics for a 1% temporary decrease in the fixed cost of FDI entry 24
1.7 Transition dynamics for a 1% temporary decrease in the sunk entry cost of

new high-skilled workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
1.8 Transition dynamics for a 1% temporary decrease in the training cost of high-

skilled workers employed by FDI firms . . . . . . . . . . . . . . . . . . . . . . 26
1.9 Transition dynamics for a 1% temporary increase in aggregate productivity,

baseline model vs model with a greater number of multinational firms in the
host economy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

1.10 Transition dynamics for a 1% temporary increase in aggregate productivity,
baseline model vs model with a fixed number of high-skilled workers . . . . . 28

1.11 Transition dynamics for a 1% temporary decrease in the fixed cost of FDI
entry, baseline model vs model with a fixed number of high-skilled workers . . 29

2.1 Trends of tariffs and china’s export sales (2004–2007) . . . . . . . . . . . . . . 34
2.2 Effect of lowering variable trade costs: Bustos (2011b)’s setting . . . . . . . . 48
2.3 Effect of lowering variable trade costs: Advanced setting . . . . . . . . . . . . 48

3.1 The KOF Globalization Index . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
3.2 Impulse response to an increase in GDP per person employed . . . . . . . . . 84
3.3 Impulse response to an increase in gross fixed capital formation . . . . . . . . 85
3.4 Variance decomposition of exports of goods and services. . . . . . . . . . . . . 86
3.5 Variance decomposition of net FDI inflows. . . . . . . . . . . . . . . . . . . . 87
3.6 Variance decomposition of net labor migration. . . . . . . . . . . . . . . . . . 88
3.7 Labor productivity response to one S.D. innovations of key variables . . . . . 89
3.8 Unemployment rate response to one S.D. innovations of key variables . . . . . 90
3.9 Labor force participation rate response to one S.D. innovations of key variables 91

iii



3.10 Gini index response to one S.D. innovations of key variables . . . . . . . . . . 92
3.11 Income share held by the top 10% and the bottom 50% groups response to

one S.D. innovations of key variables . . . . . . . . . . . . . . . . . . . . . . . 93
3.12 Wealth share held by the top 10% and the bottom 50% groups response to

one S.D. innovations of key variables . . . . . . . . . . . . . . . . . . . . . . . 94
3.13 Variance decomposition of government spending on education. . . . . . . . . . 95
3.14 Variance decomposition of researchers in R&D. . . . . . . . . . . . . . . . . . 96
3.15 Variance decomposition of gross fixed capital formation. . . . . . . . . . . . . 97

A.1 Average net FDI inflows of 10 developing countries over 40 years in 1980 - 2020106
A.2 FDI regulatory restrictiveness index . . . . . . . . . . . . . . . . . . . . . . . 107

B.1 Productivity cutoffs in Bustos (2011b)’s model . . . . . . . . . . . . . . . . . 116
B.2 Productivity cutoffs in the advanced setting . . . . . . . . . . . . . . . . . . . 116

C.1 Impulse response to an increase in GDP per person employed in middle and
low-income countries. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

C.2 Variance decomposition of FDI in middle and low-income countries . . . . . . 141
C.3 Gini index response to one S.D. innovations of key variables in high-income

countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142
C.4 Income shares response to one S.D. innovations of key variables in middle and

low-income countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
C.5 Labor productivity response to one S.D. innovations of key variables under

tariff specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
C.6 Unemployment rate response to one S.D. innovations of key variables under

tariff specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
C.7 Labor force participation rate response to one S.D. innovations of key variables

under tariff specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
C.8 Gini index response to one S.D. innovations of key variables under tariff

specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
C.9 Income shares response to one S.D. innovations of key variables under tariff

specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
C.10 Wealth shares response to one S.D. innovations of key variables under tariff

specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

iv



LIST OF TABLES

Table Number Page

1.1 % changes of net FDI inflows – low and middle income vs high income . . . . 30
1.2 Parameter calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
1.3 Fewer restrictions on FDI entry – % changes of non-stochastic steady state . . 31

2.1 Differences between different types of exporters and non-exporters in APTA
sectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

2.2 Entry in the export markets stratified by sector group . . . . . . . . . . . . . 55
2.3 Entry in the export market by quantile of the firm size distribution . . . . . . 59
2.4 Investment in on-the-job training stratified by sector group and initial export

status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
2.5 Investment in on-the-job training by quartile of the firm size distribution and

initial export status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
2.6 Entry in the India export market and investment in on-the-job training . . . . 65
2.7 Export sales to India and domestic sales of new exporters to India . . . . . . 66

3.1 Globalization index by selected country, 1980-2020 . . . . . . . . . . . . . . . 72
3.2 Restrictions in the baseline model . . . . . . . . . . . . . . . . . . . . . . . . . 78

B.1 Summary statistics of variables of interest in 2004 . . . . . . . . . . . . . . . . 139

C.1 Data description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

v



ACKNOWLEDGMENTS

I would like to express my deepest gratitude and appreciation to all those who have

supported me throughout this journey of completing my Ph.D. dissertation.

First and foremost, I am immensely grateful to my supervisor, Dr. Stephen Turnovsky,

for his exceptional mentorship and invaluable insights. I am also deeply indebted to the

members of my dissertation committee, Dr. Jing Tao, Dr. Yuya Takahashi, and Dr. Brian

Flaherty, for their valuable feedback, constructive criticism, and expert guidance. Without

their continuing encouragement, advice, and assistance, this attainment would not have been

possible.

I would also like to extend my gratitude to Dr. Fabio Ghironi for his great support and

inspiring teaching. I am thankful to Dr. Philip Brock, Dr. Yu-chin Chen, Dr. Yanqin Fan,

Dr. Fahad Khalil, Dr. Quan Wen and all faculty of the UW Economics Department who

taught me and held discussions with me. Their contributions have been indispensable to the

completion of this dissertation.

My heartfelt thanks go to Dr. Chujian Shao and Dr. Chen Zhuang. Their stimulating

discussions and collaborative efforts have furthered my research, and their companionship

and encouragement have been a constant source of motivation. I also thank all my friends

and fellow students for their kindness and support.

I am deeply appreciative of the generous funding provided by the Economics Department

and the Statistics Department of the UW, which has enabled me to pursue my Ph.D. studies.

I am very thankful to Dr. Caren Marzban and Dr. Alexander Giessing for trusting and hiring

me as a teaching assistant. I am also very grateful to Dr. Haideh Salehi-Esfahani and Dr.

Dennis O’Dea for their guidance while I worked as a teaching assistant for them. My special

thanks go to Heidi Hannah, Simon Reeve-Parker, and Ellen Reynolds for their enormous

administrative efforts. I want to also thank Chris Fendrich for kindly navigating me through

vi



payroll documents; his memory will always be with me.

Lastly I would like to express my gratitude to my parents and grandmother for their

unwavering love, encouragement, and belief in my abilities. Their patience, understanding,

and emotional support have been invaluable throughout this challenging process.

Thank you all for being part of this remarkable chapter of my life.

vii



DEDICATION

to my family

viii



1

Chapter 1

FOREIGN DIRECT INVESTMENT, SKILL UPGRADING, AND
WAGE INEQUALITY

1.1 Introduction

According to the OECD statistics, global FDI flows were up to USD 972 billion in the

first half of 2022 and increased by 9% compared to the first half of 2021 as shown in

Figure 1.1. The United States is not only the leading FDI recipient but also the largest

investor worldwide. Figure 1.2 indicates that the United States attracted the most FDI

in the world in 2022, followed by China and Brazil, while China was the largest FDI

recipient in certain periods of 2018, 2020 and 2021.1 Compared to advanced economies, less

developed regions experienced greater growth in FDI over the past few decades (Figure 1.3

and Figure 1.4). To be precise, Table 1.1 presents that net FDI inflows in low and middle

income countries increased by 592% from 1990 to 2000, and edged down to 341% from 2000

to 2010, while those in high income countries dropped by 8.3% during the same period. In

the past decade, most countries encountered a decline in FDI, but the reduction in high

income countries was much larger. Therefore, a lot of studies attempt to investigate if

FDI plays a role in stimulating economic growth, creating technological improvement, and

enhancing workers’ skill levels in less developed countries. An impressive amount of empirical

literature finds that FDI leads to higher wages, productivity, and wage inequality, and some

theoretical models of FDI analyze the effects of market size, productivity spillover, credit,

and technology transfer on inequality. Moreover, the labor training channel has become a

recent research focus, but most related research studies on-the-job training investment made

by firms. Instead, this paper models households’ training decisions. Trained workers can

supply labor to perform skilled tasks for multinational firms if they are productive enough.

This paper develops a dynamic stochastic general equilibrium model featuring heterogeneous

1The top three investors worldwide in 2022 were the US, the Netherlands, and Australia.
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workers and firms to investigate how inflows of foreign direct investment affect skill upgrading

and wage inequality following households’ endogenous labor training decisions in developing

countries. Following Mandelman and Zlate (2022), the model features endogenous margins

of labor training, and workers are heterogeneous in skill after training. The representative

household decides how many raw labor units are converted into efficiency units of labor via

skill upgrading and whether they provide skilled tasks to multinational firms. Workers need

to pay an additional fixed cost of training to become eligible to execute tasks in multinational

firms. The model also features an exogenous process for inward FDI for simplicity, i.e., the

number of multinational firms. There are two sectors in the economy, namely, the final goods

sector and the intermediate goods sector. The final output is a standard CES composite

of one set of varieties produced by local firms and another set of varieties produced by

multinational firms. In the intermediate goods sector, firms are heterogeneous in firm-level

productivity, and they are subject to monopolistic competition. Local firms demand labor

tasks executed by skilled workers and raw labor of untrained, low-skilled workers, while

multinational firms only demand labor tasks provided by skilled workers with the highest

productivity.

Important findings from the model are summarized below. Fewer restrictions on FDI

entry2 in the host economy boost output and consumption levels and encourage more

workers to invest in labor training so they can transfer from the unskilled department to

the skill-intensive department in the local firms or seek employment in the multinational

firms. Inflows of FDI result in a higher skill premium for workers from either domestic

or foreign firms, which reflects greater wage inequality. Additionally, high-skilled workers

in FDI firms have a higher income share, while workers in the skill-intensive department of

local firms witness a decrease in their income share. Surprisingly, low-skilled workers’ income

share increases following a reduction in the FDI entry cost. Even though wage inequality

goes up, low-skilled workers still benefit from FDI to some extent because of higher firm

2According to OECD, there are four main types of restrictions on FDI: "foreign equity limitations,
discriminatory screening or approval mechanisms, restrictions on the employment of foreigners as key
personnel, and operational restrictions". The FDI Regulatory Restrictiveness Index is calculated to
measure statutory restrictions on foreign direct investment. In this paper, types of restrictions are not
distinguished for simplicity, and the reduction in FDI entry cost is equivalent to removing FDI restrictions.
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productivity and aggregate income. These findings reflect how aggregate income allocation

in the economy changes. We also find that FDI leads to a positive spillover effect on domestic

firms by increasing firm-level productivity and creating more skilled jobs.

The household needs to pay a sunk cost to train new skilled workers. Skilled workers

seeking employment in multinational firms are required to pay additional training costs each

period. We discuss dynamic adjustments of key variables following reductions in the sunk

cost of high-skilled worker formation and the per-period fixed cost of labor training. A

decrease in the sunk entry cost boosts the number of new high-skilled workers and increases

the stock of high-skilled workers in both local and multinational firms. Meanwhile, the

labor productivity cutoff declines, so workers find it easier to meet the requirements of

multinational firms in terms of their productivity. In this case, the average skill premium

decreases and firm-level productivity increases with more high-skilled labor supply in the

economy. Following a reduction in the fixed training cost, the stock of high-skilled workers,

average skill premium, and average productivity of multinational firms are higher, while the

corresponding effects on local firms are negative. These findings indicate that local firms

lose competitiveness if workers face fewer barriers to being employed by multinational firms.

Finally, to highlight the roles of skill upgrading and FDI in the model, two alternative

scenarios are analyzed. Shutting down the skill upgrading channel makes the number

of high-skilled workers stay constant, which leads to a higher skill premium over time

following a reduction in the fixed cost of FDI entry or an increase in aggregate productivity.

Thus, the skill upgrading channel helps narrow wage differences. Assuming the number of

multinational firms is greater than the value calibrated in the baseline model, wage inequality

escalates. More FDI firms make the host country better off by raising aggregate output and

consumption and increasing demand for skilled labor and skill premiums.

There are three related strains of research work. First, this paper builds upon previous

literature on the impact of FDI on inequality. The influence of trade liberalization, labor

migration, and FDI flows on job creation and destruction and income inequality has been

much debated in the literature recently. Acemoglu (2003) finds that trade opening induces

skill-biased change and causes a rise in inequality, and Mandelman and Zlate (2022) argue

that low-skilled immigration encourages native workers to upgrade their skills and move
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into skilled occupations, resulting in a greater skill premium. In terms of FDI empirical

studies, Hale and Xu (2015) summarize that FDI leads to an increase in income inequality

in most studies, but several papers have opposite results.3 Some theoretical work discusses

what channels create higher inequality. For instance, Hijzen et al. (2013) find that wage

effects because of foreign-owned firms are larger in developing countries and workers moving

from domestic to foreign firms have the largest effect on wages. Driffield and Taylor (2000)

conclude that inward FDI increases wage inequality by increasing demand for skilled workers

and creating technology spillovers from foreign to domestic firms. One of the main objectives

in this paper is to investigate if lifting restrictions on FDI in the host country increases skill

premiums and redistributes incomes.4

Second, this paper is also related to a recent stream of theoretical literature that models

labor training decisions. Head and Ries (2002) and Jung and Mercenier (2014) discuss

the skill upgrading effects of offshoring production in the home country, and Sousa (2001),

Dunning and Lundan (2008) and Liu and Qiu (2014) emphasize the importance of labor

training provided by multinational firms. Koch and Smolka (2019) also find that foreign-

acquired firms hire high-skilled workers and provide worker training to raise skills and

innovation from the perspective of Spain. This paper focuses on how inflows of FDI affect

households’ labor training decision in the host country instead of on-the-job labor training

provided by firms. The model setting in this paper relates to Mandelman and Zlate (2022),

but also differs from it by incorporating an endogenous labor training decisions to provide

skilled tasks for local or multinational firms.5

Third, this paper adds to the literature on the role of FDI in firm-level productivity and

how it benefits host countries. Smarzynska Javorcik (2004) provides empirical evidence that

3For instance, Vargas Da Cruz et al. (2018) find that FDI in the emerging markets may create higher
wages for unskilled workers relative to skilled workers.
4This paper doesn’t discuss the driver of FDI flows or distinguish vertical and horizontal FDI. Matsumoto

(2022) points out that reserve accumulation can attract foreign direct investment inflows. The share of
vertical FDI is larger than commonly thought as discussed in Alfaro and Charlton (2009). Other research
topics emphasize how FDI affects economic growth (Herzer (2012)) or regional inequality (Lessmann
(2013)).
5Hakkala et al. (2014) distinguishes job tasks and labor skill, while this paper assumes that each skilled

worker executes a certain task for firms.
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FDI creates positive productivity spillover effects on domestic firms based on firm-level data

from Lithuania. Moreover, Aitken Brian and Ann (1999) and Keller and Yeaple (2009) also

study the FDI spillover effect on manufacturing firms in Venezuela and the US respectively.

FDI firms have a financial advantage, so they face a lower productivity cutoff than local firms,

even though they face a higher fixed production cost (Han et al. (2022)). A larger amount of

literature examines the role of offshoring on firm-level productivity and skill upgrading in the

home country with endogenous offshoring decisions. Theoretical studies such as Helpman

et al. (2004), Yeaple (2009) and Zlate (2016) create models in which heterogeneous firms

whose productivity exceeds a cutoff open an affiliate in foreign countries. Empirical studies

including Carluccio et al. (2019) consider that only productive firms offshore skill-intensive or

labor-intensive inputs, and provide evidence that reductions in fixed offshoring costs increase

firm-level skill intensities. On the other hand, this paper proposes an exogenous process for

FDI inflows featuring firm heterogeneity and finds that a decrease in the fixed cost of FDI

entry improves firm-level productivity in the host economy.

The rest of the paper is organized as follows. Section 1.2 presents the benchmark

model. Section 1.3 discusses model calibration. Section 1.4 explains the results. Section

1.5 concludes.

1.2 The Model

1.2.1 Household

Household members can work for either domestic or multinational firms. Workers are

heterogeneous in their skills. Following Mandelman and Zlate (2022), the household faces

an endogenous training decision since they can allocate low-skilled labor to the unskilled

department of domestic firms or upgrade their skills to match the requirements of the skilled

department. If they invest more in training, they will be able to provide skilled tasks to

multinational firms.

A representative household is confronted with the subsequent lifetime utility maximization

problem.
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max
(Ct,Lt,,Ne,t)

Et

∞∑
s=t

βs−t{C
1−γ
s

1− γ
− χ

1 + ψl
L1+ψl
s }

Here, β ∈ (0, 1) represents the subjective discount factor, γ > 0 signifies the reciprocal of

the inter-temporal elasticity of substitution, and ψl ≥ 0 stands for the inverse of the Frisch

elasticity of labor supply. Lt denotes the aggregate supply of raw labor provided by all

workers. The budget constraint is

wu,tLt + π̃tNt +Πt = Ct + fe,tNe,t (1.1)

In each time period, the household generates income from unskilled wages by elastically

providing raw labor wu,tLt, gains compensation by supplying skilled labor, π̃tNt and receives

profits Πt from all firms. The household uses its income to purchase consumption goods Ct.

There are Ne,t new skilled workers joining the stock of existing skilled workers Nt. The

household pays a sunk cost fe,t to train Ne,t new skilled workers. The sunk training cost is

expressed in units of raw labor: fe,t = wu,tfe. New skilled workers participate in training at

time t−1 and start to work at time t. With the time-to-build assumption and an exogenous

skill-destruction shock δ, the quantity of skilled workers changes period by period according

to the following equation:

Nt = (1− δ)(Nt−1 +Ne,t−1) (1.2)

The raw labor supply Lt is derived as

wu,t = χLψl
t C

γ
t (1.3)

From the optimal choice of new skilled workers Ne,t we derive the following equilibrium

condition:

fe,t = Et

∞∑
s=t+1

[β(1− δ]s−t
(
Cs
Ct

)−γ
π̃s (1.4)

The skilled workers are heterogeneous in their degree of skill. This is demonstrated by

their individualized productivity factor, denoted as a, which follows a collective distribution

G(a) spanning the interval [1,∞). Each worker realizes their productivity a after paying

a sunk training cost fe,t. Each skilled worker supplies a number of raw labor units lt(a)
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and produces labor tasks nt(a) = alt(a), which can also be interpreted as the total number

of efficiency units of labor provided by each skilled worker. A skilled worker with productivity

a > am,t executes a task for multinational firms with nm,t units of efficiency labor. Conversely,

a skilled worker with productivity below am,t executes a task for domestic firms with nd,t

units of efficiency labor.

Skill Premiums and Tasks

The skill premium of workers employed in local firms is determined by the disparity between

the income earned from a task nd,t(a) within the skill-intensive department of domestic firms

and the income earned by raw labor in the unskilled department:

πd,t(a) = wd,t(a)nd,t(a)− wu,tld,t(a) (1.5)

where domestic firms pay wage wu,t for raw labor and wd,t(a) for skilled workers. Home

workers with higher skill levels provide tasks demanded by multinational firms, while there

is an additional fixed training cost fh,t. The skill premium for a skilled task delivered to

multinational firms is

πm,t(a) = wm,t(a)nm,t(a)− wu,tlm,t(a)− fh,t (1.6)

where wm,t(a) is the wage paid for the task demanded by multinational firms.

Workers choose to perform tasks for multinational firms if they receive a skill premium

(πm,t) greater than 0 after paying for a fixed training cost fh,t for skill upgrading. This fixed

training cost is expressed in units of raw labor: fh,t = wu,tfh. Equivalently, a worker with

an idiosyncratic productivity level a above a threshold value am,t benefits from providing

tasks for multinational firms. If her benefit is offset by the skill upgrading cost fh,t, the skill

premium is equal to zero. On the other hand, a worker provides tasks for domestic firms

only with productivity below am,t.

The number of skilled workers is Nd,t, while only a subset of Nm,t skilled workers with

a > am,t provide tasks for multinational firms.

Labor tasks are imperfect substitutes in production. θ is the symmetric elasticity of

substitution. The CES composite of tasks provided by skilled workers with productivity
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below am,t is the aggregate skilled task demanded by domestic firms.

Hd,t =

(∫ am,t

1
nt(a)

θ−1dG(a)

) 1
θ−1

(1.7)

The aggregate high-skilled task demanded by multinational firms is a CES aggregate of tasks

with productivity above the threshold a > am,t provided by skilled workers with additional

investment in training:

Hm,t =

(∫ ∞

am,t

nt(a)
θ−1dG(a)

) 1
θ−1

(1.8)

Average Labor Productivity, Wages and Skill Premiums

Similar to Melitz (2003), the labor productivity of skilled workers follows a Pareto distribution

given by F (a) = 1− a−λ. The average productivity of the mass of Nd,t skilled workers is

ãd,t =
1

F (am,t)

(∫ am,t

1
aθ−1dF (a)

) 1
θ−1

= ϕam,t

(
a
λ−(θ−1)
m,t − 1

aλm,t − 1

) 1
θ−1

(1.9)

The average productivity of Nm,t of skilled workers above the threshold am,t is

ãm,t =
1

1− F (am,t)

(∫ ∞

am,t

aθ−1dF (a)

) 1
θ−1

= ϕam,t (1.10)

where ϕ =
(

λ
λ−(θ−1)

)1/(θ−1)
and λ > θ − 1. The share of high-skilled workers executing

tasks for multinational firms is
Nm,t

Nt
=

(
1

am,t

)λ
(1.11)

Under monopolistic competition, skilled workers maximize their skill premium. The

average wages of skilled workers working for local firms w̃d,t and multinational firms w̃m,t

are respectively derived as

w̃d,t =
θ

θ − 1

wu,t
ãd,t

w̃m,t =
θ

θ − 1

wu,t
ãm,t

(1.12)

The average skill premium for high-skilled tasks demanded by domestic firms is

π̃d,t = πt(ãd,t) =
1

θ
(w̃d,t)

1−θ(pdh,t)
θHd,t (1.13)
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The average skill premium for high-skilled tasks demanded by multinational firms is

π̃m,t = πt(ãm,t) =
1

θ
(w̃m,t)

1−θ(pmh,t)
θHm,t − fh,t (1.14)

Next, the average skill premium for total skilled workers is

Ntπ̃t = Nd,tπ̃d,t +Nm,tπ̃m,t (1.15)

The price indexes of high-skilled task bundles for local and domestic prices are respectively

pdh,t =[Nd,t(w̃d,t)
1−θ]1/(1−θ) pmh,t =[Nm,t(w̃m,t)

1−θ]1/(1−θ) (1.16)

1.2.2 Production

The production of final goods takes place under conditions of perfect competition. A

representative producer of final goods blends intermediate goods manufactured by both

domestic and multinational enterprises. In the intermediate goods sector, the mass of

domestic firms is Md and the mass of FDI firms is Mm. The mass is assumed to be exogenous

in the model. Each firm pays a fixed entry cost in units of final goods to draw its firm

productivity z. Additionally, each multinational firm also needs to pay an additional fixed

entry cost to enter and produce in the host country, which reflects higher operational costs

for multinational firms than local firms.

Final Goods Sector

Domestic firms (Ωd,t being the mass) produce a set of varieties of goods, and multinational

firms (Ωm,t) produce another set of varieties of goods. The aggregate production aggregates

two types of inputs in Armington form:

Yt =

[∫
ω∈Ωd,t

yd,t(ω)
σ−1
σ dω +

∫
ω∗∈Ωm,t

ym,t(ω
∗)

σ−1
σ dω∗

] σ
σ−1

(1.17)

where σ > 1 is the elasticity of substitution among the varieties. yd,t is the demand for a

domestic variety ω, whereas ym,t(ω∗) is the demand for a variety provided by a multinational

firm ω∗. We have the following profit maximization problem for the final goods producer:

max
yd,t(ω),ym,t(ω∗)

PtYt −
∫
ω∈Ωd,t

Pd,t(ω)yd,t(ω)dω −
∫
ω∗∈Ωm,t

Pm,t(ω
∗)ym,t(ω

∗)dω∗
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subject to Eq.(1.17). Pd,t(ω) and Pm,t(ω∗) are the prices of a domestic and a FDI variety

ω, respectively. We hence derive the demand functions for varieties provided by domestic

firms yd,t(ω) and varieties provided by multinational firms ym,t(ω), and the price function

of aggregate output Pt.

yd,t(ω) =

[
Pd,t(ω)

Pt

]−σ
Yt = ρd,t(ω)

−σYt (1.18)

ym,t(ω
∗) =

[
Pm,t(ω

∗)

Pt

]−σ
Yt = ρm,t(ω

∗)−σYt (1.19)

Pt =
[
(Pd,t)

1−σ + (Pm,t)
1−σ] 1

1−σ (1.20)

where Pd,t =
[∫
ω∈Ωd,t

MdPd,t(ω)
1−σdω

]1/(1−σ)
, Pm,t =

[∫
ω∗∈Ω∗

m,t
MmPm,t(ω

∗)1−σdω∗
]1/(1−σ)

.

We use ρd,t(ω) =
Pd,t(ω)
Pt

and ρm,t(ω
∗) =

Pm,t(ω∗)
Pt

to denote the relative prices of domestic

and FDI varieties, respectively.

Intermediate Goods Sector

Every firm incurs a fixed entry cost denoted as fd,t upon entering the market, and selects

its productivity level z from the distribution G(z). Each multinational firm not only needs

to pay a fixed entry cost fd,t measured in units of final goods, but also incurs an additional

fixed cost of FDI entry fo,t measured in units of final goods, prior to drawing its productivity

z∗. Note that a firm’s productivity z (z∗) will be used as the index for the firm. All firms

are subject to the identical aggregate productivity factor Zt.

Domestic Firms. There exists a mass Md of domestic firms that are actively producing

in the domestic market. Under monopolistic competition, firms take the demand functions

for their varieties as given. Production is done with a Cobb-Douglas production function as

follows:

yd,t(z) = Ztzh
η
d,t(z)l

1−η
u,t (z) (1.21)

Production inputs include skilled tasks executed by skilled workers from the skill-intensive

department and raw labor from the unskilled department. hd,t and ld,t(z) represent the

demand for raw labor units and skilled tasks executed by a group of skilled workers from a
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domestic producer with productivity z. A domestic firm with productivity z chooses hd,t(z)

and ld,t(z) to minimize production costs:

min
hd,t(z),lu,t(z)

pdh,thd,t(z) + wu,tlu,t(z)

subject to the technology constraint in Eq.(1.21). All variables are expressed in real terms.

wu,t ≡Wu,t/Pt is the real wage for supplying raw labor, and pdh,t ≡ P dh,t/Pt is the real price

index of skilled tasks demanded by domestic firms.

The first order conditions of hd,t(z) and lu,t(z) pin down

pdh,t = mcd,t(z)η
yd,t(z)

hd,t(z)
(1.22)

wu,t = mcd,t(z)(1− η)
yd,t(z)

lu,t(z)
(1.23)

where mcd,t(z) is the real marginal cost of producing one unit of an intermediate good by

domestic producers. The expression of mcd,t(z) is

mcd,t(z) =
1

zZt

(
pdh,t
η

)η (
wu,t
1− η

)1−η
(1.24)

The relative price index of an intermediate good produced by the domestic firm is ρd,t(z) =
σ
σ−1mcd,t(z). The profit earned by a domestic firm with productivity z is dd,t(z) = 1

σρd,t(z)
1−σYt−

fd,t.

Multinational Firms. There exists a mass Mm of multinational firms from the rest of

the world entering the home country. Multinational firms only demand skilled tasks executed

by the most productive workers. Thus, the production function of a multinational firm is

expressed as

ym,t(z
∗) = Ztz

∗hm,t(z
∗) (1.25)

We solve the profit maximization problem to get the relative price index ρm,t(z
∗) of an

intermediate good produced by the multinational firm: ρm,t(z∗) = σ
σ−1

pmh,t
z∗Zt

. The corresponding

profit is dm,t(z∗) = 1
σρm,t(z

∗)1−σYt − fd,t − fo,t.
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Condition for Productivity Cutoffs

We substitute the demand functions and price equations to get

dd,t(z) =
1

σ

(
σ

σ − 1

1

zZt

(
pdh,t
η

)η (
wu,t
1− η

)1−η
)1−σ

Yt − fd,t

for domestic firms and

dm,t(z
∗) =

1

σ

(
σ

σ − 1

pmh,t
z∗Zt

)1−σ
Yt − fd,t − fo,t

for multinational firms.

Firms will not produce unless their productivity levels are higher than a threshold. The

zero cutoff profit conditions pin down their productivity thresholds. Denote zd (zm) as the

productivity cutoff for domestic firms (multinational firms). Combining the two conditions,

we derive the ratio of two productivity thresholds:

zd,t
zm,t

=

(
fd,t

fd,t + fo,t

) 1
σ−1 1

pmh,t

(
pdh,t
η

)η (
wu,t
1− η

)1−η
(1.26)

Condition for Average Firm-level Productivity

Following Ghironi and Melitz (2005), we posit that domestic and multinational firms’ productivities

follow respective Pareto probability distributions, i.e., G(z) = 1 − (zmin/z)
κ and G∗(z) =

1−(z∗min/z)
κ∗ . Therefore, the average productivity z̃d (z̃m) for domestic firms (multinational

firms) is:

z̃d,t =
1

1−G(zd,t)

(∫ ∞

zd

zσ−1dG(z)

) 1
σ−1

= νzd,t

z̃m,t =
1

1−G∗(zm,t)

(∫ ∞

zm

zσ−1dG∗(z)

) 1
σ−1

= ν∗zm,t

where parameters ν ≡
(

κ
κ−(σ−1)

)1/(σ−1)
and κ > σ − 1. The total firm profit is Πt =

Mdd̃d,t +Mmd̃m,t.
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1.2.3 Aggregate Accounting

Final Goods Clearing Condition The resource constraint takes into account the household’s

consumption, the fixed costs of firm setup, and costs of FDI entry

Yt = Ct + (Md +Mm)fd,t +Mmfo,t (1.27)

Labor Market Clearing Condition The total supply of raw labor is divided across

the supply of raw labor in the unskilled department of local firms, the production of high-

skilled tasks demanded by local and multinational firms, the sunk entry cost of new skilled

workers, and the training cost of workers executing tasks for multinational firms.

Lt = Nd,t(l̃u,t + l̃dh,t) +Nm,t l̃
m
h,t +Ne,tfe,t +Nm,tfh,t (1.28)

1.3 Calibration

The model is calibrated to match the average of the 10 developing countries during the period

of 2005–2022. We set the parameters based on the literature in a bid to be compatible with

the characteristics of those developing countries (see Table 1.2 for details).

The discount factor β is set at 0.99, while the coefficient of relative risk aversion γ is

assigned a value of 2. To be in line with the microeconomic estimates in Chetty et al. (2013),

we set the Frisch elasticity 1/ψl equal to 0.75. The disutility from labor χ = 0.35. As in

Davis and Haltiwanger (1990), the quarterly job destruction rate δ is calibrated at 0.025.

The elasticity of substitution between tasks is θ = 1.67 following Mandelman and Zlate

(2022).

To match the average inflows of FDI as a percentage of GDP 1.8%, the numbers of

domestic and FDI firms are 1 and 0.2 respectively. Based on the FDI restriction index, the

fixed entry cost of all firms is normalized at fd = 1 and the fixed cost of FDI entry fo = 1.25.

Following Ghironi and Melitz (2005), we choose 3.8 as the elasticity of substitution between

goods σ, and 3.4 as the parameter κ of the Pareto distribution for firm productivity. The

share of high-skilled tasks employed by domestic firms η is set at 0.15 to match the overall

educational achievement of the population aged 25 and older with a bachelor’s degree or

equivalent.
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The remaining parameters in the model affect income shares among low- and high-skilled

occupations. Empirically, average income shares held by the top 20%, the middle 40%, and

the lowest 40% are 48%, 25%, and 17% respectively. The model-implied income shares of

high-skilled workers in multinational firms and high-skilled and low-skilled workers in local

firms help match these three targets. Thus, the Pareto distribution of idiosyncratic labor

productivity λ is calibrated to 3.4. The sunk cost to train new skilled workers is normalized

at fe = 1 without loss of generality, and the additional per-period fixed training cost of

skilled workers employed by foreign firms is set to fh = 1.4 to target the average income

share among the high skill workers in these countries.

1.4 Results

1.4.1 Impulse Responses

We look into the impulse response functions of key variables to innovations in aggregate

productivity, the fixed cost of FDI entry, the sunk cost of high-skilled worker formation, and

the fixed labor training cost in multinational firms.

Increase in Aggregate Productivity. Figure 1.5 illustrates the reactions to a temporary

1% increase in aggregate productivity Z in the host country. Higher aggregate productivity

leads to higher output and encourages more labor training. The increase in the aggregate

productivity triggers a decline in the labor productivity cutoff am, so the most skilled workers

are able to switch from working for local firms to multinational firms. High-skilled workers

are more willing to provide tasks for multinational firms when the market is more productive.

There is a big drop in low-skill income share from the steady state, while skilled workers

employed by either domestic or multinational firms benefit from higher income as a result

of an increase in aggregate productivity. Moreover, the productivity cutoff of multinational

firms negatively deviates from its steady state level, which indicates that foreign firms find

it easier to operate in the host country.

Reduction in the Fixed Cost of FDI Entry. Fewer restrictions on FDI inflows in

the host country is reflected by a decline in the fixed cost of FDI entry fo,t. Lower FDI

entry barriers increase the profitability of multinational firms, and thus a temporary 1%
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decrease in the fixed cost of FDI entry creates more skilled jobs, and more workers choose

to upgrade their skill levels, as shown in Figure 1.6. After acquiring higher skills, workers

in local firms can transfer from the unskilled department to the skill-intensive department

or seek employment in multinational firms. The entry of FDI firms boosts average firm

productivity in the host country6, since they increase competition and force domestic firms

to increase their efficiency. Both types of firms expand skilled labor demand and increase

wages for skilled workers. This reflects that the stocks of high-skilled workers employed by

local and multinational firms increase, and income inequality in the economy rises as average

skill premium in either local or multinational firms goes up. Part of the income share among

high-skilled occupations is transferred from workers in domestic firms to the most productive

workers in foreign firms with fewer restrictions on FDI entry. Moreover, low-skilled workers’

income share goes up since low-skilled wages increase as well, even though the average skill

premium becomes larger.

Reduction in the Sunk Cost of High-skilled Worker Formation. With a 1%

reduction in the sunk cost of high-skilled worker formation, a larger number of workers invest

in labor training to seek employment in multinational firms and the high-skilled department

of local firms, according to the impulse response results displayed in Figure 1.7. Therefore,

lower barriers to skilled worker formation increase the household’s labor training incentives

to upgrade their skills. More high-skilled labor supply reduces the skill premium in the host

country. Interestingly, workers have a greater likelihood of working for foreign firms after

skill upgrading as the labor productivity cutoff declines following a drop in the sunk cost.

Income share reallocation towards high-skilled occupations in multinational firms occurs

since a greater number of skilled workers execute tasks in multinational firms compared to

local firms. Meanwhile, multinational firms become more productive after employing more

high-skilled workers, and local firms’ productivity also increases due to a positive spillover

effect.

Reduction in the Fixed Labor Training Cost in Multinational Firms. Figure 1.8

pins down the impulse response functions following a temporary 1% decrease in the training

6FDI increases labor skill, allows transfer of technology and promotes R&D investment of enterprise.
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cost of workers seeking employment in multinational firms. Lower training costs reduce the

labor productivity cutoff, so more workers can upgrade their skills to meet the requirements

of multinational firms. The reallocation of high-skilled labor towards multinational firms

results in a higher skill premium and increases multinational firm productivity. On the

other hand, local firms are worse off due to a lower stock of high-skilled workers and lower

firm-level productivity. In terms of the effect on wage inequality, the average skill premium

of workers in local firms decreases while the wage inequality of workers in multinational firms

expands. This scenario illustrates that more skilled workers choose to work for multinational

firms for higher wages when the training costs are lower.

1.4.2 Alternative Scenarios

In this section, we consider two alternative scenarios incorporating a larger stock of FDI

firms and fixed formation of high-skilled workers in the model to discuss the dynamic effects

of skill premium and firm productivity in the host economy.

A Larger Number of Multinational Firms. I study the function of FDI firms by

studying the dynamic adjustment resulting from an increase in the stock of multinational

firms Mm, which is raised by 50%. Figure 1.9 displays the impulse response functions in

the baseline model and in the scenario with a larger stock of multinational firms following

a positive aggregate productivity shock. A greater stock of multinational firms generates

higher output and consumption levels, and thus the host country is better off by attracting

more FDI. The steady-state deviation of average local firm productivity in this scenario

and baseline shows that there are no obvious competition effects of multinational firms on

local firms. In the short run, more multinational firms in the host country encourage more

workers to upgrade their skills, leading to higher average total skill premium, but the effect

is not significant after several periods of this shock. The dynamic adjustment of the average

skill premium from both local and foreign firms demonstrates that FDI provides more skilled

jobs and increases the skill premium as well.

Fixed High-skilled Worker Formation. The second alternative case is to shut down

the high-skilled worker formation channel so the number of new high-skilled workers Ne,t is



17

fixed and matches the number of high-skilled workers hit by the skill-destruction shock each

period.

Figure 1.10 shows that a positive aggregate productive shock increases wage inequality

if there is no labor training and skill upgrading decisions. Intuitively, the host country

becomes more attractive as a result of an increase in aggregate productivity. In addition,

more workers begin to invest in training. The higher skilled labor supply thus reduces the

skill premium. However, shutting down the skill upgrading channel leads to higher wage

inequality and lowers average firm productivity.

A reduction in the fixed cost of FDI entry creates a higher skill premium in the scenario

of fixed high-skilled worker formation, as shown in Figure 1.11. The effect of skill upgrading

channel on multinational firm productivity is mild, while local firm productivity becomes

lower than its steady state level following a reduction in the fixed cost of FDI entry. It

creates more high-skilled labor demand. If existing low-skilled workers have no chance to

pursue labor training and upgrade their skills, wage inequality becomes larger over time as

high-skilled workers have relatively stronger bargaining power. In the meantime, there is no

positive productivity spillover effect on domestic firms in this counterfactual case.

1.4.3 Sensitivity Analysis

The calibration of a model featuring heterogeneous workers and endogenous labor training

is challenging since data sources and literature on some parameters are hard to obtain.

Therefore, we verify the robustness of model results by means of re-calibrating key parameters.

Following Mandelman and Zlate (2022), we calibrate the Pareto distribution of labor productivity

λ at 2.3. The share of high-skilled tasks in local firms η is equal to 0.2 based on the

educational attainment at the tertiary level. Meanwhile, we adjust the elasticity of substitution

between tasks and the probability of skill destruction to match the average income share of

skilled workers. We summarize the results of the sensitivity analysis in Table 1.3. We find

that the benchmark calibration produces robust results following a permanent 50% reduction

in the fixed cost of FDI entry.
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1.5 Conclusion

I developed a DSGE model to study the impact of FDI inflows on skill premiums and firm-

level productivity. This paper contributes to the FDI and skill upgrading literature, which

typically abstracts from the household’s training decision following FDI inflows.

Inward FDI triggers skill upgrading. In every period, a bunch of workers acquire skills

to provide labor tasks in the skill-intensive department of local firms or seek employment

in multinational firms if they are productive enough. Local firms increase high-skilled

labor demand to become more skill intensive and improve their productivity. Therefore,

multinational firms benefit the host economy by changing the skill structure and creating

a positive productivity spillover effect on local firms. Also, fewer restrictions on FDI entry

increase wage inequality, while the endogenous labor training and skill upgrading channel

helps narrow down the wage gap to some extent.

Future work on this project may include relaxing the assumption of an exogenous number

of multinational firms, so the macroeconomic dynamics of FDI firm entry decisions can be

further analyzed.
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Figure 1.5: Transition dynamics for a 1% temporary increase in aggregate productivity
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Figure 1.6: Transition dynamics for a 1% temporary decrease in the fixed cost of FDI entry
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Figure 1.8: Transition dynamics for a 1% temporary decrease in the training cost of high-
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Figure 1.9: Transition dynamics for a 1% temporary increase in aggregate productivity,

baseline model vs model with a greater number of multinational firms in the host economy
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Figure 1.10: Transition dynamics for a 1% temporary increase in aggregate productivity,

baseline model vs model with a fixed number of high-skilled workers
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Figure 1.11: Transition dynamics for a 1% temporary decrease in the fixed cost of FDI entry,

baseline model vs model with a fixed number of high-skilled workers



30

Table 1.1: % changes of net FDI inflows – low and middle income vs high income

1970-1980 1980-1990 1990-2000 2000-2010 2010-2020

Low and middle income 140.9 172.1 592.0 341.88 -13.6

High income 394.4 376.4 551.2 -8.3 -53.6

Notes: This table presents the comparison of percentage changes in net FDI inflows between low & middle income countries

and high income countries. All numbers are in percentage. Sources: International Monetary Fund, Balance of Payments

database, supplemented by data from the United Nations Conference on Trade and Development and official national sources.



31

Table 1.2: Parameter calibration

Parameter Value Note

Discount factor β = 0.99 Literature, 4 % interest rate

Relative risk aversion γ = 2 Literature

The Frisch elasticity 1/ψl = 0.75 Chetty et al. (2013)

The disutility from labor χ = 0.35 Chetty et al. (2013)

Elasticity of substitution between tasks θ = 1.67 Mandelman and Zlate (2022)

Disutility from labor χ = 0.35 Labor supply equals to 1 in the steady state

The probability of skill destruction δ = 0.025 Davis and Haltiwanger (1990)

Pareto distribution of idiosyncratic labor productivity λ = 3.4 Income share of top 60% workers, 73%

Sunk cost of new high-skilled workers fe = 1 Income share of top 60% workers, 73%

Fixed training cost of workers in multinational firms fh = 1.4 Income share of the most productive workers, 48%

The number of domestic firms Md = 1 The average inflows of FDI to GDP ratio, 1.8%

The number of multinational firms Mm = 0.2 The average inflows of FDI to GDP ratio, 1.8%

Fixed entry cost of each firm fd = 1 FDI restrictiveness index

Fixed cost of FDI entry fo = 1.25 FDI restrictiveness index

Elasticity of substitution between goods σ = 3.8 Ghironi and Melitz (2005)

Pareto distribution of firm-level productivity κ = 3.4 Ghironi and Melitz (2005)

Share of high-skilled tasks employed by domestic firms η = 0.15 Average educational attainment, bachelor’s, 14.8%

Table 1.3: Fewer restrictions on FDI entry – % changes of non-stochastic steady state

% ∆π̃d % ∆π̃m % ∆Nd % ∆Nm % ∆z̃d % ∆z̃m

Baseline 1.8 4.0 8.2 10.7 42.1 67.4

δ = 0.03 2.0 4.3 8.6 11.7 40.5 67.7

λ = 2.3 1.8 4.0 8.2 10.9 42.2 67.7

θ = 1.54 2.1 4.1 8.1 10.5 43.3 68.9

η = 0.20 1.8 4.0 8.1 10.7 42.4 68.6

Notes: We consider a permanent 50% reduction in the fixed cost of FDI entry to see the percentage changes in steady state of skill

premiums, the number of high-skilled workers and average firm-level productivity with alternative parameterization.



32

Chapter 2

HETEROGENEOUS IMPACTS OF TRADE LIBERALIZATION ON
SKILL UPGRADING: EVIDENCE FROM APTA

2.1 Introduction

China’s performance in terms of economic growth is remarkable, and one of the significant

contributors is trade openness. After joining the World Trade Organization (WTO) in 2001,

China engaged further in international trade and attracted more foreign direct investments

(FDI). It greatly benefits from trade integration by acting as a leading exporter, inducing

capital inflows, and promoting economic growth. Besides the WTO accession, regional

trade liberalization such as the Asian Pacific Trade Agreement (APTA) and the Regional

Comprehensive Economic Partnership (RCEP) also foster economic development in China.

In the meantime, human capital accumulation has improved sharply in China in the past

twenty years. For instance, its tertiary school enrollment rate has increased from 7.69% in

2000 to 53.77% in 2018 according to the World Bank. Workers upgrade their skill levels

through education or on-the-job training. Our firm level data show a pattern: Chinese

new exporters have greater incentives to provide labor training than non-exporters. This

indicates that there is a relationship between exports and human capital investment, but it

is not enough to explain whether expanded export opportunities encourage firms to invest

more in human capital for innovation or vice versa. In this paper, we intend to study the

effect of trade liberalization (APTA) on the export and skill upgrading decisions of Chinese

manufacturers theoretically and empirically.

The heterogeneous-firm trade model in Melitz (2003) and Bernard et al. (2003) emphasizes

that trade integration reallocates market shares towards exporters that are larger, more

productive, and more skill- and capital-intensive compared to non-exporters. In our model,

following the literature, firms that exhibit higher productivity discover it economically

advantageous to cover the fixed expenses associated with entering the global export market,
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and those with even higher productivity choose to invest in human capital with fixed skill-

upgrading costs because firms receiving larger sales are able to provide labor training, which

is also consistent with our data pattern. A reduction in trade costs increases export sales,

encourages more new entrants in the export market, and induces more firms to invest in

human capital and produce skill-intensive products.

Figure 2.1 (green solid line) reflects that a reduction in India’s tariff leads to a boost

in exports to the Indian market by Chinese firms. India’s average applied effective tariff

declined by about 15 percentage points from 2004 to 2007, but the change in the average

tariff in the rest of the world (Figure 2.1’s red dashed line) was nearly zero during the same

period. Based on this fact, we extend our model to distinguish between export destinations—

the “main” trading countries with lower and stable trade barriers (the rest of the world)

and the less preferential trading partners such as India, which impose relatively higher

(but declining) tariffs—and then study the effects of trade liberalization on firms’ export

participation and investment in on-the-job training in the home country (China). Regional

trade liberalization policies are expected to boost regional trade and investment, facilitate

technology and skill upgrading, and stimulate economic growth. We assess the model’s

validity within the framework of a regional trade liberalization event, specifically the APTA

agreement. This involves gauging the impact of India’s tariff reduction on firm entry into

the export market and labor training provided by firms between 2004 and 2007.

We start our empirical analysis by exploring data patterns. In the first check, we

examine whether the sorting arrangement anticipated by Bustos (2011b)’s model aligns

with the actual distinctions observed between entities engaged in exporting and those that

are not. The model suggests that disparities in productivity lead to the division of firms

into four distinct groups: the least productive firms exit the market (not in the data), the

low productivity group employs low-skilled workers and serves the domestic market only,

the middle group exports but still produces unskilled goods with demand for low-skilled

workers, and the most productive firms not only export but also produce skilled goods as a

result of upgrading labor skill levels. Indeed, the data confirm that exporters provided more

labor training than non-exporters in 2004. Moreover, new exporters increased investment

in human capital faster than continuing exporters throughout the period of liberalization
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Figure 2.1: Trends of tariffs and china’s export sales (2004–2007)

Notes: The left panel shows the average applied effective tariff China faces when exporting

goods to India and the rest of the world; the average for the rest of the world is weighted by

the export sales from China to each country. The right panel depicts China’s total export sales

in each year relative to 2004.



35

spanning from 2004 to 2007. It is plausible that new exporters produce more skill-intensive

products in order to become more competitive in the foreign market.

In the second data check, we explore whether the pattern of categorization anticipated by

the model aligns with the observed disparities among exporters to main trading partners and

exporters to less preferential trading partners. In our model, the least productive firms exit

the market; the lower-middle group exports unskilled goods to main trading countries; the

upper-middle group exports unskilled goods to less preferential trading partners; the high

productivity group upgrades labor skills, and only exports skilled goods to main trading

countries; the most productive firms are able to both provide labor training and export

skilled goods to less preferential trading countries. The model assumes that some firms

find it more profitable to export skilled goods to the main countries than unskilled goods

to other countries that impose higher trade barriers. This assumption comes directly from

the data pattern, as we notice that switching exporters from India to the rest of the world

increased training spending per worker faster during 2004–2007. The data pattern also shows

that exporters to less preferential trading countries such as India invest more in on-the-job

training than those exporting to main countries (the rest of the world) in 2004, except

for those who switch destination countries in 2007. In particular, both new and switching

exporters to India increase labor training slightly more than continuing, exiting, and never

exporters during the regional trade liberalization period.

The aforementioned data patterns indicate a correlation between engaging in exports and

enhancing skills. However, they do not address the inquiry of whether trade liberalization

prompts firms to invest in human capital and produce skill-intensive goods instead of

unskilled goods. Hence, we attempt to establish a cause-and-effect relationship by directly

connecting export activities and skill upgrading to the decrease in tariffs on imports from

China into India. This constitutes a direct assessment of the model, wherein the choices of

firms to enter export markets and offer labor training are endogenous. In the meantime,

we compare two export destinations imposing different trade costs, and analyze whether

exporters switch to another export market following trade liberalization.

First, following Bustos (2011b)’s model setting, we find that the productivity cutoffs for

entering the export market and upgrading labor skills fall more when tariffs fall. Firms find
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it easier and more profitable to participate in foreign markets and provide labor training

following trade integration. Subsequently, we calculate the shift in the likelihood of a firm

entering the export market based on the change in India’s tariff rates. The mean tariff

reduction of 15 percentage points raises the likelihood of market entry by 1.55 to 1.88

percentage points between 2004 and 2007. Furthermore, we gauge the alteration in labor

training expenditure in relation to changes in tariffs. The average tariff reduction elevates

labor training spending by 0.11 to 0.13 logarithmic points over the same time span. The

above empirical results are from a sample of Chinese manufacturers.

Next, the advanced setting in Section 2.2 predicts that the reduction in tariffs of less

preferential trading partners (country o) increases the probability of entering the export

markets of both main trading partners (country m) and less preferential trading partners

(country o). Meanwhile, lower trade costs induce more spending on labor training provided

by exporters to country o, but discourage skill upgrading by exporters to country m as

predicted by the model. The estimation for Chinese manufacturers shows that the lowering of

India’s tariffs stimulates an increased influx of exports into the Indian market and increases

spending on labor training provided by new exporters to India. Consistent with model

prediction, new exporters have a larger likelihood of entering the Indian market, and new

exporters to India induce more investment in on-the-job training following the reduction in

India’s tariffs.

This paper adds to the body of theoretical literature that examines the mechanism

by which trade openness affects firms’ investment training. The theoretical model in this

paper builds on Melitz (2003) and Bustos (2011b).1 The heterogeneous-firm model offers

new insights into the causes and consequences of international trade.2 There are model

specifications that study trade-induced economic outcomes.3 In the context of human capital

1Bustos (2011a) points out that firms upgrading skills also upgrade technology, and analyze skill upgrading
in the context of the employment share of skilled workers. In this paper, firms make decisions on labor
training spending for skill upgrading.
2Recent literature also incorporates firm dynamics in models of international trade. Burstein and Melitz

(2013) demonstrate that the responses of “trade volumes, innovation, and aggregate output depend on the
assumption for firm dynamics, endogenous innovation, and the expected time path of trade liberalization”.
3For instance, Helpman et al. (2004) stress the role of “within-sector firm productivity differences” in

understanding international trade and FDI featuring heterogeneous firms.
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adjustment, however, Falvey et al. (2010) build a traditional two-sector Heckscher-Ohlin

trade model with skilled and unskilled labor to address when and if unskilled workers “opt

for skill upgrading in response to trade liberalization in a skill-abundant country”; Van Long

et al. (2007) construct a model centered around the accumulation of firm-specific human

capital and focus on workers’ choices to acquire skills that are firm-specific after trade

liberalization. The major differences between our paper and theirs are that 1) we apply

the “new” trade theory (heterogeneous-firm model) and 2) we focus on the decisions of

firms. In terms of studies on China’s economy, some papers associate China’s economic

growth with its human capital accumulation. China has been sustaining the fastest growth

for a long period of time after it started economic reform and became engaged in the global

economy. Li et al. (2017) point out that human capital is also an important source and

prospect for future economic growth in China, as increased per capita income is correlated

with elevated levels of human capital. This paper is concerned with the impact of a regional

trade liberalization policy, APTA, on export participation, as well as labor training decisions

by Chinese manufacturing firms. Firms’ investment in on-the-job training is an important

way for skill enhancement, human capital adjustment, and product quality improvement in

China.

The empirical analysis presented here pertains to the fields of trade liberalization and

manufacturing firms’ performance. A wide range of studies have investigated the impacts of

trade integration on export market entry, technology adaptation, skill upgrading, productivity,

wage inequality, and other economic outcomes. For instance, Bustos (2011b) empirically

analyzes the impact of free trade on export participation and technology upgrading of

Argentinian firms. Bas (2012) extends the previous work by also considering skill upgrading

with plant-level data from Chile’s manufacturing sector. However, the heterogeneity of the

trade effect on skill upgrading by export destinations exists. For example, Yamashita (2008)

finds that fragmentation of trade with high-income countries exhibits a skill-downgrading

impact, contrasting with the phenomenon of skill upgrading among firms in East Asian

countries, based on a panel dataset of 52 Japanese manufacturing industries. Some empirical

studies about trade adjustment and human capital development in less developed countries
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include (Edmonds et al., 2010),4 and (Bazzi et al., 2016).5 Wang (2007) uses data from

manufacturing industries in 25 developing countries to study the role of human capital in

trade-related technology spillovers. Regarding trade liberalization in China, Brandt et al.

(2017) focus on how the WTO accession influences the markups and productivity of Chinese

manufacturing firms. Our research is closely related to Bustos (2011b). The departure of this

paper from the literature is that we introduce two different export markets to discuss firms’

export decisions in response to the reduction in one destination’s tariffs, and examine how

a regional trade liberalization (APTA) affects investment in on-the-job training of Chinese

manufacturers.6

The remaining sections of the paper are structured as follows. Section 2.2 demonstrates

the model where we distinguish two distinct export markets. Section 2.3 describes trade

policies and data sets. Section 2.4 provides an empirical framework to examine the impacts

of trade liberalization on export participation and skill upgrading, and test the predictions

of the model; in particular, Section 2.4.5 makes a discussion about Chinese manufacturers.

Section 2.5 concludes the whole paper.

2.2 The Model

Our model is extended from Melitz (2003) and Bustos (2011b) to examine the influence of

trade liberalization on firms’ human capital investment decisions. There are two identical

countries, and each country has two sectors, the skill-intensive sector s and the unskilled

sector u. We consider a monopolistically competitive setup with heterogeneous firm productivity,

endogenous skill upgrading decisions and endogenous export participation. The least productive

firms have to exit the market due to negative profits. Some firms within the intermediate

range of productivity can export to a foreign country even though they are not productive

enough to invest in labor training. The most productive firms are able to export and invest

4They examine the impact of India’s 1991 trade reform on schooling and child labor.
5The authors investigate how location-specific human capital and the transferability of skills influence

productivity in Indonesia.
6In the context of labor training, Liu and Lu (2016) and Huang and Zhuang (2021) apply a large panel

dataset of manufacturing firms in China to investigate the effects of on-the-job training on firm productivity
and wages.
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in labor training. They employ high-skilled labor and produce skill-intensive products.

2.2.1 Preferences

In each country, there are two sectors, indexed by i ∈ (s, u), the skill-intensive sector s and

the unskilled sector u. The preferences of a representative consumer in the home country

are given by the following CES function, which combines skilled and unskilled goods:

max
ys,t(ω),yu,t(ω)

[(∫
ω∈Ωu

yu,t(ω)
θ−1
θ dω

) θ
θ−1

ρ−1
ρ

+

(∫
ω∈Ωs

ys,t(ω)
θ−1
θ dω

) θ
θ−1

ρ−1
ρ

] ρ
ρ−1

subject to ∫
ω∈Ωu

pu,t(ω)yu,t(ω)dω +

∫
ω∈Ωs

ps,t(ω)ys,t(ω)dω = E

where Ωi is the mass of varieties available in sector i coming from home and foreign countries,

E is the aggregate level of spending, yi(ω) and pi(ω) are the consumption of good ω and the

price of this good respectively, θ is the elasticity of substitution within sector varieties and

ρ is the elasticity of substitution between sector varieties.

These preferences generate demand functions in sector u and s, and they are

yu(ω) =

(
pu(ω)

Pu

)−θ P

Pu
Y = ρu(ω)

−θρθ−ρ1 Y

ys(ω) =

(
ps(ω)

Ps

)−θ P

Ps
Y = ρs(ω)

−θρθ−ρ2 Y

where the relative prices are defined as pu(ω)
P = ρu(ω),

ps(ω)
P = ρs(ω), Pu

P = ρ1, Ps
P = ρ2 and

aggregate consumption good defined as Y ≡ U (utility) and PY = E.

The aggregate price index is denoted as P =
[
P 1−ρ
u + P 1−ρ

s

] 1
1−ρ , where Pu =

(∫
ω∈Ω pu(ω)

1−θdω
) 1

1−θ

and Ps =
(∫
ω∈Ω ps(ω)

1−θdω
) 1

1−θ are the prices of unskilled and skilled goods respectively.

2.2.2 Firm Entry

Firms under monopolistic competition display diversity in their levels of productivity z,

and pay a sunk entry cost fe in units of aggregate consumption good. Following Ghironi

and Melitz (2005), the firm entrant draws its productivity z with a Pareto distribution

G(z) = 1 − z−κ after entering the market. Then, firms can make decisions for exporting
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and human capital investment. Human capital investment in this paper refers to how much

training spending firms are able to provide workers with for skill upgrading.

2.2.3 Production

We assume that the foreign country can be either a main trading partner of the home country,

denoted as country m, or a less preferential trading partner of the home country, denoted

as country o. The home country and its main trading partner are assumed to impose the

most-favored-nation (MFN) tariff, which is the lowest possible tariff a country can assess

from another country. The less preferential trading partner imposes larger tariffs. In this

section, two export productivity cutoffs are considered to distinguish if the firm can export

to only the main country m or both countries o and m. In section 2.4.5, we regard India

as a representative country o because empirically India imposed higher tariffs on Chinese

products compared to the rest of the world during our study period 2004–2007.

There are two types of iceberg trade costs, τm < τo, and fixed export costs, fmx < fox,

since trade barriers are lower if the home firms export to country m. Four pricing rules of

export are ρmxs (z) = τmρ
d
s(z), ρoxs (z) = τoρ

d
s(z), ρmxu (z) = τmρ

d
u(z) and ρoxu (z) = τoρ

d
u(z). 7

Profits if producing unskilled goods and only serving the domestic market:

πdu(z) =
rdu(z)

θ
− fu

Profits if producing unskilled goods and exporting to country m:

πmxu (z) = (1 + τ1−θm )
rdu(z)

θ
− fu − fmx

Profits if producing unskilled goods and exporting to country o:

πoxu (z) = (1 + τ1−θo )
rdu(z)

θ
γθ−1
u − fu − fox

Profits if producing skill-intensive goods and exporting to country m:

πmxs (z) = λθ−1
m (1 + τ1−θm )

rdu(z)

θ

(
ρ2
ρ1

)θ−ρ
− ϕmfu − fmx

7The four pricing rules of exporting are ρdu(z) = θ
θ−1

wl
z

, ρds(z) = θ
θ−1

w
β
h
w

1−β
l

γz
, ρxs (z) = τρds(z), ρxu(z) =

τρdu(z). Hence, ρds(z) = ρdu(z)/λ where λ ≡ γ
(

wl
wh

)β

.
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Profits if producing skill-intensive goods and exporting to country o:

πoxs (z) = λθ−1
o (1 + τ1−θo )

rdu(z)

θ

(
ρ2
ρ1

)θ−ρ
− ϕofu − fox

where fox > fmx, fos > fms > fu, α > β, γo > γm > γu > 1 and ϕo > ϕm > 1. Firm

revenues rdu(z) =
(

θ
θ−1

wl
z

)1−θ
ρθ−ρ1 Y . Let λm ≡ γm

(
wl
wh

)β
and λo ≡ γo

(
wl
wh

)β
.

Firms with productivity above zmx export to country m (the main trading partner)

while they can export to country o if their productivity is above zox. Thus, these two export

productivity cutoffs are

zmx = {z|πdu(z) = πmxu (z)} zox = {z|πmxu (z) = πoxu (z)}

The productivity cutoff of producing skill-intensive goods (skill upgrading) is also different

from the one in Bustos (2011b)’s model. The highly productive firms find it profitable to

provide labor training when trading with country m, and the most productive firms are able

to export to country o and invest in human capital; thus the two productivity cutoffs of skill

upgrading are

zms = {z|πoxu (z) = πmxs (z)} zos = {z|πmxs (z) = πoxs (z)}

In equilibrium, firms are categorized into six distinct groups. The least productive entities

(z < z
′
e) eventually leave the market, the low productivity firms (z′

e < z < zmx) employ low-

skilled labor and serve only the home country, the lower-middle productivity firms (zmx <

z < zox) employ low-skilled labor and export to country m; the upper-middle productivity

firms (zox < z < zms) export unskilled goods to country o; the high productivity firms

(zms < z < zos) export to country m but is able to employ skilled labor, the most productive

firms (z > zos) can export to country o and provide labor training.

zmx = z
′
eτm

(
fmx
fu

) 1
θ−1

(2.1)

zox = z
′
e

(
fox − fmx

((1 + τ1−θo )γθ−1
u − τ1−θm − 1)fu

) 1
θ−1

(2.2)

zms = z
′
e

[
(ϕm − 1)fu + fmx − fox

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)θ−ρ − (1 + τ1−θo )γu)fu

] 1
θ−1

(2.3)

zos = z
′
e

[
fox − fmx + (ϕo − ϕm)fu

(λθ−1
o (1 + τ1−θo )− λθ−1

m (1 + τ1−θm ))(ρ2/ρ1)θ−ρfu

] 1
θ−1

(2.4)
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2.2.4 Equilibrium

Labor Market

The aggregate demand for low-skilled workers in both the unskilled and skill intensive sectors

is

L
′
= L

′
u + L

′
s

=

∫ zmx

z′e

ldu(z)dz +

∫ zox

zmx

lmxu (z)dz +

∫ zms

zox

loxu (z)dz +

∫ zos

zms

lmxs (z)dz +

∫ ∞

zos

loxs (z)dz

while the aggregate demand for high-skilled workers in the skill-intensive sector is

H
′
=

∫ zms

zox

hmxs (z)dz +

∫ ∞

zos

hoxs (z)dz

Free Entry

The numbers of firms exporting unskilled or skilled goods to country m and country o can

be derived as: nmx =
(
zmx

z′e

)−κ
, nox =

(
zox
z′e

)−κ
, nms =

(
zms

z′e

)−κ
and nos =

(
zos
z′e

)−κ
. The

average profit is π̃ = π̃du + nmxπ̃
mx
u + noxπ̃

ox
u + nmsπ̃

mx
s + nosπ̃

ox
s , and it can be described in

this way:

π̃
′
=
r̃
′

θ
− fu − nmxfmx − nox(fox − fmx)− nms((ϕm − 1)fu + fmx − fox)

− nos((ϕo − ϕm)fu + fox − fmx)

Similar to Bustos (2011b)’s model, we can derive the average revenues r̃′ expressed as

the productivity cutoffs:

r̃ = θfu

(
z̃
′
e

z′
e

)θ−1

+ nmxθfmx

(
z̃mx
zmx

)θ−1

+ noxθ(fox − fmx)

(
z̃ox
zox

)θ−1

+ nmsθ(fu(ϕm − 1) + fmx − fox)

(
z̃ms
zms

)θ−1

+ nosθ(fox − fmx + (ϕo − ϕm)fu)

(
z̃os
zos

)θ−1

After substituting r̃′ into the free entry condition, we obtain

z
′
e =

(
θ − 1

κ− (θ − 1)

1

δfe
Ψ

)1/κ

(2.5)

where Ψκ = fu+nmxfmx+nox(fox− fmx)+nms(fu(ϕm− 1)+ fmx− fox)+nos(fox− fmx+

(ϕo − ϕm)fu).
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2.2.5 Trade Liberalization

The trade liberation effect based on Bustos (2011b)’s setting is presented in Appendix B.2.3.

Two additional propositions of the reduction in iceberg trade costs in our new model are

discussed below.

Proposition 1. A reduction in iceberg trade costs of country m (τm):

a. increases the average profit, ∂π̃
′

τm
< 0

b. increases the productivity cutoff of exiting the market, ∂z
′
e

τm
< 0

c. reduces the productivity cutoff of exporting to country m, ∂zmx
τm

> 0

d. reduces the skill-upgrading cutoff of exporters to country m, ∂zms
τm

> 0

Proof: Please see Appendix B.2.5. Part d is established only when certain conditions are

met.

Proposition 2. A reduction in iceberg trade costs of country o (τo):

a. increases the average profit, ∂π̃
′

τo
< 0

b. increases the productivity cutoff of exiting the market, ∂z
′
e

τo
< 0

c. reduces the productivity cutoff of exporting to country m, ∂zmx
τo

> 0

d. reduces the productivity cutoff of exporting to country o, ∂zox
τo

> 0

e. increases the skill-upgrading productivity cutoff of exporters to country m, ∂zms
τo

< 0

f. reduces the skill-upgrading productivity cutoff of exporters to country o,
∂zos
τo

> 0

Proof: Please see Appendix B.2.5. Parts c and d are established only when certain

conditions are met.
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2.3 Trade Policies and Data

2.3.1 Post-WTO Accession Trade Liberalization in China

Trade liberalization policies undertaken in China after WTO accession are described in this

session. First, China joined the WTO in 2001 and continued trade liberalization from 2001-

2005. For instance, China committed to eliminating tariffs on all tariff lines, leading to a

decrease in the average applied most-favored nation (MFN) rate from 15.6% in 2001 to 9.7%

in 2005. This reduction was more pronounced in the manufactured goods category, where

the rate decreased from 14.3% to 8.9%, and in agricultural products, where the rate went

down from 23.2% to 14.6% over the same time frame (Bin, 2015). This indicates that China

made a great achievement of import liberalization. Meanwhile, China’s industrial goods

conquered global markets after it joined the WTO in 2001. China doubled its share of trade

in manufactured goods from 7.9% in 2000 to 17.7% in 2012 (Hilpert, 2014). According to

UNCTADStat, its share of global export goods was 3.9% in 2000, and went up to 14.7%

in 2020. FDI in China was less restricted after WTO accession, so China became the most

important global investment destination. According to the World Bank, the net inflows of

FDI in China started at 42.1 billion dollars in 2000 and reached a peak level of 290.9 billion

dollars in 2013. Furthermore, China overtook the US as the world’s leading destination for

FDI in 2020.

Next, we describe an important regional trade liberalization. Formerly known as the

Bangkok Agreement, APTA (Asia-Pacific Trade Agreement) was established through its

signing in 1975. Bangladesh, China, India, Lao PDR, Mongolia, the Republic of Korea,

and Sri Lanka are the current parties. APTA promotes intra-regional trade and contributes

to economic development of the seven developing countries through trade and investment

liberalization. China acceded to APTA in 2001 and endorsed a preferential trade arrangement

among developing Asian countries. In 2005, the first Ministerial Council was held in Beijing,

China, and the third round of negotiation results was implemented in 2006. Trade and

tariff data from World Integrated Trade Solution (WITS) between 2004 and 2007 (see

Figure 2.1) shows that India became the most preferential trading partner of China. This

paper emphasizes the impact of APTA on exports and human capital investment of Chinese
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manufacturing firms theoretically and empirically. India is selected as a representative

country because it imposed much higher tariffs than the rest of the world in 2004 and

also reduced trade barriers with China more significantly from 2004 to 2007. More trade

agreements among APTA members were made after 2007,8 which will not be our focus.

2.3.2 Firm-Level Data

We resort to two data sources to construct a balanced panel of manufacturing firms in China.

First of all, we obtain data from the Chinese Industrial Enterprises Database (CIED). The

China National Bureau of Statistics (CNBS) primarily compiled the dataset based on annual

or quarterly reports submitted to local bureaus of statistics. This comprehensive database

includes both non-state-owned and “large-scale”9 state-owned industrial enterprises. Notably,

about 90% of these entities are manufacturing firms, which serves as the specific focus of

this study. Although the database covers the period from 1998 to 2013, pertinent information

regarding on-the-job training expenditure (TS), our principal metric for assessing skill enhancement

in the empirical analysis, is only accessible for the years 2004 to 2007, which is exactly the

regional trade liberalization period we emphasize. This database has been worked on by

Hsieh and Klenow (2009), Song et al. (2011), Brandt et al. (2017), as well as Huang and

Zhuang (2021), who provide more details about this database. From CIED, we also learn

about each firm’s total sales (which include both domestic and export sales) and number of

employees, other than TS.

Second, we collect dis-aggregated information from the China Customs Database (CCD).

It provides data on exports by firm, 8-digit HS product, and destination country. We merge

the information from CCD to the CIED according to the firms’ names, postal codes, or

8In November 2020, a new Asia-Pacific trade agreement was established. This agreement, known as
the Regional Comprehensive Economic Partnership (RCEP), is a comprehensive Free Trade Agreement
(FTA) uniting 15 countries in the Asia-Pacific region. Its signatories consist of the ten member states
of the Association of Southeast Asian Nations (ASEAN), as well as Japan, Korea, China, Australia, and
New Zealand. The signing of the RCEP aims to facilitate regional or even world trade and investment.
RCEP connects about 30% of the world’s population and output, makes Asian economies more efficient,
improves technology, and solidifies global value chains. China continues to benefit from trade openness.
9The criterion for a “large-scale” enterprise’s primary business income was initially set at over 5 million

RMB, and it was subsequently raised to 20 million RMB in 2011.



46

telephone numbers, following Ruiqin et al. (2019).10 We then aggregate export data at

the 4-digit CIC industry level for each firm-destination country pair (some firms operate in

multiple industries domestically and/or globally).

Next, we select the firms in the sectors that are covered by India’s consolidated list of

concessions to APTA member countries from the first 3 rounds of negotiations and in the 4-

digit CIC industries with information on India’s tariffs. We ended up with a balanced panel

of 110,632 manufacturing firms (operating in 131,460 4-digit CIC industries) in each year

from 2004 to 2007. The sample is reflective of firms that possess establishments employing

more than 10 individuals that can potentially be affected by APTA.

By merging the CIED and CCD data, we can calculate the total sales per employee for

each firm, which will be one of our firm-level controls. Moreover, domestic sales can be

calculated by subtracting export sales from total sales. One special feature of the data is

that we know each firm’s export sales to each destination country, including India—we can

therefore learn about whether a firm exports to India or not.

Table B.1 located in in Appendix B.3 provides summary statistics categorized by export

status for the primary variables of interest corresponding to the base year of 2004..

2.3.3 Industry-Level Data

We introduce controls for 4-digit CIC industry attributes that could exhibit a correlation with

fluctuations in tariffs. We collect information on the average capital and skill intensity within

industries in the United States during the 1980s from the National Bureau of Economic

Research (NBER) productivity database (detailed further in Appendix B.3). Additionally,

we incorporate the import demand elasticity and export supply elasticity as computed by

Broda and Weinstein (2006) and Broda et al. (2008).

2.4 Empirics

In this section, we put the theoretical forecasts outlined in Section 2.2 to the test. To begin,

we verify if the model-projected sorting pattern of firms into exporting and training aligns

10The numbers of merged manufacturing enterprises are 52,046 in 2004, 51,026 in 2005, 60,345 in 2006,
and 61,749 in 2007. These correspond to 38.1%, 37.7%, 27.8%, and 28.9% of the enterprises in CCD.
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with the actual traits exhibited by exporters targeting diverse nations and non-exporters

within the same four-digit CIC industry. Subsequently, we examine the core conjectures of

our model. Specifically, we investigate whether a decrease in export tariffs stimulates firm

participation in the export market and triggers skill upgrading. We focus on the regional

trade liberalization (APTA) effect, as we select the sectors covered by India’s consolidated

list of concessions from the first 3 rounds of negotiations to APTA member countries.

2.4.1 Within-Industry Patterns in the Data

Following Bustos (2011b)’s model setting, inherent differences in productivity result in

the categorization of firms into four distinct groups: the least productive firms leave the

market (not depicted in the data), firms with low productivity manufacture unskilled goods

exclusively for the domestic market, entities within the intermediate range continue producing

unskilled goods for both domestic and export markets, and the most productive firms engage

in both exports and offer labor training for the production of skilled goods. Within this

context, a decrease in trade costs τ amplifies export profits, leading to a greater influx of

enterprises within the intermediate productivity range to participate in the export market

and enhance the skill levels of their workers. Figure 2.2 portrays the results of trade

liberalization on firms situated within various segments of the productivity distribution,

demonstrating changes in productivity thresholds from 2004 to 2007. Precisely speaking,

firms with intermediate productivity find it easier to start exporting and the more productive

firms also have greater incentives to provide labor training.

In the model, we distinguish the trade effects of two export destinations, countries m

and o. Country m refers to a main trading partner of the home country, while country o

is a less preferential trading partner since it imposes a higher tariff (τo > τm). This paper

refers to India as a representative country o. In this scenario, firms are classified into six

distinct groups. The least productive firms opt to leave the market. Low productivity

firms exclusively manufacture unskilled goods for the domestic market. Lower-middle firms

continue producing unskilled goods while also exporting to country m. Upper-middle firms

export unskilled goods to country o. High productivity firms are capable of offering labor
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Figure 2.2: Effect of lowering variable trade costs: Bustos (2011b)’s setting

training and exporting skilled goods to country m. The most productive firms can export

skilled goods to country o. Figure 2.3 also displays the impact of trade liberalization on

firms located within each segment of the productivity distribution. In particular, as shown

by the shaded areas, firms switching export markets from country m to o could continue

producing unskilled goods, start skill downgrading, or begin skill upgrading.11
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Figure 2.3: Effect of lowering variable trade costs: Advanced setting

To validate whether the sorting patterns illustrated in Figures 2.2 and 2.3, as well as

11The model does not reflect trade-induced switching from country o to m. There should be an exogenous
shock that leads to this switching.
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the parameter constraints necessary for the model, align with the empirical data, we follow

Bustos (2011b) to divide firms into four groups: continuing exporters, new exporters, exiting

exporters, and firms serving the domestic market only (never exporters), and compute the

differences in characteristics, including sales, employment, and training spending per worker,

for firms operating within the same four-digit CIC industry.

First, Table 2.1 indicates that, based on the basic model, all types of exporters have

higher sales, employment, and training spending per worker than never exporters in 2004

on average, which mirrors the fact that (potential) exporters are larger, more productive,

and more skill-intensive. Second, although sales and employment of new exporters are

relatively lower than incumbent exporters in 2004, their per capita training spending is

higher than continuing exporters on average, preparing them to enter the skill-intensive

sector and employ more high-skilled workers. Third, the increase in training spending per

worker for continuing exporters is almost zero from 2004 to 2007 (trade liberalization period),

but exiting exporters that later serve the domestic market only reduce labor training.12 On

the contrary, new exporters have the largest average increases in sales, employment, and

training spending per worker compared to never exporters. These results indicate that new

exporters benefit more from trade liberalization and have greater incentives for human capital

investment. It is intuitive that new exporters might demand more high-skilled workers in

order to become more competitive in the foreign market.

In terms of our model, we distinguish two export markets, country m and o. Exporters

to India have higher sales, employment, and training spending per worker in 2004 than those

exporting to non-Indian countries (except for those who switch destinations) as shown in

Table 2.1, which is consistent with the model setting that firms exporting to India are more

productive, conditional on skill level. Moreover, firms switching from non-India to Indian

markets in 2004 have slightly higher training spending per worker than those doing the

converse, which shows that more of them started to produce high-skilled products earlier.

From 2004 to 2007, there is a larger decline in India’s tariffs and a greater increase in

12Based on the number of industry-level observations and the number of distinct firms, we can see that
only continuing exporters operate in multiple industries, while exiting and new exporters both operated
in a single industry.
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exports to India compared to those of other countries (Figure 2.1). Therefore, new exporters

targeting Indian markets have even larger average increases in sales and employment than

those targeting non-Indian markets. However, interestingly, new exporters targeting India

have a slightly less significant average increase in training spending per worker than those

targeting non-Indian nations. That is likely due to the fact that they have already spent

more in training their workers in 2004 before changes in trade costs τo, or there could be

sector heterogeneity. Moreover, continuing exporters targeting non-Indian markets had even

lower average increases in sales and employment than those targeting India, although their

increases in average per capita training spending were almost the same. Additionally, there

are firms switching export destinations during the same period. Table 2.1 shows that the

trade liberalization period coincides with a slightly higher increase in training pending per

worker among firms which switch export markets from country o to m, which supports our

model assumption that some firms could find it more profitable to export skilled goods to

country m than to export unskilled goods to country o which imposes higher (but declining)

trade barriers. For firms which switch destinations from m to o, the increase in per capita

training is not so significant. This result is actually also in line with the model in some

way, as two shading areas in Figure 2.3 imply that these firms either start skill downgrading

or continue producing unskilled goods. Thus, the average effect of labor training could be

ambiguous.

The pattern presented in Table 2.1 indicates a correspondence between participation in

the export market and the enhancement of skill levels, and the performance of exporters

targeting the Indian market differs from other firms. However, we are unable to determine

whether improved export opportunities stimulate investments in human capital, or if it’s the

other way around, or if both are influenced by a third underlying factor. The subsequent

empirical analysis aims to establish a causal relationship by directly connecting exporting

and skill upgrading to the decrease in India’s tariffs for imports originating from China.
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2.4.2 The Impact of the APTA: Identification Strategy

After China joined APTA in 2001, a reduction in India’s tariffs for imports from China

across four-digit CIC industries leads to changes in Chinese firms’ entry the export market

and skill upgrading. There are two features of the source of identification that make it

exogenous with respect to these two outcomes of interest. First, the tariff reductions were

constantly adjusted and negotiated among APTA members between 2004 and 2007. In our

data, the average tariff facing manufacturing firms in the sectors covered by APTA decreases

from about 28.59 percentage points in 2004 to 13.43 percentage points in 2007. These tariff

reductions are not likely to be determined by any individual firm in a specific country.

Second, the 2004 simple average effectively applied (AHS) import tariff of India for China

was close to those of the rest of the world.13 It’s improbable that India’s import tariffs are

designed to specifically target industry characteristics unique to China. The share of India’s

imports from China was 6.11% in 2004, but rose to 11.24% in 2007, since India’s average

tariff declined by more than a half during the same period.

The reverse causality problem may not be a concern, but India’s initial tariff structure

is surely not random. India’s trade policy exhibits a correlation with certain industry

characteristics, making their omission a potential source of bias. As a countermeasure, we

compute all equations in first differences to eliminate constant industry traits. However, it’s

possible that India’s tariffs might encapsulate some unaccounted industry-level variables that

change over time, especially if industries with distinct initial characteristics follow different

trends. To delve deeper into this matter, we include in the first-differenced equations sector

dummies to control for unobserved sector trends and also include four-digit CIC level controls

for industry characteristics such as import demand elasticity, export supply elasticity, and

capital and skill intensity.

We employ India’s tariffs as a gauge to quantify the impact of heightened export prospects

on both export engagement and skill enhancement. Yet, these effects could potentially

correlate with alterations in China’s tariff policies. Consequently, we incorporate controls

13According to WITS, the simple average AHS tariffs of India for China and the world are 28.78 and 28.57
percentage points respectively in 2004. In terms of the simple average MFN tariff, the 2004 tariff rates of
India are 28.78 percentage points for China and 29.51 percentage points for the world.
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for changes in China’s tariffs concerning the world from 2004 to 2007, alongside changes in

China’s tariffs concerning India. 14

In Bustos (2011b)’ model, the decrease in India’s tariffs encourages firms situated within

the intermediate range of productivity to engage in export activities and enhance their skill

levels, while it appears to have limited effects on the least and most productive groups.

Our model also predicts that firms in the middle or upper-middle range have a higher

likelihood of exporting, switching export destinations, and starting skill downgrading or

upgrading following trade integration. To examine these varied impacts associated with

different firm productivity, we utilize firm size in relation to the 2004 four-digit CIC industry

average as a surrogate for initial productivity, categorizing firms into quartiles based on this

measure. In the next section, we discuss the empirical results of the decline in India’s tariffs

in each quartile of the firm size distribution. We emphasize the decisions related to entering

the export market and skill upgrading, and subsequently compare these findings with our

theoretical predictions.

2.4.3 Export Market Entry Decisions

In this section, we intend to identify the signs of the partial derivatives of interest in the

model of the export market entry choices described by equations B.6, as well as 2.1 and

2.2. To do so, we calculate a linearized rendition of the entry models and evaluate the

economic importance of the estimated coefficients. We outline the procedure for estimating

the average impact of a decrease in India’s tariffs on entry into the export market for all

firms. Next, we distinguish the export markets, comparing non-Indian countries with India.

Consistent with Bustos (2011b)’s model, we empirically analyze the export entry decisions

using an index model:

EXk
ijst =


1 if βkτexτ exjt + αkst + µki + ϵkijst > 0

0 otherwise
(2.6)

where i indexes firms; j indexes four-digit CIC industries; s indexes sectors; t indexes years

14Both final goods and intermediate inputs tariffs are controlled.
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from 2004 to 2007; τ exjt are India’s tariffs that vary across four-digit CIC industries and

time; αkst are sector dummies that capture time-varying sector features; µki are firm fixed

effects capturing unobserved constant heterogeneity including firm heterogeneity z defined

in the model and other characteristics affecting productivity cutoffs; EXk
ijst is a dummy that

captures firms’ export decisions to any partner or India. When k = 0, firms can either be

exporters or non-exporters; EX0
ijst is assigned a value of 1 if a firm engages in exporting to

any country during year t, and 0 if it does not. If k = 1, the firm is an exporter; EX1
ijst = 1

when the firm exports to India (and potentially other countries at the same time), and

EX1
ijst = 0 if the firm exports only to non-Indian countries.

First-Differenced Specification

We take first differences to eliminate time-invariant plant and sector heterogeneity, and

obtain

∆EX0
ijst = β0τex∆τ

ex
jt +∆α0

st +∆ϵ0ijst (2.7)

In the meantime, we include controls for alterations in China’s import tariffs concerning

both outputs and inputs in relation to the global context and India (∆τ imjt ). Additionally,

we account for firm attributes in the base year (2004), including factors like workforce size

and sales per worker (zij2004), along with four-digit industry traits such as import demand

and export supply elasticities, as well as skill and capital intensity in the US (cj).15 Hence,

we have the following equation:

∆EX0
ijst = β0τex∆τ

ex
jt + β0τ im∆τ

im
jt + β0zZij2004 + β0c cj +∆α0

st +∆ϵ0ijst (2.8)

The estimation of equation (2.7) is presented in column 1 of Table 2.2, and the regression

coefficients including other controls (equation 2.8) are shown in columns 2 to 8. From panel

A of Table 2.2, we find that a reduction in India’s tariffs increases the likelihood of entering

export for the full sample. For instance, columns 5 and 8 indicate that the probability

for firms to enter the export market increases by 1.55 percentage points when the average

reduction in India’s tariffs is around 15 percentage points from 2004 to 2007. This empirical

15We calculate elasticities sand intensity following Broda and Weinstein (2006) and Broda et al. (2008).
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Table 2.2: Entry in the export markets stratified by sector group

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Full sample. Dependent variable: year-over-year change in export status

∆India’s tariffs -0.124∗∗∗ -0.125∗∗∗ -0.120∗∗∗ -0.104∗∗∗ -0.103∗∗ -0.112∗∗∗ -0.104∗∗∗ -0.103∗∗∗

(0.032) (0.031) (0.034) (0.038) (0.040) (0.031) (0.032) (0.033)

∆China’s tariffs w.r.t. world

Outputs yes yes yes

Inputs yes yes

∆China’s tariffs w.r.t. India

Outputs yes yes yes

Inputs yes yes

Sector FE yes yes yes yes yes yes yes yes

Year FE yes yes yes yes yes yes yes yes

Firm-level controls yes yes yes yes yes yes yes

Industry controls yes yes

Observations 91,869 91,869 91,869 91,869 91,869 91,869 91,869 91,869

R2 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004

Panel B: Full sample. Dependent variable: export status in the current year

∆India’s tariffs -0.147∗∗∗ -0.147∗∗∗ -0.143∗∗∗ -0.127∗∗∗ -0.116∗∗∗ -0.135∗∗∗ -0.128∗∗∗ -0.116∗∗∗

(0.036) (0.036) (0.038) (0.042) (0.043) (0.036) (0.036) (0.036)

Export status in the 0.933∗∗∗ 0.932∗∗∗ 0.932∗∗∗ 0.932∗∗∗ 0.931∗∗∗ 0.932∗∗∗ 0.932∗∗∗ 0.931∗∗∗

previous year (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)

R2 0.884 0.884 0.884 0.884 0.884 0.884 0.884 0.884

Panel C: Sample of baseline non-exporters. Dependent variable: export status in the current year

∆India’s tariffs -0.128∗∗∗ -0.126∗∗∗ -0.122∗∗∗ -0.121∗∗∗ -0.090∗∗ -0.127∗∗∗ -0.120∗∗∗ -0.092∗∗∗

(0.038) (0.039) (0.039) (0.043) (0.035) (0.039) (0.038) (0.031)

Export status in the 0.729∗∗∗ 0.726∗∗∗ 0.726∗∗∗ 0.726∗∗∗ 0.725∗∗∗ 0.726∗∗∗ 0.726∗∗∗ 0.725∗∗∗

previous year (0.021) (0.021) (0.021) (0.021) (0.020) (0.021) (0.021) (0.020)

Observations 60,273 60,273 60,273 60,273 60,273 60,273 60,273 60,273

R2 0.317 0.318 0.318 0.318 0.319 0.318 0.318 0.319

Notes: (1) Standard errors are clustered at the 4-digit CIC industry level. (2) ∆ denotes the year-over-year change in a variable

during the period 2004–2007. (3) Firm-level controls include the number of employees and sales per worker, all measured in the

initial year (2004). (4) Industry controls include import demand elasticity, export supply elasticity, skill intensity, and capital

intensity in the United States. (5) In panel C, remaining controls are the same as in the corresponding column in panel A. (6)

In panel B, controls and number of observations are the same as in the corresponding column in panel A. (7) ***, **, * denote

significance levels at 1%, 5%, and 10%, respectively. (8) Data include 14 manufacturing sectors as follows: “wood processing

and wood, bamboo, rattan, palm and grass products” (No. 32), “coatings, inks, pigments and similar products” (No. 42),

“daily chemical products” (No. 45), “rubber products” (No. 48), “plastic products” (No. 49), “brick, stone and other building

materials” (No. 52), “boilers and prime movers” (No. 64), “metal processing machines” (No. 65), “mining, metallurgy, and

special equipment for construction” (No. 69), “special machines for agriculture, forestry, animal husbandry and fishery” (No.

71), “ship and floating devices” (No. 75), “household electric and non-electric appliances” (No. 80), “instrumentation” (No. 88),

and “cultural and office machines” (No. 89).
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result is consistent with the model prediction that a reduction in trade costs increases firm

profit and encourages export participation.

Lagged-Dependent Variable

To check for robustness, we implement two more exercises. First, current export decisions

might be influenced by lagged export status because of sunk export costs. Therefore, we

control the export status in the previous year and estimate the equation in levels with the

following regression:

EX0
ijst = β0τex∆τ

ex
jt + γ0EX0

ijs,t−1 + α0
st + ϵ0ijst (2.9)

The second check is to create a sample of baseline non-exporters and estimate the

equation (2.9) that is restricted to non-exporters in 2004. This estimation highlights the

effects of changing tariffs on initial non-exporters as we notice that trade liberalization

between 2004 and 2007 has a greater positive impact on sales, employment, and labor

training for new exporters in Table 2.1. The estimates in panels C and D of Table 2.2

are very close to the coefficients of changes in India’s tariffs in panel A. This implies that

our estimated results of the export entry decisions are fairly robust.

Export Decision by Quartile of the Firm Size Distribution

Following Bustos (2011b)’s model setting, we predict that reduced trade costs encourage the

participation of firms with intermediate levels of productivity in the export market. This is

because a decrease in trade costs leads to a lowering of the export productivity threshold

zx. As Figure 2.2 depicts, the export productivity cutoff in 2007 (z1x) is much lower than

the initial cutoff (z0x). Firms with productivity in the range z1x < z < z0x become exporters

following trade liberalization. The less productive firms still stay out of the market or serve

the domestic market only, and the most productive firms continue exporting. Empirically,

we calculate the influence of the adjustment in India’s tariffs on each quartile within the

initial firm size distribution:

∆EX0
ijst =

4∑
n=1

β0τex,n(∆τ
ex
jt ×Qij,n) +

4∑
n=1

δ0nQij,n + β0τ im∆τ
im
jt +∆α0

st +∆ϵ0ijst (2.10)
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where n signifies each of the four quartiles within the distribution of firm sizes, while Qij,n are

binary variables that assume a value of 1 when firm i falls into quartile n. Columns 1 to 9 of

Table 2.3 demonstrate that the impact of the decrease in India’s tariffs on firms’ entry into the

export market holds significance within the last three quartiles of the firm size distribution,

while firms in the fourth quartile (βτex,4 = −0.17) actually receive larger influences from

changes in tariffs than those in the second (βτex,2 = −0.11) and third quartiles (βτex,3 =

−0.13). Columns 4 to 6 provide estimations of the aforementioned equation in levels, while

accounting for lagged export status. The point estimates of βτex,n are slightly higher, yet

the pattern remains consistent. Additionally, the estimated results of the sample of non-

exporters in 2004 are smaller than those of the full sample, and the impacts of trade costs

on the third and fourth quartiles are more significant compared to the first and second

quartiles. In particular, the point estimates of βτex,3 in Columns 4 and 7 suggest that

the average reduction in India’s tariffs (15 percentage points) leads to an increase in the

probability of engaging in the export market by 2.13 percentage points across all firms, and

by 1.64 percentage points for the subset of firms that were non-exporters in 2004.

All coefficients (βτex,n) are negative, although some firms in the first quartile are not

always statistically significant. This suggests that some firms in the first quartile are less

likely to be induced to export with a reduction in India’s tariffs, which is consistent with

the model prediction. Nevertheless, firm size distribution might not necessarily serve as a

reliable gauge of firm productivity, and it’s plausible that export productivity thresholds

could exhibit variations across different industries, which explains the significance of the

fourth quartile.

Overall, most firms in the first quartile are still below the productivity threshold of

exports after liberalization, while firms in the middle range (second and third quartiles) of

the size distribution are more likely to be induced to enter the export market. However, the

empirical findings show that firms in the fourth quartile have the largest incentive to enter

the export market as the absolute value of βτex,4 is the biggest in each column. This result

is not in line with the model prediction that the most productive firms would always export

regardless of tariffs. Besides the initial firm size not being a perfect measure, some relevant

policies in China could help explain this finding. Large-scale enterprises were encouraged to
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participate in the export market in the Eleventh Five-Year Plan of China in 2006. In

particular, Chapter 11 of the Plan includes goals to revitalize manufacturing of major

technical equipment, strengthen the shipbuilding industry and improve the performance

of the automotive industry. Therefore, this policy could explain why more firms in the

fourth quartiles entered the export market during the episode of trade-integration.

2.4.4 Skill Upgrading Decisions

In this section, we focus on the skill upgrading decisions made by firms. The decision

to provide labor training is described in equations (B.7), (2.3) and (2.4). Following the

estimation of equation (2.8), in addition to India’s tariffs, we control for China’s import

tariffs regarding outputs and inputs, four-digit CIC industry characteristics, sector dummies,

and plant fixed effects; thus, the level of investment in on-the-job training can be expressed

as:

log TSijst = βτexτ
ex
jt + βτ imτ

im
jt + αst + µi + ϵijst (2.11)

where TS denotes a firm’s spending on labor training; τ imjt are China’s import tariffs, which

also affect firm revenues and skill upgrading decisions.

First-Differenced Estimation

Similarly, we estimate equation (2.11) in first differences to eliminate constant plant and

sector heterogeneity:

∆ log TSijst = βτex∆τ
ex
jt + βτ im∆τ

im
jt +∆αst +∆ϵijst (2.12)

Panel A of Table 2.4 indicates that trade liberalization between 2004 and 2007 induces

more investment in on-the-job training by manufacturing firms. In particular, columns 5

and 8 of panel A with additional controls shows that the 15 percentage point decline in

India’s tariffs increases labor training provided by firms by about 0.11 to 0.13 log points.

When trade costs become lower, productive firms earn greater revenues, so they have higher

incentives to increase human capital investment and produce more skill-intensive products.

In terms of the sample of non-exporters in 2004, the estimation in panel B of Table 2.4

implies that skill upgrading in response to a reduction in India’s tariff is still positive but
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Table 2.4: Investment in on-the-job training stratified by sector group and initial export status

Dependent variable: year-over-year change in log(training spending)

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Full sample.

∆India’s tariffs -0.854∗∗∗ -0.854∗∗∗ -0.903∗∗∗ -0.796∗∗ -0.753∗ -0.859∗∗∗ -0.883∗∗∗ -0.842∗∗∗

(0.304) (0.304) (0.325) (0.397) (0.409) (0.316) (0.311) (0.320)

∆China’s tariffs w.r.t. world

Outputs yes yes yes

Inputs yes yes

∆China’s tariffs w.r.t. India

Outputs yes yes yes

Inputs yes yes

Sector FE yes yes yes yes yes yes yes yes

Year FE yes yes yes yes yes yes yes yes

Firm-level controls yes yes yes yes yes yes yes

Industry controls yes yes

Observations 91,869 91,869 91,869 91,869 91,869 91,869 91,869 91,869

R2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Panel B: Sample of baseline non-exporters.

∆India’s tariffs -0.810∗∗ -0.804∗∗ -0.818∗∗ -0.778∗ -0.683 -0.820∗∗ -0.908∗∗∗ -0.824∗∗

(0.324) (0.324) (0.344) (0.443) (0.441) (0.339) (0.325) (0.320)

Observations 60,273 60,273 60,273 60,273 60,273 60,273 60,273 60,273

R2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Panel C: Sample of baseline exporters.

∆India’s tariffs -0.917 -0.915 -1.018 -0.931 -1.096 -0.878 -0.889 -1.050

(0.788) (0.785) (0.851) (0.869) (0.900) (0.805) (0.805) (0.833)

Observations 31,596 31,596 31,596 31,596 31,596 31,596 31,596 31,596

R2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Notes: (1) Standard errors are clustered at the 4-digit CIC industry level. (2) ∆ denotes the year-over-year change in a

variable during the period 2004–2007. (3) Firm-level controls involve number of employees and sales per worker, all measured

in the base year (2004). (4) Industry controls invlove import demand elasticity, export supply elasticity, skill intensity, and

capital intensity in the United States. (5) In panels B, C, and D, the remaining controls are consistent with those utilized

in the corresponding column of panel A. (6) ***, **, * denote significance levels at 1%, 5%, and 10%, respectively. (7) Data

include 14 manufacturing sectors mentioned in Table 2.2.
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less significant. The estimated coefficients for the sample of exporters in 2004 are also

insignificant as presented in panel C. One possible explanation is that some continuing

exporters switch to the Indian market due to an increase in skill upgrading productivity

cutoff in non-Indian countries and no longer produce high-skill products, and some exiting

exporters no longer demand high-skill workers when serving the domestic market only.16

Skill Upgrading Decisions by Quartile of the Firm Size Distribution

Following Bustos (2011b)’s model setting, we find that lower trade costs encourage firms

operating in the range z1s < z < z0s to provide more labor training, since a reduction in

trade costs decreases the skill upgrading productivity cutoff zs. As shown in Figure 2.2,

these firms are situated within the intermediate range of the productivity distribution, and

they invest more in human capital following trade liberalization. The least and the most

productive firms wouldn’t change their decisions about labor skill upgrading in response to

trade openness. Empirically, we calculate the influence of the adjustment in India’s tariffs

on each quartile within the initial firm size distribution:

∆ log TSijst =

4∑
n=1

βτex,n(∆τ
ex
jt ×Qij,n) +

4∑
n=1

δnQij,n + βτ im∆τ
im
jt +∆αst +∆ϵijst (2.13)

In this context, n signifies each of the four quartiles within the distribution of firm sizes,

while Qij,n are binary variables that assume a value of 1 when firm i falls into quartile n.

Columns 1–3 of Table 2.5 show that the effect of the decrease in India’s tariffs on investment

in on-the-job training is significant in the first three quartiles of the firm size distribution

for the full sample. Trade liberalization has a relatively larger impact on the skill upgrading

decisions of firms in the second quartile. For instance, the 15 percentage point reduction

in India’s tariffs from 2004 to 2007 increases spending on training of firms in the second

quartile by 0.18 log points, while firms in the first and third quartiles increase labor training

by only about 0.14 log points. As the model predicts, firms with productivity in the middle

range are sensitive to changes in trade costs, so the reduction in tariffs positively affects skill

upgrading decisions of firms in the second and third quartiles.

16Although not shown in Table 2.2, the effect of trade liberalization on entry in the export market is less
statistically significant (although larger) in the sample of baseline exporters.
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One question is: why do firms in the low or lower-middle range of the size distribution

choose to increase human capital investment after liberalization? Bustos (2011b)’s model

cannot match this empirical result. One possible reason is that Chinese local governments

protect some smaller domestic firms and state-owned enterprises. The less productive firms

could receive subsidies from governments or benefit from new regulations, so that they

can follow their high productive competitors to provide more labor training and employ

more high-skilled workers during the liberalization period, especially among those who are

encouraged to “go out” (a famous slogan from the Chinese government during that period).

In terms of the sample of initial non-exporters and the sample of initial exporters in 2004,

the trade-integration effect on labor training by firms in the first quartile is very similar to

the findings in panels B and C of Table 2.4. Regardless of the initial export status, the effect

of the reduction in tariffs on the fourth quartile more open to debate. This aligns with the

model’s prediction that the most productive firms (z > zs) still find it profitable to provide

labor training even when India’s tariffs are lower.

From the findings in Table 2.3 and Table 2.5, trade liberalization induces a significant

increase in both the probability of export participation and spending on labor training by

firms in the second and third quartiles, which is consistent with the prediction of Bustos

(2011b)’s model. In the next section, we attempt to extend our empirical analysis to focus

more on our model, and make some further discussions, including sector characteristics and

specific policies or regulations in China, to understand those empirical results.

2.4.5 Advanced setting

Recall that the data pattern shows that India’s tariffs are much higher than those of other

countries, but the reduction in India’s tariffs is much more drastic between 2004 and 2007.

Thus, we build a model that distinguishes two different export destinations, countries m

and o in order to highlight the effect of trade liberalization on exporters to the Indian

market or other foreign markets. Next, we estimate two similar first-differenced models as

in subsections 2.4.3 and 2.4.4, but analyze the export destination decisions of new exporters

and the skill upgrading decisions of new exporters to the Indian market.
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Rewriting equation (2.6) when k = 1 yields:

EX1
ijst =


1 if exporting to India

0 if exporting to non-Indian countries

Figure 2.3 shows that more continuing exporters switch to India and new exporters are

more likely to enter the Indian market after India’s tariffs are reduced. Meanwhile, within-

industry patterns in the data (Table 2.1) shows that new exporters have the largest increase

in sales and training per worker from 2004 to 2007. Hence, to estimate the equation (2.14),

we select the sample of firms which do not export in 2004 but become exporters in 2007.

∆EX1
ijst =

4∑
n=1

β1τex,n(∆τ
ex
jt ×Qij,n) +

4∑
n=1

δ1nQij,n + β1τ im∆τ
im
jt +∆α1

st +∆ϵ1ijst (2.14)

Columns 1–3 of Table 2.6 present the estimated results of equation (2.14). Coefficients

in each quartile of size distribution are statistically significant. In particular, the decrease

of 15 percentage points in India’s tariffs results in a noteworthy 24.23 percentage point rise

in the likelihood of entering the Indian market for new exporters in the high productivity

group (fourth quartile). Furthermore, the empirical results of exporting to India in Table 2.6

are consistent with the model prediction, as there are three shaded areas located in different

ranges of productivity levels in Figure 2.3, representing that firms in each range of productivity

levels could find it more profitable to export to India.

Next, recall that some firms switch export destinations from country m to o and start

to produce unskilled or skilled goods after trade liberalization (Figure 2.3). To investigate

the skill upgrading decisions made by new exporters to India, we estimate equation (2.13)

again with the sample of non-exporters in 2004 and exporters to India in 2007.

In column 5 of Table 2.6, trade liberalization is shown to have significantly positive effects

on skill upgrading of new exporters targeting India in the last three quartiles. Although firm

size may not be a perfect measure of productivity, this reflects that new exporters targeting

India with a size above the medium level actually start to increase investment in on-the-

job training when trade costs are lower. The absolute value of the coefficient of the fourth

quartile is the largest likely due to the fact that the most productive new exporters to

India are more capable of increasing labor training. Column 5 of Table 2.6 presents that
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Table 2.6: Entry in the India export market and investment in on-the-job training

New exporters New exporters to India

Dependent variable Change in status of exporting to India log(training spending)

(1) (2) (3) (4) (5) (6)

∆India’s tariffs

× first size quartile -1.721∗∗∗ -1.723∗∗∗ -1.888∗∗∗ -8.054 -15.082∗ -3.714

(0.484) (0.562) (0.522) (6.791) (8.015) (5.745)

× second size quartile -1.533∗∗∗ -1.555∗∗∗ -1.676∗∗∗ -13.208∗ -20.970∗∗ -10.031

(0.486) (0.555) (0.512) (7.591) (8.530) (6.596)

× third size quartile -1.450∗∗∗ -1.471∗∗ -1.522∗∗∗ -11.187 -18.683∗∗ -7.860

(0.485) (0.565) (0.502) (7.409) (8.943) (5.681)

× fourth size quartile -1.600∗∗∗ -1.615∗∗∗ -1.654∗∗∗ -15.153 -23.569∗∗ -12.200∗

(0.533) (0.603) (0.549) (9.079) (10.006) (7.083)

∆China’s tariffs w.r.t. world yes yes

∆China’s tariffs w.r.t. India yes yes

Sector FE yes yes yes yes yes yes

Year FE yes yes yes yes yes yes

Firm-level controls yes yes yes yes yes yes

Industry controls yes yes yes yes

Observations 2,475 2,475 2,475 489 489 489

R2 0.025 0.026 0.028 0.035 0.061 0.054

Notes: (1) Standard errors are clustered at the 4-digit CIC industry level. (2) ∆ denotes the year-over-year change in a variable

during the period 2004–2007. (3) Firm-level controls consist of dummies for the second, third, and fourth quartile of the firm-size

distribution in the base year of 2004. (4) Industry controls consist of import demand elasticity, export supply elasticity, skill intensity,

and capital intensity in the United States. (5) ***, **, * denote significance levels at 1%, 5%, and 10%, respectively. (6) New exporters

and new exporters to India are defined in Table 2.1. (7) Data include 14 manufacturing sectors mentioned in Table 2.2.

a 15 percentage point reduction in trade costs from 2004 to 2007 leads to a 3.54 log point

increase in labor training provided by the new exporters to India in the fourth quartile. The

absolute value of the coefficient of second quartile is smaller, but still larger than that of

the third quartile. These results are in line with the pattern in Figure 2.3 as some firms

in the middle range of productivity levels continue to produce unskilled products or reduce

spending on labor training.

2.4.6 Mechanism

Empirically, the decline in tariffs encourages a higher number of firms to participate in the

export market and leads to heightened investment in labor training within the second and
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third quartiles of the firm size distribution, as demonstrated by the preceding tables. This

observation underscores the substantial advantages that firms within the intermediate range

of the productivity distribution derive from trade liberalization. The model mechanism

implies that firms gain higher revenues when trade costs are lower, so they find it more

profitable to export and have greater incentives for skill upgrading, mirroring the reduction

in productivity cutoffs of export and skill upgrading. In this section, we provide evidence

of how trade integration between China and India affects China’s export sales to India and

domestic sales.

Table 2.7: Export sales to India and domestic sales of new exporters to India

Dependent variable Change in log(export sales to India) Change in log(domestic sales)

(1) (2) (3) (4) (5) (6)

∆India’s tariffs -40.851∗∗∗ -41.207∗∗∗ -43.108∗∗ 0.016

(13.352) (13.727) (17.650) (1.577)

∆China’s tariffs w.r.t. India

Output yes 0.302 0.521 0.518

(0.862) (1.995) (1.984)

Input yes -1.515 -1.517

(14.819) (14.862)

∆China’s tariffs w.r.t. world yes

Sector FE yes yes yes yes yes yes

Year FE yes yes yes yes yes yes

Firm-level controls yes yes yes yes yes yes

Industry controls yes yes yes yes

Observations 489 489 489 489 489 489

R2 0.141 0.154 0.153 0.063 0.071 0.071

Notes: (1) Standard errors are clustered at the 4-digit CIC industry level. (2) ∆ denotes the year-over-year change in a variable

during the period 2004–2007. (3) Firm-level controls encompass number of employees and sales per worker, all measured in the initial

year (2004). (4) Industry controls encompass import demand elasticity, export supply elasticity, skill intensity, and capital intensity

in the United States. (5) ***, **, * denote significance levels at 1%, 5%, and 10%, respectively. (6) New exporters to India are

defined in Table 2.1. (7) Data include 14 manufacturing sectors mentioned in Table 2.2.

Export Sales to India

We select a sample of firms which do not export in 2004 but become new exporters to India

in 2007. We find that the decrease in India’s tariffs increases China’s export sales to India,
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as reported by columns 1–3 of Table 2.7 following the previous estimation method. Upon

accounting for the changes in China’s import tariffs concerning India, the 15 percentage point

reduction in India’s tariffs results in a growth of approximately 6.18 logarithmic points in

export sales to India. This exercise produces consistent results, and mainly reflects changes

in export sales by new exporters to India. The coefficients are large in magnitude because

we analyze the export sales at the firm level instead of the industry level. The firm level

data can help emphasize how a small group of firms respond to changes in trade costs.

Domestic Sales

Our theoretical model also shows that the reduction in trade costs leads to a decline in

domestic sales and causes more low productivity firms to exit the market. However, trade

costs are symmetric for two countries in the model, which cannot be easily matched to

the data. In fact, India’s tariffs differ from China’s tariffs. The empirical evidence under

columns 4–6 of Table 2.7 indicates that the decline in China’s tariffs with respect to India

could result in lower domestic sales with point estimates ranging from 0.30–0.52. However,

these results are not significant. This phenomenon is likely attributed to the fact that China

as a developing country has a rapid growth rate as well as a large population. For instance,

annual GDP growth rate in China increased from 10% in 2004 to 14% in 2007.17 Chinese

firms increase export sales a lot following trade openness and can also maintain a great

amount of domestic sales even if there are more imported varieties.

2.4.7 Discussion

In this section, we attempt to understand why firms in certain sectors would enter the export

markets and invest more in on-the-job training following trade liberalization, while others

would not. Bustos (2011b)’s model can only explain some empirical findings, while others

can result from special sector characteristics or policies targeting certain industries. Due

to sector heterogeneity in productivity and policy, trade liberalization has positive impacts

on firms’ decisions about export entry and skill upgrading in only some sectors, including

17Data source: World Bank national accounts data, and OECD National Accounts data files.
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manufacturers of “ship and floating devices”.

First, some large-scale manufacturing companies in China such as pharmaceutical, home

appliances, and electronics manufacturers, have their own universities for labor training,

so their labor training procedures are canonical and their training decision might not be

sensitive to changes in trade costs. Second, industry characteristics and certain policies could

determine whether some industries have a comparative advantage or sustainable competition

in the foreign market. We pick the shipbuilding industry included in our sample and the

textile industry not included in our sample to understand their different responses to regional

trade liberalization.

Textile Industry. According to an investigation report from the CNBS18, the labor-

intensive textile industry used to have a strong advantage in terms of labor costs, but it

is now offset by low labor productivity. Compared with China’s main competitors in Asia,

its labor costs gradually lose their advantage. In 2002, the average wage level in China’s

textile industry reached 1.12 times that of India. Moreover, the production technology of

spinning machinery is relatively mature, while the production technology of weaving and

sewing machinery is relatively backward. Due to low productivity levels and less advanced

technologies, some firms in the textile industry are less competitive in the export market

and determine it to be unprofitable to participate in exports or increase labor training even

if trade costs are very low. This explains why they are not sensitive to changes in tariffs.

Instead, they could have a higher investment in on-the-job training when tariffs are high

and when they could receive protection or subsidies from the government.

Shipbuilding Industry. China engages in foreign trade further after joining the WTO and

APTA in 2001. In particular, China’s total volume of imports and exports increased by 23.2%

and the export of mechanical and electrical products and high-tech products increased by

32.0% and 31.8% respectively, from 2004 to 2005.19 Meanwhile, the Eleventh Five-Year-Plan

was announced in 2006, which encourages large-scale enterprises such as shipbuilding or auto-

car firms to enter the export market. In 2020, China was still the world’s largest shipbuilding

18The first China Industrial Security Forum was held in 2006. It reported on the domestic environment
of China’s textile industry from 1997 to 2005.
19These data were reported at the Fourth Session of China’s Tenth National Congress in 2006.
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market, accounting for 43.08% of total shipbuilding volume in the world. Shipbuilding

industry is one of our sectors in the empirical studies. Shipbuilding firms are more productive

and likely to fall in the second or the third quartiles of the firm size distribution. They should

be sensitive to changes in trade costs. Besides, they actually receive support in the export

market after the government implements the Eleventh Five-Year-Plan. Thus, the reduction

in tariffs still has significantly positive impacts on their export entry decisions.

2.5 Conclusion

This chapter builds a general equilibrium model of trade and applies general difference-in-

differences estimation to examine how a regional trade liberalization policy affects export

decisions and investment in on-the-job training of Chinese manufacturers from 2004 to 2007.

The model predictions and empirical results based on Bustos (2011b)’s setting show

that a decrease in trade costs reduces the export productivity cutoff and increases profits

for exporters, resulting in more export participation and more spending on labor training.

Furthermore, the most substantial positive influence of trade liberalization is observed on

firms positioned within the intermediate range of productivity levels. On the contrary, the

effects of trade liberalization on firms’ skill upgrading decisions are more heterogeneous in

the setting of two export destinations, as the model and the empirical evidence demonstrate.
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Chapter 3

THE EFFECTS OF GLOBALIZATION ON THE LABOR MARKET: A
PANEL VAR ANALYSIS

3.1 Introduction

The world becomes more interconnected than ever with the growing interdependence of

economies, populations, information, cultures, and politics. KOF Swiss Economic Institute

defines a set of globalization indexes to comprise the economic, social, and political aspects

of globalization.1 The economic globalization index is a measure of trade and financial

global integration.2 The social globalization index, on the other hand, incorporates the

dimensions of interpersonal, informational, and cultural globalization,3 and the political

globalization index includes the measurement of embassies, UN peace keeping missions, and

international NGOs. As shown in Figure 3.1, Economic globalization gained momentum

during the 1990s, while the social globalization index has been growing faster since the

late 2000s, which reflects that the interconnection of populations, information, and cultures

is becoming more significant. Overall, the force of globalization experienced the largest

acceleration during the 1990s and 2000s, while it slowed down recently with lower trade

growth and heightened political tensions. Additionally, Table 3.1 shows that high income

countries had a greater globalization index compared to other countries. The indexes of

lower middle and low income countries were far below the world level, but they experienced

the fastest growth in globalization between 1980 and 2020 with a percentage change in the

globalization index of up to 40%. In particular, China roughly doubled its globalization index

during this period, although the level of global integration was much higher in developed

1It is called the KOF Globalization Index.
2Trade globalization index considers the weight of trade values, trade partner diversity, tariff rates, and

trade agreements. Foreign direct investment, portfolio investment, international debt, and income payment
are the four important components of the financial globalization index.
3Migration, international tourism, international students, and income transfer are the main elements of

interpersonal globalization.
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economies. Overall, emerging markets play an increasingly important role in globalization.

One of our experiments attempts to compare the effects of globalization on high income

countries with those on the rest of the world regarding labor market outcomes.

Figure 3.1: The KOF Globalization Index

Sources: KOF Swiss Economic Institute, Gygli et al. (2019) and Dreher (2006)

In most previous studies, increased globalization is only associated with higher trade

integration. Few papers take different dimensions of globalization into account. To obtain

new insights into global interconnection, this paper considers its three aspects, namely, trade,

financial, and interpersonal integration. A lot of papers study how globalization contributes

to economic growth,4 while this paper discusses labor market outcomes. The focus of

this paper revolves around the utilization of panel structural vector autoregression (SVAR)

models to investigate the macroeconomic consequences of globalization on several key labor

market indicators, including labor productivity, unemployment rate, labor force participation

4Grossman and Helpman (2015) point out that globalization contributes to economic growth through
several channels: international knowledge spillovers, scale and competition effects, innovation, and
technological diffusion.
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Table 3.1: Globalization index by selected country, 1980-2020

2020 2010 2000 1990 1980 % Change between

1980 and 2020

Switzerland 91 89 87 77 74 18.7

Netherlands 90 89 86 78 78 13.3

United Kingdom 89 89 85 77 77 13.5

Canada 84 82 81 69 67 20.2

Singapore 83 84 78 70 63 24.1

United States 81 80 77 70 63 22.2

Malaysia 81 79 71 58 53 34.6

China 65 62 52 36 26 60

World 61 59 52 43 41 32.8

High income 73 72 65 56 56 23.3

Upper middle income 61 59 51 42 40 34.4

Lower middle income 54 51 44 35 33 38.9

Low income 45 43 34 29 27 40

Sources: KOF Swiss Economic Institute, Gygli et al. (2019) and Dreher (2006)
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rate, and income inequality. In addition, we examine if globalization contributes to increased

education and innovation by analyzing variations in government spending on education

and the number of researchers in R&D in the economy. The last exercise is to identify

if globalization has contrasting results between high income countries and middle and low

income countries by way of sub-sample analysis.

To study how globalization affects the labor market, we only take economic and social

dimensions into account, as quality data sets on the political dimension are difficult to

obtain. Therefore, the three globalization measurements employed are trade, foreign direct

investment, and labor migration across countries. Changes in tariff rates or trade values

are the main indicators of trade globalization, and inflows of foreign direct investment are

selected as the measurement of financial globalization. Net migration is the key variable

of the social dimension, as many previous studies point out that immigration has certain

effects on the unemployment rate and income distribution. Furthermore, we also evaluate

the interplay among the three dimensions of globalization (exports, immigration, and FDI)

and study their responses to labor productivity and investment shocks.

Following the literature, the identification strategy is concerned with imposing sign

restrictions on macroeconomic variables. We assume some shocks cause strictly positive or

negative impacts on endogenous variables within several periods. In the sensitivity analysis,

we use the weighted average of applied tariff rates instead of export values. In this case, the

identification assumption is that changes in tariff rates are due to new policies or agreements,

so shocks to other endogenous variables have no contemporaneous effects on countries’ tariff

rates. This assumption can be achieved by imposing zero short-run restrictions.

The key findings are listed below. First, only trade has strong and persistent action on

the unemployment rate and labor force participation rate. Trade globalization is associated

with a lower unemployment rate and a higher labor force participation rate. Financial and

interpersonal globalization have nearly zero impact on these two variables. Second, more

exports increase labor productivity, but more foreign labor inflows affect labor productivity

inversely because the number of low-skilled immigrants in most countries is still much

higher than the number of high-skilled ones. Third, we use two terms, the Gini index and

income shares, to represent income inequality. Neither business cycle fluctuations (labor
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productivity and investment shocks) nor globalization indicators (trade, FDI, and labor

migration shocks) have significant effects on the Gini index. In terms of changes in income

shares, positive labor productivity, investment, and trade shocks increase income shares held

by the top 10% and the bottom 50% groups, while the changes in the income share held by

the bottom 50% is larger. Hence, the income gap between the richest 10% and the poorest

50% narrows following trade integration.5 Fourth, both trade and FDI integration reduce

the wealth gap between the top 10% and the bottom 50%. Fifth, either an increase in

labor productivity or investment in the economy creates persistent and positive effects on

trade, FDI, and labor migration, which enhance economic and interpersonal globalization.

Sixth, FDI and labor migration fluctuations are interconnected to some degree based on the

results of variance decomposition of those two terms. Lastly, the impact of globalization on

labor market outcomes is very similar for high-income countries and middle- and low-income

countries in sub-sample analysis.

The paper adds to the literature on globalization and the labor market. To study how

global integration influences the labor market, most papers address the macroeconomic

effects of one aspect of globalization only. With respect to trade openness, a lot of research

focuses on emerging markets.6 For instance, Coşar et al. (2016) find that trade integration

in Colombia increases national income at the cost of greater wage inequality and higher

unemployment, and Han et al. (2012) show that China’s trade liberalization (the WTO

accession) significantly raises wage inequality. Several papers study how trade globalization

affects income inequality, such as Jaumotte et al. (2013), Rojas-Vallejos and Turnovsky

(2017) and Turnovsky and Rojas-Vallejos (2018). Furthermore, Lee and Yi (2018) interpret

the role of global value chains on inequality, and Basco and Mestieri (2013) compare the

effects of trade liberalization on inequality during two important periods of time.7 Regarding

the discussion of FDI, Ranjan (2013) finds that there is “non-monotonic relationship between

5The future exercise can be done to study the impact on the middle-income group. From this perspective,
we may expect to see higher income inequality when we compare the income share held by the richest
with that held by the middle-income group
6Ductor and Leiva-Leon (2016) highlight a substantial and gradual upsurge in the interconnectedness of

the global business cycle during the 2000s, a trend attributed to the emerging market economies.
7Lee and Yi (2018) investigate the role of global value chains in the effect of increased trade on inequality.
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the cost of offshoring and unemployment”.8 Studies with a focus on the macroeconomic

consequences for the labor market include Mandelman and Zlate (2012), Furlanetto and

Ørjan Robstad (2019) and Docquier and Rapoport (2012).9 In fact, there are only a

few papers that take more than one dimension of globalization into account.10 The main

contribution of this paper is incorporating three aspects of globalization (trade, FDI, and

labor migration) in the analysis of labor market outcomes.

The literature that examines the effects of globalization on the labor market through VAR

analysis is still limited. Kim et al. (2022) employ a panel VAR model to analyze “the dynamic

interactions between trade integration and financial integration”. Furlanetto and Ørjan

Robstad (2019) propose a sign-restricted SVAR model to study the effect of immigration on

unemployment applying Norwegian quarterly data and find that an exogenous immigration

shock lowers the unemployment rate. This paper uses a panel SVAR approach with sign

restrictions to explore how trade, financial, and interpersonal globalization affect several key

labor market variables.

Section 3.2 presents the empirical methodology. Section 3.3 explains the results. Section

3.4 concludes.

3.2 Empirical Methodology

We exhibit the empirical methodology of the paper in this section.

8Ranjan (2016) also demonstrates that the effects of globalization on wages and unemployment depend
on the degree of substitution between domestic labor and imported inputs.
9Furlanetto and Ørjan Robstad (2019) highlight the impact of immigration on the labor market in Norway.

Docquier and Rapoport (2012) argue that high-skilled migration is a major aspect of globalization that
generates positive network externalities.
10Rama (2003) is the one exception, which considers the effects of trade and FDI simultaneously and finds
that wages decline with trade integration and rise with more foreign direct investment in the short run.
In addition, other papers examine if globalization improves the efficiency of the matching process in the
labor market, such as Davidson et al. (2014).
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3.2.1 Panel Structural VAR

We assume the following structural vector autoregressive process represents our economic

model for any country j (j = 1, 2, 3, ...M):

A(L)yjt = Cj + ϵjt (3.1)

where A(L) = A0 −
∑∞

k=1AkL
k is a matrix of polynomials in the lag operator L, yjt is an

N × 1 vector of endogenous variables, Cj is a N × 1 vector of constants, and ϵjt is a N × 1

vector of structural innovations that are i.i.d. normally distributed, i.e., ϵjt ∽ N(0, IjN ). The

covariance matrix satisfies E(ϵjtϵ
j′

t ) = IjN .

If we multiply both sides of the equation by the inverse of A0, we get the so-called reduced

form representation, which can be solved easily by standard procedures. However, in order

to solve the structural VAR model, we need to impose additional restrictions. Traditionally,

short-run or long-run restrictions are employed.

Regarding the methods to estimate panel VAR, Canova (2007) suggests that one approach

is to take the average of model estimations and impulse responses for the countries. Alternatively,

Pedroni (2013) points out that decomposing “the shocks and impulse responses into member-

specific idiosyncratic structural shocks and common structural shocks” is another way to

study structural VARs in panels.

3.2.2 Estimation

The benchmark specification includes five macroeconomic variables: GDP per person employed,

gross fixed capital formation, exports of goods and services, net migration, and net inflows of

foreign direct investment. Additionally, we add these labor market variables to our VAR one

at a time: unemployment rate, labor force participation rate, Gini index, and income/wealth

shares held by the top 10% and the bottom 50%. Moreover, we also investigate the

macroeconomic effects of globalization shocks on education and innovation by checking

how they contribute to variations in government spending on education and the number

of researchers in R&D.

Following Uhlig (2005), Kilian and Murphy (2012) and Furlanetto and Ørjan Robstad

(2019), we impose a number of sign restrictions on the variables shown in Table 3.2. Labor
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productivity is measured by GDP per person employed, and there is a positive co-movement

between labor productivity and output. Higher labor productivity boosts output and makes

the economy more attractive, resulting in more trade, inflows of FDI and immigrants, so we

impose those positive sign restrictions. Investment is interpreted as the gross fixed capital

formation, which stimulates more trade according to previous studies. There are three

globalization aspects, i.e., trade, FDI, and labor migration. Changes in exports of goods

and services refer to the degree of trade openness. Alcalá and Ciccone (2004) demonstrate

that there is a positive relationship between trade and productivity, and Bond et al. (2003)

analyze that trade leads to physical capital growth. Thus, these two positive sign restrictions

are also imposed. More FDI flows across countries due to fewer restrictions or lower FDI

costs enhance financial globalization, and it also positively affects trade integration based on

the empirical findings in Kim et al. (2022). The main driver of interpersonal globalization is

labor movement around the world, as measured by net migration.11 FDI and labor migration

are assumed to be in synchronization because of the positive network externality effect.

In the sensitivity analysis section, we impose zero short run restrictions since we assume

any changes in tariff rates are due to new policies or agreements, which cannot be anticipated

by the public. Thus, tariff rates have no contemporaneous impact on other endogenous

variables in the model.

3.2.3 Data

In the empirical analysis, we use panel data for 141 countries from 1991 to 2021. The sample

countries are selected primarily on the basis of the availability of data on GDP per person

employed, gross fixed capital formation, exports of goods and services, net FDI inflows, and

net migration rates. The labor market variables include the unemployment rate, labor force

participation rate, Gini index, income and wealth shares held by the top 10% and the bottom

50%. The main sources of data are from the World Bank’s World Development Indicator,

and income and wealth shares are from the World Inequality Database.12

11Net migration refers to the difference between the number of immigrants and the number of emigrants,
encompassing both citizens and noncitizens.
12Please see Appendix B for details
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Table 3.2: Restrictions in the baseline model

Labor

productivity
Investment

Exports of

goods and

services

Net FDI

inflows
Net migration

Labor productivity + NA + NA NA

Investment NA + + NA NA

Exports of goods and services + + + + NA

Net FDI inflows + NA NA + +

Net migration + NA NA + +

Unemployment or other variables NA NA NA NA NA

Note: A plus sign (+) means that the impulse response of the corresponding variable is restricted to be positive in the first period following the

positive shocks.

We use GDP per person employed to study labor productivity and gross fixed capital

formation for investment. To measure the effects on education and innovation, we use data

on government spending on education and the number of researchers in R&D per million

people from 1996 to 2014. In terms of sensitivity analysis, we split the full sample group

into high-income countries and middle- and low-income countries as defined by the World

Bank. The weighted average of applied tariff rates rather than export values is considered

a quantity to measure changes in trade globalization since it is an exogenous variable and

can reflect the adjustment of trade policies among countries. In each empirical exercise, we

also control the country fixed effect.13

3.3 Results

In each exercise, we include one or two labor market variables: unemployment rate, labor

force participation rate, Gini index, income shares, and wealth shares held by the top 10%

and the bottom 50%. Lastly, we discuss if globalization has different results in the labor

market between high-income countries and the rest of the world.

13Some dummy variables to control for country characteristics are membership of WTO, participation in
regional trade agreements, English speaking status, and colony status.
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3.3.1 Interactions between economic and interpersonal globalization

First, we plot the impulse responses to a positive labor productivity shock in Figure 3.2. An

increase in labor productivity has strong and persistent positive effects on investments and

exports. Labor migration across countries also goes up immediately, but the impact of labor

productivity shocks is slight. Though the net inflows of FDI increase after about 5 periods

of the shock, the effect on FDI lasts for a long time. Overall, greater labor productivity

strengthens globalization by increasing exports, FDI, and labor inflows. Positive investment

shocks also stimulate more exports and labor migration, and the effect on FDI is not strong,

albeit persistent, as shown in Figure 3.3.

To investigate the interconnection among trade, financial, and interpersonal globalization,

we analyze variance decomposition of exports, FDI, and labor migration. Figure 3.4 indicates

that exports of goods and services are mainly driven by trade shocks and labor productivity

shocks.14 Changes in FDI inflows and labor migration rates have nearly no impact on

export values. As shown in Figure 3.5, although the fluctuation of net FDI inflows mainly

comes from its own shock, labor migration shocks start to slightly affect FDI after 5 periods.

Similarly, FDI shocks contribute to changes in labor migration flows to some extent, as

shown in Figure 3.6. Thus, FDI and labor migration are moderately interconnected.

3.3.2 Labor market outcomes

In this section, we discuss the impacts of globalization on the labor market by examining the

dynamics of several key variables, including GDP per person employed (labor productivity),

unemployment rate, Gini index, income and wealth shares held by the top 10% and the

bottom 50% groups.

Labor productivity. Figure 3.7 displays the impulse responses of labor productivity

to one standard deviation of globalization shocks. An increase in exports contributes to

labor productivity growth instantly, while more inflows of labor migration reduce labor

productivity. In the sub-sample analysis, we find that international labor inflows in either

high- or low-income countries negatively affect labor productivity because there are more

14Trade shocks can refer to changes in trade policies such as tariff rates and trade agreements.
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low-skilled immigrants than high-skilled immigrants in most countries.

Unemployment rate. Positive labor productivity and investment shocks reduce unemployment

rate as increased productivity and investment result in economic growth. Figure 3.8 shows

that more trade openness is good for the economy as it lowers the unemployment rate to a

great degree, but FDI and labor migration have no significant impact on the unemployment

rate.

Labor force participation rate. In Figure 3.9, positive trade and investment shocks

boost the labor force in the economies, while inflows of labor migration have no significant

effects on the labor force in most countries because the share of the immigrant population

is still very low. Moreover, higher labor productivity reduces the labor supply modestly.

Income inequality. To discuss how globalization affects income inequality, we analyze

three variables: the Gini index and income shares held by the top 10% and the bottom 50%

groups. Neither positive labor productivity shocks nor globalization shocks have significant

effects on the Gini index, as shown in Figure 3.10. On the other hand, Figure 3.11 indicates

that labor productivity and export growth contribute to higher income shares held by the top

10% and the bottom 50% groups simultaneously, while the low-income population actually

benefits more from labor productivity improvement and trade boost. Meanwhile, positive

investment shocks also increase income share held by the bottom 50%. Therefore, following

an increase in productivity, investment, or trade, the income gap decreases to some degree.

Financial and interpersonal globalization might have no contribution to income inequality.

When the top 10% income group becomes richer, the income share held by the bottom 50%

also increases significantly. The rich population affects the low-income group in terms of

income levels, but not the other way around.

Wealth inequality. Wealth shares held by the top 10% and the bottom 50% groups

are two indicators to study how globalization alters wealth inequality. In Figure 3.12, an

increase in either trade or FDI inflows raises the wealth share held by the bottom 50%,

with the effect of trade shocks being stronger. Compared to the impact of globalization on

income shares, economic globalization significantly increases the wealth share held by the

bottom 50%. Thus, wealth inequality decreases due to trade and financial integration across

countries. Regarding the linkages between income and wealth shares between the top 10%
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and the bottom 50%, Figure 3.11 and Figure 3.12 show that a greater wealth share held by

the top 10% is followed by a reduced share held by the bottom 50%. In contrast, a greater

income share by the richest leads to a greater income share of the bottom 50%.

3.3.3 Education, innovation and investment

After studying how economic and interpersonal globalization influence the labor market, we

also investigate if globalization has positive effects on government spending on education, the

number of researchers in R&D, and domestic investment. First, the impulse response results

indicate that trade, FDI, and migration shocks have no significant dynamic consequences

for government spending on education, but Figure 3.13 displays that approximately 10% of

the variation in education spending is from globalization shocks. The contribution of labor

migration among the three globalization dimensions is the largest. In terms of innovation,

most of the variation in the number of researchers in R&D is due to its own shocks, and the

remaining is due to labor productivity shocks, as shown in Figure 3.14. In Figure 3.15, the

contribution of exports to variation in gross fixed capital formation rises starting from period

10, whereas FDI and labor migration shocks exert no effects on fluctuations in investment.

3.3.4 Sensitivity analysis

For sensitivity analysis and robustness checks, we split the world into two groups, i.e., high-

income countries and other countries in the world. We also replace export value with a

weighted average of applied tariff rates. Because tariff policy actions are not anticipated by

economic agents as any changes in applied tariff rates are immediately announced to agents,

shocks associated with other endogenous variables have no contemporaneous effects on tariff

rates. This assumption is embodied by imposing zero short-run restrictions.

Sub-sample analysis. Now we turn to two groups of countries, high-income countries

and the remaining countries in the world. The results are almost not affected by this

alternative identification with the exception of three points. First, compared to the baseline

scenario, net FDI inflows and net migration deviate more from zero following a positive labor
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productivity shock in middle- and low-income countries.15 Second, exports also contribute

to the variations in net FDI inflows starting around period 15 in middle- and low-income

countries (Figure C.2), while the full sample results (Figure 3.5) show that labor migration

rather than exports affects the variations in net FDI inflows. Nevertheless, FDI, trade, and

labor movement across countries interact with each other to some degree. Third, with regard

to income inequality, more gross fixed capital formation results in higher Gini index in high-

income countries after 10 periods of the investment shock (Figure C.3). Furthermore, more

FDI inflows increase the income share held by the bottom 50%, so financial globalization

helps reduce income inequality in middle- and low-income countries (Figure C.4).

Alternative specification of trade shocks. Trade shocks in this section are characterized

by changes in the weighted average of applied tariff rates. Under the tariff specification, the

impulse response results of several key variables, including labor productivity, unemployment

rate, labor force participation rate, and Gini index, are quite similar to those in the baseline

case.16 Both income shares increase more following a reduction in tariff rates compared to

the baseline case (Figure C.9). However, lower tariff rates have no positive impact on the

wealth share held by the bottom 50% (Figure C.10).

3.4 Conclusion

This paper proposes a panel SVAR to examine the effects of globalization on the labor market

by analyzing the impulse responses of the unemployment rate, labor force participation rate,

Gini index, income and wealth shares. Overall, trade globalization is beneficial for the labor

market. In particular, the unemployment rate decreases, the labor force participation rate

increases, income and wealth gaps reduce, and labor productivity expands following positive

trade shocks. On the contrary, more inflows of labor migration create a negative impact on

labor productivity since there are more low-skilled immigrants than high-skilled immigrants

in most countries. Financial globalization (FDI) mainly affects income and wealth inequality.

We also investigate if globalization contributes to education and innovation investment.

15Compare Figure C.1 with Figure 3.2.
16Refer to Appendix A Figure 5-8.
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Our findings indicate that the main drivers of government spending on education and the

number of researchers in R&D are exogenous policies related to education, research, and

development instead of globalization shocks.

In addition, we conduct a sub-sample analysis by splitting the full sample into two groups,

high-income countries and the remaining countries in the world. Our empirical results show

that the impact of globalization on the labor market is very similar in these two groups.
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Figure 3.2: Impulse response to an increase in GDP per person employed

The solid lines depict the impulse response functions corresponding to a one S.D. labor

productivity shock. The dashed lines are ±2 asymptotic S.E.s.
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Figure 3.3: Impulse response to an increase in gross fixed capital formation

The solid lines depict the impulse response functions corresponding to a one S.D. investment

shock. The dashed lines are ±2 asymptotic S.E.s.
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Figure 3.4: Variance decomposition of exports of goods and services.
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Figure 3.5: Variance decomposition of net FDI inflows.
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Figure 3.7: Labor productivity response to one S.D. innovations of key variables
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Figure 3.8: Unemployment rate response to one S.D. innovations of key variables
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Figure 3.9: Labor force participation rate response to one S.D. innovations of key variables
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Figure 3.10: Gini index response to one S.D. innovations of key variables
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Figure 3.11: Income share held by the top 10% and the bottom 50% groups response to one

S.D. innovations of key variables
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Figure 3.12: Wealth share held by the top 10% and the bottom 50% groups response to one

S.D. innovations of key variables
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Appendix A

FOREIGN DIRECT INVESTMENT, SKILL UPGRADING, AND
WAGE INEQUALITY

A.1 Additional Figures
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Figure A.1: Average net FDI inflows of 10 developing countries over 40 years in 1980 - 2020

Sources: International Monetary Fund, Balance of Payments database, supplemented by data

from the United Nations Conference on Trade and Development and official national sources.
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Figure A.2: FDI regulatory restrictiveness index

Note: This graph shows the average FDI index of 10 developing countries (China, Brazil,

India, Mexico, Philippines, Thailand, Turkey, Vietnam, Indonesia and Malaysia). According to

OECD, there are these types of restrictions on FDI: "foreign equity limitations; discriminatory

screening or approval mechanisms; restrictions on the employment of foreigners as key

personnel; and operational restrictions".

https://www.oecd.org/investment/fdiindex.htm
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A.2 Data

To present some stylized facts about FDI flows, we gather data from the OECD FDI database

and the IMF’s Balance of Payments database, complemented by information from the United

Nations Conference on Trade and Development and official national sources.

In terms of calibration, we obtain the income share of different groups and the inflows

of FDI to GDP ratio from the World Bank. The data source for educational attainment,

at least a bachelor’s or equivalent, of population over 25 years old is from the UNESCO

Institute for Statistics (UIS). The FDI regulatory restrictiveness index, measuring the types

of restrictions on FDI, is collected from the OECD.

A.3 Model Equations

A.3.1 Skill Premium Maximization

max
nd,t(a)

pdh,tHd,t −
∫
wd,t(a)nd,t(a)da

nd,t(a) =

(
wd,t(a)

pdh,t

)−θ

Hd,t

πd,t(a) = wd,t(a)nd,t(a)−
wu,t
z
nd,t(a)

= wd,t(a)

(
wd,t(a)

pdh,t

)−θ

Hd,t −
θ − 1

θ
wd,t(a)

(
wd,t(a)

pdh,t

)−θ

Hd,t

=
1

θ
(wd,t(a))

1−θ(pdh,t)
θHd,t

The average skill premium for high-skilled tasks demanded by local firms is

π̃d,t =
1

θ
(w̃d,t)

1−θ(pdh,t)
θHd,t

max
nm,t(a)

pmh,tHm,t −
∫
wm,t(a)nm,t(a)da

nm,t(a) =

(
wm,t(a)

pmh,t

)−θ

Hm,t
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πm,t(a) = wm,t(a)nm,t(a)− wu,tlm,t(a)− fh,t

= wm,t(a)

(
wm,t(a)

pmh,t

)−θ

Hm,t −
θ − 1

θ
wm,t(a)

(
wm,t(a)

pmh,t

)−θ

Hm,t − fh,t

=
1

θ
(wm,t(a))

1−θ(pmh,t)
θHm,t − fh,t

The average skill premium for high-skilled tasks demanded by multinational firms is

π̃m,t =
1

θ
(w̃m,t)

1−θ(pmh,t)
θHm,t − fh,t

Steady State for Baseline Model

In this section, variables without time subscripts represent steady-state values. We solve

the steady state numerically using a system of 28 unknowns C, Y , L, π̃, π̃d, π̃m, N , Nd,

Nm, pdh, p
m
h , w̃m, w̃d, wu, ãd, ãm, am, h̃d, h̃m, zd, zm, z̃d, z̃m, ρ̃d, ρ̃m, ñd, ñm and l̃u with 28

non-linear equations.

Labor supply:

wu = χLψlCγ (A.1)

Average skill premiums:

π̃d =
1

θ
(w̃d)

1−θ(pdh)
θHd (A.2)

π̃m =
1

θ
(w̃m)

1−θ(pmh )
θHm − fh (A.3)

where Hd =Mdh̃d and Hm =Mmh̃m.

Total skill premium:

Nπ̃ = Ndπ̃d +Nmπ̃m (A.4)

The number of high-skilled workers:

N = Nm +Nd (A.5)

The share of high-skilled workers executing tasks for multinational firms:

Nm

N
=

(
1

am

)λ
(A.6)
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Zero-profit cutoff for skill upgrading

π̃m =
aλm − 1

a
λ−(θ−1)
m − 1

π̃d +
θ − 1

λ− (θ − 1)
fh (A.7)

Free entry condition for labor training:

fe =
β(1− δ)

1− β(1− δ)
π̃ (A.8)

The consumer budget constraint:

Nπ̃ + wuL = C + feNe (A.9)

Resource constraint:

Y = C + (Md +Mm)fd +Mmfo (A.10)

Average wage and productivity for high-skilled workers demanded by local firms:

w̃d =
θ

θ − 1

wu
ãd

(A.11)

ãd = ϕam

(
a
λ−(θ−1)
m − 1

aλm − 1

) 1
θ−1

(A.12)

Average wage and productivity for high-skilled workers demanded by multinational firms:

w̃m =
θ

θ − 1

wu
ãm

(A.13)

ãm = ϕam (A.14)

Price indexes of high-skilled tasks:

pdh = [Nd(w̃d)
1−θ]

1
1−θ (A.15)

pmh = [Nm(w̃m)
1−θ]

1
1−θ (A.16)

Demand for high-skilled variety bundles:

Zz̃dh̃
η
d l̃

1−η
u = ρ̃−σd Y (A.17)
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Zz̃mh̃m = ρ̃−σm Y (A.18)

Aggregate price index:

1 =
[
Md(ρ̃d)

1−σ +Mm(ρ̃m)
1−σ] 1

1−σ (A.19)

Price indexes of intermediate goods

ρ̃d =
σ

σ − 1

1

z̃dZ

(
pdh
η

)η (
wu

1− η

)1−η
(A.20)

ρ̃m =
σ

σ − 1

pmh
z̃mZ

(A.21)

Average firm productivity:

z̃d = νzd (A.22)

z̃m = νzm (A.23)

Zero-profit cutoff conditions for firms:

1

σ

(
σ

σ − 1

1

zdZ

(
pdh
η

)η (
wu

1− η

)1−η
)1−σ

Y = fd (A.24)

1

σ

(
σ

σ − 1

pmh
zmZ

)1−σ
Y = fd + fo (A.25)

Labor market clearing condition:

L =Md(l̃u + l̃dh) +Mm l̃
m
h +Nefe +Nmfh (A.26)

where l̃dh = ñd/ãd, l̃mh = ãm/ñm

Average high-skilled labor supply:

ñd =

(
w̃d

pdh

)−θ
Hd (A.27)

ñm =

(
w̃m
pmh

)−θ
Hm (A.28)
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Next, we use the steady-state solutions above to obtain solutions for the remaining

variables Ne, d̃d, d̃m, Hd. Hm

The law of motion for the quantity of high-skilled workers:

N =
1− δ

δ
Ne (A.29)

Average profits:

d̃d =
1

σ
ρ̃1−σd Y − fd (A.30)

dm,t(z
∗) =

1

σ
ρ̃1−σm Y − fd − fo (A.31)

Total high-skilled bundles

Hd =Mdh̃d (A.32)

Hm =Mmh̃m (A.33)

The income share of high-skill workers demanded by domestic firms is

Sd =
Nd(π̃d + wu(ãd/ñd))

Nπ̃ + wuL
(A.34)

The income share of high-skill workers demanded by FDI firms is

Sm =
Nm(π̃m + wu(ãm/ñm))

Nπ̃ + wuL
(A.35)

The income share of low-skilled worker is

Su = 1− Sd − Sm (A.36)

A.3.2 Solving for steady state

Labor supply:

wu = χLψlCγ (A.37)

Total skill premium:

(Nd +Nm)fe

(
1− β(1− γ)

β(1− δ)

)
=

1

1− θ

(
N

1
1−θ

d

)
wu
ãd
Mdh̃d

+
1

1− θ

(
N

1
1−θ
m

)
wu
ãm

Mmh̃m −Nmfh (A.38)



113

The share of high-skilled workers executing tasks for multinational firms:

Nm

Nm +Nd
=

(
ϕ

ãm

)λ
(A.39)

Zero-profit cutoff for skill upgrading(
N

θ
1−θ
m

)
wu
ãm

Mmh̃m − (1− θ)fh =(
( ãmϕ )λ − 1

( ãmϕ )λ−(θ−1) − 1

)(
N

θ
1−θ

d

)
wu
ãd
Mdh̃d −

1

λ− (θ − 1)
fh (A.40)

The consumer budget constraint:

(Nd +Nm)fe

(
1− β(1− γ)

β(1− δ)

)
+ wuL = C + fe

δ

1− δ
(Nd +Nm) (A.41)

Resource constraint:

Y = C + (Md +Mm)fd +Mmfo (A.42)

Average productivity for high-skilled workers demanded by local firms:

ãd = ãm

(
( ãmϕ )λ−(θ−1) − 1

( ãmϕ )λ − 1

) 1
θ−1

(A.43)

Demand for high-skilled variety bundles:

Zz̃dh̃
η
d l̃

1−η
u = ρ̃−σd Y (A.44)

Zz̃mh̃m = ρ̃−σm Y (A.45)

Aggregate price index:

1 =
[
Md(ρ̃d)

1−σ +Mm(ρ̃m)
1−σ] 1

1−σ (A.46)

Price indexes of intermediate goods

ρ̃d =
σ

σ − 1

1

z̃dZ

(
pdh
η

)η (
wu

1− η

)1−η

=
σ

σ − 1

1

z̃dZ

N 1
1−θ

d

η

(
θ

θ − 1

wu
ãd

)η (
wu

1− η

)1−η
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ρ̃m =
σ

σ − 1

pmh
z̃mZ

=
σ

σ − 1

θ

θ − 1

N
1

1−θ
m wu
ãmz̃mZ

Zero-profit cutoff conditions for firms:

1

σ

(
σ

σ − 1

1

zdZ

(
pdh
η

)η (
wu

1− η

)1−η
)1−σ

Y = fd (A.47)

1

σ

 σ

σ − 1

1

Zz̃d/ν

N 1
1−θ

d

η

(
θ

θ − 1

wu
ãd

)η (
wu

1− η

)1−η
1−σ

Y = fd

1

σ

(
σ

σ − 1

pmh
zmZ

)1−σ
Y = fd + fo (A.48)

1

σ

(
σ

σ − 1

1

Zz̃m/ν
N

1
1−θ
m

(
θ

θ − 1

wu
ãm

))1−σ
Y = fd + fo

Labor market clearing condition:

L =Md(l̃u + l̃dh) +Mm l̃
m
h +Nefe +Nmfh

=Md(N
1

θ−1

d Mdh̃d/ãd + l̃u) +MmÑ
1

θ−1
m Mmh̃m/ãm +Nefe +Nmfh

(A.49)

where l̃dh = ñd/ãd, l̃mh = ãm/ñm

Other variables:

Average wage and productivity for high-skilled workers demanded by local firms:

w̃d =
θ

θ − 1

wu
ãd

(A.50)

Average wage and productivity for high-skilled workers demanded by multinational firms:

w̃m =
θ

θ − 1

wu
ãm

(A.51)

Price indexes of high-skilled tasks:

pdh =
[
Ndw̃

1−θ
d

] 1
1−θ

= N
1

1−θ

d

(
θ

θ − 1

wu
ãd

)
(A.52)
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pmh =
[
Nmw̃

1−θ
m

] 1
1−θ

= N
1

1−θ
m

(
θ

θ − 1

wu
ãm

)
(A.53)

Average high-skilled labor supply:

ñd =

(
w̃d

pdh

)−θ
Hd = N

1
θ−1

d Mdh̃d (A.54)

ñm =

(
w̃m
pmh

)−θ
Hm = N

1
θ−1
m Mmh̃m (A.55)

Average skill premiums:

π̃d =
1

1− θ

(
(Nd)

θ
1−θ

) wu
ãd
Mdh̃d (A.56)

π̃m =
1

1− θ

(
(Nm)

θ
1−θ

) wm
ãm

Mmh̃m − fh (A.57)
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Appendix B

HETEROGENEOUS IMPACTS OF TRADE LIBERALIZATION ON
SKILL UPGRADING: EVIDENCE FROM APTA

B.1 Additional Figures

Exit

ze

No export;

unskilled

zx

Export;

unskilled

zs

Export;

unskilled and

skilled

Figure B.1: Productivity cutoffs in Bustos (2011b)’s model

Exit

ze′

No export;

unskilled

zmx

Export to m;

unskilled

zox

Export to o;

unskilled

zms

Export to m;

unskilled and

skilled

zos

Export to o;

unskilled and

skilled

Figure B.2: Productivity cutoffs in the advanced setting

B.2 More Details of the Theoretical Model

B.2.1 Production

There is a continuum of firms with heterogeneous productivity z. Let z ∈ Ω be a particular

variety. Firms endogenously choose to produce unskilled or skilled goods. Firm technology
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is represented by a total cost function, and the total cost in the unskilled sector is

TCu(z) = fu +
wl
z
yu(z)

where fu is fixed production costs of the unskilled sector measured in units of aggregate

consumption goods, and wl is the real wage of low-skilled workers. More productive firms

can hire high-skilled workers to produce skill-intensive goods by paying higher fixed costs

fs > fu, and delivering lower marginal production costs with γ > 1 and β ∈ (0, 1). wh is

the real wage of high-skilled workers. The total cost of skill-intensive goods is

TCs(z) = fs +
wβhw

1−β
l

γz
ys(z)

The profit maximization of these two sectors yields the following pricing rules for domestic

sales:

ρdu(z) =
θ

θ − 1

wl
z

ρds(z) =
θ

θ − 1

wβhw
1−β
l

γz

The two pricing rules for exporting are ρxs (z) = τρds(z), ρxu(z) = τρdu(z). Hence, ρds(z) =

ρdu(z)/λ where λ ≡ γ
(
wl
wh

)β
.

Profits if producing unskilled goods and only serving the domestic market:

πdu(z) =
1

θ

(
θ

θ − 1

wl
z

)1−θ
ρθ−ρ1 Y − fu

=
rdu(z)

θ
− fu

where firm revenue rdu(z) =
(

θ
θ−1

wl
z

)1−θ
ρθ−ρ1 Y .

Profits if producing unskilled goods and exporting:

πxu(z) = (1 + τ1−θ)
1

θ

(
θ

θ − 1

wl
z

)1−θ
ρθ−ρ1 Y − fu − fx

= (1 + τ1−θ)
rdu(z)

θ
− fu − fx

Exporting is costly, incurring iceberg trade costs τ and fixed exporting costs, fx, measured

in units of aggregate consumption goods.
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Profits if producing skill-intensive goods and only serving the domestic market:

πds (z) =
1

θ

(
θ

θ − 1

wβhw
1−β
l

γz

)1−θ

ρθ−ρ2 Y − fs

= λθ−1 r
d
u(z)

θ

(
ρ2
ρ1

)θ−ρ
− ϕfu

Profits if producing skill-intensive goods and exporting:

πxs (z) = (1 + τ1−θ)
1

θ

(
θ

θ − 1

wβhw
1−β
l

γz

)1−θ

ρθ−ρ2 Y − fs − fx

= λθ−1(1 + τ1−θ)
rdu(z)

θ

(
ρ2
ρ1

)θ−ρ
− ϕfu − fx

where ϕ > 1 and fs > fu. High productivity firms find it profitable to export skilled goods

after paying higher fixed production costs, ϕfu.

After learning the idiosyncratic productivity z, firms endogenously choose to produce

unskilled or skilled goods. The least productive firms must exit the market if the domestic

sales profit is negative, so the exit cutoff ze is defined as:

ze = {z|πdu(z) = 0}

zx denotes the productivity level above which firms produce unskilled goods and find

exporting profitable, so

zx = {z|πdu(z) = πxu(z)}

Hence, zx can be represented as a function of ze based on the zero-profit condition for

marginal exporters:

zx = τze

(
fx
fu

) 1
θ−1

(B.1)

This condition shows that zx > ze as long as τ
(
fx
fu

) 1
θ−1

> 1.

More productive firms are able to provide training to upgrade workers’ skill levels, so

they can enter the skill-intensive sector. The productivity cutoff zs is the cutoff level where

firms obtain equal profits from producing unskilled and skilled goods:

zs = {z|πxs (z) = πxu(z)}



119

The zero profit condition for the marginal firm to produce skill-intensive goods gives the

following expression of zs as a function of ze:

zs = ze

[
ϕ− 1

(1 + τ1−θ)(λθ−1(ρ2/ρ1)θ−ρ − 1)

] 1
θ−1

(B.2)

The restriction required for zs > ze is ϕ − 1 > (1 + τ1−θ)(λθ−1(ρ2/ρ1)
θ−ρ − 1). Given

τ
(
fx
fu

) 1
θ−1

> 1, the ratio of zs and zx is larger than one:

zs
zx

=

[
τ1−θ(ϕ− 1)fu

(1 + τ1−θ)(λθ−1(ρ2/ρ1)θ−ρ − 1)fx

] 1
θ−1

> 1

In equilibrium, there are four groups of firms. Firms with the lowest level of productivity

(z < ze) leave the market; low productivity firms (ze < z < zx) are not able to invest in labor

training and only serve the domestic market; moderate productivity firms (zx < z < zs) also

do not invest in human capital but they export to the foreign market; and firms with the

highest productivity (z > zs) are able to both export and upgrade the skill levels of their

workers. The productivity cutoffs in the model zs > zx are consistent with the data since

some firms find it profitable to export but not profitable to provide labor training and

produce skilled goods.

B.2.2 Equilibrium

labor Market

The aggregate demand for low-skilled workers in both the unskilled and skill-intensive sectors

is:

L = Lu + Ls

=

∫ zx

ze

ldu(z)dz +

∫ zs

zx

lxu(z)dz +

∫ ∞

zs

lxs (z)dz

The aggregate demand for high-skilled workers in the skill-intensive sector is

H =

∫ ∞

zs

hxs (z)dz
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Free Entry

The present value of the average profits over time is ṽ =
∑∞

t=0(1 − δ)tπ̃ = π̃
δ , and the net

value of entry is ve = 1
1−G(ze)

ṽ − fe, so the free entry condition is

fe = (1−G(ze))
π̃

δ
(B.3)

The average profit is π̃ = π̃du+nxπ̃
x
u +nsπ̃

x
s , where π̃du is the average profit for firms that

produce unskilled goods and serve the domestic market only, nx ≡ 1−G(zx)
1−G(ze)

=
(
zx
ze

)−κ
is the

fraction of firms that export but employ low-skilled labor and produce unskilled goods, π̃xu

is the average profits for exporters producing unskilled goods, and ns ≡ 1−G(zs)
1−G(ze)

=
(
zs
ze

)−κ
is the fraction of exporters providing labor training and producing skilled goods, and π̃xs is

their average profits.

In Appendix B.2, we derive the average revenues of surviving firms is

r̃ = θfu

(
z̃e
ze

)θ−1

+ nxθfx

(
z̃x
zx

)θ−1

+ nsθfu(ϕ− 1)

(
z̃s
zs

)θ−1

.

After substituting r̃ into the free entry condition, we obtain

ze =

(
1

feδ

θ − 1

κ− (θ − 1)

) 1
κ

[fu + nxfx + nsfu(ϕ− 1)]
1
κ (B.4)

where nx =
(
zx
ze

)−κ
= τ

(
fx
fu

) −κ
θ−1 and ns =

(
zs
ze

)−κ
=
[

ϕ−1
(1+τ1−θ)(λθ−1(ρ2/ρ1)θ−ρ−1)

] −κ
θ−1

Substituting nx and ns into equation (B.4), we get

ze = ΛΦ (B.5)

where Λ ≡
(
fu
feδ

θ−1
κ−(θ−1)

) 1
κ and

Φ ≡
[
1 + fx

fu

(
fx
fu

) −κ
θ−1

τ−κ + (ϕ− 1)
(

ϕ−1
(λθ−1(ρ2/ρ1)θ−ρ−1)

) −κ
θ−1

(1 + τ1−θ)
κ

θ−1

] 1
κ

.

By substituting the solution for the exit cutoff, we can get a solution for the export and

skill upgrading cutoffs below.

zx = τΛΦ (B.6)

zs = ΛΦ

[
ϕ− 1

(1 + τ1−θ)(λθ−1(ρ2/ρ1)θ−ρ − 1)

] 1
θ−1

(B.7)
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B.2.3 Trade Liberalization

In this section, we delve into an examination of the effects of trade liberalization on export

participation and skill upgrading. Our findings indicate that a reduction in iceberg trade

costs leads to heightened export profitability, prompting an increased number of firms to

venture into the export market. Additionally, this reduction encourages existing exporters

to invest more in labor training and engage in the production of skilled goods.

Proposition 1. A reduction in iceberg trade costs (τ):

a. increases the equilibrium skill premium,
∂

wh
wl
τ < 0

b. increases the average profit, ∂π̃
τ < 0

c. increases the productivity cutoff for exiting, ∂ze
τ < 0

d. reduces the productivity cutoff for exporting, ∂zx
τ > 0

e. reduces the skill upgrading cutoff, ∂zs
τ > 0

Proof: see Appendix B.2.4.

There is an asymmetric effect of trade liberalization since firms are heterogeneous.

Market shares are reallocated from the firms producing unskilled goods to the firms providing

skilled goods with a reduction in trade costs, which increases the relative demand for skilled

labor. This leads to an increase in the skill premium. We also conclude that trade integration

increases firms’ revenues, stimulates a greater number of firms within the intermediate range

of productivity levels to engage in export activities, and makes labor training more profitable

for productive exporters.

B.2.4 Bustos (2011b)’s Model

Total Cost Function

Per-period fixed export cost fx and iceberg trade cost τ are required for exporters, and thus

the total costs for firms that export in the unskilled and skilled sectors are respectively
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TCu(z) = fu + fx +
wl
z
ydu(z) + τ

wl
z
yxu(z)

TCs(z) = fs + fx +
wβhw

1−β
l

γz
yds (z) + τ

wβhw
1−β
l

γz
yxs (z)

Average Profit and Revenue

The average profit π̃ = π̃du + nxπ̃
d
x + nsπ̃

x
s , where

π̃du =
1

1−G(ze)

∫ zx

ze

zθ−1g(z)dz

π̃xu =
1

1−G(ze)

∫ zs

zx

zθ−1g(z)dz

π̃xs =
1

1−G(ze)

∫ ∞

zs

zθ−1g(z)dz

The average profit also can be describe in this way: π̃ = r̃
θ − fu − nxfx − ns(ϕ − 1)fu.

The average revenues of surviving firms is

r̃ =

∫ zx

ze

rdu(z)
g(z)

1−G(ze)
dz +

∫ zs

zx

rxu(z)
g(z)

1−G(ze)
dz +

∫ ∞

zs

rxs (z)
g(z)

1−G(ze)
dz

=

∫ zx

ze

rdu(z)
g(z)

1−G(ze)
dz + (1 + τ1−θ)

∫ zs

zx

rdu(z)
g(z)

1−G(ze)
dz

+ λθ−1(1 + τ1−θ)

∫ ∞

zs

rxd(z)
g(z)

1−G(ze)
dz

=

∫ zx

ze

rdu(z)
g(z)

1−G(ze)
dz +

∫ zs

zx

rdu(z)
g(z)

1−G(ze)
dz +

∫ ∞

zs

rdu(z)
g(z)

1−G(ze)
dz

+ τ1−θ
∫ zs

zx

rdu(z)
g(z)

1−G(ze)
dz + τ1−θ

∫ ∞

zs

rdu(z)
g(z)

1−G(ze)
dz

+

[
λθ−1(1 + τ1−θ)

(
ρ2
ρ1

)θ−ρ
− 1− τ1−θ

]∫ ∞

zs

rdu(z)
g(z)

1−G(ze)
dz

=

∫ ∞

ze

rdu(z)
g(z)

1−G(ze)
dz

+ τ1−θ
∫ ∞

zx

rdu(z)
g(z)

1−G(ze)
dz

+ (1 + τ1−θ)

(
λθ−1

(
ρ2
ρ1

)θ−ρ
− 1

)∫ ∞

zs

rdu(z)
g(z)

1−G(ze)
dz
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Using the zero profit condition, we get rdu(z) = θfu

(
z
ze

)θ−1
. We define z̃θ−1

j =∫∞
zj
zj

g(z)
1−G(zj)

dz where j ∈ (e, x, s), and we derive that both zx and zs can be a function

of ze, so

r̃ = θfu

(
z̃e
ze

)θ−1

+ nxθfx

(
z̃x
zx

)θ−1

+ nsθfu(ϕ− 1)

(
z̃s
zs

)θ−1

Since (
z̃j
zj

)θ−1

=

∫ ∞

zj

(
z

zj

)θ−1 g(z)

1−G(zj)
dz

= zκ+1−θ
j

κzθ−1−κ
j

κ− (θ − 1)

=
κ

κ− (θ − 1)

We get r̃ = θκ
κ−(θ−1) [fu + nxfx + nsfu(ϕ− 1)]. After substituting r̃ into the free entry

condition, we obtain

fe =
z−κe
δ

θ − 1

κ− (θ − 1)
[fu + nxfx + nsfu(ϕ− 1)]

Substituting nx and ns,

ze =

(
1

feδ

θ − 1

κ− (θ − 1)

) 1
κ

[fu + nxfx + nsfu(ϕ− 1)]
1
κ

=

(
1

feδ

θ − 1

κ− (θ − 1)

) 1
κ

×[
fu + fxτ

−κ
(
fx
fu

) −κ
θ−1

+ fu(ϕ− 1)

(
ϕ− 1

(1 + τ1−θ)(λθ−1(ρ2/ρ1)θ−ρ − 1)

) −κ
θ−1

] 1
κ

=Λ

[
1 +

fx
fu

(
fx
fu

) −κ
θ−1

τ−κ + (ϕ− 1)

(
ϕ− 1

(λθ−1(ρ2/ρ1)θ−ρ − 1)

) −κ
θ−1

(1 + τ1−θ)
κ

θ−1

] 1
κ

=ΛΦ

where Λ ≡
(
fu
feδ

θ−1
κ−(θ−1)

) 1
κ and

Φ =

[
1 +

fx
fu

(
fx
fu

) −κ
θ−1

τ−κ + (ϕ− 1)

(
ϕ− 1

(λθ−1(ρ2/ρ1)θ−ρ − 1)

) −κ
θ−1

(1 + τ1−θ)
κ

θ−1

] 1
κ

.
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Trade Liberalization

Skill Premium:

Ru
Rs

=

∫ zx
ze
rdu(z)

g(z)
1−G(ze)

dz +
∫ zs
zx
rxu(z)

g(z)
1−G(ze)

dz∫∞
zs
rs(z)

g(z)
1−G(ze)

dz

=
1

λθ−1(1 + τ θ−1)

As τ has a positive effect on λ, ∂Ru
∂Rs

> 0. The decrease in trade costs raises the relative

revenues of firms producing skilled goods, so the demand for skilled labor increases. This

leads to a higher equilibrium skill premium.

Next, a decrease in trade costs results in a higher proportion of firms engaging in the

production of skilled goods, ∂ns
∂τ < 0.

Proof:

The parameter τ exerts a direct negative impact on ns, while also inducing an indirect

positive impact through λ. This is because the reduction in tariffs elevates the skill premium,

thereby diminishing the cost advantage held by firms engaged in skilled goods production.

However, the direct effect prevails. To show this, let’s assume the opposite scenario where

it wasn’t the case, implying that ns declines as trade costs decrease. Then, we derive that
∂Rs
∂Ru

> 0, which is a contradiction.

Average Profit:

Given π̃ = θ−1
κ−(θ−1) [fu + nxfx + nsfu(ϕ− 1)] = θ−1

κ−(θ−1)Φ
κ, ∂π̃

∂τ = θ−1
κ−(θ−1)

∂Φκ

∂τ .

∂Φκ

∂τ
=− κ

fx
fu

(
fx
fu

)−κ−1
θ−1

τ−κ

− (θ − 1)
κ

θ − 1
(ϕ− 1)

(
ϕ− 1

(λθ−1(ρ2/ρ1)θ−ρ − 1)

) −κ
θ−1

(1 + τ1−θ)
κ−θ+1
θ−1 τ−θ < 0

Since θ > 1 and κ > (θ − 1), we get ∂π̃
∂τ < 0.

Exit productivity cutoff :

Since ze = ΛΦ and ∂Φκ

∂τ < 0, we get ∂ze
∂τ < 0.
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Export productivity cutoff :

Since zx = τΛΦ,
∂zx
∂τ

=

(
fx
fu

) 1
θ−1

ΛΦ+

(
fx
fu

) 1
θ−1

Λ
∂Φτ

∂τ

Given Φτ =

[
τκ + fx

fu

(
fx
fu

) −κ
θ−1

+ τκ(ϕ− 1)
(

ϕ−1
(λθ−1(ρ2/ρ1)θ−ρ−1)

) −κ
θ−1

(1 + τ1−θ)
κ

θ−1

] 1
κ

∂Φτ

∂τ
= (Φτ)1/κ−1

[
τκ−1 + Ξ(ϕ− 1)

(
ϕ− 1

(λθ−1(ρ2/ρ1)θ−ρ − 1)

) −κ
θ−1

]

where Ξ ≡ τκ−1(1 + τ1−θ)
κ

θ−1 − τκ−θ(1 + τ1−θ)
κ

θ−1
−1 = τκ−1(1 + τ1−θ)

κ
θ−1

(
1− τ1−θ

(1+τ1−θ)

)
As τ1−θ

(1+τ1−θ)
< 1, Ξ > 0. Then, ∂Φτ

∂τ > 0 and all other terms are positive, thus ∂zx
∂τ > 0.

Skill upgrading productivity cutoff :

Since zs = ze

[
ϕ−1

(1+τ1−θ)(λθ−1(ρ2/ρ1)θ−ρ−1)

] 1
θ−1

= ΛΦ
[

ϕ−1
(1+τ1−θ)(λθ−1(ρ2/ρ1)θ−ρ−1)

] 1
θ−1 ,

Φκ(1 + τ1−θ)
−κ
θ−1 =(1 + τ1−θ)

−κ
θ−1

+ (1 + τ1−θ)
−κ
θ−1

(
fx
fu

)1− κ
θ−1

τκ

+ (ϕ− 1)

(
ϕ− 1

(λθ−1(ρ2/ρ1)θ−ρ − 1)

) −κ
θ−1

∂Φκ(1 + τ1−θ)
−κ
θ−1

∂τ
=κ(1 + τ1−θ)

−κ
θ−1×[

(1 + τ1−θ)−1τ−θ

(
1 +

(
fx
fu

)1− κ
θ−1

τκ

)
−
(
fx
fu

)1− κ
θ−1

τ−κ−1

]

As κ(1 + τ1−θ)
−κ
θ−1 > 0, the sign of ∂Φκ(1+τ1−θ)

−κ
θ−1

∂τ depends on the second term. We

can derive that ∂Φκ(1+τ1−θ)
−κ
θ−1

∂τ > 0 as long as τ θ−1fx > fu. Then ∂zs
∂τ > 0 as all terms are

positive.

B.2.5 Our Model

Total cost and Price

TCdu(z) = fu +
wl
z
ydu(z)
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TCmxu (z) = fu + fmx +
wl
z
ydu(z) + τm

wl
z
ymxu (z)

TCoxu (z) = fu + fox +
wl
γuz

ydu(z) + τo
wl
γuz

yoxu (z)

TCmxs (z) = fms + fmx +
wβhw

1−β
l

γmz
ymds (z) + τm

wβhw
1−β
l

γmz
ymxs (z)

TCoxs (z) = fos + fox +
wαhw

1−α
l

γoz
yods (z) + τo

wαhw
1−α
l

γoz
yoxs (z)

where fox > fmx, fos > fms > fu, α > β and γo > γm > γu > 1.

The profit maximization of both sectors yields the following pricing rules of domestic

sales:

ρmdu (z) =
θ

θ − 1

wl
z

ρodu (z) =
θ

θ − 1

wl
γuz

ρmds (z) =
θ

θ − 1

wβhw
1−β
l

γmz

ρods (z) =
θ

θ − 1

wαhw
1−α
l

γoz

The four pricing rules of exporting are ρmxu (z) = τmρ
md
u (z), ρoxu (z) = τoρ

od
u (z), ρmxs (z) =

τmρ
md
s (z), ρoxs (z) = τoρ

od
s (z). Hence, ρmds (z) = ρmdu (z)/λm where λm = γm

(
wl
wh

)β
; ρods (z) =

ρodu (z)/λo where λo = γo

(
wl
wh

)α
.
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Average Profit and Revenue

The average profit π̃′
= π̃d

′
u + nmxπ̃

mx
u + noxπ̃

ox
u + nmsπ̃

mx
s + nosπ

ox
s , where

π̃d
′
u =

1

1−G(z′
e)

∫ zmx

z′e

zθ−1g(z)dz

π̃mxu =
1

1−G(z′
e)

∫ zox

zmx

zθ−1g(z)dz

π̃oxu =
1

1−G(z′
e)

∫ zms

zox

zθ−1g(z)dz

π̃mxs =
1

1−G(z′
e)

∫ zos

zms

zθ−1g(z)dz

π̃oxs =
1

1−G(z′
e)

∫ ∞

zos

zθ−1g(z)dz

The average profit also can be describe in this way:

π̃
′
=
r̃
′

θ
− (1− nms)fu − nmxfmx − nox(fox − fmx)− nms(ϕmfu + fmx − fox)

− nos(ϕofu − ϕmfu + fox − fmx)

=
r̃
′

θ
− fu − nmxfmx − nox(fox − fmx)− nms((ϕm − 1)fu + fmx − fox)

− nos((ϕo − ϕm)fu + fox − fmx)

The average revenues of surviving firms is

r̃
′
=

∫ zmx

ze

rdu(z)
g(z)

1−G(ze)
dz +

∫ zox

zmx

rmxu (z)
g(z)

1−G(ze)
dz +

∫ zms

zox

roxu (z)
g(z)

1−G(ze)
dz

+

∫ zos

zms

rmss (z)
g(z)

1−G(ze)
dz +

∫ ∞

zos

ross (z)
g(z)

1−G(ze)
dz

=

∫ ∞

ze

rdu(z)
g(z)

1−G(ze)
dz

+ τ1−θm

∫ ∞

zmx

rdu(z)
g(z)

1−G(ze)
dz

+ ((1 + τ1−θo )γθ−1
u − 1− τ1−θm )

∫ ∞

zox

rdu(z)
g(z)

1−G(ze)
dz

+

[
(1 + τ1−θm )λθ−1

m

(
ρ2
ρ1

)θ−ρ
− (1 + τ1−θo )γθ−1

u

]∫ ∞

zms

rdu(z)
g(z)

1−G(ze)
dz

+

[
λθ−1
o (1 + τ1−θo )

(
ρ2
ρ1

)θ−ρ
− λθ−1

m (1 + τ1−θm )

(
ρ2
ρ1

)θ−ρ]∫ ∞

zos

rdu(z)
g(z)

1−G(ze)
dz
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We derive that zmx, zox, zms and zox can be a function of z′
e, so

r̃
′
=θfu

(
z̃
′
e

z′
e

)θ−1

+ nmxθfmx

(
z̃mx
zmx

)θ−1

+ noxθ(fox − fmx)

(
z̃ox
zox

)θ−1

+ nmsθ(fu(ϕm − 1) + fmx − fox)

(
z̃ms
zms

)θ−1

+ nosθ(fox − fmx + (ϕo − ϕm)fu)

(
z̃os
zos

)θ−1

Given
(
z̃j
zj

)θ−1
= κ

κ−(θ−1) and the free entry condition, we get

z
′
e =

(
θ − 1

κ− (θ − 1)

1

δfe
Ψ

)1/κ

Ψκ =fu + nmxfmx + nox(fox − fmx)

+ nms(fu(ϕm − 1) + fmx − fox) + nos(fox − fmx + (ϕo − ϕm)fu)

=fu + fmxτ
−κ
m

(
fmx
fu

) −κ
θ−1

+ (fox − fmx)

(
fox − fmx

((1 + τ1−θo )γθ−1
u − 1− τ1−θm )fu

) −κ
θ−1

+ (fu(ϕm − 1) + fmx − fox)

×
[

((ϕm − 1)fu + fmx − fox

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)θ−ρ − (1 + τ1−θo )γθ−1

u )fu

] −κ
θ−1

+ (fox − fmx + (ϕo − ϕm)fu)

×
[

fox − fmx + (ϕo − ϕm)fu

(λθ−1
o (1 + τ1−θo )− λθ−1

m (1 + τ1−θm ))(ρ2/ρ1)θ−ρfu

] −κ
θ−1

=fu + fmxτ
−κ
m

(
fmx
fu

) −κ
θ−1

+ (fox − fmx)
−κ
θ−1A+ (fu(ϕm − 1) + fmx − fox)B

−κ
θ−1

+ (fox − fmx + (ϕo − ϕm)fu)C
−κ
θ−1

where A ≡ (1 + τ1−θo )γθ−1
u − 1 − τ1−θm , B ≡ ((ϕm−1)fu+fmx−fox

((1+τ1−θ
m )λθ−1

m (ρ2/ρ1)θ−ρ−(1+τ1−θ
o )γθ−1

u )fu
and C ≡

fox−fmx+(ϕo−ϕm)fu

(λθ−1
o (1+τ1−θ

o )−λθ−1
m (1+τ1−θ

m ))(ρ2/ρ1)θ−ρfu
.

Changes in Trade Costs to Country m

Average Profit:



129

Given π̃′
= θ−1

κ−(θ−1)Ψ
κ, ∂π̃

′

∂τm
= θ−1

κ−(θ−1)
∂Ψκ

∂τm
.

∂Ψκ

∂τm
= −κfmx

(
fmx
fu

) −κ
θ−1

τ−κ−1
m + κA

θ−1−κ
θ−1 fuτ

−θ
m − κB

θ−1−κ
θ−1 fuλ

θ−1
m (ρ2/ρ1)

θ−ρτ−θm

+ κC
θ−1−κ
θ−1 fuλ

θ−1
m (ρ2/ρ1)

θ−ρτ−θm

Since fmx > fu,
(
fmx

fu

) −κ
θ−1

τ−κm > A, τ−1
m > τ−θm and B > C, ∂Ψκ

∂τm
< 0. Thus, ∂π̃

′

∂τm
< 0.

Exit productivity cutoff:

z
′
e =

(
θ − 1

κ− (θ − 1)

1

δfe
Ψ

)1/κ

Thus, ∂z
′
e

∂τm
< 0

Export Productivity Cutoff, Country m:

zmx =

(
θ − 1

κ− (θ − 1)

1

δfe

)1/κ [ 1

nmx
fu + fmx +

nox
nmx

(fox − fmx) +
nms
nmx

(fu(ϕm − 1)

+fmx − fox) +
nos
nmx

(fox − fmx + (ϕo − ϕm)fu)

]
Proof:

(1)
1

nmx
=

(
zmx
z′
e

)κ
=

(
τm

(
fmx
fu

) 1
θ−1

)κ
When τm falls, 1

nmx
goes down.

(2)

nox
nmx

=

(
zmx
zox

)κ
=

(
fmx

fox − fmx

) κ
θ−1 [

τ θ−1
m (γθ−1

u (1 + τ1−θo )− τ1−θm − 1)
] κ

θ−1

Let D ≡ τ θ−1
m (γθ−1

u (1 + τ1−θo )− τ1−θm − 1)

∂ nox
nmx

∂τm
=

(
fmx

fox − fmx

) κ
θ−1

κD
κ

θ−1
−1τmθ

(
γθ−1
u (1 + τ1−θo )− 1

)
> 0
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Since γθ−1
u (1 + τ1−θo ) > 1, nox

nmx
falls when τm drops.

(3)

nms
nmx

=

(
zmx
zms

)κ
=

(
fmx

(ϕm − 1)fu + fmx − fox

) κ
θ−1

×[
τ θ−1
m ((1 + τ1−θm )λθ−1

m (ρ2/ρ1)
θ−ρ − (1 + τ1−θo )γθ−1

u )
] κ

θ−1

=

(
fmx

(ϕm − 1)fu + fmx − fox

) κ
θ−1

×[
1 + τ1−θm

τ1−θm

λθ−1
m (ρ2/ρ1)

θ−ρ − 1 + τ1−θo

τ1−θm

γθ−1
u

] κ
θ−1

When τm falls, τ1−θm increases, 1+τ1−θ
m

τ1−θ
m

decreases and λm also decreases. Thus, nms
nmx

falls.

(4)

nos
nmx

=

(
zmx
zos

)κ
=

(
fmx

fox − fmx + (ϕo − ϕm)fu

) κ
θ−1

×[
(τ θ−1
m (λθ−1

o − λθ−1
m ) + τ θ−1

m λθ−1
o τ θ−1

o − λθ−1
m )(ρ2/ρ1)

θ−ρ
] κ

θ−1

Since (λθ−1
o − λθ−1

m ) > 0, nos
nmx

decreases with a lower τm.

Therefore,

• τm ↓⇒ 1
nmx

↓

• τm ↓⇒ nox
nmx

↓

• τm ↓⇒ nms
nmx

↓

• τm ↓⇒ nos
nmx

↓,

We show that ∂zmx
∂τm

> 0.
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Skill Upgrading Productivity Cutoff, Country m

zms =

(
θ − 1

κ− (θ − 1)

1

δfe

)1/κ [ 1

nms
fu +

nmx
nms

fmx +
nox
nms

(fox − fmx) + (fu(ϕm − 1)

+fmx − fox) +
nos
nms

(fox − fmx + (ϕo − ϕm)fu)

]
Proof:

(1)

1

nms
=

(
zms
ze

)κ
=

[
(ϕm − 1)fu + fmx − fox

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)θ−ρ − (1 + τ1−θo )γu)fu

] κ
θ−1

Since θ > 1 and κ > θ − 1, 1
nms

falls when τm decreases.

(2)

When τm falls, nms
nmx

decreases; thus nmx
nms

increases.

(3)

nox
nms

=

(
zms
zox

)κ
=

[
(ϕm − 1)fu + fmx − fox

fox − fmx

((1 + τ1−θo )γθ−1
u − τ1−θm − 1)

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)θ−ρ − (1 + τ1−θo )γu)

] κ
θ−1

Since τm ↓⇒ τ1−θm ↑, nox
nms

falls with a lower τm.

(4)

nos
nms

=

(
zms
zos

)κ
=

[
(ϕm − 1)fu + fmx − fox
fox − fmx + (ϕo − ϕm)fu

(λθ−1
o (1 + τ1−θo )− λθ−1

m (1 + τ1−θm ))(ρ2/ρ1)
θ−ρ

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)θ−ρ − (1 + τ1−θo )γu)

] κ
θ−1

Since τm ↓⇒ τ1−θm ↑, nos
nms

falls with a lower τm.

Therefore,
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• τm ↓⇒ 1
nms

↓

• τm ↓⇒ nmx
nms

↑

• τm ↓⇒ nox
nms

↓

• τm ↓⇒ nos
nms

↓,

We can get ∂zms
∂τm

> 0 when the second effect nmx
nms

is dominated by the other three effects.

Changes in Trade Costs to Country o

Average Profit:

Given π̃′
= θ−1

κ−(θ−1)Ψ
κ, ∂π̃

′

∂τo
= θ−1

κ−(θ−1)
∂Ψκ

∂τo
.

∂Ψκ

∂τo
= −κA

θ−1−κ
θ−1 fuγ

θ−1
u τ−θo + κB

θ−1−κ
θ−1 fuγ

θ−1
u τ−θo − κC

θ−1−κ
θ−1 fuλ

θ−1
o (ρ2/ρ1)

θ−ρτ−θo

As A > B, ∂Ψκ

∂τo
< 0 and then, ∂π̃

′

∂τo
< 0.

Exit Productivity Cutoff:

Similarly, ∂z
′
e

∂τo
< 0.

Export Productivity Cutoff, Country o:

zox =

(
θ − 1

κ− (θ − 1)

1

δfe

)1/κ [ 1

nox
fu +

nmx
nox

fmx + (fox − fmx)

+
nms
nox

(fu(ϕm − 1) + fmx − fox) +
nos
nox

(fox − fmx + (ϕo − ϕm)fu)

]
Proof:

(1)

1

nox
=

(
zox
ze

)κ
=

[
fox − fmx

((1 + τ1−θo )γθ−1
u − τ1−θm − 1)fu

] κ
θ−1
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Since θ > 1 and κ > θ − 1, 1
nox

falls when τo decreases.

(2)

nmx
nox

=

(
zox
zmx

)κ
=

(
fox − fmx
fmx

) κ
θ−1
[
(γθ−1
u (1 + τ1−θo )− τ1−θm − 1)

τ θ−1
m

] κ
θ−1

Since τo ↓⇒ τ1−θo ↑, nmx
nox

increases with a lower τo.

(3)

nms
nox

=

(
zox
zms

)κ
=

[
fox − fmx

(ϕm − 1)fu + fmx − fox

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)

θ−ρ − (1 + τ1−θo )γu)

((1 + τ1−θo )γθ−1
u − τ1−θm − 1)

] κ
θ−1

Since τo ↓⇒ τ1−θo ↑, nms
nox

falls with a lower τo.

(4)

nos
nox

=

(
zox
zos

)κ
=

[
fox − fmx

fox − fmx + (ϕo − ϕm)fu

(λθ−1
o (1 + τ1−θo )− λθ−1

m (1 + τ1−θm ))(ρ2/ρ1)
θ−ρ

((1 + τ1−θo )γθ−1
u − τ1−θm − 1)

] κ
θ−1

Let E ≡ (λθ−1
o (1+ τ1−θo )− λθ−1

m (1+ τ1−θm ))(ρ2/ρ1)
θ−ρ and F ≡ ((1+ τ1−θo )γθ−1

u − τ1−θm − 1).

∂ nos
nox

τo
=

[
fox − fmx

fox − fmx + (ϕo − ϕm)fu

] κ
θ−1

κ
−λθ−1

o (ρ2/ρ1)
θ−ρτ−θo F − γθ−1

u τ−θo E

F 2

Since −λθ−1
o (ρ2/ρ1)

θ−ρτ−θo F − γθ−1
u τ−θo E < 0 and other terms are positive,

∂ nos
nox
τo

< 0.

Hence,

• τo ↓⇒ 1
nox

↓

• τo ↓⇒ nmx
nox

↑
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• τo ↓⇒ nms
nox

↓

• τo ↓⇒ nos
nox

↑,

∂zox
∂τo

> 0 if and only if the total effects of τo on 1
nox

and nms
nox

dominate the other two

effects.

Skill Upgrading Productivity Cutoff, Country o:

zos =

(
θ − 1

κ− (θ − 1)

1

δfe

)1/κ [ 1

nos
fu +

nmx
nos

fmx +
nox
nos

(fox − fmx)

+
nms
nos

(fu(ϕm − 1) + fmx − fox) + (fox − fmx + (ϕo − ϕm)fu)

]
Proof:

(1)

1

nos
=

(
zos
ze

)κ
=

[
fox − fmx + (ϕo − ϕm)fu

(λθ−1
o (1 + τ1−θo )− λθ−1

m (1 + τ1−θm ))(ρ2/ρ1)θ−ρfu

] κ
θ−1

Since τo ↓⇒ τ1−θo ↑, 1
nos

falls with a lower τo.

(2)

nmx
nos

=

(
zos
zmx

)κ
=

[
fox − fmx + (ϕo − ϕm)fu

fmx

τ1−θm

(λθ−1
o (1 + τ1−θo )− λθ−1

m (1 + τ1−θm ))(ρ2/ρ1)θ−ρfu

] κ
θ−1

Since τo ↓⇒ τ1−θo ↑, nmx
nos

falls with a lower τo.

(3)

As
∂ nos

nox
τo

< 0, nox
nos

decreases if τ falls.

(4)

nms
nos

=

(
zos
zms

)κ
=

[
fox − fmx + (ϕo − ϕm)fu
(ϕm − 1)fu + fmx − fox

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)

θ−ρ − (1 + τ1−θo )γu)

(λθ−1
o (1 + τ1−θo )− λθ−1

m (1 + τ1−θm ))(ρ2/ρ1)θ−ρfu

] κ
θ−1
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Since τo ↓⇒ τ1−θo ↑, nms
nos

falls with a lower τo.

Hence,

• τo ↓⇒ 1
nos

↓

• τo ↓⇒ nmx
nos

↓

• τo ↓⇒ nox
nos

↓

• τo ↓⇒ nms
nos

↓,

We prove that ∂zos
∂τo

> 0.

Export Productivity Cutoff, Country m:

zmx =

(
θ − 1

κ− (θ − 1)

1

δfe

)1/κ [ 1

nmx
fu + fmx +

nox
nmx

(fox − fmx) +
nms
nmx

(fu(ϕm − 1)

+fmx − fox) +
nos
nmx

(fox − fmx + (ϕo − ϕm)fu)

]
Proof:

(1)
1

nmx
=

(
zmx
z′
e

)κ
=

(
τm

(
fmx
fu

) 1
θ−1

)κ
τo has no effects on 1

nmx
.

(2)

nox
nmx

=

(
zmx
zox

)κ
=

(
fmx

fox − fmx

) κ
θ−1 [

τ θ−1
m (γθ−1

u (1 + τ1−θo )− τ1−θm − 1)
] κ

θ−1

When τo falls, τ1−θ0 increases and nox
nmx

goes up.



136

(3)

nms
nmx

=

(
zmx
zms

)κ
=

(
fmx

(ϕm − 1)fu + fmx − fox

) κ
θ−1

×[
τ θ−1
m ((1 + τ1−θm )λθ−1

m (ρ2/ρ1)
θ−ρ − (1 + τ1−θo )γθ−1

u )
] κ

θ−1

=

(
fmx

(ϕm − 1)fu + fmx − fox

) κ
θ−1

×[
1 + τ1−θm

τ1−θm

λθ−1
m (ρ2/ρ1)

θ−ρ − 1 + τ1−θo

τ1−θm

γθ−1
u

] κ
θ−1

When τo falls, τ1−θo increases; thus nms
nmx

falls.

(4)

nos
nmx

=

(
zmx
zos

)κ
=

(
fmx

fox − fmx + (ϕo − ϕm)fu

) κ
θ−1

×[
(τ θ−1
m (λθ−1

o − λθ−1
m ) + τ θ−1

m λθ−1
o τ θ−1

o − λθ−1
m )(ρ2/ρ1)

θ−ρ
] κ

θ−1

When τo falls, τ θ−1
o falls and nos

nmx
goes down.

Therefore,

• τo ↓⇒ nox
nmx

↑

• τo ↓⇒ nms
nmx

↓

• τo ↓⇒ nos
nmx

↓.

A reduction in τo decreases zmx when the impact of τo on nox
nmx

is dominated by the other

two effects.

Skill Upgrading Productivity Cutoff, Country m:
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zms =

(
θ − 1

κ− (θ − 1)

1

δfe

)1/κ [ 1

nms
fu +

nmx
nms

fmx +
nox
nms

(fox − fmx) + (fu(ϕm − 1)

+fmx − fox) +
nos
nms

(fox − fmx + (ϕo − ϕm)fu)

]
Proof:

(1)

1

nms
=

(
zms
ze

)κ
=

[
(ϕm − 1)fu + fmx − fox

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)θ−ρ − (1 + τ1−θo )γu)fu

] κ
θ−1

When τo falls, τ1−θo increases and 1
nms

goes up.

(2)

When τo falls, nms
nmx

decreases; thus nmx
nms

increases.

(3)

nox
nms

=

(
zms
zox

)κ
=

[
(ϕm − 1)fu + fmx − fox

fox − fmx

((1 + τ1−θo )γθ−1
u − τ1−θm − 1)

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)θ−ρ − (1 + τ1−θo )γu)

] κ
θ−1

Since τo ↓⇒ τ1−θo ↑, nox
nms

increases with a lower τo.

(4)

nos
nms

=

(
zms
zos

)κ
=

[
(ϕm − 1)fu + fmx − fox
fox − fmx + (ϕo − ϕm)fu

(λθ−1
o (1 + τ1−θo )− λθ−1

m (1 + τ1−θm ))(ρ2/ρ1)
θ−ρ

((1 + τ1−θm )λθ−1
m (ρ2/ρ1)θ−ρ − (1 + τ1−θo )γu)

] κ
θ−1

Since τo ↓⇒ τ1−θo ↑, nos
nms

rises with a lower τo.

Therefore,

• τo ↓⇒ 1
nms

↑



138

• τo ↓⇒ nmx
nms

↑

• τo ↓⇒ nox
nms

↑

• τo ↓⇒ nos
nms

↑,

We derive that zms
τo

< 0.

B.3 Data Description

B.3.1 Computation of Input Tariffs

We calculated input tariffs for every 4-digit CIC industry following a methodology similar to

that of Amiti and Konings (2007) and Bustos (2011b). The input tariff for each industry is

calculated by taking the weighted average of the tariffs imposed on all inputs utilized. The

weighting is determined by the cost proportion of each input, as illustrated by the following

formula:

τ imjt =
∑
i

wij × τ imit where wij =
aij∑
i aij

(B.8)

In this context, j serves as an index for the 4-digit CIC industry for which the input tariff

is being calculated; i is an index for the 4-digit CIC industry responsible for producing the

input; and t functions as a time index. wij represents the cost share of each input i in the

production of output j, while aij signifies the total expenditure on input i by industry j.

It’s important to note that these expenditure shares encompass both domestic and imported

inputs. We estimated aij based on China’s input-output (I-O) table in 2007. The data are

aggregated at the sector level, and we use the same value for all the industries in the same

sector.

B.3.2 Proxy for Initial Productivity

In this model, we consider heterogeneity as variations in labor productivity while keeping

skill levels constant. However, this specific measure is not directly observable in the data.

To approximate initial productivity, we employ the initial firm size in terms of employment

relative to the average within the corresponding 4-digit industry.
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B.3.3 Measures of Capital and Skill Intensity

The averages of capital and skill intensity within industries in the United States during the

1980s are acquired from the NBER productivity database. Capital intensity is quantified as

capital per worker (i.e., real equipment and real structures), whereas skill intensity is gauged

by the ratio of non-production to production workers within the industry.

B.3.4 Summary Statistics

Table B.1: Summary statistics of variables of interest in 2004

Variables All Exporters Non-exporters Observations Firms

Employment 361.055 691.605 190.219 131,460 110,632

[1806.685] [2867.222] [785.306]

Total sales 160.362 373.104 50.412 131,460 110,632

[1826.812] [3061.618] [426.793]

Export share of sales, Exports>0 0.028 23,964 44,792

[0.048]

1{Export to India}, Exports>0 0.090 23,964 44,792

[0.286]

1{TS>0} 0.443 0.466 0.432 131,460 110,632

[0.497] [0.499] [0.495]

Total training spending 43.139 82.403 22.846 131,460 110,632

[432.506] [639.843] [266.359]

Total training spending, TS>0 97.279 176.890 52.899 58,296 48,525

[645.421] [928.517] [403.346]

Training spending per worker 111.912 117.462 109.044 131,460 110,632

[591.856] [561.849] [606.766]

Training spending per worker, TS>0 252.367 252.149 252.488 58,296 48,525

[868.612] [802.307] [903.476]

Observations 131,460 44,792 86,668

Firms 110,632 23,964 86,668

Standard deviations in brackets. Employment in number of workers, sales in millions of 2004 RMB yuan,

total training spending in thousands of 2004 RMB yuan, and training spending per capita in 2004 RMB yuan.
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Appendix C

THE EFFECTS OF GLOBALIZATION ON THE LABOR MARKET: A
PANEL VAR ANALYSIS

C.1 Additional Figures
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Figure C.1: Impulse response to an increase in GDP per person employed in middle and

low-income countries.
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Figure C.2: Variance decomposition of FDI in middle and low-income countries
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Figure C.3: Gini index response to one S.D. innovations of key variables in high-income

countries
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Figure C.4: Income shares response to one S.D. innovations of key variables in middle and
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Figure C.5: Labor productivity response to one S.D. innovations of key variables under tariff

specification
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Figure C.6: Unemployment rate response to one S.D. innovations of key variables under

tariff specification
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Figure C.7: Labor force participation rate response to one S.D. innovations of key variables

under tariff specification
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Figure C.8: Gini index response to one S.D. innovations of key variables under tariff

specification
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Figure C.9: Income shares response to one S.D. innovations of key variables under tariff

specification
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C.2 Data Description

Most time series data are collected from the World Bank’s World Development Indicator

and some of them are from the OECD statistics. Income and wealth shares held by top 10%

and bottom 50% are from the World Inequality Database.

Table C.1: Data description

Variables Description

Labor productivity GDP per person employed (constant 2017 PPP $)

Investment Gross fixed capital formation (constant 2015 US$)

Exports Exports of goods and services (constant 2015 US$)

FDI Foreign direct investment, net inflows (BoP, current US$)

Labor migration Net migration

Unemployment rate Unemployment, total (% of total labor force)

Labor force Labor force participation rate, total (% of total population ages 15+)

Income inequality Gini index

Income share held by top 10% Pre-tax national income share held by the p90p100 group

Income share held by bottom 50% Pre-tax national income share held by the p0p50 group

Wealth share held by top 10% Net personal wealth share held by the p90p100 group

Wealth share held by bottom 50% Net personal wealth share held by the p0p50 group

Tariff Tariff rate, applied, weighted mean, all products (%)

Government spending on education Government expenditure on education, total (% of GDP)

Researchers in R&D Researchers in R&D (per million people)
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