UNIVERSITY OF OKLAHOMA

GRADUATE COLLEGE

THREE ESSAYS ON THE EFFECTS AND THE STRATEGY OF
TECHNOLOGY IMPROVEMENTS IN THE INTERNATIONAL TRADE

FRAMEWORK

A DISSERTATION
SUBMITTED TO THE GRADUATE FACULTY
in partial fulfilment of the requirements for the
Degree of

DOCTOR OF PHILOSOPHY

By

XUEBING YANG
Norman, Oklahoma
2009



THREE ESSAYS ON THE EFFECTS AND THE STRATEGY OF
TECHNOLOGY IMPROVEMENTS IN THE INTERNATIONAL TRADE
FRAMEWORK

A DISSERTATION APPROVED FOR THE
DEPARTMENT OF ECONOMICS

BY

Dr. Jiandong Ju, Chair

Dr. Firat Demir

Dr. Louis Ederington

Dr. Kevin Grier

Dr. Carlos Lamarche

Dr. Cynthia Rogers



© Copyright by XUEBING YANG 2009
All Rights Reserved.



ACKNOWLEDGEMENTS

I want to express my gratitude to those who contributed to
this dissertation. First of all, I want to acknowledge my
deepest indebtedness to my advisor Dr. Jiandong Ju. Dr. Ju has
been a very supportive advisor to me throughout my graduate school study
During the last few years, we exchanged more than one thousand
emails. He answered my questions when he was on his way to
coffee houses, when he was having lunch, and when we were on a
trip to a conference. During the last few years, Dr. Ju was the
person that I called the most frequently besides my wife. He
gladly answered my phone calls no matter it was night or
weekend, no matter he was on his way home or spending time with
his family, no matter he was in Norman or in the scurry of a
trip. Dr. Ju also has been a strong advisor and had the deepest
impact on my thinking in the academic realm. I am grateful to
his unending support, extremely constructive feedback,
excellent supervision, and all his encouragement during all

stages of this work.

I want to thank Dr. Cynthia Rogers for her mentoring and

trust. I appreciate the suggestions and opportunities that she

iv



gave me. Her suggestions turned out to be extremely helpful and

will help me become a more successful researcher in the future.

I also would like to thank my committee members Dr. Demir, Dr.

Ederington, Dr. Grier and Dr. Lamarche for the techniques they

taught me in their courses and the invaluable suggestions and

comments they made on my dissertation. I want to thank all

other professors in our department too. Their courses equipped

me with the skills that I need; their wisdom enlightened me

subconsciously.

Finally, I would like to thank my wife Huilan Zhang for the

encouragement and support that she gave me when I was working

on this dissertation. Her love and patience helped me get

through the difficult times.



TABLE OF CONTENTS

LIST OF TABLES ..ot e et e e et e e e e aees viii
LIST OF FIGURES ... oottt e e e e e aaans IX
ABSTRACT ittt ettt ettt ettt e e e e ettt e e e e e s s bt e e e e e s e nnbrreaeeeeannrraeeeeeeaans X
CHAPTER 1: INTRODUCTION. ... ittt e et e e e e e e ennns 1
I A 7= Tox 1o | (01U o [PPSR 1
1.2. Objectives Of the STUAY ........coooiiiiii e 6
1.3. Motivation for the StUAY ...........ueeeiiiii e 6
1.4. ResSUlts Of the StUAY .....ccooviiiiii e 8
1.5. Organization of the STUAY ..........uuuuriiiiiii e 10
CHAPTER 2 : HICKS THEOREM: EFFECTS OF TECHNOLOGICAL
IMPROVEMENT IN THE RICARDIAN MODEL .......ccceeviiiiiiiiiinaenn, 12
P22 I [ 91 o o 18 o 1o o OO PPPPPPPP 12
2.2. Welfare Effects of Technological Improvement...........cccoeeeviiieiiiiiiiieeeinnnns 15
2.3. Optimal Strategy of Technological Improvement ...............cccceevvvvvvviviinnnnns 26
2.4, Discussion and CONCIUSION .........ccuviiiiiiiiiiiiciiiie e 36
P T Y o] o =7 g o [ o =S 37

CHAPTER 3: A TWO-SECTOR EATON AND KORTUM MODEL:
TECHNOLOGICAL CHANGES AND INTERNATIONAL TRADE .42

I % I [ 01 o o 18 ox 1o o OO PPPPPPPPI 42
3.2, TR MOAEL ... e e e e e eeeeaaaees 45
3.3, EQUILIDIUM L. 47
3.4. Technological Improvements and Trade Patterns..............cccccccveeiieeeevinnnnnn. 51
3.5. Changes in the Degree of Heterogeneity and Trade Patterns ..................... 55
3.6. Technological Improvements and Social Welfare..............cccccceeeiieeevinnnnnnn. 60
3.7. Empirical Analysis of Comparative Advantage and Net Exports............... 70
G T @] [ 1111 (o o TR 78
e T Y o] o 1= o o [Tt 2SRRI 79

Vi



CHAPTER 4 : HICKS PATH: THE OPTIMAL STRATEGY OF

TECHNOLOGICAL IMPROVEMENT IN THE OPEN ECONOMY .93

o I [ 01 o To [1 [ £ [ o TP 93
S 1< (U] o PSP PTTTRRPPUPPPIN 96
4.3. R&D DecCiSions iN AULAIKY ........coovvviiiiiiiiiei e e e 98
4.4. R&D Decisions in the open @CON0OMY ...........ciiiiiiiieeeeeieieeeeeeere e 103
4.5, EMPIFCAl ANAIYSIS ....uviiiiiiiei it e e e e e e e e e e 106
T o] (o] 1§13 (o] o PP PPPPPPPPPPPPPPR 126
R N o] o 1= [0 01U 126
CHAPTER 5 : CONCLUSION ...ttt a e 134
5.1. SUMMArY Of the STUAY ....euueiiiiiiiiee e 134
5.2. Limitations of the Study..........cccooiiiiiiiiii e 135
5.3. POSSIDIE EXIENSIONS.....uuuiiiiiiiiiiiiiiiieee e 136
5.4, CONCIUSION L.ttt ettt e e e e e e e e e e e 137
BIBLIOGRAPHY ...ttt e e e e e e e e e e e e ennees 138

Vil



LIST OF TABLES

Table 2-1: RegiMe SWILCH.......cccuiiiiiiececeece e 20
Table 2-2: Welfare EffeCtS.......occoviiriiienieeeeeeeeee e 25
Table 3-1: Results of Regressions (Dependent Varidl{€)....................... 76
Table 3-2: Results of Regressions (Dependent Varidld&G).................... 77
Table 3-3: Definitions of Variables............ccccoeeiniineneeeee 80
Table 4-1: R&D Input and Advantage (OLS, PROD as Output)........... 112
Table 4-2: R&D Input and Advantage (OLS, VALU as Output)............ 115
Table 4-3: R&D Input and Advantage (OLEBEL)....cccccevevvevieeieceeeieeeenee, 116

Table 4-4: R&D Input and Advantage (OLS, Alternative Categorizatiati)7
Table 4-5: R&D Input and Advantage (Heteroskedasticity corrected, PROD a

(O 111101 | USSR 118
Table 4-6: R&D Input and Advantage (Heteroskedasticity corrected, VALU a
(O 111101 | OO URRRRRR 119
Table 4-7: R&D Input and Advantage (Heteroskedasticity corrected, PROD a
(O 1111 0T 1 1 ) SR 120
Table 4-8: R&D Input and Advantage (IV)......cccceceeeeveeceereececeereeeene 121
Table 4-9: R&D Input and Advantage (I051) .....cccceceevevieneniieneeieneene, 122
Table 4-10: R&D Input and Advantage (IV, Alternative Categorizatior)23
Table 4-11: R&D Intensity and Advantage (OI850.15).......ccccccceveeeenee. 124
Table 4-12: R&D Intensity and Advantage (OLS and@¥]).................... 125
Table 4-13: R&D Intensity and Advantage (Heteroskedasticity codecte

0 = 0.15) ...ttt ettt 125

viii



LIST OF FIGURES

Figure 2-1: Regime SWItCN ..o 16
Figure 2-2: Regime Switch and the Relative Country Size..........ccccceeeiiiiiieenneennnn. 18
Figure 3-1: EQUIlIDIIUM ... 50
FIgUre 3-2: Trade FIOWS ........uuueiiiiiiii e e e e e e 51
Figure 3-3: The Welfare Effects on the Home Country (1) ........coovvvvvvvviivrennnnnnnnn. 62
Figure 3-4: The Welfare Effects on the Home Country (2) ........ccoovvvvvvviivvvnnnnnnnnn. 62
Figure 3-5: The Welfare Effects on the Home Country (3) .......ccoovvvvvvvviivvinnnnnnnnn. 63
Figure 3-6: The Welfare Effects on the Foreign Country (1)........ccoovvvviivvvennnnnnnnn. 65
Figure 3-7: The Welfare Effects on the Foreign Country (2)........cccovvvevevvvvnnnnnnnnn. 66
Figure 3-8: The Welfare Effects on the Foreign Country (3).......cccoovvviiiivrrnnnnnnnnn. 66
Figure 3-9: The Welfare Effects Given Cobb-Douglas Utility Famct............ 68
Figure 3-10: The Welfare Effects When Goods Are Complements (1) ................ 69
Figure 3-11: The Welfare Effects When Goods Are Complements (2) ................ 69
Figure 4-1: The Distribution of ADV .........oovviiiiiiiiiiiii e 113
Figure 4-2: The Distribution of ADVN.......coovviiiiiiiiiiiiii e 114
Figure 4-3: The Distribution of adv............oooiiiiiiiiiiii 114



ABSTRACT

The main purpose of this study is to investigate the optimal strategy and the
welfare effects of technology improvements in the open economy. The first
essay, “Hicks Theorem: Effects of Technological Improvement in the
Ricardian Model” studies these questions with the Ricardian model. The essay
formally proves Hicks’ (1953) insight into the effects of technological
improvement: uniform technological improvement at home benefits all
countries (or at least does not hurt); export-biased technological improvement
at home benefits the foreign country (or at least does not hurt), but import-
biased technological improvement at home can hurt the foreign country if the
comparative advantage is not reversed.

The paper then studies optimal strategies of technological improvement
and shows that for a small country it is optimal to choose export-biased
technological improvement. For a large country, it is optimal to improve
technology in both sectors at a rate proportional to the consumers’ expenditure
share.

The second essay, “A Two-Sector Eaton and Kortum Model:

Technological Changes and International Trade” studies the effects of
technological changes with a two-sector Eaton and Kortum model. This paper
distinguishes two types of technology changes: changes in the technology
levels (technology improvements) and changes in the dispersion of

productivity of firms. The paper shows that technology improvements always



increase the total trade. Technology improvements increase inter-inttadey
if they originate in the comparative advantage sector, otherwise thesadec
inter-industry trade. Increases in the degree of heterogeneity alwegasac
the total trade and inter-industry trade.

The essay also analyzes the welfare effects of technology improgement
and yields some new results. It shows that with the Cobb-Douglas utility
function technology improvements are always beneficial to the innovator. In
agreement with the literature, export-biased improvements benefit gigrfor
country. In a departure from the literature, however, the paper shows that
import-biased improvements could benefit the foreign country. The essay also
shows that when the final goods are complements, immiserizing growth may
occur.

The theoretical model of the paper shows that the net exports of the
comparative advantage sector are positive while those of the other sector are
negative. This offers us a testable hypothesis about the Ricardian trade model
Using the OECD STAN databases, the paper conducts some simple tests
concerning the prediction and finds strong support for it. The Ricardian model
is one of the pillars of the international trade theory, but there have been few
empirical tests of it. The results of this work will enrich the literatarhis
field.

The third essay, “Hicks Path: The Optimal Strategy of Technological
Improvement in the open economy” extends the Eaton and Kortum framework

into a multi-sector model to analyze the innovation pattern of countries. The

Xi



model shows that the R&D activities are determined by sectoral expenditure
and research efficiency. The model also shows that the laissez fairenR&D |
level is less than the socially optimal R&D input level in autarky when there
are two sectors. In the open economy the R&D input in an industry depends on
the country’s advantage in the industry.

Using the OECD STAN database, the empirical analysis finds some
support for Hicks’ path, a technology improvement strategy for countries
advanced by Hicks, but it also indicates that the R&D pattern in the real world

might be richer than what Hicks predicted.
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Chapter 1:

INTRODUCTION

1.1. Background

Technological change has always been an important issue in acenbm
the fields of economic growth and economic development, reseatuiness
studied how countries improve their technologies and how technical pogres
affects the economy. Extensive as it is, the literature irethells did not do
justice to international trade. In the real world, though, interndtitiade
becomes increasingly important. The export’s share in GDP isighs as
129.8% for Singapore and 109.7% for Hong Kong (IMF, 1998), and the
growth rate of exports has been around 20% for the last ten ipe@tsna,
who ranked third in merchandise trade in 2005 (WTO, 2007).

These facts attract economists’ attention and they begin tohasgade
framework to analyze the issues concerning technological pogiEne
theoretical work on these issues can be divided into two categodesiang
to the trade theories they use. The first stream is based &icdnelian model
and the second stream is based on the Eaton Kortum framework. Thls® is
a great deal of empirical work on the effects and theegfyeof technological

progress based on various trade models.

1.1.1. Theoretical Study Based on the Ricardian Model
Theoretical works on technical progress based on the Ricardian model date

back to Ricardo himself. However, most papers in this stream of research have



appeared in recent decades. Hicks (1958) analyzed how technology
improvements in one country affect its trade partners’ welfare and payment
balance. Dornbusch, Fischer and Samuelson (1977) prove that a uniform
technology improvement in the foreign country will improve the home

country’s welfare in a continuum-good Ricardian model. Choi and Yu (1987)
study the welfare effect of Hicks-neutral technical progress under \ariabl
returns to scale. They find that for a small country, technology improvement
benefits itself under certain circumstances, and the technology improvement
may hurt other countries. They also study how technology improvements affect
a country’s terms of trade. Markusen and Svensson (1985) study how Hicks-
neutral technological differences between two similar countries alffert. t
Krugman (1986) uses a model of “technology gaps” to explain how the
technology evolution pattern determines the economy pattern. Grossman and
Helpman (1995) study how learning-by-doing, R&D and diffusion determine
the technology progress. They also summarize the welfare effectfioicedc
progress, which seems to bring closure to this issue. However, several years
later, the issue regains its popularity when people are arguing about the impact
of globalization. Samuelson (2004) calls our attention to the fact that
developing countries could improve their technologies to the detriment of
developed countries. Ruffin and Jones (2007) study some cases omitted in

previous literature.



1.1.2. Theoretical Study Based on the Heterogeneous Firms Framework

The second stream of theoretical research is based on the heterogeneous
firms framework. As important as it is, “the problem with the (Ricardian
model) as a vehicle for discussing technical change is that too many things ca
happen (Krugman, 1986).” The switches in trade regimes make the analysis
quite complicated. Moreover, the Ricardian model makes some strong
assumptions, such as perfect competition and homogeneous firms. These
assumptions have not been a problem because traditionally trade theory has
been aimed at understanding aggregate evidence on topics such as the factor
content of trade and industry specialization. These flaws encourage ecenomist
to develop new models to study technological progress in the trade framework.
On the other hand, economists begin to emphasize the effects of trade on micro
issues such as plant sizes and worker productivity. To this end, the trade theory
should take into consideration the differences among individual producers
within an industry. The new trade theory, which is based on the heterogeneous-
firms framework, incorporates these elements and has become a popular model
for studying technical change.

The Melitz’ (2003) model and the Eaton and Kortum (2002) model are two
important frameworks that model the heterogeneity of firmatarmational
trade. The Melitz model allows for imperfect competition and itdigjoods
varieties. It is often used to analyze intra-industry reallooatlThe Eaton-
Kortum model assumes perfect competition and a fixed continuum of goods.

The core assumption of the Eaton-Kortum model is that the productivdy of



firm in a country is a random draw from a Fréchet distribution, whose
parameters represent the country’s technology level. The malehas that

the final goods are produced with intermediate goods, which is in turn
produced with intermediate goods and labor. The framework also ditows
multiple countries and geographical barriers. Overall, the setumaie

realistic than the Ricardian model.

1.1.3. Empirical Study

Besides the above two streams of theoretical study, there basrioh
literature on the empirical study of the welfare effectsthedoptimal strategy
of technology improvements. Eaton and Kortum’s(1999) paper is most
relevant to this project. It measures the effects of reseamcthe state of
technology of foreign countries. In their model, new ideas diffusesacr
countries and all countries grow at the same steady-statdRetearch effort
is determined by the gains from the world market. They find the¢arch
performed in foreign countries is about two-thirds as potent as diomes
research. Eaton et al. (1998) study what determines the resdfnth ef
European countries. They find that the size of the domestic maskatsre
important than the research efficiency. Bernstein and Mohnen (1998)
investigate the bilateral link between the U.S. and Japanese ecsnor@ens
of how R&D capital formation in one country affects the producticuncsire,
physical and R&D capital accumulation, and productivity growthhe dther
country. Clerides et al. (1998) study how exports affect a courtagfsology

level. Evidence from Colombia, Mexico, and Morocco shows that the positive



association between exporting and efficiency can be explainetiebgeif-

selection of the more efficient firms into the export market.

1.1.4. Related Literature

Besides the above three streams of research, there arealzeg papers
that help us understand the welfare effects and the optimakgstradf
technology improvements. The first group of papers is on the evolution of
technology. Kortum (1997) develops a search-theoretic model of tecivablog
change. Researchers randomly draw new ideas from a distribifitiba. new
idea surpasses the state-of-the-art technology, it becomeswihteataology
frontier. Technology improvements become increasingly difficult tlzes
technological frontier advances. This accounts for the fact thahtgagrew
steadily as the research effort rose sharply in the pasirge Kortum shows
that if researchers sample from Pareto distributions, thebdistm of the
productivity of individual firms converge to Fréchet distributionsaw.l The
Fréchet distribution has some nice mathematical properties.nlialsa be
converted into an exponential distribution a la Avarez and Lucas (2007).
Eaton, Gutierrez, and Kortum (1998), Eaton and Kortum (2001a) provide
further analysis of research indicators across countries and over time.

The second group of related papers studies the welfare effieptstent
protection. Deardoff (1992) shows that while the welfare of the innovat
increases that of other countries decreases as the protetreoigtisens.
Helpman (1993) studies how the protection of intellectual propertysright

affects the welfare of each country. He decomposes the dffext®ur items:



(1) Terms of trade, (2) Production composition, (3) Available products4and
Inter-temporal allocation of consumption. He claims that when thition

rate is low, tighter protection will hurt both parties. Grossnrahlai (2002)
study how governments protect intellectual property. They consider two
countries that differ in market size, in their capacitiesifioovation, and in
their absolute and comparative advantage in manufacturing. Thetstieng
IPR protection is correlated with the duration of a country's patéhisy
study why patents are longer in the North. They also shevan efficient
global regime of patent protection. The issue has been revisitedtlyeby

Gancia (2003) as well as by Dinopoulos and Segerstrom (2005).

1.2. Objectives of the Study

The main purpose of this study is to investigate the optimal strategy and the
welfare effects of technology improvements in the open econoheypiioject
is divided into three papers. The first paper endogenizes technology progress in
the Ricardian model and investigates its welfare effectgs. S¢tond paper
analyzes the effects of technology changes in a trade frarkethat
incorporates the heterogeneity of firms. The third essay looks at the theloptima

strategy of technology improvement.

1.3. Motivation for the Study

Each of these papers addresses some interesting questiors amddime
gaps in the literature. As for the first paper, many econonfésts, Hicks,
Grossman and Helpman) have mentioned the welfare effects of teginol
improvements in the Ricardian model. However, most of them focus on one or

6



two trade regimes and ignore the switches in trade pattéorssuch a
benchmark model, | believe, it is worth the effort to consider ladl t
possibilities and to give a complete analysis of the welfafectsf of
technology improvements. As for the optimal strategy of technology
development, there is no literature that endogenizes technologggsagrthe
Ricardian model. Moreover, most of the literature assumes technology
progress to be uniform. In the Ricardian, we can model biased techinolog
improvement and it gives us several new results.

The second paper addresses some questions that are of irtarestyt
economists. Recently, economists have been concerned with the assuhption
homogeneous firms in trade theories. They point out that this assaonmpt
inconsistent with economic facts (e.g., Melitz, 2002; Bernardl ,e2@03). On
the other hand, papers based on the assumption of heterogeneous firms show
us some new mechanisms through which trade affect countriesNelgz,
2002; Demidova, 2005). However, some results of this stream of cbsmar
contradictory with those of the Ricardian model.

The third paper studies the pattern of R&D of countries. Hicks (1953)
argued thatthe first stage in a process of development is very likely to be
export-biased and then “...the process passes into its second stage ... that
are import-biased Thus when his analysiss‘put into an historical dress, it
suggests as a normal sequence the succession of an export-biased by an
import-biased phase(Hicks, 1953), a pattern that | refer to as the Hicks path

hereafter. Interesting as it is, neither Hicks himself nor otr@i@uists have



conducted formal empirical tests on the Hicks path. To fill this gap, the third
essay provides a theoretical foundation for Hicks path in this paper and study if

it exists in the data.

1.4. Results of the Study

The first essay, “Hicks Theorem: Effects of Technological Improvement
the Ricardian Model” studies these questions with the Ricardian model. The
paper formally proves Hicks’ (1953) insight into the effects of technological
improvement: uniform technological improvement at home benefits all
countries (or at least does not hurt); export-biased technological improvement
at home benefits the foreign country (or at least does not hurt), but import-
biased technological improvement at home can hurt the foreign country as long
as the comparative advantage is not reversed.

The paper then studies optimal strategies of technological improvement
and shows that for a small country it is optimal to choose export-biased
technological improvement. For a large country, it is optimal to improve
technology in both sectors at a rate proportional to the consumers’ expenditure
share.

The second essay, “A Two-Sector Eaton and Kortum Model:

Technological Changes and International Trade” studies the effects of
technological changes with a two-sector Eaton and Kortum model. This paper
distinguishes two types of technology changes: changes in the technology
levels (technology improvements) and changes in the dispersion of

productivity of firms. The paper shows that technology improvements always



increase the total trade. They increase inter-industry trade if thggyate in

the comparative advantage sector, otherwise they decreases inter-industry
trade. Increases in the degree of heterogeneity always increasealtiradiat
and inter-industry trade.

The paper also analyzes the welfare effects of technology improvements
and yields some new results. It shows that with the Cobb-Douglas utility
function technology improvements are always beneficial to the innovator. In
agreement to the literature, export-biased improvements benefit the foreign
country. In a departure from the literature, however, the paper shows that
import-biased improvements could benefit the foreign country. The paper also
shows that when the final goods are complements, immiserizing growth may
occur.

The theoretical model of the paper shows that the net exports of the
comparative advantage sector are positive while those of the other sector are
negative. This offers us a testable hypothesis about the Ricardian trade model
Using the OECD STAN databases, the paper conducts some simple tests
concerning the prediction and finds strong support for it. The Ricardian model
is one of the pillars of the international trade theory, but there have been few
empirical tests of it. The results of this work will serve to enrich theatitee
in this field.

The third essay, “Hicks Path: The Optimal Strategy of Technological
Improvement in the open economy” extends the Eaton and Kortum framework

into a multi-sector model to analyze the innovation pattern of countries. The



model shows that the R&D activities are determined by the sectoral
expenditure and the research efficiency. The model also shows that the laissez
faire R&D input level is less than the socially optimal level in autarky when
there are two sectors. In the open economy the R&D input in an industry
depends on the country’s advantage in the industry.

Using the OECD STAN database, the empirical analysis finds some
support for Hicks’ path but it also indicates that the R&D pattern in the real
world might be richer than what Hicks predicted. Within each industry, for the
majority of countries (whose technology frontier ranks in the top 70%-80% in
the industry) the sectoral R&D input of a country first increases with its
technological advantage in the industry. When the country moves into the
leading group (i.e., its technology frontier ranks among the top 20%-30% in
the industry) its sector R&D begins to decrease with its technological
advantage. This is consistent with Hicks’ claim that countries will firstlieon
export-biased technology improvements and then import-biased improvement.
The empirical study, however, also finds that for the countries whose
technological advantage ranks in bottom 20%-30% the sectoral R&D input
decreases with their technological advantage. This might arise fromatware
that less-developed countries may find it more profitable to rely on technology

transfer than on research and development, a hypothesis left for future study.

1.5. Organization of the Study
Chapter 2 presents the first essay “Hicks Theorem: Effects of

Technological Improvement in the Ricardian Model”. Chapter 3 presents the

10



second essay, “A Two-Sector Eaton and Kortum Model: Technological
Changes and International Trade”. Chapter 4 presents the third essay, “Hicks
Path: The Optimal Strategy of Technological Improvement in the open
economy”. Chapter 5 summarizes the study and suggests possible extensions

to this line of research.
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Chapter 2:
HICKS THEOREM: EFFECTS OF TECHNOLOGICAL

IMPROVEMENT IN THE RICARDIAN MODEL

2.1. Introduction

There is a great deal of interest in the effects of technological impraveme
(through either innovation or technology transfer) in developing countries,
such as China and India, on the welfare of developed countries, such as the
United States. In his recent article, Samuelson (2004) argues that China could
improve the technology in its import sector until its post-innovation relative
labor productivity is identical to that in the United States, thus eliminating the
U.S.'s comparative advantage, and any further gains from free trade.
Samuelson's argument, however, is challenged by the technology transfer
paradox discussed by Ruffin and Jones (2007) and Jones and Ruffin (2008).
They show that the United States will actually gain from technological
improvement in China's import sector if such technological improvement is
sufficiently large to reverse comparative advantage. Samuelson's argsiment
also quite different from studies by Eaton and Kortum (2001b, 2002, 2006) and
by Alvarez and Lucas (2007), who argue that technological improvement in

one country always benefits all other countries.

Hicks (1953) pointed out these varying effects of technological
improvement more than half a century ago. In analyzing the effects of
increasing productivity in the United States on Britain, Hicks pointed out that:
1) uniformtechnological improvement in one country benefits all countries,

12



which is the case studied by Eaton and Kortum (2001b, 2002, 2006) and
Alvarez and Lucas (2007); 2xport-biasedechnological improvement

benefits the foreign country, which is emphasized by Ruffin and Jones (2007)
and Jones and Ruffin (2008); andr@port-biasedechnological improvement
hurts the foreign country, which is exactly Samuelson's argument. Hicks did
not put his insight into a formal model. In this essay | will formally prove

Hicks' insight with the Ricardian model.

Even in the simplest two-good, two-country Ricardian model, a formal
analysis could be complicated since patterns (regimes) of trade are
endogenous. The problem with this model as a vehicle for discussing technical
change is that too many things can happen (Krugman, 1986, p. 153). However,
we are able to pin down regime switches in a simple diagram by assuming that
the utility function is Cobb-Douglas. The analysis then becomes

straightforward.

The question that immediately emerges and that is crucial for economic
development is: When will a country choose export-biased, and when will it
choose import-biased technological improvement? Hicks (1953) proposed two
stages of technological improvement: countries start export-biased
technological improvement in the first stage, and then move iompiart-
biasedtechnological improvement in the second stage. We call thiditks

path

The optimal strategy of technological improvement in the Ricardian model

13



is studied here, in order to shed some light orHicks path.The essay shows
that it is optimal for a small country to choa@seort-biasedechnological
improvement, which benefits the partner country. A large country, however,
finds it optimal to improve technology in both sectors. Interestingly, the
optimal rate of technological improvement in each sector is proportional to the
consumers' share of expenditure for that sector. Therefore, if the expenditure
share of the import sector is larger than that of the export sector, the large
country will choose a relativelynport-biasedechnological improvement,

which hurts its trade partner. When both countries are fully specialized, the
home country may choose eitherexport-biasedechnological improvement,

or acatching-upstrategy, wherein it also improves the technology in its import
sector and becomes self-sufficient in both goods. The catching-up strategy is
shown to be optimal if the expenditure share on the importable good is
sufficiently large, the country itself is large enough, and the technokggy g

with the advanced country in the import sector is relatively small.

This paper is related to the theoretical literature that investigates
technology and trade. Besides the aforementioned works, Grossman and
Helpman (1995) provide an excellent survey of the literature. Helpman (1993)
analyzes the welfare effect of intellectual property rights policyaagdes that
faster diffusion will stimulate the research process in the innovating country.
Demidova (2006) shows that technological improvement hurts the innovator's

partner in the event that specialization does not occur.
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2.2. Welfare Effects of Technological Improvement
The analysis of this paper is based upon the standard Ricardian model,
which has two goods and one factor (labor). | assume that only the home

country improves its technology.

The goods market is perfectly competitive, and labor is perfectly mobile
between industries in each country but immobile across countriehis
essay, foreign variables are denoted by the superscript &; (&) be the
amount of labor needed to produce a unit of go¢d= 1, 2) in the home
(foreign) country before the technological change. Suppose the home country
has comparative advantage is sector 1:

a;/a, <aj/a;

Thus, the home country has a comparative advantage in producing good 1
before the technological change. The total labor force at home (abroad) is
L (L") Letp®* (p*) denote the autarky price of good 1 relative to good 2 in

the home (foreign) country. Perfect competition implies ffat= a, /a, and

ax _ % *
p™ = aj /a;.

Now suppose that the home country and the foreign country open up to

trade. Letp; be the free trade price of each good, an€ p,/p, be the

! The assumptions of perfect competition in the good market and homogeneity
of the final goods give rise to some sharp predictions concerning the trade
pattern. For example, the supply elasticity of a good could be zero or infinity, a
country either entirely depends on imports in a sector or does not import any
good of that sector. The next essay will introduce heterogeneity to addres
some of these problems.
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relative price of good 1. Output in sectas denoted by; Let good 2 be the

numéraire good, so that, = 1. The world relative supply curve has a stepped
shape, and is depicted in Figure 2-1. The vertical and horizontal axes represent
relative pricep and relative supply of good ¥, = (y; + y1)/(y2 + ¥3)
respectively. For the world relative prige< p® = a,/a, < p* <aj /a;

both countries specialize in good 2, so the world relative supply of good 1 is
zero. Fop® < p < p* the home country specializes in good 1, while the
foreign country specializes in good 2, and the world relative supply'is )/
(L*/a3). Finally, if p® > p > p%* both countries specialize in good 1, and the

world relative supply of good 1 is infinity.

B’ Relative supopl

Relative demar

Relative demar

»
»

/8 Vit ¥
L /a, Y21Y,

Figure 2-1: Regime Switch

The utility function of the representative consumer in each country is the
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same, and is represented by

1_
u(xy, x,) = xfx2 g

Thus, the world relative demand is

P <=>p(x) =L

x(p) =— d—px

X2 Bl 1-pB)p

The free trade outcome is determined by the relative demand curve, and the
relative supply curve. There are three possibilities. The first possibilityat
the relative demand curve cuts the lower horizontal segment of the relative
supply curve atp = a,/a, which is represented by equilibrium B in Figure 2-
1. This is referred to as regime B of trade in which the home country produces
both goods, and exports good 1. The second possibility is that the demand
curve cuts the vertical segment of the supply curve at(y; + y7)/(y, +
y5) Which is represented by equilibrium S in Figure 2-1. This is referred to as
regime S of trade. Both countries are fully specialized in regime S. THe thir
possibility is that the demand curve cuts the upper horizontal segment of the
supply curve alp = aj/a; which is represented by equilibriuBf in Figure
2-1. This is referred to as regimgé of trade, in which the foreign country

produces both goods and exports good 2. It is easily seen that, in Figure 2-1 at

x5 =(L/ay)/(L*/ a3) the inverse demane(x®) = (1&;_1)5’1 must be less than
- 2

a./a, in regime B, greater than, /a, but less thamj /a5 in regime S, and

greater thanaj/a; in regimeB™.
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BL"
(1-p)L

LetE = be the relative size of the foreign country. As shown in

Figure 2-2,if0 < E < % < % the home country is relatively large, and the
2 1

two countries are engaged in regime B tradeZ%ik E< % the two countries
2 1

are engaged in regime S trade, and' it % > % the foreign country is
2

1

relatively large, and the two countries are engaged in reBini@de.The

countries' relative sizes and their productivity determine the tradeeegi

Type E Type < Type B*
A Sl A € A
[ ® Y ® Y ® ® ® \t .
> B & a8 s
a, a

Figure 2-2: Regime Switch and the Relative Country Size

2.2.1. Regime Switch

Changes in technology change the relative productivity of the two
countries and thus may switch the trade regime. With the Cobb-Douglas utility
function, the regime switch is conveniently determined by the countries'

relative sizes.

We analyze how the trade regime changes when the home country adopts

export-biased, import-biasedr uniformtechnological improvements. In
regime B, we havé, < % < % The home country is large, produces both
2

1

goods, and exports goodBxport-biasedechnological improvement (which

18



reduces,;) import-biasedechnological improvement (which reduces)

anduniformtechnological improvement (which reduces and a,
proportionally), all leave the inequalitij; < =2 < =* unchanged. Hence,
2 1

technological improvement in regime B does not switch the trade regime.

In regime S,% <E; < % and the home country is completely specialized
2 1

in producing good 1. A reduction iy (export-biasedechnological

improvement) does not change the inequality, but a sufficiently large reduction
in a, (import-biasedechnological improvement) can switch the trade regime
from S to B. If proportional reductions in bothh and a, (uniform

technological improvement) are sufficiently large, the trade regimelsan a

switch from S to B.

In regimeB*, wherein E > % > 2

1 az

the home country is small and

completely specializes in producing good 1, a sufficiently laxgert-biased
technological improvement (reduction iy ), can switch the trade regime

from B* to S.A sufficiently large import-biased technological improvement
(reduction ina,), can first reverse the comparative advantage, and then switch
the trade regime frorB* to S. Finally, a sufficiently large uniform

technological improvement (proportional reductionszjand a,) can switch

the trade regime frorB* to S. Further reductions in; and a, can change

the trade regime from S to B. The above results for regime switch are

summarized in Table 2-1.
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Table 2-1: Regime Switch

Export-biased Import-biased
technological technological Uniform technological
Starting
point improvement improvement improvement
Sufficiently Sufficiently large Sufficiently large
large reduction reduction ina, can proportional
Reéglme in a; can reverse the reductions irg; anday
switch the comparative advantagecan switch the regime|
regime from | and then switch the | from B* to S, and then
B*to S regime fromB*toS |StoB
No change Sufficiently large Sufficiently large
) reduction inay; can proportional
Regime
S switch regime from S | reductions ira; anday
toB can switch regime
from Sto B
Regime| No change No change No change
B
Note:

e Regime B*: Home country is small, specializes in good 1, exports good

1; Foreign country is large, produces both goods, exports good 2

e Regime S: Home country specializes in good 1, exports good 1;

Foreign country specializes in good 2, exports good 2
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e Regime B: Home country is large, produces both goods, exports good

1; Foreign country is small, specializes in good 2

2.2.2. Welfare Effects
| will first analyze the effects axport-biasedechnological improvement,
then the effects afmport-biasedechnological improvement, and lastly, the

effects ofuniformtechnological improvement. For each type of technological

improvement, we start from regir¢, where E > =X > =2 The budget lines
2

ai

in the home country and the foreign country are
px1 +x, = wL
pxi +x; = w'L*

Technological improvement changes the terms of tradas well as real
income,w/p and w*/p. The former is denoted as ttegms of trade effeetnd
the later is denoted as theal income effectin regimeB* , the wage rates are

w =p/a; and w" = 1/a; and the free trade price j= aj/a; Consider an

export-biasedechnological improvement that reduces to aj. Real income

at home increases but the terms of trade are not affected; therefore, the home
country budget line shifts out. This change, however, has no effect on the
budget line abroad. Thus, under regiBé, theexport-biasedechnological
improvement increases welfare at home but has no effect on the foreign

country.

Let the reduction ina; be sufficiently large so that the trade regime
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aj(1-B)L

switches fromB* to S (a; < 75

). When both countries are fully

specialized, the world relative supplyys= (L/a,)/(L*/a5) as indicated by
point S in Figure 2-1. From the inverse demand function (1), the world relative

pail’

price is nowp’ = p(y) = G-par

The terms of trade at homp, decline.

The wage rates in the home country and in the foreign country ate

BL”

————— andw* = 1/a; respectively. Asa, decreases, the real
(1-BasL

p'/ay =

wage at home% = ai increases. Combining theal income effecand the
1

terms of trade effecthe budget line shifts out as; decreases. This implies
that, in the home country, theal income effeaiominates théerms of trade
effect and domestic welfare increases. The reductiominmproves the

terms of trade in the foreign country and swivels the foreign budget line out.

Therefore, welfare in the foreign country increases as well.

Note that a decrease i, in regime S never switches the trade regime

from S to B. On the other hand, if we start from regimg B,%, w=2=
2

a

L andw® = ai The decrease ia; swivels both the home and the foreign

a; 2

budget lines out, and therefore increases welfare at home and abroad.

We now turn tamport-biasedechnological improvement. Note that in

The above result relies on the assumption of the Cobb-Douglas utility
function. If the demand is less elastic, as noted by both Samuelson (2004) and
Ruffin and Jones (2005), immiserizing growth may occur.
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regimesB* and S, the reduction in, has no effect on the economy as long

as the comparative advantage is not reversed. Once it does, one must have

Q

2 <22 |f 50, a further reduction im, become®xport-biasedechnological

!
1 a;

Q

improvement; its welfare effect has been discussed above. In regim@é;,l
2

1 " 1 . . .
w=—=— andw" = = Import-biasedechnological improvement
2

a,  ap
increases both the wage rate and the terms of trade at home. The budget line
shifts out and therefore improves welfare at home. However, the terms of trade
in the foreign country,1/p, decline, while the foreign wage ratg is not

affected by the reduction in, . The budget line for the foreign country shifts

in, hence welfare in the foreign country decreases.

Uniformtechnological improvement is a combinatioregport-biasedand
import-biasedechnological improvements. From the above analysis we know
that welfare in both countries either improves or does not change for all cases
except themport-biasedechnological improvement in regime B when foreign
welfare declines. Wheumniformtechnological improvement in regime B takes
place, howeverp is equal toa, /a, which does not change sineg and a,
decrease proportionally. This implies that welfare in the foreign countsy doe
not decline even in this worst case. Therefore, as expertéorm
technological improvement improves welfare in both home and foreign
countries. The above cases of welfare effects are summarized enZFapand

are also states as the followiHicks theorem

Theorem 1(Hicks Theorem): If the utility function is Cobb-Douglas,
23



export-biased technological improvement at home benefits the home
country, and either benefits the foreign country (or leaves its welfare
unchanged). Import-biased technological improvement at home benefits
the home country, but can hurt the foreign country as long as the
comparative advantage is not reversed. Uniform technological

improvement at home benefits all countries (or leaves welfare unchamje

The above results were first stated by Hicks (1953) while analyzing the
effect that increased U.S. productivity had on Britain. His main insight was
that, given the terms of trade, the primary effect of technological progréss i
increase the growing country's income and leave the foreign one unaffected, an
effect summarized as theal income effeciVhen the terms of trade are
endogenous, there is a secondary effect, which is labeled t@srtiseof trade
effect.Export-biasedechnological progress lowers the world price of the
exported good at home, which hurts the home country but benefits its trading
partner. The primary gain to the home country will dominate the secondary
loss if demand is sufficiently elastic. The Cobb-Douglas case assumesl in thi
paper is enough to guarantee that the gain is greater than tHenjomg-
biasedtechnological improvement changes the terms of trade in favor of the
home country, so the home country may enjoy further gain, but the foreign

country can be hurt.

Fifty years after Hicks, Samuelson (2004) again addresses the unpleasant
effect ofimport-biasedechnological improvement on the foreign country. His

argument, however, is challenged by the technology transfer paradox discussed
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by Ruffin and Jones (2007) and Jones and Ruffin (2008). They show that the
United States will, nonetheless, gain from China's technological improvement
in its import sector if such technological improvement is sufficiently leoge
reverse comparative advantage. Jones and Ruffin point out a complication to
the formal analysis: trade regimes become endogenous when technology is
changing. The paper shows that Hicks' insight still works, provided that the
technological improvement import-biasedup to the point where comparative

advantage is reversed.

Table 2-2: Welfare Effects

Export-biased Import-biased Uniform
Starting | technological technological technological
point improvement improvement improvement
Home welfare Home welfare is Home welfare
Regime | improves unchanged improves
B* Foreign welfare is | Foreign welfare is | Foreign welfare is
unchanged
unchanged unchanged
Home welfare Home welfare is Home welfare
Regime | improves unchanged improves
S Foreign welfare Foreign welfare is | Foreign welfare
improves unchanged improves
Home welfare Home welfare Home welfare
Regime improves improves improves
Foreign welfare Foreign welfare Foreign welfare is
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improves worsens unchanged

Note:

¢ Regime B*: Home country is small, specializes in good 1, exports good
1; Foreign country is large, produces both goods, exports good 2

e Regime S: Home country specializes in good 1, exports good 1;
Foreign country specializes in good 2, exports good 2

e Regime B: Home country is large, produces both goods, exports good

1; Foreign country is small, specializes in good 2

2.3. Optimal Strategy of Technological Improvement

The effects oexport-biasedrersusmport-biasedechnological
improvements on welfare of the partner country are strikingly opposite. A
crucial question that follows is when a country will choosesttport-biased
and when it will choosamport-biasedechnological improvement. To answer
this question, this section investigates the optimal strategy of tecitadlog

improvement.

Departing from the assumption of costless technological improvement, |
assume that the home country must allocate some labor to improve its
technology. After the technological improvement the amount of labor needed
to produce one unit of output in sectbris

G
%= 1104,
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where d; > 0 is the amount of labor used in sectorfor technological
improvement.6 > 0 measures the efficiency of R&D in sector which is
assumed, for simplicity, to be the same in both sectors. | start from a social
planner's problem in whiclid,, d,) is chosen to maximize the utility of the
representative consumer. The social planner carwp@y + d,) to the

foreign country for a technology transfer, which is typically the case for
developing countries, or she can spedlﬁethare of labor per worker in sector

to improve working efficiency. Either way, the total income left for

consumption after technological improvement at home($ — d; — d,). It

can be shown that the social planner's problem is equivalent to a decentralized
market decision when the R&D sector is perfectly competitive (see Appendix

2.A).

2.3.1. The Social Planner's Problem in a Large Country

We start from the regime B equilibrium, where the home country is large
and produces both goods, and the world ppcequals the autarky price at
home, a,/a,. Regime B is an important case for us, since it resembles the
optimal R&D decision in autarky. It is also a simple one since technological
improvement does not change the trade regime in this case. First the
representative consumer chooses a consumption byngle,) given R&D
input (d4,d,) and prices(p, w); then the social planner chooses the R&D
input (d,,d,) to maximize utility. Using the envelope theorem, it is
straightforward to show that this two-stage maximization problem is equivale
to the social planner's problem of maximizing utility by choosing
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(x1,x,,d4,d,) thatis,

max = u(xy,x;) = xfx;_ﬁ

X1,X2,d1,d2
S.t.p1x1 + pox, = w(l —dy —dy)and

wa;
1+6d,

!

bi =wa; =

fori=1,2

where the first constraint is the budget constraint, while the second aunstra
is the equilibrium pricing condition. Substituting the price into the budget
constraint, the first-order conditions are then given by

au(xll xz) _)
ox; bi

wx;0a;

w + ad;

where 1 is the Lagrange multiplier. Note that the social planner is constrained

by the market wage rate and equilibrium price.

The second FOC highlights the costs and benefits of R&D. The first term
in it is the marginal cost of R&D, while the second term is the margimal ga
The optimal level of R&D for sectoi depends on both the research
productivity 8 , and the equilibrium output;. The higher the research
productivity, the larger the marginal gain. Since one unit of ideas bengfits
units of output, the more the equilibrium outpyt the larger the marginal
benefit. If the consumer's expenditure share in sectisrlarger, or the
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country is more specialized in sector(producing morex; than the autarky
output) in an open economy, the research input for seéctaill be greater. It

is interesting to note that the above results are very different from the
conclusion reached by Eaton and Kortum (2001b, page 15, in their studies of
uniformtechnological improvement) that fesearch intensity does not depend

on country size, research productivity, or openhess

Solving the first-order condition gives optimal R&D inpdits:

dB_ﬁGL—Z(l—ﬁ) dB_(l—ﬁ)GL—Zﬂ
L 20 e 20

Substituting the last two equations into equaupﬁ: ylelds the

optimal technology:

2a4 2a,

Y=L+ MR T Grrya—p

The optimal rates of technological improvement, definetdgés%) are
1 2

proportional to consumers' expenditure shgfel — ). That is, it is optimal
to improve technology at a higher rate in the sector on which consumers spend

maore.

In trade regime B, sector 2 is the import sector at homﬁ.df%, the

*The country size is assumed to be sufficiently large>(max M,W} ),
so that R&D input in each sector is nonnegative.
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optimal strategy is relativeiynport-biased The world relative price after

technical progress at home is

which implies that the terms of trade in the foreign country deteriorate.

Therefore, welfare in the foreign country decreases.

2.3.2. The Case of a Small Country

We now turn to regim@&*, in which the home country is a small country.
Under this regime, technological changes in the home country may lead to
regime changes. Also, it is possible for the home country to improve its
technology to such an extent that it becomes a large country. If so, the
equilibrium moves from regimB* to regime S, or even regime B. Thus, a
complete analysis will require comparing the welfare levels in eacibfgss
regime. For simplicity, suppose that the home country remains a smallycountr
after the technological improvement. However, it is allowed to reverse its
comparative advantage by investing in R&D in the import sector. Such an
import-biasedechnological improvement, however, is not optimal, as | will

show below.

If export-biasedechnological improvement is chosen, the home country
specializes in producing good 1. The budget constraint becpmgst

p.x, = w(L — d;) , and the post-improvement technology parameters are

ai
1+6d,

a; = anda; = a,. Solving the first-order conditions gives the optimal
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R&D input:

0L -1

df =
! 20

Investment in R&D in the import sector is useless unless it is specialized in

sector 2 after technological progress. Assuming it does so, wedjawe

az
1+6d,

and a; = a;. The optimal solution is

0L -1

df =
2 20

Forimport-biasedechnological improvement to be effective, the home
country must reverse its comparative advantagé?Zif is not sufficiently
large to accomplish this, the home country needs to idput d5  to
improve technology in sector 2. Nevertheleg, (d5"), x,(d") is the
highest utility that can be reachednfport-biasedechnological improvement
is chosen.

Substitutingd?” andd?into the indirect utility function, we have

u(xy(d8), x5 (d%") _ aza;

. 2215
u(xl(dg ):xz(dg) a,a;

The above inequality comes from the comparative advantage assumption.
Thus,import-biasedechnological improvement cannot be optimal for a small

country.

A few remarks are in order. First, the optimal R&D input in the large and

the small country clearly indicate that the home country should invest more in

31



R&D if its research productivity is higher. Second, research intensigjaied

to openness. Consider a thought experiment in which a small home country
moves from autarky to free trade. It invest® in autarky in sector but?" in

free trade. The result indicates th#ff > d?, that is, trade openness leads the
country to do more research in the sector in which it is more specialized.
Finally, d?/L in the large-country case antf /L in the small-country case
are all increasing in.. Therefore, it is optimal for larger countries to invest

more in R&D per capita. Summarizing the above results, we have:

Theorem 2. Research input increases with research efficiency. In apen
economy, countries do more research in the sector in which they areone
specialized. Larger countries invest more in R&D per capita. B) For a
small country, it is optimal to choose export-biased technological
improvement, which benefits the foreign country. C) The optimal strategy
for a large country, however, is to improve the technology at a higher rate
in the sector on which consumers spend more. It hurts the foreign cotig

if consumers at home spend more on the importable good.

R&D per capita is determined by the first-order condition derived above.

Dividing both sides of the condition iy, we have

w _ WX; aa{ _ di _ di X dlaf(dl)
=T (1-la= di)/f(di)] . [‘f(di)adi
> d; _ Xa;9(dy)

L B 1+ fl'ai(bi(dl')
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1 . . . Xi
where f(d;) = Trea, 'S the production function of R&Dx; = RERYITER)

is the output per effective labor in production sectors, and is a constant.

d;of(d;)

() =~ 2 0a;

is the elasticity of R&D with respect to the labor input.

The marginal cost of R&D per capit‘ié,, reduces proportionally to the increase

in country sizeL. Whether optimal R&D per capita increases depends,
therefore, on whether the marginal benefit of R&D increases more than
proportionally to the increase ih. As country sizel. becomes larger, R&D

input d; increases. Ifd(d;) increases ind; which holds in the setup since

0d;

(D(dl) = 1+0d;

. d; . .
R&D per caplta,f, must rise asd; increases.

In summary, R&D elasticityd(d;) determines R&D per capita. When
®(d;) is an increasing (constant, or decreasing) function of R&D input, the
marginal benefit of R&D increases more than proportionally (proportionally,
or less than proportionally) to the increase in country size. This implies that
optimal R&D per capita increases (remains constant, or decreases) as the
country becomes larger. Eaton and Kortum (2001b, 2006) study R&D intensity
in steady state growth and conclude that research intensity does not depend on
country size. Their result may be viewed as a limit of this static mod&t. N
that, in the limit (L - o), the R&D per capita in this paper also converges to

a constant.

2.3.3. When Will a Catching-Up Strategy Be Optimal?

When both countries are specialized, each country produces one good
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while importing the other good. If a country chooses import-biased
improvements so that it will produce both goods in the new equilibrium, then
we say that the country is followingcatching-up stratedpr import-

substitution strategy for growth

As we have discussed in Section 2.21< E = % < % in regime S,
a; a-pL  ay

and the home country is completely specialized in producing good 1. The
home country can choose to reducg which does not change the trade
regime. On the other hand, a sufficiently lang@ort-biasedechnological
improvement (reduction imm,) can switch the trade regime from S to B.

Within the regime B trade, the R&D input of the home country is that derive in

section 2.3.1, which is labeled asaching-upstrategy.

Instead of completely relying on imports in sector 2, the home country may
want to catch up in the import sector and become self-sufficient in both §oods.
Theexport-biasedtrategy has an adverse terms-of-trade effect. Moreover,

!
wx;0a;

w
+ ad;

= 0 indicates that the marginal benefit of R&D in sector 1 declines.

On the other handmport-biasedechnical progress improves the terms of

BL

ey has no

trade, but the labor spent in filling the gap betwé*érand E =
2

*Thecatching-upstrategy has been a controversial policy in economic
development. On the one hand, implementations afdtehing-upstrategy in
1950s and 1960s by many developing countries are generally not viewed as
successful; on the other hand, the success affehing-upstrategy used in

the automobile industries of Japan and South Korea is impressive.

34



effect on the economy and is therefore a waste of reso@ndbe demand
side, technological improvement in sector 2 is more desirable if consumer's
expenditure share in good 2,— g, is larger. A set of sufficient conditions

are derived in Appendix 2.B, summarized as follows:

B < 0.3494

21—-p)
ST

a, < a,(L)

where
1/(1-p)

a(L) =

(1—PB)2a; [BF(LE + 2)*

4BL%6 (LO + 1)k

The second and third conditions ensure that the distance begjve@md
2

_ _BL
T (1-BL

IS not too large, so that tleatching-upstrategy is not too costly,

while the first condition requires that the import sector be sufficientlglarg

Summarizing, we have the following

Theorem 3: When both countries are fully specialized, theatching-up
strategy is optimal if the expenditure share in the import sector is
sufficiently large, the country is relatively large, and the technology in the

import sector is relatively advanced.
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2.4. Discussion and Conclusion

In analyzing the United States' technological improvement in the
nineteenth and twentieth centuries, Hicks proposed two stages of technological
improvement: €ountries start wittexport-biasedechnological improvement,
and then ... the process passes into its second stagetice that it is still a
stage of development for the world economy, taken as a whole which
the lead is taken by new centers, which are now making improvements that are
import-biased (Hicks 1953, pp 130). Hicks noticed that Western Europe was
not the first metropolis of trade and industry that had suffered from
competition from new lands: the same elements were present in the decline of
some ancient empires and in the rise of Britain at the expense of the Flemish
and Italian centers in the fifteenth and sixteenth centuries. Hicks' tg®e-sta
path in technological improvement seems to be not just a historical
phenomenon. Are emerging markets like China and India still in Hicks' first
stage of development now? Will emerging markets move to the second stage?
If so, when will they move? What will be the effect on the existing centers in
this globalized age if emerging markets do move on to the second stage? This
analysis is only a beginning in the explanation of these extremely important

issues.

To simplify the analysis, the essay makes some restrictive assaspti
Although the Cobb-Douglas utility function is not essential to the results of
this paper, it helps to keep the analysis tractable. The essay also assumes a

simple R&D function and that the efficiency of R&D is identical across
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sectors. The strategic interactions in R&D between the two countries are not
studied. The essay does not consider imperfect competition, firm
heterogeneity, or trade costs. The hard part of this analysis is thealiscre
change of trade regimes. Eaton and Kortum (2002) and Alvarez and Lucas
(2007) provide a tractable continuum version of the Ricardian model. It would
be worthwhile to investigate the optimal strategy in their version of the
Ricardian model. Finally, the model shows that a small country should choose
export-biased improvements while many of them choose import-substitution
improvements in the real world. This is mainly because the classical model that
we use here is a static model that dispenses with the dynamic gains and
spillovers that come with import-substitution improvements. In the future

research, | will incorporate these factors in my analysis.

2.5. Appendices

2.5.1. Appendix 2.A
This appendix shows that the social planner's optimal strategy for
technological improvement is equivalent to the decentralized market decision

when the R&D sector is perfectly competitive.

Consider an R&D sector that produces ideas. Firms in the R&D sector sell
n; ideas to manufacturing firms in sector Let the production function for
ideas ber; = 6d;, where 8 measures research productivity and is assumed to
be identical for sectors 1 and 2. After buying ideas, the technology in gector

becomes
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The R&D firms charge a royalty ofi; per unit of output produced in

sectori. The total cost for firms in sectar, therefore, becomes
c; = rnx; + waix; = (rn; + wa;)x;

Firms in sectori choose the number of ideas;,, to minimize the

marginal cost of production, which gives the first order condition as follows:

woa;

r+
anl-

Let there be free entry and exit in the R&D sector so firms earn zerg profi

this requires

rxn; —wd; = (rxi — %) n; =0

Substituting zero-profit condition into the first order condition and noting
that n; = 6d;, we immediately see that the above equilibrium condition are
the same as the one with a social planner are identical. Now, manufacturing

firms set the goods price equal to the marginal cost so that
pi = rn; + wa;

Applying it to the budget constraint and noting that workers in the R&D

sector and manufacturing sectors all earn wagewe have
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ﬁlxl + ﬁzXz = wlL <>
Waixl + Walzxz = W(L - dl - dz)

In a decentralized market, the consumer's first-order condition is tlee sam
as the one with a social planner. It can be clearly seen, therefore, that the
equilibrium conditions in the decentralized market, are identical to that in the

social planner's problem.

2.5.2. Appendix 2.B

This appendix derives sufficient conditions for tagching-upstrategy to
be optimal in regime S trade. Conditions under whiclc#tehing-upstrategy
is optimal are

a, LY aj
G __ Bl &
a, (A-pL a

(1—B)*(L6 + 2)%a;
2 < 410

L> max{z(1 —A 2b }

6 6(1-p)

uB(d?,d%) > uf(dh)

The first inequality ensures that the trade regime is S. The second one

makes sure that the trade regime switches from S to B. The third one ensures
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that the country improves technology in both sectors. The last one requires that
the utility of thecatching-upstrategy be greater than that of éxport-biased

strategy.The utility of theexport-biasedtrategy can be derived as

ﬁL*(l_B)
U-E(d1) = ) (L- d1)3(1 + 9d1)ﬁ

af a;(l_ﬁ

Maximizing uf(d,;) we obtain the optimal R&D inpuigf = % . With

some computations, conditiaef (d?, d%) > uf (d¥)can be written as

uf(@df,df) _ pH (- @ Pa (e +2)?
uf (d¥) (L*6)1-Fay $22-26) (L6 + 1)26

The first two conditions and the last condition are combined as

1

BE(LO + 2)*\O-P)
(Lo + 1)% >

(L —B)La; < (1-p)%a;

3L a, < Wmin (L6 + 2),(

It can be shown that the first term in the curvy brackets is greater than the

second one, so that a sufficient condition for the above inequality is

(L—p)La; (1= B)%a; (BP(LO + 2)? (1iﬁ)
,BL* -<a; < 4«ﬁL*0 ((L9-|—1)2/3>

<=>a,(L) < a; < ay(L)
In order for the above condition to hold, we must hayéL) < a,(L)
Computations reveal that it is soff < 0.3494 which proves that the
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conditions given in section 2.3.3 are sufficient conditions for the conditions at

the beginning of this appendix. Whegh< 0.3494 it can be easily shown that

day(L)

oL > 0.
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Chapter 3:
A TWO-SECTOR EATON AND KORTUM MODEL.:

TECHNOLOGICAL CHANGES AND INTERNATIONAL TRADE

3.1. Introduction

For centuries, trade theorists have assumed that firms in a sector were
homogeneous, as seen in the standard Ricardian model, the Heckscher-Ohlin
model, and the new trade theory. Beginning with Bernard and Jensen (1995,
1999, 2001) and continuing with other economists (e.g., Clerides, Lach and
Tybout 1998; Aw, Chung, and Roberts 2000, Cabral and Mata 2003), recent
research nonetheless calls our attention to the existence of large artditersis
differences among firms in terms of size as well in terms of producéwity
trade behavior. Coupled with other facts, firm heterogeneity breaks down the
firms of a sector into a small group of relatively productive exporters and a
majority of less productive firms that only serve the domestic markets, leading

to many other stylized facts that were neglected in previous trade theorie

In response, the so-called “new new” trade theory has been developed to
incorporate the firm level differences (e.g., Eaton and Kortum 2001b, 2002,
2006; Bernard, Eaton, Jensen and Kortum 2003; Melitz 2003; Helpman, Melitz
and Yeaple 2004; Yeaple 2005; Baldwin and Robert-Nicoud 2006; Alvarez
and Lucas 2007; Melitz and Ottaviano 2008). Papers following Melitz (2003)

predict intra-industry reallocation during trade liberalization stemmang fr
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firm heterogeneity and fixed trade costs, with Baldwin and Robert-Nicoud
(2006) further arguing that the reallocations may affect the growth of
economies by changing the marginal cost of R&D. Papers following Eaton and
Kortum’s framework adopt a realistic yet tractable parametesizati the firm

level heterogeneity and are able to carry out more detailed general egpuilibri

analysis.

Fruitful as it is, ‘more recent research on heterogeneous firms ... ignores
comparative advantage by considering just a single factor and industry
(Bernard, Redding and Schott 2007, pp. 31). This neglect may prevent us from
a complete view of the international trade since comparative advantage is
of the pillars of the traditional trade theory. In response, Bernard, Redding and
Schott (2007) extend Melitz’s model into a two-sector, two-factor framework.
Their paper analyzes how heterogeneity and endowment comparative
advantage jointly determines the effects of trade liberalizations and highlight
the additional welfare gains arising from the amplification effect of
heterogeneity on comparative advantage.

Besides Bernard, Redding and Schott (2007), Costinot and Komunjer
(2007), and Fieler (2008) also employ multi-sector heterogeneous-firmsnodel
to analyze international trade. Costinot and Komunjer (2007) demonstrate that
the Ricardian predictions of trade pattern are empirically relef/euat i
introduce firm heterogeneity to a multi-sector, multi-country model. Asggim
a non-homothetic utility function, Fieler (2008) shows that heterogeneity in

technology affects the comparative advantage through the income slasticit
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and thereby explains the relationship between per capita income, country size
and the trade pattern.

The marriage between firm heterogeneity and comparative advantage
opens a door to a better understanding of world trade, yet there are many
guestions left open. In this paper | analyze how changes in productivity
dispersion and average levels affect intra-industry trade and inter-industry
trade, total trade volume. To the best of my knowledge, no economists have
studied this before. The model also studies the welfare effects of technblogica
improvements.

Based on a two-sector Eaton and Kortum model, this paper shows that
technology improvements always increase the total trade. This inonéarse
industry trade if they originate in the comparative advantage sector, otherwise
it decreases inter-industry trade. Increases in the degree ofgesteity
always increase total trade and inter-industry trade.

The paper also analyzes the welfare effects of technology improvements
and yields some new results. It shows that with the Cobb-Douglas utility
function technology improvements are always beneficial to the innovator. In
agreement with the literature, export-biased improvements benefit gigrfor
country. In a departure from the literature, however, the paper shows that
import-biased improvements could benefit the foreign country. The paper also
shows that when the final goods are complements, immiserizing growth may

occur.
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The theoretical model of the paper shows that the net exports of the
comparative advantage sector are positive while those of the other sector are
negative. This offers us a testable hypothesis about the Ricardian trade mode
Using the OECD STAN databases, the paper conducts some simple tests
concerning the prediction and finds strong support for it. The Ricardian model
is one of the pillars of the international trade theory. To the best of my
knowledge, however, only Bernhofen (2004) and Costinot and Komunjer
(2007) successfully test the Ricardian model. The results of this work will

greatly enrich the literature in this field.

3.2.  The Model

This section extends the model developed by Eaton and Kortum (2002) and
Alvarez and Lucas (2007) to a model with two sectors. Following the standard
Ricardian model, | assume there are only two countries: the home cdyntry (
and the foreign country)( whose labor endowments drgandLy
respectively. The economies produce two final goods: good 1 and good 2.
Consumers in the two countries have the same preferences over the final

goods, and their utility functionis

U(Q1:Q2) = fl 32
whereQ;is the quantity of the final good of seciaoii = 1,2) anda; is the

expenditure share of goadvith a; € (0,1), a; + a, = 1. Throughout this

® It is a strong assumption to assume identical preferences acrossesountri
However, if we are only concerned with developed countries, the assumption
may become sensible. In fact, this paper uses a dataset of OECD countries to
test the prediction of the theoretical model.
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paper, subscripts are used to denote either country or indidagsé refer to

Appendix 3.A for definitions of variables.

The final good of each sector is produced with intermediate goods that can
only be used in that sector. Following Dornbusch, Fischer, and Samuelson
(1977) | assume that in each sector there is a continuum of intermediate goods
indexed byu € [0,1] . Firms in both countries can use the intermediate goods

to produce the final goods with the following technology:

1 n/(n-1)
Qi = (f Cli(u)l_l/"du> =12
0

whereg; (u) is the amount of intermediate gondf sectori andy is the
elasticity of substitution.

Intermediate goods are produced by labor with constant-returns-to-scale
technology. All firms in a country have access to the best technology available
in the country and the productivity varies across varieties. With one unit of
labor, the home (foreign) country firms can produgé (u) units Qci‘f" (uw)
units) of varietyu in industryi, wherex;;? (w) (or xi}" (u)) as a whole denotes
the productivity associated with variatyin the home (foreign) country, where
6 is a positive number.

Following Alvarez and Lucas (2007), | assume that(u) is distributed
independently and exponentially with parameigrin the home countryi{,
in the foreign country).

F(xp) = 1 — e~ in*in E () = 1/

This is equivalent to a Fréchet distribution in Eaton and Kortum (2002).
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| assume that the intermediate goods are tradable. For simpligsyra
that trade is costless. The final good is not tradable. The labor is immobile

across countries, but perfectly mobile within a country and across industries.

3.3.  Equilibrium

This section solves the equilibrium of the world economy. Given the
technology levels and trade barriers, whether a country produces a variety is
determined by the relative wage. The exports and the imports of a country are
therefore functions of the relative wage. Assuming trade balance, theeelativ
wage is determined and so are other equilibrium variables.

Since the procedure of solving the equilibrium is similar to that in Alvarez
and Lucas (2007), | will relegate most of it to the appendix. Throughout this
paper, the wage rate in the home country is assumed to be higher and the labor

in the foreign country is used as the numéraire.

3.3.1. Price Indices of the Final Goods
| will use the home country’s trade balance condition to solve the
equilibrium. It turns out that the import&{) and exportsX}) of the home
country can be conveniently denoted as functions of price indices of the final
goods.Appendix 3.Bshows that the price index of the final good of seicter
Pin = AQxin) "Owy,

In the above expressioA,is a constant and equals

o 1/(1-n) . , , . ,
(fo 091Me=7dq) fa , Whereg is the variable of integration. Following

Alvarez and Lucas (2007), | assumme- 6(1 —n) > 0 to guarantee the
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integral converges;, = Ay, + 4wy’ ° /(wfl/ % is a weighted average of the

technologies of two countries. It is the watldghnology perceived by
consumers ithe home country, and therefore is called tt@n'Sumer-
perceived technology level of sectarin the home country. For ease in
writing, | define,w, = w,/wy ande, = w,i/e/wfl/e. Then we have;, =

Ain + Aisop (@ndy;r = Aif + Ain/@r). Likewise, the price of goodin the

foreign country is:

Py = Axif wy
3.3.2. Imports and Exports
The value of the final gooidconsumed in the home country is equal to
P;;,Q;,. Since the market of final goods is perfectly competitiyeQ;; equals
the value of the intermediate goods used as inputnetienote the share of
intermediate goods in sectothat the home country imports from the foreign

country. Then the imports of the home country in sectoe:

M;p = mip Pip Qi

In Appendix 3.C | show that

whereA;r @y, is the foreign country’s technology level perceived by

consumers in the home country. The higher it is, the greatey, is

Given the Cobb-Douglas utility function, we have:
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B aidir @t Lywy
Ain + Aifon

ih
For notational clarity, lep;, = A;,/4;f denote the advantage the home

country in sectot. Then we have:

_ a;pnt Lywy
= RS
' Pin t+ Pn

Therefore, the imports of the home country are:

aq a,
Mh = ( +
Pin t Pn  P2n T Pn

) PPt Lywy

Sincef > 0, M,is increasing inp,(a monotonic transformation of the
relative wage rate), keeping everything else constant (Figure 3-1).

The sectoi exports of the home countr¥;) equal the sectarimports of

foreign country (M;(), so the total exports of the home country are:

a a
h=< 1P1h n 2P2h

Lew
Pnt+ P1n Pn +P2h> e
The above equation shows that the exports of the home country decrease

with the relative wage rate (Figure 3-1).

3.3.3. Equilibrium

Suppose the trade balances in equilibrium:

a a a a
Lf< 1P1n n 2P2h ) _ ( LS 2 )Lh(pzﬂ
Pn+ P1n Prt P2n Pin T+ ®n  Pon + Pn

The above condition defines the relative wage rate. The following graph
shows that there exists a unique equilibrium relative wage. Since the price
indices of final goods, the imports and the exports of both countries are

functions of the relative wage rate, the equilibrium is solved.
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Figure 3-1: Equilibrium

The equilibrium condition shows thegteris paribusthe relative wage rate
(wp, = wp/wy) decreases with the size of the home country while it increases

with the size of the foreign country.

Given the relative wage raf®, , the price of variety is determined by the
(wage-weighted) best productivity draw in two countries. If the home gountr
has the (wage-weighted) best productivity degyu) for varietyu, that is,
xin (W) < x;;(w)/@;°, , then the price of it is:

w wah

h —
0w (W

pi(u) = = W@y xh (W)
Given the CES demand function, the quantity of vaniesyipplied is:

q:(w) = pi (W) Py "ay(Lywn + Lewy)

Write all equilibrium variables in terms ef; andw,, we have:

0 (0) = (xh(u))_nai(l'h + Ly /@y)
i o 1-1
(A(Aih + 2i7,/°) 9)
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If the foreign country has the (wage-weighted) best productivity ahay

for varietyu, that isx;, (u) > xif(u)/cT),ll/g, then the price of it is:

Wr

_ W
0w xf(w

pi(w) = = wyrxp (W)
Likewise, the equilibrium quantity of varietyis:
(xh(u))_nai(Lhwfﬁh + waf)
~1/6
(A(Aih + Aifwh ) )

3.4. Technological Improvements and Trade Patterns

This section analyzes the effects of changes in the levels of technology.
Throughout this section | assume that only the technology of sector 1 in the
home country increases;(, T). The technological improvement is assumed to

be exogenous, instantaneous and costless.

3.4.1. Effects on Inter-Industry Trade

This section studies the effects of technology improvements on inter-
industry trade. Following Grudel and Lloyd (1975), inter-industry trade is
defined as absolute value of the net exports of one sector in one country. In this

essay, we study the effects BX,,.

Xin >
=",
Home N Foreign
Country X, R fiv)@ Country
: M;p,

Figure 3-2: Trade Flows
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The standard Ricardian model predicts that countries will export goods of
one sector and import goods of the other sector. This complete specialization is
never observed in the real world (Leamer and Levinsohn 1995), but it does not
mean that comparative advantage theory has lost its predictive power
altogether. The Ricardian predictions of trade patterns remain sehsiele i
interpret it as saying that the net exports of the comparative advantage se
are relatively larger while that of the other sector relatively smalle

Costinot and Komunijer (2007) study a similar question. They prove that
total exports of a sector and the sectoral productivity should be positive
correlated, which is support by their empirical study. However, they do not
check the relationship between comparative advantage and net exports. In this
essay, | examine how comparative advantage is related to the direction of net

exports here. Note that

O Ly — ponly
P2n t Pn

Nth ES _NXZh ES a2Wf

Consider an increase i3;. From the equilibrium condition we know that
the relative wage ratevf,) increases witly;,, so ¢;, increases. This implies
thatNX,, increases witli,,. Therefore net inter-industry trade increases after

a technology improvement if it originates in the comparative advantage sector.

Now let us consider the case in whighi = p,;,. The net exports of sector

1 are:

Pinly wﬁ“h)

NX,, =
= Gl (Qoh +Pin  Piht Pn
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Substituting this ang,;, = p,;, into the trade balance conditiaMX,; =
—NX,},) yields:
NXip = —=NXp, = —(az/a)NXqp

This equality must hold for afl; € (0,1), so we must hav¥ X, = 0.
Since the net export of sector 1 increases Wijth the net exports of sector 1
must be positive ib,, > p,n. This gives us clear predictions about inter-
industry trade pattern: the cross-country difference in the productivityoof tw
sectors determines inter-industry trade. This corresponds to Krugman and
Helpman’s (1985) conclusion in a differentiated-product Heckscher-Ohlin
model: ‘despite the existence of intra-industry trade inter-industry pattern of
trade is determined by the cross-country difference in the relative factor
endowments, just as in the Heckscher-Ohlin niodékir result and mine
imply that inter-industry trade patterns are determined by the conwearat
advantage, no matter the comparative advantage arises from the diffarence i
productivity or endowments.

NX;, < 0 when sector 1 is has comparative disadvantage< p,5).

. dNX . .
SmceTlh > 0, that mean the absolute valueNof,,, will decrease witht,;,.
1h

Likewise, the absolute value X, increased,; increases witil;,, when
sector 1 is has comparative advantage & p.n)- This means that export-
biased technological improvements will increase inter-industry trade and

import-biased improvements decrease inter-industry trade.
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3.4.2. Effects on Total Trade
This section studies the relationship between technology levels and the
total trade volume, which is defined as the total exports of the home country.

World trade volume is defined as the exports of the home couftey,

( GiPan 4 GzP2h )waf. Calculations showAppendix 3.D:

PhtpPih PrtP2n

dXy
dpin

=<1>9L<p9( e . >>0
th1h+§0h P2n T @n

where® is a positive constant. The above results do not depend on the
relative magnitude gb,; andp,;, so technology improvements always
increase world trade no matter how it changes the comparative advantage

pattern.

3.4.3. Effects on Intra-industry Trade

This section analyzes the effect of technological improvements on intra-
industry trade. Following Grudel and Lloyd (1975), intra-industry trade is
defined as the difference between the gross trégeand inter-industry trade.
Suppose the net exports of sector 1 are positive for the home catptry (

M;, > 0), then the world intra-industry trade is

Aja Ly p2nwy 4 a o Lywy
®n t P2n Pin t @n

Xn— (Xip — Myp) = Xop + My, =

Sector 1lis assumed to be the home country’s comparative advantage
sector. Then increase i3, enlarges comparative advantageg,(p,, T).
Following the steps used in the previous section, it can be shown show that the
derivative of intra-industry trade with respeciptg is:
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d(Xzp + Myp)
dpin

208 + @FLy/Ls + Lg /Ly,
P2n + Pn

= a19<Pi6: —a2<

0 20
+ 2 %h Lh/Lf>>

P2n

whered is a positive numb&rNote that only the first term in the

parenthesis of the right hand side is positive. Generally speaking,ayli®n

small enough, the first term is dominated by other termé’l—g@%lw will be

P1h
negative; whem; is large enough, it is dominated by other terms and

d(Xap+M1p)

a0 will be positive. Simulations confirm these conclusions and show
1h

that intra-industry trade decreases with comparative advantage in mast case

Summarizing, we have the following theorem:

Theorem 1. In a two-sector EK model, the net exports of the
comparative advantage sector of a country are positive and those of the
other sector are negative. The total trade volume always increases with
technology improvements. Inter-industry trade increases with export-

biased improvements and decreases with import-biased improvement.

3.5. Changes in the Degree of Heterogeneity and Trade Patterns
Trade theorists have been modeling firm heterogeneity for a while, yet

there has not been systematic analysis of its effects on trade patterns. A two

® Through out this essay, | ugeto denote different positive constants. We are
note interested in the actual value of these constants so | use the same notation
to avoid too many symbols.
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sector Eaton and Kortum model differs from the standard Ricardian model by
introducing firm level heterogeneity and therefore is a good framework to
study the effects of changes in heterogeneity. This section studies hew inter
industry trade, the total trade volume and intra-industry trade vary with the

degree of firm heterogeneity.

3.5.1. Effects on Inter-Industry Trade

Now let us look at the effect of the degree of heterogeneity on inter-
industry trade. Suppose the home country has comparative advantage in sector
1, then inter-industry trade is equal to the net exports of sector 1 of the home

country (VX;p):

Pinly wﬁ“h)

NX,), =
th = MWy (Qoh +Pin Pint Pn

Consider the trade balance condition:

a a a a
NX, = ( 1P1n n 2P2h )LfW _( LS 2 )Lh<P;91+1Wf
Pn+P1n Pnt P2n Pinh T+ ®n  P2n t Pp
=0

Applying the implicit functional theorem on the trade balance condition

yields:
a; a, 0+1
dgn __ (.01h + ¢n * Pan T <Ph) Lnon ™ wylng <0
do ( a1P1in A202n ) )
+ 1+ Lew
(pn +p1n)?  (@n + p2n)? ( (ph) I

a a
+0 L 4 2 L,q?
(P1h +@n  Pon T <Ph) nPnWr

dNXipn

Plugging it inW yields:
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dNX,,
do

= O(X1p, — Myp) + (M, — Xon)as/a;

Due to trade balance, we ha¥ig, — M,;,, = M,,, — X5}, therefore we have:

AN X,
do

= ®(X1p — Myp)(1 + aq/az)

Sectorl is assumed to be the comparative advantage sector of the home
country, saX;, — My, > 0. Thereforec% > 0, which implies that inter-

industry trade increases with the degree of heterogeneity.

3.5.2. Effects on the Total Trade Volume
This section studies the relationship between firm heterogeneity and the

total trade volume of the world. World trade volume is the exports of the home

a1P1h A2P2h
PntPih  PrtpP2n

country (X, = ( )waf). Heterogeneityq) affects the total

trade volume solely through the relative wage rate since it is not aniexplic

argument of},.

dXh _ dXh d(ph
de  de, dé

It can be shown that

dXp ( A1P1n AzP2n )
= — + L-we <0
dop (on +p1n)?  (@n + p2n)? rer

In the previous section | showed tI%ﬁ < 0, therefore

dXh _ dXh d(ph

0
0 dg, do
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which implies that world trade volume increases with the degree of

heterogeneity.

3.5.3. Effects on Intra-Industry Trade

Due to the homogeneity in the standard Ricardian model, a country either
produces all the goods of a sector on its own or completely relies on imports
from the foreign country. This sharp prediction excludes the possibility of
intra-industry trade altogether, a phenomenon that is actually prevalent in the
real world.

Krugman (1979) explains intra-industry trade with increasing returns to
scale. Due to increasing returns to scale, it is optimal for each firm to produce
a differentiated variety even though they have access to the same technology.
Each country imports the varieties produced abroad because of consumers’
love of variety. In a two-sector Eaton and Kortum model the returns to scale
are constant and the mass of variety is fixed. A country’s productivity varies
across varieties in a sector. As a result, the country is competitive enough on
some varieties and exports them, and for other varieties the home country is
less competitive and imports them. Put differently, intra-industry trade in the
two-sector Eaton and Kortum model is due to intra-industry comparative
advantage that arises from firm heterogeneity.

Eaton and Korgum (2002) define the degree of heterogeeitytlis
paper) as the level of comparative advantage in their one sector model. In this

two-sector version of their model, heterogeneity should be explained as the
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degree of intra-industry comparative advantage. In what follows, | wdlyst
how changes in heterogeneity affect intra-industry trade.

The derivative of intra-industry trade with respect to the degree of
heterogeneity is:

d(Xyp + Myp) _ a1<ﬂz+1Lth Ino. + 0(Xan + Myp) dopy,
d6 o ton L On dgn  db

0+1
Sinceg,, > 1, the direct effect is positiv alph +;th Ing,). The indirect
1h h

effect functions through the relative wage rate and it could be positive or

negative. Calculations show that:

d(Xyp + Myp) _ CD( a1Lfo a1P1n a(2pzn — p1n) aiLfo
de pin + @n (@n + p1p)? (Pn +p2n)? @n+pin
a;(Xip — Myp) ( ayLsponwy a1fpg+1Lth> a, >

(@n + p2n)? (on +p2r)?  (P1n+ @R)? ) P2n + @1
where® is a positive number. Suppose the home country has comparative

advantage in sector 1. Then among all the terms in the parenthesis on the right

hand side of the equation, only the second could possibly be negative (note that
X1n — M;,>0). A condition to guarante%)(z%ml’l) > 01iSpip < 2p21-

Simulations also show that increases in the degree of heterogeneity tend to
increase intra-industry trade in most cds&his means that the increase in the
heterogeneity normally leads to higher intra-industry comparativerdage.

Summarizing the above results, we have the following theorem:

"For example, when the two countries are of similar size have their technology
levels in sector 2 are close, intraindustry trade decrease$ wiily if p,;, is
as high as 40.
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Theorem 2. In the two-sector Eaton and Kortum model, inter-industry
trade and world trade volume increases with the degree of heterogeneity;

intra-industry trade, however, may increase or decrease with it.

3.6. Technological Improvements and Social Welfare

This section studies how the changes in the technology levels of industries
affect the welfare of trade participants in a two-sector Eaton and Kortum
model. There has been a rich literature on the welfare effects of tecjinolog
improvements in the Ricardian model. Hicks (1953) pointed out that although
technology improvements benefit the innovator, their effect on the foreign
country depends on whether the improvements are import-biased or export-
biased. Uniform and export-biased technology improvements benefit foreign
countries, while import-biased technology improvements hurt the foreign
country by worsening its terms of trade. Grossman and Helpman (1995),
Samuelson (2004), Ruffin and Jones (2007) revisit the question and refine
Hicks’ argument.

The Ricardian model, however, does not consider firm heterogeneity and
intra-industry trade. It remains an open question whether Hicks’ argument
carries over to a model that incorporates these features. To fill this gap, |
analyze the welfare effects of changes in technology levels in theewtor

Eaton and Kortum model.
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3.6.1. Welfare Effects on the Home Country

The welfare effects of technology improvements can be decomposed into
changes in the price indices relative to the wage rate. The price of the final
good in sectot is Py, = A)(i‘hewh in the home country. For people in the home

country, the price of gooddivided by the wage rate is:

Pin/ wy = Axir

wherey;, = A + 4;r@p is the consumer-perceived technology level of
sectori in the home country. The intuition is clear: when the perceived
technology level increases, goods become cheaper relative to people’s income.
When4,, increases, the relative wage rate of the home country increases,
which means thap, will increase. Consequently, it leads to an increagg,in
and makes goods cheaper relative to the home country wage rate.

The above results amount to saying that the home country must be better
off after the technological improvement since the prices of both goods decrease
relative to the wage rate in the home courdtry.

The effects on the home country can also be decomposed into a direct
Up P ; AUy GPhy.
effect %h) and an indirect effect through the relative wage ?ﬁgm)'

dUh _ aUh aUh d(ph

dAip  0A1p 0@ dAyy
a Adira a,A d

— U, 1 +9Uh< 111 + 2127 ) Pn

(Aan + A1r0n) (Aan + Aron)  (Aon + Aap0n)) AA1n

8 This also implies that a uniform technology improvement must benefit the
home country.
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Both effects are positive, so the technological improvements always benefit
the home country. Simulations show that the marginal effect on of
technological improvements on the home country is diminishing, with both the
direct and the indirect effects deceasing. The following is an example of

simulation:

a; =050 =015L, =1LLr =LA =Ll =LAy=2n=4

ALy /day g

el 0 duy,

dirn

0.03 C " ELS

FA1h

U, diope
Jiote dA

Figure 3-3: The Welfare Effects on the Home Country (1)

a; =0.5,0 =0.15L, =15 Ls = L A;p = LA =LA, =20 =4

dih, fdig g

dAtn

3ty
FIT

AUy diope

Aippe dA p

Figure 3-4: The Welfare Effects on the Home Country (2)

a; =0.5,0 =015 Ly, = L Lr = L2, = L, 41 =05, 4y =2;n =4
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Sy dipy,

Figure 3-5: The Welfare Effects on the Home Country (3)

Note: In these simulations, the expenditure share of sector 1
is 0.5; that of the other is 0.5. The degree of heterogeneity is 0.15.
The labor endowments of two countries are both 1. The
horizontal axis represents the home country’s technology frontier
in sector 11,,, 41 rand 4,5 are other technology frontier
parameters of two countries.= 4 is the elasticity of
substitution. The dotted curve represents the direct effect of the
effect of technological improvements on the welfare of the home
country; the dashed curve represents the indirect effect; the solid

curve represents the total effect.

3.6.2. Welfare Effects on the Foreign Country

In the foreign country, the price of the final good in secuivided by the

wage rate is:
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where y;r = Ai + Ain/@p. For sector 1 we havg s = A1 + A1 /@p. In
Appendix 3.E | prove thad (4;,/¢n)/dA;, > 0. Therefore the consumer
perceived technology of sector /A, {) increases in the foreign country, leading
to decreases iR,/ wy. For sector 2 we havg,r = A, + A5,/ @p. Since the
relative wage rate of the home country increases after the technology
improvement dg;,/dA;, > 0), the consumer perceived technology of sector 2
(12,) decreases in the foreign country, leading to increas@s frwy. The
overall effect of technological improvements on the foreign country depends
on the relative magnitude of these two effécts

In Appendix 3.F | show that export-biased technological improvements
generally benefit the foreign country, which is in line with the prediction of the
standard Ricardian model. The difference between the two models, however, is
highlighted by the effects of import-biased technological improvements. In
Appendix 3.H show that the welfare effect on the foreign country could be
negative whem;, , is small enoug?. The two-sector Eaton and Kortum

model, however, also argues that an import-biased technology improvement

®Given a uniform technological improvemeh, /@increases as | proves in
Appendix D. Sincel;;, increases, the perceived technology in the foreign
country(y;r = Air + Ain/@p.) increases. Thereforg,/ wy = A)(l-}"decreases
in both sectors, which amounts to saying that a uniform technological
improvement always benefits the foreign country.

1 An example where an import-biased technological improvement deteriorates
the foreign country can be found in Appendix 1.
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may benefit the foreign country, as showr\ppendix 3.E*. This contradicts

the conclusion of the Ricardian model that import-biased technological
improvements will never benefit the foreign country, as argued by Hicks
(1958) ‘Whatever are the monetary arrangements, whatever the course of
money incomes, an improvement in A-productivity that is import-biased must
make B worse off.

The effects on the home country can also be decomposed into a direct

Uf . . . aU (ph .
effect /hh) and an indirect effect through the relative wage ga(;%gl—m).

AUy _ 3U; _ 0Us dg,
dhip O 0@pdAqp
~ ou, a; B 9Uf< a;Ain N a;Ajp ) doy,
(Difon +2in) @0 \(Airon + Ain)  (Yron + Ain)) A1n

a; =050 =015L, =1LLr =1L =L =LAy=2n=4
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an dippe
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Figure 3-6: The Welfare Effects on the Foreign Country (1)

a; =05,60=0151L, =15 L =LA =L r=1LAr=2n=4

' An example where an import-biased technological improvement benefits the
foreign country can be found in Appendix I.
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Figure 3-7: The Welfare Effects on the Foreign Country (2)
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Figure 3-8: The Welfare Effects on the Foreign Country (3)

Note: In this simulation, the expenditure share of sector 1 is
0.5; that of the other is 0.5. The degree of heterogeneity is 0.15.
The labor endowments of two countries are both 1. The
horizontal axis represents the home country’s technology frontier
in sector 11,5, 4; rand 4,5 are other technology frontier
parameters of two countrieg.= 4 is the elasticity of
substitution. The dotted curve represents the direct effect of the

effect of technological improvements on the welfare of the foreign
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country; the dashed curve represents the indirect effect; the solid

curve represents the total effect.

This discrepancy can be explained by firm heterogeneity. In the standard
Ricardian model, import-biased technological improvements substitute home
country goods for the foreign country goods altogether. In a two-sector Eaton
and Kortum model, however, only inefficient foreign firms are replaced by
efficient home country firms when the home country makes an import-biased
technology improvement. The replacement process will inflict a negative term
of trade effect on the foreign country, but it also creates a productivity gain
arising from intra-industry reallocation. The productivity gain may dorainat
the terms of trade effect and result in a positive welfare effect givémport-
biased technological improvement.

The realization of the productivity gain (increase in the consumer
perceived productivity level) depends on heterogeneity of firms. We can say
that it helps to spread the benefit of technology improvement. This echoes
Bernard, Redding and Schott (2007) point thlé behavior of heterogenerous
firms magnifies countries’ comparative advantage and thereby creates a new

source of welfare gains from trate

3.6.3. Remarks
The above analysis shows that when the top tier utility function takes the
Cobb-Douglas form, the marginal effect on the innovator are always positive

and that on the foreign country is negative at first (strongly import-biased)
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while positive later on (weakly import-biased or export-biased). The reselts a

show in the following graph of simulation:

a; =050 =015L, =1LLr =LA =Ll =LA =2n=4

dtf/diy g
0.06 [
0.04 L
n.ozf w,
A Zun
. 0.5 1.0 15
—002f o
004}

Figure 3-9: The Welfare Effects Given Cobb-Douglas Utility Fiomct

As mentioned in the literature, countries may encounter immiserizing
growth when improving their technology. The setup in this paper, however,
does not yield this phenomenon. A possible reason is that Cobb-Douglas utility
function does not give us a demand function that is sufficiently inelastic. To
check if this is the reason and also to complete the analysis, | assumethat tw

final goods are complements:

U(Q1,Q2) = (Qf + Qg)l/a;a <0
We can prove that the above utility function converges to a Cobb-Douglas
function whema approaches zero and when it tends to infinity it becomes a
Leontief function. Appendix 3.G solves the equilibrium given this utility

function.
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Simulations show that whety,, is positive, the new utility function

generates the same patterns as those generated by the Cobb-Dougtas funct

The following is a typical graph.

a, =-1,0=0.15;L, = 1L = 1A, = 1;Alf = 1;/12f =2;n=4

dlh, i

e def[th

-0.01F

Figure 3-10: The Welfare Effects When Goods Are Complements (1)

However, whemt,;, is very close to zero technological improvements may

hurt the innovator, as shown in the following example:

a, =-1,0 =0.15;L, = 1Ly = 0; Ay = 1;Alf = 1;/12f =2;n=4

diisdag g

0.0025 F
0.0020 F
n.0015 F
n.oo10f

0.0005 p

Teeal ____de,'rd\/Elh

; ; ; = Al
5 10 I E—

Figure 3-11: The Welfare Effects When Goods Are Complements (2)

The effects on the foreign country are always positive, which is consistent

with the fact that all technological improvements are export-biased for the
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home country. The effects on the foreign country, however, could eventually
turn into negative. Simulations show the following pattern:

e Asmallerl,r makes the negative effects come sooner.

e Asmalled, or, makes the negative effects come sooner.

e A larger home country or a smaller foreign country makes the negative

effects come sooner.

When4,, increases, inelastic demand will cause the return to sector 1
producers to decrease. A smil},, however, implies that very little
endowment can be reallocated to sector 2. Therefore, the intense competition
cannot be relieved through inter-industry reallocation and the innovator is hurt.
Simulations show that existence and the timing of immiserizing growthys ver
sensitive to the magnitude &§,, i.e., the ability that the country reallocation
its endowments. Therefore, | propose that factor immobility may be one of the

conditions that are necessary for immiserizing growth.

3.7. Empirical Analysis of Comparative Advantage and Net Exports
According to section 3.4.1, the net exports of sec{tiX;;) increase with

the advantage of sectb(p;;,) and decrease with the advantage of the other

sector. This implies thalX;;, is positively correlated the ratio pfy, to p;,

(pin/pPin, COMPADVT;, thereafter) or the difference between them ¢ pin,

COMPADVd;, thereafter), which can be taken as measures of the strength of

comparative advantage. This section investigates whether the positive

correlation between net exports and comparative advantage exists in data.
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3.7.1. Econometric Model
The theoretical model shows that the absolute value of net exports of a
country increases with the country sfz&o control for the effect of country

size, the net exports of a sector are divided by the country’s GDP to construct

NXin
GDPp,

the dependent variabl&KG;;,, = ). Theoretically NXG;, is positively

correlated withCOMPADVr; or COMPADVd;. For tractability, the model in
this paper assumes there are no trade barriers. However, they do exst in th
real world and exercise substantial effects on trade volumes. dexote the

trade barriers, then we have the following econometric model:

+ sign(COMPADV d;y,;) * FE, + €ip¢

In the above modeFE,;, denotes the country, time and industry group
dummies. The tariff is multiplied by the sign@®MPADV d;;,; because when
the country has comparative advantage in séctbe net exports decreases
with trade barriers while decreases with trade barriers when sestibre
comparatively disadvantage sector. For the same reason, the dummies are

multiplied by the sign o€OMPADV d;p,;.

The model assumes balanced trade. In the real world, however, a country’s

trade balances only rarely. To mitigate the noise stemming from trade

12 A caveat is that in the real world the size of net exports also depends on the
size of the domestic market and the type of economy.
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imbalance, | calculate the imbalance-adjusted trade volume of eachassttor
construct dependent variables based on them. I first calculate the total trade
surplus. Then | calculate the trade volume share of each sector. Finally, |
multiply the total trade surplus by the trade volume share of a sector and
subtract it from the net exports of that sect. The imbalance-adjusted net
exports is denoted @&sXa. Accordingly, we have the following econometric
model:

NXGap = Bo + BLCOMPADV;y, + B * sign(COMPADVdyp,) * T,
+ sign(COMPADV d;p,:) * FEy, + €t

whereNXGa;,; = NXap;:/GDPy;.

WhenCOMPADV;;,, increasesNX;,, should increase andX;,, should
decrease. That meaN;,; — NX;,, should increase WitiOMPADV;p,.
Define NXTy; = NXipe — NXjpe andNXT Gy, = NXTy./GD Py, and have the

follow econometric model.

NXTGipe = Bo + BLCOMPADVy, + B, * sign(COMPADVd,p,,) * T,
+ sign(COMPADV d;y,;) * FE, + €ip¢

Likewise, we have the imbalance-adjusted version of the above model:

NXTGayp, = Bo + BLCOMPADVy, + By x sign(COMPADV dyp,) * T,
+ sign(COMPADV d;p:) * FEL + €int

For all above econometric models, the theoretical model predicts that the

coefficient of COMPADV;;,: should be positive.
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3.7.2. Data and Measurements

| use OECD STAN (STructural ANalysis) databases for this inquiry since
they provide the needed information on the industry level with a relatively
large number of observations. In this paper, | use STAN Industry Analgsis (e
2008) to calculate the productivity of each sector. | use the bilateral trade
databases STAN BTD 2000 and STAN BTD 2008 to calculate the net exports
of each sector. STAN BTD 2000 covers years 1980-2000 and STAN BTD
2008 covers years 1988-2007. Since STAN BTD 2008 corrected some errors
in previous editions, use all its information. STAN BTD 2000 is only used for
years prior 1988.

This study focuses on the manufacture industry. | divide the manufacture
industry into the high-tech group and the low-tech group following the
definition of STAN databasg. To measure the technology frontier of each
industry group, | take each two-digit sector as a variety in the EK model. The
observed productivityRRODTY;;, (u)) of sectoru in industry groug in
countryh equals the value addeld4;, (u)) of sectori divided by the total
employment of the sectoE¥MPN;, (u)).

VA ()

PRODTYl-h(u) = Wh(u)
i

® STAN BTD 2008 breaks the manufacturing sectors into four groups: high-tech
manufactures (ISIC 3: 2423+30+32+33+353 ), medium-high tech manufactures
(ISIC 3.0: 24x+29+31+34+352+359 ), medium-low tech manufactures (ISIC 3:
23+25+26+27+28+351 ) and low-tech manufactures (ISIC 3: 15-16+17-19+20+21-
22+36-37). STAN BTD 2000 is in ISIC 2.0. We categorize the industries following
the conversion table between two versions of ISIC code systems. Then weldivide
four groups into two broad groups: high-tech group and low tech group.
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For simplicity, the time period subscriptions are suppressed here.

According the EK modelPRODTY;, (u) = x~¢ (u), sox;,(u) =

(PRODTYl-h(u))_l/e. We know thaty;, (u)~exp (i), SOE (xi) = 1/,
where/; denotes the technology frontier of industry group a country. A

natural estimator of the technology frontier of indust(§f Lambda;},) is:

-1

Nlh
1 _
HLambda;, = (i5,)™ = N—Z(PRODTYih(u)) 1/
ih
u=1

whereN;;, is the number of industries in groiue to missing data, the
number of industries in an industry group may be different from country to
country.

According to the EK model, the technology frontiers of different countries
are additive. That is, the combined technology frontier of a group of countries
is the sum of their technology frontier weighted by wage and trade bamiers. |
this essay the world is divided into the home couhjrgfid the rest of the
world, so the technology frontier of the rest of the woRAQW/ Lambday,;;)
should be measured as the sum of the weighted technology frontier for all other
countries. However, only the information for the OECD countries is availabl
and it is not easy to get complete information on wages and pair-wise trade
barriers. As an alternative, | measure the technology frontier as the sien of
(un-weighted) technology frontier of all OECD countries except the country
taken as the home country. This does not follow the theoretical setup closely,
but it is still a reasonable measure. First, the OECD countries includatsnaj

of the most productive countries. The technology frontier calculated based on
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them should be a good measure of the world technology frontier. Second,
OECD countries bear substantial resemblance and their mutual tariiésvare
and close, so the variation of the weight on their technology frontier should not
be large. Therefore the technology frontier of the rest of the world is
approximated bROW Lambda;, = Y., HLambda;,.

The comparative advantage measures are defined as mentioned in the
previous section, where:

HLambda;, HLambdajy,
ROWLambda;,/ ROWLambda;y,

COMPADVry, =
COMPADVrly, = log (COMPADVTy,)
and

HLambda;, HLambdajy
ROWLambda;, ROWLambda;y,

COMPADVd,, =

The final dataset set contains 26 countries for years 1980:2@0&he

trade volumes are in 2006 PPP dollars.

3.7.3. Empirical Results

3.7.3.1. Regressions

Table 3-1 reports the OLS results when the percentage share of the net
exports of each sector in GDRXG;) is the dependent variable. The results
are in line with the predictions of the theoretical model. The estimated

coefficients of all comparative advantage measures are positive and most of

* A problem of using this sample is that for the majority of countries the trade
is not balanced. In a subsequent section, I tried to adjust the variables of the
econometric model for trade imbalance in a bid to mitigate this problem.
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them are significant. | use the simple world average tariff to measdee tra
barriers (World Bank). For all specifications, the estimated coeffg@int

are negative. The results also show that regressions with imbalance-adjusted
measures yield higher R-square and higher significance level for T.

Table 3-1: Results of Regressions (Dependent VariAlXe&)

Dependent NXG; Imbalance-Adjusted/ X G;
Variable
COMPADVr | 0.00032 0.00004
2.177* 0.507
COMPADVII 0.00263 0.00287
1.962* 3.994%+*
COMPADVd 0.01339 0.01468
0.988 2.011%
T -0.00009 -0.00039 -0.0004F -0.00056 -0.00068 -07600
-0.087 -0.387 -0.459 -0.995 -1.248 -1.387
N 1024 1060 1060 1024 1060 1060
R? 0.17259  0.16591  0.1635% 0.37489 0.38166  0.37443
Note:

e The t-ratios are reported below the corresponding coefficients.

e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

Table 3-2 reports the OLS results whieKTG; andNXTGa; are the

dependent variable. The results are similar for comparative advantage

measures. However, the signs of tariffs become positive for some regsess
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Table 3-2: Results of Regressions (Dependent VariAlXd.G)

Dependent NXTG; Imbalance-Adjusted
Variable NXTG;
COMPADVr | 0.00068 0.00058
2.210% 2.267*
COMPADVTII 0.00445 0.00461
1.957* 2.462**
COMPADVd 0.03052 0.03461
1.329 1.831*
T 0.00078 0.00005 -0.00006 0.00034 -0.00018 -0.0003
0.443 0.029  -0.035| 0.234  -0.127 -0.21
N 512 530 530 512 530 530
R? 0.33629 0.33235 0.3295p 0.37111 0.37102 0.36753
Note:

e The t-ratios are reported below the corresponding coefficients.
e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

3.7.3.2. Sign Tests

Another approach to examine the prediction concerning the net exports is
to conduct sign tests. The model predicts that the net exports of a sector should
be positive if the country has comparative advantage in that sector. We can test
the null that that the sign of the net exports is completely random (i.e.,
P(NXy;s * COMPADVdy;: > 0) = 0.5) against the alternative that it is not

(i.e.,P(NXp; * COMPADVdy;, > 0) > 0.5).

The dataset contains 1122 valMX,;;,, COMPADVdy;;) pairs.NXp;; *
COMPADVd,;, is negative for 488 pairs and positive for the other 634 pairs.

The p-value of the sign test is 0.000006, so the null is rejected.

| then consider the imbalance-adjusted net exports. For the 1122
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(NXay;;, COMPADVd,;;) pairs.NXay;: * COMPADVd,;; is negative for 450
pairs and positive for the other 672 pairs. The p-value of the sign test is very

close to zero, so the null is again rejected.

Therefore, the sign tests provide further support for the prediction

concerning net exports.

3.8. Conclusion

Recent trade literature has begun to model firm level heterogeneaigyisin
is large and persistent in the data. Few papers, however, have combined it with
comparative advantage. This paper tries to fill this gap by studying how
heterogeneity and comparative advantage work in a perfect-competition model.
Based on a two-sector Eaton and Kortum model, this paper shows that
technology improvements always increase the total trade. They increase inte
industry trade if they originate in the comparative advantage sector, otherwise
they decreases inter-industry trade. Increases in the degreerofjpatdty
always increase the total trade and inter-industry trade.

The paper also analyzes the welfare effects of technology improvements
and yields some new results. It shows that with the Cobb-Douglas utility
function technology improvements are always beneficial to the innovator. In
agreement to the literature, export-biased improvements benefit the foreign
country. In a departure from the literature, however, the paper shows that
import-biased improvements could benefit the foreign country. The paper also
shows that when the final goods are complements, immiserizing growth may

Ooccur.
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The theoretical model of the paper shows that the net exports of the
comparative advantage sector are positive while those of the other sector are
negative. Using the OECD STAN databases, the paper conducts a simple test
concerning the prediction and finds strong support for it.

Although the model provides a framework to explain the effects of
technology changes in the open economy, a caveat should be borne in mind
that it does not incorporate some important mechanisms. The perfect
competition assumption in the model precludes the analysis of trade facts that
arise from imperfect competition. Differences in the endowments across
countries, which is assumed away in this work, can play an important role in
the determining the effects of technological changes.

The model does not consider dynamics of international trade, which has
become increasingly important in economic studies (e.g., Matsuyama, 1991,
Ventura, 1997, 2005; Galor and Mountford, 2006). A dynamic extension of
this model to further study the endogenous technological change may be

fruitful.

3.9. Appendices

3.9.1. Appendix 3.A: Definitions of Variables

Note: Through out this essay subscripts are either country or industry
identifiers while superscripts are all exponents.
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Table 3-3: Definitions of Variables

the

Definition Description
Labor endowments of the home country and
L Ly foreign country
a, € (0,1) Expenditure share on sector 1

a2=1_a1

Expenditure share on sector 2

Wage rates of the home country and the fore
W Wy country

Technology frontiers of sectoof the home
Ain Aig country and the foreign country
u Variety identifier

xih(u)rxif(u)

Random draws of the productivity index for
varietyu in sector for the home country and

the foreign country

Degree of productivity heterogeneity

2]
n Elasticity of substitution between varieties
ij=12 Sector indices
uantity of varietyu of sector
4w Quantity w
Q; =

(1 o)™

The quantity of sectdrfinal good

wp = Wh/Wf

The relative wage of the home country

1/6 1/6
Pn =Wh/ /Wf/

A function of the home country relative wage

Xin = din + Aifop

The consumer perceived technology level of

sectori in the home country

ign
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Xir = i + Ain/Pn

The consumer perceived technology level of

sectori in the foreign country

A=T(1+6(1-n)

A constant

The price index of sectarfinal good in the

o= ._9
Pin = AXin Wn home country
The price index of sectarfinal good in the
L. = ._0
Pip = Axig"wy foreign country
The import share of sectomtermediate goods
e = Aif®n
T i of the home country
The import share of sectomtermediate goods
m., = 2in/®h
if Xif of the foreign country

6+1
aipp’ Lpwy

The total imports of sectarintermediate goods

Min == ~on of the home country
The total exports of sectdointermediate goods
- _ @ilypinwy
T o+ pin of the home country
My = The total imports of the home country

a az 6+1
+ ) L,w
(P1h+<Ph P2ntPn Pn hr

¥ = ( Gupin_ | _G2Pon )L w The total exports of the home country
h PrtP1ih PrtP2n e
The ration of the home country technology
Pin = Ain/Aif

level of sectoi to that of the foreign country

inL
NX;, = a;wy (M _

Or+Pin The net export of sectdrof the home country
0+1
Ph Lh)
PihtPn
The elasticity ofp,, with respect t@;,
€onpin
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A positive number, whose value is different in

different expressions

3.9.2. Appendix 3.B: The Price Indices of the Final Goods
Consider sectair, letx; = (x;n, x;¢) denote the draws productivity for
intermediate goods in two countries. Assume that these draws are independent

across countries, so the joint densityad:
$i(x;) = Ppin(x)Pir (x;) = Aipdis exp(—AinXin — AipXif)

Let u follow the above distribution, then the quantity of the final good is:

(]

We put all the intermediate goods with productivityinto to the same

n/(m-1)
¢(x)qi(x)1‘1/"dx>

2
+

group. Following Alvarez and Lucas, we label the group of goods with the
associated productivity and call them “godd

Consider the home country. The price of final goods in each sector is:

1/(1-n)
Py = ( f Pl (x) ¢(x)dx>
2

The demand function of intermediate gooid the home country is:

Ain(x) = g P Qup
If the home country producers of the final goods buy intermediate goods

from domestic firms, the price i/thieh ; if they buy from foreign firms, the
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price iswfng . The buyers will choose the lowest price amagg$, and
fo{jc . The price that prevail in the home country is:

pin(x) = min{whxl-eh ,fogc} =>

/0 _ . 1/6 1/6
Dip = Mimw," X, W'~ Xip

wherex;, (u)~ exp(A;) , xi (u)~ exp(2ir). A nice property of the
exponential distribution is that (Alvarez and Lucas, 2007):
x~exp(A) and k > 0 => kx~exp (1/k)
Consequently we have:

1/6 1/6
Wh/ Xip~ exp(Al-h/Wh/ )

Another property of the exponential distribution is that (Alvarez and Lucas,
2007):

x~exp(dy),y~exp(41;),cov(x,y) = 0,& = min(x,y) =>&~(A; + 1)

Thereforepl.l,{e (x) has the following distribution:

0 0 0 0
pi* o~ exp ((Ran + 2w 1'%y ) )

Let xin = Ain + Al’fW;/e/(Wll/e) , then we have:

1/6 1/6
pit? ()~ exp(xuc/wy'? )
Xin IS the ‘tonsumer-perceived sectori technology level in the home
. . . _ _ 1/9 1/9
country. For ease in writing, defing, = w,/ws, @, = w, AT Through
out this paper, the wage rate in the foreign country is taken as the numéraire.

Then we have:

Xin = din + Aif@n
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Consider [, pin(x)* ™" ¢ (x)dx. Sincep(x) is the probability distribution
+

function ofx, so the integral can be taken as the expectatiqn},of (x) in the
technology spad&. p;. " (x) with x~¢(x) in R} corresponds tp, " (x) =

1/6

Q/0I0C=) — 1,6(-1) \ith p~ exp()(ih/wh ) in R1. Herev is the projection

of p/° onRL. Therefore, the expectation gf, " (x) in the technology space

is equivalent to the expectation of =™ in RL. This implies that

o0 1/6 1/(1-n)
Py = (f w00y, wi/® e =vxin/ Wy dv)
0

Leto = vy;/w,’®, we have that:

0 -0 o] 1/(1-n)
1 ) -
Py, = (Xih/Wh/ ) (f g?0-me "da)

0

1/(1-n

Letd = ([, a%0Me%do) ’ which is value of the Gamma function

['(y)aty =1+ 6(1 —n) raised tal /(1 — n) power. Following Alvarez and
Lucas (2007), | assunie+ 6(1 —n) > 0 so as to guarantee the integral

converges. Henceforth, | will take A as a constant. So we have:
Pin = AQxin) "Owy,
Likewise, the price of goodin the foreign country is:
Py = Axifwy
3.9.3. Appendix 3.C: Imports and Exports

The imports of the home country in sedta@re:
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M;p = mip Pip Qin

=n%j‘mmmq@)¢@yw
-

=]pM@M@M@M
B

if
whereB; denotes the set on which the foreign country offers the lowest
price (transportation costs inclusive) for gogas sector in the home
country. Alvarez and Lucas argue thaj, is equal tcPr(x € Bl-f) where
x~¢(x) is the vector of productivity in two countries (Alvarez and Lucas).
Therefore, we have:

m, = Pr(x € Bif)

= Pr((Wfl/e)xif = min{wii/gxih'wfl/exifb

We know that

6 0
W;/ xih(u)"’exp(ﬂ'ih/w;/ )

and the property of the exponential distribution:

A

x~exp(}y),y~exp(d,),cov(x,y) =0=>Pr(x < y) = T+
1 2

Therefore, we have:

Aif®n

Mip =
Likewise, the share of the sectantermediate goods that the foreign

imports from the home country is:

_ Ain/ Pn

m.
i Xif
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3.9.4. Appendix 3.D: Total Trade and Technological Levels

The total trade is:

a a
h=< 1P1h n 2P2n

L-w
®n + Pin <Ph+,02h> s

To study the effect of technological levels of the home country on total

trade, we just need to assume the technology levels of the foreign country do

ax
not change calculate==.
dpin

dXy _ CD( a,1Pn _ ( a1P1n n aP2n ) d‘Ph)
dpin (@n + p1n)? (pn +p1r)?  (@n + pan)?/ dpip

Note that the equilibrium is defined by:

a a a a
NX, = < 1P1n n 2P2n )Lfo _ ( 1 2

+
Pn+P1n Pt P2n Pin+ @n  P2n T Pn
=0

)QorezﬂLth

Employing the implicit function theorem, we have:

a, a, 0+1
dop  ONX,/00 (P1h + @p + Pon t+ <Ph) Lnpr™ wylng

d9 ~  ONX,/0p, INX, /0@,

wheredN X, /0@, is:

a.p.h a.p.h
aNXh/a(ph = : l' 2 + Lt 2 Lf
((ph + plh) ((ph + p]-h)

ai a; ) 0+1
- + Lyo
, 2 2 h¥h
((plh + (ph) (pjh + ¢h)

a; a;
+(@+1) ( ! ] )tho,el

+
Pin t+ Pn  Pjn + @n

Plug them integ—h . After tedious calculation, we have:
1h

adx a;L,o? a;L, @?
ho_ pg h®Pn 1o Y hPhn
dpin Pin +On  Pjnt+ Pn
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3.9.5. Appendix 3.E: The Growth Rate of the Relative-Wage

In this section, | show how fast the relative wage growth relative to the
technology level. Since the productivity draws are raised t6 the
power(x;° (1)), we should comparg, = w/? with 1;,, the technology
index that increases.

Consider a uniform technological improvement in the home country. Let
pin (i = 1,2) denote the new value pf, and supposé;% = A > 1. Letg, the
value of¢, after the technology improvement. Supp@gencreases at a rate
that is at least equal to the technology improvement, 1:%%.?_ A. Consider

the equilibrium condition:

a a a a
Lf< 1P1h " 2P2n ) _ < 1 " 2 )Lh(pgﬂ
Pnt+P1in Pnt P2n Pin+ @n  P2n T Pn

Then LHS of the equilibrium condition after the technology improvement

a4 p; a,p, a a
Lf< : 1P1h’ T 2.02h’ > < Lf< 1P1n n 2P2h )
@n T Pin Pnt P2p Pnt P Pnt P2n

The RHS of the equilibrium condition after the technology improvement is

a, Q; a, o, a a
< ’1<Ph - ,2(ph ’> Lh‘P;leH > ( 1Pn n 2Pn )thpZAe“
Pin T Pn  P2n T Pn Pint Pn  Pon T Pn

We can see that the RHS is greater than the LHS after the technology

improvement. This contradicts the trade balance condition. Therefore we must

!
have% < A given a uniform technological improvement.
h
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Since the relative wage rate increases less given a biased teghnolog
I ,D’-
improvementgl—h = A,p’—h = 1), the relative wage rate must grow even slower.
ih jh

Therefore we must havl(p;,/©r)/dpin > 0, (ord(Ai/@r)/dAin > 0)

given a biased technological improvement.

3.9.6. Appendix 3.F: Welfare Effects on the Foreign Country

The welfare of the foreign country is:
a 4§ -1 a; aj 9
Ur() = ai*a;” LeA™ ((Aig + Ain/9n) " (Ajr + Ajn/#n) )
Consider a monotonic transformation of it:
'U,f = ailn(lif + Aih/(ph) + a]ln(ljf + A}h/‘Ph)

Then we have:

duf 1 ( a19Pn ( a1P1n N aP2n )d‘Ph>

dhdyp M@ \@p +p1n \Qn+P1n QOn+ P2r/ dpin
where
don
dpin
a,Lrpp + a;Lpppt?

(¢n + p1n)?

1

a1P1n a2P2n ) _ ( a a, ) 0+
+ L + L
((fﬂh +p1)? " (on+p20)%) T \(pin + 0r)? " (pan + 0n)? nPh

a a
+(6+1 l__ 4 2 L,p?
( )(P1h+§0h P2h+§0h) nPh

and ¢, is determined by the equilibrium condition:
NXh = 0

e The Welfare Effects of Export-biased Improvements

Consider the case whepg, > p,},.
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dus 1 ( @GPn ( a1P1n n A2P2n ) d‘Ph)
dAp MPr \@r + P \Qp+p1n Ont P2n/ dpin
S 1 < @1Pn ( a1P1n N azP1n ) d(ph)
M@ \@p + 1 \Qp+P1n @n+ P1n/ dpip
1

B /11f‘P}21(§0h + P1n)

(al - 6‘PhP1h)

Whenp,, = py,, We havee,, , . < a,. Sincep,, is bounded, generally

speaking the wage rate increasing at a slower ratepfhawhich means that

. . . duf
€pnpin < a1 WheNpy, > pyp. This implies thatdllh

> 0, which means that

technological improvement s increases the welfare of the foreign country.

e Import-biased Improvements That Hurts the Foreign Country

Consider the case whepg, < p,},.

dup 1 ( A1Pn _( A1P1n N A2P2n )d‘Ph>

dﬂ'lh_/llf(ph On+pin \Qnt+pin Qn+ P2/ dpin

< 1 ( a1Pn _( a1P1n n azP1n )d<Ph>
MfPp \@p + p1in \Qn+p1in On+ p1n/ Apin

= CD(a1 - 6<php1h)

Whenp,;, is very small, the wage rate are sensitive to changgg, irso
€p,p,, COUID be larger tham; and leads to a negative effects on the foreign
welfare.

Let us consider an example in which an import-biased technology
improvement has negative effects on the foreign country. Suppgpse
1/pan < 1,L, = Lg, T = 1. In this case, we must hayg = 1. Consequently:

du]c ()

ddn = E(al — (a1p1n + az)

d¢h)
dpin
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. d 2a;
Since=2k = L , we have:
dpin  2pin+0(ai+ajpin)A+pin)

duf
dAip

= ®(2a,p1p + 60(ag + azpip) (1 + p1p) — 2a3)

. du
If 6 is small enough we can see that < 0.
1h

e Import-biased Improvements That Benefits the Foreign Country
Supposey;, = p,n, We have:

dAp Aig(@n + p1n)

(a1 - 6<php1h)

| proved above that,, , , < a; whenpy, = pyu(refer to the section on

changes in total trade volume.), theref;u > 0.
1h

. . . a . . .
Given the setup in this pap(?ii;fi Is a continuous function. Therefore we
1h

duf

have > 0 whenp;, is in the left vicinity ofp,;. In other words, we are

dpin

sure that import-biased technological improvements increases the veélfare
the foreign country when it is about to eliminate the comparative advantage.

Consider the symmetric example in “Import-biased Improvements That

Hurts the Foreign Country”. H is large enough we must ha%éﬁ > 0. This
1h

is an example in which export biased technological improvements benefits the

foreign country.

3.9.7. Appendix 3.G: Equilibrium When Two Final Goods Are
Complements

Suppose that the two final goods are compliments

U(Q,Q2) = (@ +QHY*a <0
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Given income w and pric®, andP, we have:

w
Qin = 1 a

Py + Pllh_aP2

-1
h
We know that

Py, = ACtin) owy,

and the import share of the home country in sactor

Therefore the imports of sectobare:

Airon  Lpwy
ab

Xin 1+(m)m
Xjn

Mip = mipPip Qip, =

The total import of the home country is:

My = My, + My,
af \ "t
Aif 14 </1ih + lif‘ﬂh)“‘l

= @pLpw
ERTR Ain + Air@n Ain + Ajpon

a \ !
Ajr - (Ajh + /11'f<Ph>“‘1
Ain + Ajron Ain + Aif@n

Likewise, the import of the foreign country is:

af \ "t
Ain 4 </1if90h + Aih>a_1

My = Lew
PN Qipon + i Air@n + Ajn

af \ !
Ajn (Ajf(ph + Ajh)“"l
—_—_— + —_—
AifPn + Ajn Aif@n + din

Therefore the trade balance condition is:
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ag \ "1

i+, | —2 (14 (—’1"’1 Ay ‘p">m
Ain + Aif@n Ain + Ajron
af \
Ajf i+ (Ajh + /1J'J°‘l’rl>‘7“1
Ain + Ajr@n Ain + Aif@n
af \ "t
Ain (Aifgoh + Aih)‘l_l
=L | — (g4 (SRR
Aif@n + Ain Air®n + Ajn
a \ "
Ajn i+ (Ajf‘ph + Ajh)“‘l
Air@n + Ajn Aif®n + Ain

Given the equilibriump,,, the utility of the home country is:

U(Q1’Q2) = (Qf + Qg)l/a

Ly -6 9 af \ 74
R
-9
+ ((Ajh + Airn)
i ﬂ —-a 1/a
+ (Lin + iren)* ™ (Ain + /L-ffph)l‘“) >
Likewise, we have:
Ly -6 9 ag \~¢@
Ur = A <((Aif + Aih/(ph) + (lif + Aih/q)h)a—l(A” + A}.h/(ph)1—a>
-9
+ <(Ajf + Ajn/@n)

1/a

0 a0 \a
+ (X + An/on)* H(Aip + ﬂih/fﬂh)l_a) >
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Chapter 4 :
HICKS PATH: THE OPTIMAL STRATEGY OF TECHNOLOGICAL

IMPROVEMENT IN THE OPEN ECONOMY

4.1. Introduction

In his paper on technological improvements, Hicks (1953) arguedthigat “
first stage in a process of development is very likely to be export-Biased
then “...the process passes into its second stage ... that are import-biased
Thus when his analysiss‘put into an historical dress, it suggests as a normal
sequence the succession of an export-biased by an import-biased phase”
(Hicks 1953), a pattern that | refer to as Hicks path hereatfter.

Interesting as it is, there have been no theoretical explanations for the
pattern. Hicks argued thatduntries, like people, are most likely to make their
improvements in those sorts of production which they already do relatively
well than in those they do relatively badlidowever, he did not use a model
to formally prove the argument, nor did he explain the reason behind it. As for
the empirical evidence, Hicks listed some historical facts and arguehat
see the shadows of such patterns across the face of hidterther he nor
other economists have conducted formal empirical tests on Hicks path. To fill
this gap, this work provides a theoretical foundation for Hicks path in this
paper and investigates if it exists in the data.

In order to study the technological improvement pattern, the first step is to

model innovation activities. Kortum (1997) develops a R&D framework that
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proves to be realistic. In his model, each unit of R&D input generates a random
amount of new ideas whose productivity is a random draw from a Pareto
distribution. Each new idea is applied to a random variety in a continuum of
goods. The productivity associated with each good converges to a Fréchet
distribution in limit. This model explains some puzzling trends in productivity,
patents, and R&D activity in the United States. Kortum’s model has been
extended to conduct other empirical analysis as well (e.g., Eaton and Kortum,
1999).

Eaton and Kortum (2001b) develop a unified framework of innovation,
trade, and growth by combining Kortum (1997) and Dornbush et al. (1977). In
their 2002 paper (Eaton and Kortum 2002), they develop a similar model of
bilateral trade to study trade and price data among the OECD. Bernard et al.
(2003) augment the model to study the export behavior of individual US
plants. Alvarez and Lucas (2007) develop an equilibrium analysis to the Eaton
and Kortum model to analyze the gains from trade liberalization.

This essay extends the Eaton and Kortum framework into a multi-sector
model to analyze the innovation pattern of countries in the open economy. The
theoretical model first analyzes the R&D pattern in autarky and shows that
sectoral R&D input is proportional to the expenditure share and the research
efficiency of each sector. The model also shows that the laissez faire R&D
input level is less than the socially optimal R&D input level in autarky.

The above results carry over to the open economy. Moreover, the model

shows that in the open economy the total R&D input in a sector of a country
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depend on the country’s advantage. The research efficiency function, which is
a function of current technology frontiers of the home and the foreign
countries, determines whether the R&D input increases of decreases with a
country’s advantage in a sector.

Using the OECD STAN database, the empirical analysis finds some
support for Hicks’ path but it also indicates that the R&D pattern in the real
world might be richer than what Hicks predicted. Within each industry, for the
majority of countries (whose technology frontier ranks in the top 70%-80% in
the industry) the sectoral R&D input of a country first increases with its
technological advantage in the industry. When the country moves into the
leading group (i.e., its technology frontier ranks among the top 20%-30% in
the industry) its sector R&D begins to decrease with its technological
advantage. This is consistent with Hicks’ claim that countries will fostlact
export-biased technology improvements and then import-biased improvement.
The empirical study, however, also finds that for the countries whose
technological advantage ranks in bottom 20%-30% the sectoral R&D input
decreases with their technological advantage. This might arise from sloa rea
that less-developed countries may find it more profitable to rely on technology

transfer than on research and development, a hypothesis left for future‘Study.

> Both the theoretical and empirical results are based on the assumption
that governments do not intervene the R&D of the business sector. However,
in the real world, governments may subsidize business R&D for various
reasons (e.g., mercantilism). | defer the analysis of R&D subsidiatune f
research.
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4.2. Setup
There are two countries: the home counlijyand the foreign country)(
whose labor endowments drgandL; respectively. The economies produce
N final goods. Consumers in two countries have the same preferences over the

final goods, and their utility function takes the Cobb-Douglas form:

N

v =[] ()

i=1

aj

whereQ;is the quantity of the final good of secioanda; is the
expenditure share of goddvith a; € (0,1) andY), a; = 1. Throughout this
paper, subscripts are either country identifiers or industry identifiers and
superscripts are exponents.

Each type of final good is produced with a different group of intermediate
goods. Each group of intermediate goods is indexed from 0 to 1. Firms in both

countries can produce final goods with the same technology:

1 n/(m-1)
Qi = (f Qi(u)l_l/ndu>
0

wheren is the elasticity of substitution, which is the same for all sectors.
The intermediate goods are produced with constant-returns-totscialelogy,
the evolution of whose frontier will be described below.

| follow Eaton and Kortum’s way of modeling research activities. A unit
of labor input on R&D generates ideas at a Poissonat@ which indicates
research efficiency of sectom the home country. The research efficiency is a

function of the home country technology frontief,((-) = r;,(1;1)). In the
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open economy, the research efficiency is a function of the technology frontiers
in home and foreign countries; (-) = 7, (4;in, 4ir)). Suppose there is a
fundamental difference between the R&D activities in autarky and in the open
economy, so cannot skt in r;, (4;,, 4;¢) to zero to get the autarky research
efficiency function.

The intermediate good to which a sedtatea applies has a uniform
distribution over the variety continuum [0, 1]. The efficiency of an idgess (
defined as the quantity of goods that the idea can produce with a unit of labor.

Following Eaton and Kortum, | assuméas a Pareto distributidgh(z) = 1 —

2719 7 € (1, )16, With this setup, the distribution of the productivity of a

sector will converge to a Fréchet distribution over time (Kortum 1997):

1/6

Hip(z) = e 4inz "7 2> 0

where parametet;, is the total stock of ideas:

t
Ain = j Tindin (V) dv
0
andd,;, is the flow of R&D input.

Suppose that R&D can only be done at the beginning of each period. The
R&D process does not take time, therefore the inventors can utilize the new
ideas in the same period they are discovered. Suppose that firms are engaged in
Bertrand competition, so the firm with the best idea sets its price equal to the
marginal cost of the runner-up. The patent length is normalized to one period,

which implies that firms’ planning horizon for R&D is one period.

*Through out this paper, we defifiea la Alvarez and Lucas (2007). So a
larger® means a higher degree of heterogeneity.
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The intermediate goods are traded freely while the final good is not
tradable. The labor is immobile across countries, but perfectly mobile within a

country and across industries.

4.3. R&D Decisions in Autarky

This section analyzes the technological improvements of the home country
in autarky. Suppose that at the beginning of a period the home country
technology frontiers arpl,;, 4,5, ... Ay - The population, however, becomes
L}, . Suppose that that with the new population it is profitable to do research in
both sectors. Supposdeg, units of labor is allocated to do research in sector
According to Eaton and Kortum’s framework, after the innovation the
technology level of sectarbecomes:

in = Ain + Tin(Lin)din
where4;, denotes the level of technology after the innovation . In what

follows, primes are used to indicate the variables after the innovation.

4.3.1. The Decentralized R&D Decision in Autarky

4.3.1.1. The Expected Value of an Idea

This section calculates the expected value of an idea in autarky. In
Appendix 4.A, | show that under perfect competition when all firms have

access to the best technology the price of intermediate goods ofideasathe
following distributionpilh/e~ exp()(l-h/w;/e), wherey;, = A + Air @y is the

consumer-perceived technology level in the home country. In autarky, the
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foreign goods does not reach the home countpy;se= A;;,. After the

innovation, given perfect competition we have

119 ! [16
Pin / ~ €xp (Xih/Wh / )

We can take this as the distribution of the cost after technology
improvement. Let us consider a marginal researcher. If her ideaadsdoamtih
varietyu is competitive in the home country, one must have:

wy/z(w) < pij,(w) => z(w) > wy /i, (W)

When this is the case, the optimal price could be the monopolistic price or
the second lowest cost in the market. Bernard et al. (2003) consider both
possibilities. However, the true distribution of the markup is complicated.
Following Grossman and Helpman (1991), Aghion and Howitt (1992), Eaton
and Kortum (2001b, 2006), | assume that a successful researcher always sets
the price top;, (). Appendix 4.A shows that the price index of the final good
in sectori is Py, = A(x;,)~?wy,, so the demand of varietyis:

i) = ph AT 0 PP a Ly
The profit that a successful idea earns in the home country is:
Tinn (2, w) = (pin (W) — wy/2) pl{h_nAn_l)(l{he(l_n)aiL’th,ln

Appendix 4.B shows that the expectatiormgf, (z, u) is:

o(1+6(1 -
0 0C0om) by
1+ xin

E(mipn(z,w) =

4.3.2. Equilibrium R&D Input
In equilibrium, the return to labor input in production and that to R&D

should be equalized:
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Tin(Ain) E(minn (2, 1)) = wy,

Solving this equation, we have:

, 1+6(1—n) ,
in = Té’airth(lihﬂh
The R&D input is:
1+6(1—n) ,
in = H—HHGiTih(Aih)Lh — Ain/Tin(Ain)

Suppose that the new population is sufficiently large so that the R&D input

is non-negative.The ratio of the two post-innovation technology levels is:

A;h arm(izh)
X amin(n)

The research intensity of the country is:

N N
>N din _ 1+6(1—- r))z Bt (hon) _iz An
Ly, 1+86 £ LHthATih Ly, b 1 (Ain)

which is increasing i, . This means that the research intensity increases with
the country size.

N g
WhenLj, goes to infinity, the research inten ‘Ll,dlh tends to a constant
h

%2?’:1 Oa;rin (A;n) Since thatl;, is exogenous th),. Eaton and

Kortum(2001b) consider a steady state in which a constant share of the labor
force in a country engages in research. The model in this essay is extended to
a dynamic version, this type of steady state will be the only possibtey/stea

state sincel}, is proportional td.j,.
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4.3.3. The Social Planner's R&D Decision in Autarky
Now let us assume that a social planner chooses R&D input to maximize
social welfare. Suppose the R&D input in a sectal;jsthen after the
technological improvement the new welfare level is:
N N
’ - ’ 1 Oa;
U () = 4 1<Lh —Zdih)ﬂ 3
i=1 i=1
The solution to the above maximization problem is definelN liiyst order

conditions:

=

Ain
aiHrl-h

d-ﬁﬂ:yh— i€(1,2,..N)
] aie ) ) )

j=1
Let d denote the R&D input vectdd,,, d,p, ... dyn]’, whereT is the
transpose operator.

Let D denote coefficient matrix for the unknowns:

1—1/(a;6) 1 1 1
1 1—1/(a,0) 1 1 ]
D =l 1 1 1—1/(az0) .. 1 ‘
1 1 1 . 1—1/(ay8)

Let column vector R denote the vector that contains the right hand side of

the first order conditions:

Ain Az2n Ann

R=|l) - ——+- ), ——-—— ... L) ————
& a, 07y (A1n) " az07,(A2) 4 ay0ryp(Ann)

Then the FOC's can be written as:
D-d=R
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Let D; denote the matrix when we replace tffecolumn ofD with R.
According to Cramer’s rule, we have:

_Ind
|D|

din
whergD;| and|D| are the determinants Bf andD. Suppose that the
country is large enough so that the social planner wants to improve the

technology in both sectors.

When there are only two sectors, we have:

_ 0a;rin (Ain) (A + 10 (An) Ln) = 1in(Ain) Ain (1 + 6a;)
(0 + Drin(in)rin ()

ih

i=12j=12i#]j
The above result tells us that the R&D input in each sector increases with
the research efficiency, consumer’s expenditure share on the sector and the
country size. It can also be shown that the overall research intensity of a
country increases with the country size.

Since the post-innovation technology level of setierl;, =

Gai
1+0

(Crin Q) Ajn) /150 (Ajn) + Tin ()L, + Ay ), the ratio of the two post-
innovation technology levels is:

A’ﬂ _ as71p(A1n)
Ayp  aprep(A4p)

Denote the social planner post-innovation technology of setdgel with

! 0 i 7 .
tns = o ((rinAand)Ain) frin Q) + T (Agn) Ly, + Ay ), the decentralized one
with 1, = %Hainh(lih)ﬂh Then we have:

102



;hs > 1

Sincen > 1,1+ 6(1 —n) < 1. Therefore we have:

Tvea—n '~ Ains > Aina

This means that the social optimal post-innovation technology level is
higher than the one in laissez faire. In laissez faire, researchere setput
level lower than the social optimal level since they can’t capture all thié prof
of new ideas. This leads to lower R&D input and social welfare in the
decentralized case.

Summarizing the above results, we have the following theorem:

Theorem 1. No matter whether the R&D decisions are made by a
social planner or individuals, in autarky the post-innovation technology of
each sector is proportional to its expenditure share and research

efficiency. The socially optimal R&D input is greater than the one in

laissez faire for both sectors when there are only two sectors

4.4. R&D Decisions in the open economy
This section studies the R&D patterns in the open economy. Suppose only
the home country does research. Its initial populatidp snd the new one is

Ly . The foreign country does not do research and its population remains

4.4.1. Equilibrium with Decentralized R&D Decisions
We know that the profit earned by a competitive idea in the domestic

market is:
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o(1+6(1-n) ,
- a;L,w
1+0)yxl, t*h™h

E(minn(z,0)) =
Now let us consider the profit that an idea can earn from the world market
in the open economy. The total market sizk,i#;, + Lywy and the consumer
perceived technology level kg, + 4;r¢y,. Substitutingly, wy, + Lgwy for
Lywp, anday, + Ay, for x;,, we know that the total expected profit that an
idea earns is:

a;0(1+6(1 —n)) Ly, + Lewg/wy,

E(Minw(z,w) = h

The expected number of ideas that a researcher finds with a unit of labor is
1in(Ain, Aif). The expected payoff of a unit of labor allocated to R&D in sector
i is7in(Ain, Aif)E(minw (2,u)). In equilibrium people must be indifferent
between doing research and engaging in production:
wh, = Tin(Ain, Aip ) E (i (2, 0))

This implies that the new “consumer perceived technology level” is

a;0(1+6(1-1n),,
1+6 &

Xin = Tin(Ain, Aif) + Lewy /wp)

Then we have:

X_{h _aiTin(Ain, i)
Xin  4T2n(An Ajr)

The post-innovation consumer-perceived technology level in each sector is

proportional to the expenditure share and the R&D efficiency of the sector.

The above analysis also yields:
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ai0(1 +0(1—- n)) (L’
h

Ain = Tin(Lin, Aif) 170

+ L /wp) — ifop

Substituting this in the trade balance condition yields:

1/(1+6)

o = ((Tzh(AZh;AZf)Allh + rlh(/11h'/11f)/1'2h)Lf>
"\ (run s A )z p + Tan (Ao Az ) Aes )Ly

Therefore the equilibrium is defined by the above three conditions (two

equations for R&D input and one condition for trade balance).
4.4.2. The Hicks Path in the Open Economy
Suppose the country size increase filgmo Ly,. Then R&D input is:

Air®@n + Ain
Tin(Ain, Aif)

_cu9(14-9(1-n))(y
- h

in 170 +Le/wp) —

Suppose

Tin(Ains Aig) = AigPin(Ain/Aig, 1) = Aiphin(Ain/ Aig)

If ¥in(Ain/Air) is the constant, it implies that the research efficiency solely
depends on the technology frontier of the foreign country. If is proportional to
Ain/Aif, the research efficiency depends only on the technology frontier of the
home country. If it takes other forms, the research efficiency functiomevill
more complicated.

Let p;n, = Ain/Air denote the home country’s advantage in sectbinen

we have:

®h + Pin
Yin(Pin)

B a;0(1+6(1-1n)) w
= h

ih 170 + Le/wp) —
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The relationship between the R&D input and the advantage of a sector is
determined by the functional form ab;;, (p;5). Wheny;, (p;) is constant,
R&D input decreases with advantage. This is because the R&D efficiency
remains constant while the returns to new ideas are lower when the home
country technology frontier is higher. Whew, (p;;,) is proportional, R&D
input increases with advantage. This is because the research effici¢ney of
home country increases with its advantage. Whegip;;,) takes other forms,
there might not be a monotonic relation between R&D input and advantage.
The following section will study how R&D input varies with advantage in the

real world.

4.5. Empirical Analysis

4.5.1. The Econometric Model
The previous section solved the labor input for R&D in sectihwe

convert it into monetary value it is:

®h + Pin "
Yinloin) "

whereRD;;, denotes the R&D input in sectofor countryh. For each country,

o a;0(1+6(1—1n)) w
e 1+6 h

+ Ly /wh)wp, —
we aggregate all other countries and take them as the foreign country.
According to the theoretical model, the R&D input in each sector of a
country should be positively correlated with its advantage in this sector
(ADVy;:), which is defined as the technology frontier of the sector in the home

country divided by that of the rest of the world. In the expressioR gy,

a;(Ly, + Lf/wh)Wf'l is the world total expenditure spent on the sector after the
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innovation. In this paper, | assume that the expenditure is equal to the output.
The output of a sector can be broken down into the output of the home country
and that of the foreign country. According to the theoretical model, they are
equally effective on R&D. In the real world, however, the magnitude of their
effects may differ due to the presence of trade barriers. Therefordlwe wi
include the output of the sectioin yeart (PROD;,;;) and that of the rest of the

world (ROWPROD,;;). The econometric model takes the following form:

RDyit = Bo + B1ADVyi + [2PRODy;: + [3ROWPRODy,; + FE;, + FE;
+ FEt + €Enit

whereh is the country identifier, is the industry identifier antildenotes the
time period. FE,, FE; andFE, are the country, industry and time period fixed
effects.e,;; Is the disturbance.

| will also study the effect of advantage on the research inte®itg,(;)
for each industry. The research intensity is defineRl®®,;; /PRODy,;;. The

econometric model takes the following form:

RDPyiy = o + B1ADVyir + FE, + FE; + FE; + €yt
4.5.2. Data and Measurements
| use a set of STANSTructuralANalysis) databases published by OECD
for this inquiry. These datasets fit our purpose for several reasons. Filst of al
it is one of the few databases that provide the needed information on the
industry level with a relatively large number of observations. The STAN

databases have been used by some recent papers to conduct other industry
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level analysis (e.qg., Griffith et al., 2001; Zachariadis, 2004; Constinot and
Komunjer, 2007; Ulku, 2007). Second, the countries included in the sample
account for a large share of the world economic activities. Overall, these
countries account for 68.7% of the world GDP (IMF 2007). When it comes to
manufacturing, the sectors that | focus on in this work, these countries have an
even higher share. Moreover, these countries account for most of the world
R&D investments. Third, the trade between these countries is relative]y fre
which is an assumption of our theoretical model. For example, the Simple
average final bound tariff of the United States is 3.5% in 2006, while that of
China is 10% and Brazil 31.4% in the same year (WTO Z00phus the

OECD countries form a good sample for the estimation.

This essay uses the latest version of two STAN datasets, which are STAN
ANBERD (Analytical Business Enterprise Research and Development, ed.
2009) and STAN Industry Analysis (ed. 2008). ANBERD database (ed. 2009)
reports data on R&D expenditure spent by the business enterprise sector by
industry according to the International Standard Industrial Classoiicf61C)
revision 3.1. The dataset covers 29 OECD countries and some non-member
economies for years 1987 through 2007. STAN Industry Analysis (ed. 2008)
reports annual measures of output, value added, labor input, exports, etc. by
industry according to 3.0 across countries. Data are available for 27 countries

for years 1970 through 2007.

"WTO, 2006, World Tariff Profiles 2006. http://www.wto.org
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Years 1987-2006 are defined as the sample period since data for 2007 are
not available for many countries. In this paper we focus on the manufacturing
sector since there is a large quantity of missing data for other sédters.
analysis is conducted mainly at the two-digit level (ISIC 15 - ISIC 3. 0
confidentiality or other reasons, some countries only report aggregated
measures for industry groups for some industries. For example, some countries
may report the measures for “Food products, beverages and tobacco” (ISIC
code 15-16). However, they do not report neither the measures for “Food
products, beverages” (ISIC code 15), nor the measures of “Tobacco” (ISIC
code 16). To fully utilize the information contained in the datasets, | include
those industry groups when no information of any sub-industry is avaflable

The productivity of sectarin countryh in yeart (HPRODTY},;;) is
defined as the outpuPRODy,;;) divided by the “Total Employment Persons”
(EMPNy;;). According to the EK model, if the technology frontier of an

industry isA;;, the productivity associated with each varietyi¢ a random
draw from the Fréchet distributid®y, (z) = e~%nz° The expected

productivity isA% (1 — 8) wherel'(1 — ) is the Gamma function evaluated

at1 — 0. Therefore the technology frontier of the sector is:

( E@ \°
Ain = (r(1 — 9))

¥ The industry groups include (by ISIC code): 15-16, 17-19, 21-22, 23-25.
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The average productivity of each industry is an estimate of the expected
productivity, so the technology frontier of sectdor countryh

(HLambday;;) can be measured as:

. HPRODTY;;\*°
HLambdahl-t = Ahit = <w)
Following Alvarez and Lucas (2007), | use value$ of the range [0.1,

0.25] with 0.15 being the preferred value. To check the robustness, | alBo set

to 1, which means that the technology frontier of a seétbafbday;; ) is
simply measured by the average productivity of the seBtBRODTY},;;).
According to the EK model, the technology frontiers of different countries
are additive. That is, the combined technology frontier of a group of countries
is the sum of their technology frontier weighted by wage and trade bamiers. |
this essay the world is divided into the home country and the rest of the world,
so the technology frontier of the rest of the woRYW Lambda;,;;) should be
measured as the sum of the weighted technology frontier for all other
countries. However, | only have the information for the OECD countries and it
IS not easy to get complete information on wages and pair-wise trade barriers.
As an alternative, the technology frontier is measured as the sum of the (un-
weighted) technology frontier of all other OECD countries. This does not
follow the theoretical setup closely, but it is still a good measure. First, the
OECD countries include majority of the most productive countries. The
technology frontier calculated from them should be a good measure of the

world technology frontier. Second, OECD countries bear substantial
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resemblance and their mutual tariffs are low and close, so the variation of the
weight on their technology frontier should not be large.

All the monetary values are in 2006 PPP million dollars. All the head
counts are in persons. The PPP exchange rate is from STAN. The discount rate

is from the BLS.

4.5.3. Empirical Results

This section reports the empirical results. Preliminary regressions show
that the R&D input decreases with the advantage for technology leaders of an
industry (top 20%-30%), increases for the middle class countries (middle 40%-
60%) and decreases for the bottom class (bottom 20%-30%). Then | check the

robustness of the results.

45.3.1. Preliminary Results

This section reports the OLS results. The countries are first divided into
three groups based on their rank on the technology frontier for each industry.
The three groups are: the top 20%, the middle 60% and bottom 20%. To
calculate the world production, we need the output of each country. Since there
is a large quantity of missing data on production for years before 1995 and
after 2005, | narrow the sample period to 1995 to 2005. The results are
reported in the first three columns of Table 4-1, with all results concerning
dummies suppressed. The results show that the R&D input decreases for the

top and bottom groups, but increases for the middle groups.
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Table 4-1: R&D Input and Advantage (OLS, PROD as Output)

Bottom Middle Top Bottom Middle Top
(20% ) (60%) (20%) (20% ) (60%) (20%)
ADV -7600 5200  -0.001
-0.469 2245 -0.007
ADVn -260 680 -940
-2.144 2110 -2.209
*% *% *%
PROD 0.022  0.020  0.023 0.022  0.020  0.023
23.229 19568 9.093 23.389 19.798 8.997
**% *kk *kk *kk **% *kk
ROWPROD-1.7E-04 -0.001  0.002 0.000  -0.001  0.001
-3.076 -3.105 1.001  -3.098 -3.095 0.772
N 1135 2891 804 1135 2891 804
R? 0.555  0.454  0.694 0.556  0.454  0.696
Bottom Middle Top
(20% ) (60%) (20%)
adv -6.3 24 -180
-3.742 1599  -2.848
PROD 0.022  0.021  0.023
23.657 20.037 9.211
ROWPROL 0.000 -0.001  0.002
-3.273  -3.138  0.893
**k% *kk
N 1135 2891 804
R? 0.560  0.453  0.697

Note:

at 1% level.

The t-ratios are reported below the corresponding coefficients.

*: significant at 10% level; **: significant at 5% level ; ***: significant

A potential problem for the regression is that the relation between R&D

and advantage is not linear as we can see from the analytical form of RD. If we

look at the magnitudes of ADV, it ranged * 10716 to 16706. This is
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because the productivity is raised to nearly thep@wer to calculate the
technology frontier. The ADV for technology followers clusters betweamd0 a

1 while that of leaders spread over a wide range above 1. This means that the
above results for ADV may be caused by misspecification. The following

graph is the histogram of ADV.

Density
.0015 .002
| )

.001
L

5.0e-04
|

0
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0 5000 10000 15000 20000
ADV

Figure 4-1: The Distribution of ADV

To address this problem, | defined the following measures for advantage:

ADVnp; = (ADVhit)e
advy;e = log(AD Vi)
ADVn ranges between 0.004 and 4d3lv ranges between -36.5 and 9.7.
The following histograms show that the measures are more evenly spread over

the support.
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Figure 4-2: The Distribution of ADVn
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Figure 4-3: The Distribution of adv

| run the regressions with the new measures of advantage and the results
are reported in the last six columns of Table 4-1. The regressions confirm the
above results that the R&D input decreases for the top and bottom groups, but
increases for the middle groups.
| use value added as the output of each industry and run all the above

regressions again. The results are reported in Table 4-2. We can see that the

results are consistent with what those in the previous table.
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Table 4-2:

R&D Input and Advantage (OLS, VALU as Output)

Botto Middle Top Bottom Middle Top
m  (60%) (20%) (20% ) (60%) (20%)
(20% )
ADV -300000 5600 -0.1955
-1.743 2,606 -1.417
* *k%
ADVn -450 780 -1800
-3.454 2615  -4.921
VALU 0.086 0.047 0.076  0.088 0.047 0.076
19.308 15.478 9.154 19.633 15.611  9.255
ROWVALU |-0.0005 -0.0035 0.0004 -0.0005 -0.0035  0.0002
-2.350 -2.617 0.064 -2.442 -2.662  0.026
*%* *k% ** *kk
N 1136 3197 887 1136 3197 887
R? 0.504 0.422 0.686  0.508 0.422 0.694
Botto Middle Top
m  (60%) (20%)
(20% )
adv -7.6 26 -280
-4.297 1.881  -5.220
VALU 0.087  0.048 0.077
19.813 15.891  9.449
ROWVALU |-0.0006 -0.0036 0.0012
-2.614 -2.698  0.18
*kk *k%
N 1136 3197 887
R? 0.511  0.421 0.695

Note:

e The t-ratios are reported below the corresponding coefficients.

e *:significant at 10% level; **: significant at 5% level ; ***: significant

at 1% level.

| also check if the results are robust to the valug. éfrevious literature (

Eaton and Kortum 2002, Alvarez and Lucas 2007) shows that a reasonable
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range for@ is [0.1, 0.25]. | find that the results are consistent to those when

is 0.15. Finally, I sefl to 1, which means that the average productivity is used

as the technology frontier of an industry.

Table 4-3: R&D Input and Advantage (OL&5;1)

PROD as output VALU as output
Bottom Middle Top | Bottom Middle Top
(20% ) (60%) (20%)| (20% ) (60%) (20%)
ADV -6000 10000  -6900 -8000 11000  -17000
-4.421  2.893  -1.53 -5.463  3.391  -4.340

*k% *kk *%k% *k% *%%

PROD 0.022 0.020  0.023] 0.091 0.047 0.076
23.884 19.877 9.079 | 20.253 15.696  9.244

*kk *k% *%k% *%k% *k% *%k%

ROWPROD| -0.0002 -0.001 0.002| -5.6E-04 -0.00358 -4.8E-
05

-3.173 -3.139  0.887 -2.580  -2.699 -0.007
*kk *kk ** *kk
N 1135 2891 804 1136 3197 887
R? 0.562 0.455 0.695 0.516 0.423 0.692

Note:

e The t-ratios are reported below the corresponding coefficients.

e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

The above results may be sensitive to how we categorize countries leaders
and followers. As an alternative, | divide them into the top 30%, the middle
40% and bottom 30%. The results are reported in table 44%00.15 and
6 = 1. They confirm the patterns that | get from other regressions.

| also try other ways to partition the countries. It turns out that the pattern

preserves as long as the percentage of the top group and the bottom group is

around 20%.
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Table 4-4: R&D Input and Advantage (OLS, Alternative Categorization)

Panel ap = 0.15

PROD as output VALU as output

Bottom Middle Top | Bottom Middle Top
(30%) (40%) (30%) | (30% ) (40%) (30%)

ADV 49000 27000  -0.11| -86000 1000 -0.28
1750  0.793  -0.899| -3.213 0.327  -2.359
* *k%k *%
PROD 0.025  0.019  0.022 0.112 0.047  0.069

30.261 15.091 10.999 | 32.214 13.428 10.684

*%k% *%k% *%k% *%k% *kk *%k%

ROWPROD| -2.5E-04 -0.001  0.001| -8.2E-04 -0.005  0.000
2519 -3.414 0888 | -2267 -3.191  0.096

N 1538 2093 1199 1562 2358 1300
R? 0.783 0.437 0.642 0.791 0.418 0.640
Panel b =1

PROD as output VALU as output

Bottom Middle Top | Bottom Middle Top
(30% ) (40%) (30%) | (30% ) (40%) (30%)

ADV -320 13000 -8900 -4000 12000 -16000
-0.177 2438 -2.562 -2.270 2.634 -5.295
PROD 0.025 0.019 0.022 0.112 0.047 0.070
29.626 15.248 11.106 | 31.561 13.515 10.903
*k% *k% *kk *k% *k% *kk

ROWPROD| -2.5E-04 -0.001  0.001| -7.6E-04 -0.005  0.000
2491 -3.356 0.859 | -2.117 -3.146  0.043

N 1538 2093 1199 1562 2358 1300
R? 0.783 0.438 0.644 0.791 0.420 0.647

Note:

e The t-ratios are reported below the corresponding coefficients.
e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

45.3.2. Heteroskedasticity
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Since the data consists of different countries and industries, heterogeneity
is a concern. This section checks if the results of the previous section are
robust to heterogeneity. The results are consistent with those of the OLS
regressions except a few changes.

Table 4-5: R&D Input and Advantage (Heteroskedasticity correcteQP&s
Output)

Bottom Middle Top Bottom Middle Top
(20% ) (60%) (20%) (20% ) (60%) (20%)
ADV dropped 1400 -0.23
13.844 -2.619

*k%k *k%k
ADVn 54 120 -700
-10.631 39.196 -8.527
*k%k *k%k *k%k

PROD 0.0070 0.0152 0.0224 0.0072 0.0158 0.0229
18.805 59.749 33.996 19.011 65.925 32.703

*%k% *%k% *%k% *k% *%k% *%k%

ROWPROD 0.0E+00 -8.2E-05-6.1E-04 4.0E-06 -1.0E-04-7.8E-04
0.033 -27.533 -12.960 3.525 -50.620 -15.367

*kk *kk *kk *kk *kk

N 1135 2891 804 1135 2891 804

Bottom Middle Top
(20% ) (60%) (20%)

adv -0.47 6 9.5
-5506 25.386 0.772
*kk *k%

PROD | 0.0071 00156 0.0232
18.733 62.624 32.735

ROWPROD 4.0E-06 -8.5E-05-7.6E-04
2.589 -22.038 -15.522

*kk *kk *kk

N 1135 2891 804

Note:

e The t-ratios are reported below the corresponding coefficients.
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e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

The following table presents the results when value added (VALU) is used
as the output.

Table 4-6: R&D Input and Advantage (Heteroskedasticity correctetll Vs

Output)
Bottom Middle Top Bottom Middle Top
(20%) (60%) (20%) (20%) (60%) (20%)
ADV dropped 13000  -0.41
15.001 -3.889
*k%k *%%
ADVn -120 59 -710
-23.602 7.717  -9.090
VALU 0.0303 0.0452 0.0597 0.0399 0.0454 0.0613
25,579 64.390 27.624 39.940 64.224 26.664
ROWVALU| 3.0E-05 -1.9E-04-1.4E-03 3.5E-05 -8.6E-05-1.8E-03
9.703 -39.333 -11.642 14.720 -12.692 -22.293
*k%k *k%k *%k% *k%k *k%k *%k%
N 1136 3197 887 1136 3197 887
Bottom Middle Top
(20% ) (60%) (20%)
adv 1.2 3.7 22
-17.479 12.750 -2.648
VALU 0.0379 0.0466  0.0630
35.225 67.220 28.111
ROWVALU| 5.4E-05 -7.5E-05-1.6E-03
23.507 -10.806 -15.467
*k%k *k%k *k%k
N 1136 3197 887

Note:

e The t-ratios are reported below the corresponding coefficients.

e *:significant at 10% level; **: significant at 5% level ; ***: significant

at 1% level.
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The following table reports the results whees- 1.

Table 4-7: R&D Input and Advantage (Heteroskedasticity correcteQP&s

Output,0=1)
PROD as output VALU as output
Bottom Middle Top | Bottom Middle Top
(20% ) (60%) (20%) | (20% ) (60%) (20%)
ADV -930 3900 -3200 -1000 2500 -5000
-7.085  30.650 -3.728 | -10.740 24.329  -5.405
PROD 0.0074  0.0152  0.0206
19.216 56.473  32.553
ROWPROD/| 2.0E-06 -5.7E-05 -7.9E-04
1.928  -10.589 -16.299
VALU 0.0328 0.0438 0.0608
27.502 62.590  25.814
ROWVALU 1.4E-05 -6.7E-05 -1.3E-03
4.694 -8.077 -9.851
N 1135 2891 804 1136 3197 887
Note:

e The t-ratios are reported below the corresponding coefficients.

e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

| also try other values fdt. The results tend to robust to the choicé .of

4.5.3.3.

There might be concerns over the endogeneity of advantage, although our

Endogeneity

theoretical model indicates that it is exogenous at peribdthe real world

research projects last a long time and endogeneity may arise due to

autocorrelation. This section will address this problem with instrumental-

variable regressions.
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| use a country’s percentage share in the world production (PRODShare) as
the instrument for the home country’s advantage in a setfdf)(for the
same time period. Other candidates for instrument are the export-intport ra
(XM) and the lag of advantagdV,,;;_,). However, none of them, or any
combination of them wit’PRODShare can pass the Hausman test for any
regression. The results are reported in the following table.

Table 4-8: R&D Input and Advantage (1V)

PROD as output VALU as output
Bottom Middle Top | Bottom Middle Top
(20%) (60%) (20%) | (20% ) (60%) (20%)

ADV -4.3E+13 30000 -2 8.4E+12 78000 -2
-0.965 2.232 -2.215 0.684 1.924 -1.54
PROD 0.064 0.003 0.021
1.358 1.117 4.734

*kk

ROWPROD| 1.3E-04 -3.6E-04 -0.002

0.748 -3.764  -1.164

VALU -0.004 -0.044 0.055
-0.045 -1.39 2.797

ROWVALU -9.5E-05 -0.002 -0.009

0.52 -3.049 -1.556
*k%k

N 1135 2891 804 1135 2890 804

p-value of 0.335 0.026 0.026 0.494 0.054 0.129

Hausman

test

Note:

e The t-ratios are reported below the corresponding coefficients.
e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

The first three columns are the results when PROD is used as output. It

confirms the pattern yielded by OLS. | use VALU as output and rerun the
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regressions and the results are reported in the last three columns. Though the
sign of ADV is different from what we got, those of the top group and negative
for the middle group remain consistent with previous results. To check if the
results are robust to the valueffl run the regressions give different values
between 0.1 and 0.25. We can see that the results are very similar to those in
Table 4-8.

| then use the average productivity as the technology frontier to estimate
the effects of ADV. The results are as follows. The results give evergstr
support to the OLS results. | find that whemcreases the correlation between
ADV andPRODShare increases. Therefore, the difference between the results
in tables 4-7 and 4-8 may be becaO®®DShare becomes a better

instrument whe increases. This is consistent with the results of Hausman

tests.
Table 4-9: R&D Input and Advantage (1951)
PROD as output VALU as output

Bottom Middle Top | Bottom Middle Top

(20% ) (60%) (20%) | (20% ) (60%) (20%)
ADV -26000 40000  -45000/ -23000 110000  -46000

-3.712 2.940  -2.871 | -1.385 2.790 -2.043
PROD 0.025 0.006 0.023

7.473 4.292 6.405

ROWPROD| -1.5E-04 -3.2E-04 -2.5E-04
-3.971 -3.711 -0.275

*kk *kk
VALU 0.102 -0.025 0.053
2.992 -1.496 3.662
*kk *kk
ROWVALU -3.9E-04 -1.0E-03 -7.3E-
03
-1.556 -2.039 -1.875
*%* *
N 1135 2891 804 1135 2890 804
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p-value of
Hausman
test

0.0063

0.0004 0.0158

0.321 0.003 0.0805

Note:

e The t-ratios are reported below the corresponding coefficients.

e *:significant at 10% level; **: significant at 5% level ; ***: significant

at 1% level.

| use different approaches to categorize country to see if the above results

are robust. The following is the results when countries are broke down into the

top 30%, the middle 40% and bottom 30%.

Table 4-10: R&D Input and Advantage (1V, Alternative Categorization)

PROD as output VALU as output
Bottom Middle Top | Bottom Middle Top
(30%) (40%) (30%) | (30% ) (40%) (30%)
ADV -410000 53000 2.1 24000 130000 -2
-3.086 1.57 -2.806 | 0.176 1.042 -1.833
*k% *k% *
PROD 0.0131 0.0001  0.0167
14.322  0.024 5.144
*k% *k%
ROWPROD| -1.1E-04  -4.4E- -1.4E-03
04
-3.518  -3.511  -1.381
*k% *kk
VALU 0.0381  -0.0602  0.043
10.1 -0.806 3.106
*kk *k%
ROWVALU -0.0002  -0.002  -0.0062
-2.256  -2.275  -1.710
N 1538 2093 1199 1537 2093 1199
p-value of 0.002 0.1164  0.0049 0.8603  0.2972  0.0704
Hausman
test
Note:

e The t-ratios are reported below the corresponding coefficients.
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e *:significant at 10% level; **: significant at 5% level ; ***: significant

at 1% level.

4.5.3.4. Research Intensity

This section studies the effect of advantage on the research intensity to see
if we can get further support for the results we get from OLS estimatioce Si
the econometric model for research intensity does not include world output, we
do not need to worry about the missing data problem. The regressions in this
section are based on the sample period 1987-2006. | use the method employed
in the first regression to categorize countries (top 20%, middle 60%, bottom
20% ). The results are reported in Table 4-11.

Table 4-11: R&D Intensity and Advantage (OI850.15)

Bottom Middle Top Bottom Middle Top
(20% ) (60%) (20%) (20% ) (60%) (20%)
ADV [-160.000 0.028 0.000
-2.283 0.502 0.483

**

ADVn -0.231 0.005 -0.001
-4.565 0.647 -0.605

*%k%

adv
N 1135 2891 804 1135 2891 804
R? 0.1623 0.4178 0.72860.1741 0.4178 0.7286

Bottom Middle Top

(20% ) (60%) (20%)
adv | -0.0025 0.0002 -0.0004
-3.518 0.663 -1.177

*k%k
N 1135 2891 804
R? 0.1677 0.4178 0.7290
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Note:

e The t-ratios are reported below the corresponding coefficients.

e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

The above results show that the research intensity for the middle groups

increases with advantage and decreases for the other two groups, even though

the coefficient estimates are not statistically significant.

The following table reports the results whees- 1.

Table 4-12: R&D Intensity and Advantage (OLS andd¥])

OoLS v

Bottom Middle  Top | Bottom Middle Top

(20% ) (60%) (20%) | (20% ) (60%) (20%)
ADV | -3.000 0.048 -0.003 -1.3 0.0421  -0.2955

-5.220  0.565 -0.131 -0.845 0.102 -3.304
N 1135 2891 804 1135 2891 804
R? 0.1788  0.4178 0.7285

Note:

e The t-ratios are reported below the corresponding coefficients.

e *:significant at 10% level; **: significant at 5% level ; ***: significant
at 1% level.

As the following table shows, the results are robust to heteroskedasticity:

Table 4-13: R&D Intensity and Advantage (Heteroskedasticity codecte

0 = 0.15)
Bottom  Middle Top
(20%)  (60%)  (20%)
ADV 2.4 0.11418 -2E-06
-3.334 9.609 -2.984
N 1135 2891 804
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Note:

e The t-ratios are reported below the corresponding coefficients.
e *:significant at 10% level; **: significant at 5% level ; ***: significant

at 1% level.

The above results provide some further support to the pattern we find with
oLS.

4.6. Conclusion

Hicks (1953) argued that countries would first improve their technology of
the export sector and then that of the import sector. Interesting as it is, there
has not been theoretical or empirical study on his argument. This essay extends
the Eaton and Kortum (2002) framework into a multi-sector model to analyze
the innovation pattern of countries in the open economy. The model shows that
in the open economy the R&D input in an industry depends on the country’s
advantage in the industry. Using the OECD STAN database, the empirical
analysis finds some support for Hicks’ path but it also indicates that the R&D

pattern in the real world might be richer than what Hicks predicted.

4.7. Appendices

4.7.1. Appendix 4.A: The Equilibrium without Technological
Improvements

This section solves the equilibrium of the world economy when all firms in
a country have access to the best technology within the country. Suppose the
technology frontier of sectarin the home country i%;;, and that in the

foreign country isl;;. Following Alvarez and Lucas’ (2007), the Fréchet
distribution of z into the exponential distribution of x with= x~¢:
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Fip(x) =1 —e ¥ E(x) = 1/,
e Price Indices of the Final Goods

Consider sectair, letx; = (x;n, x;¢) denote the draws productivity for
intermediate goods in two countries. Assume that these draws are independent

across countries, so the joint densityad:
$i(x;) = Pin(x)Pir (x;) = Aipdis exp(—AinXin — AipXif)

Let u follow the above distribution, then the quantity of the final good is:

n/(m-1)
Q; = ( ¢(x)ql'(x)1_1/"dx>
R3

| put all the intermediate goods with productivityinto to the same group.
Following Alvarez and Lucas, the group of goods is labeled with the assbciate
productivity and are called “good.

Let us use the home country as an example. In the home country, the price

of final goods in each sector is:

1/(1-n)
P, = ( | pire ¢(x)dx>
R%
The demand function of intermediate good the home country is:
qin(x) = p (P Qi
If the home country producers of the final goods buy intermediate goods

from domestic firms, the price ig, x5, ; if they buy from foreign firms, the

price istwfx{jc . The buyers will choose the lowest price amagg$, and
fo{jc . The price that prevail in the home country is:

pin(x) = min{whxl-eh ,fog,} =>
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1/6 _ . 1/6 1/6
Dip, = mingwy," x;p, We' " Xip

wherex;, (u)~ exp(A;) , ;5 (u)~ exp(4;f),. A nice property of the
exponential distribution is that(Alvarez and Lucas, 2007):
x~exp(1) and k > 0 => kx~exp (1/k)
Consequently we have:
wy/ % xip~ exp(ﬂih/W;/G)
Another property of the exponential distribution is that(Alvarez and Lucas,
2007):

x~exp(4,),y~exp(dz), cov(x,y) = 0,§ = min(x,y) => {~(4; + 1;)
Thereforepl.l,{e (x) has the following distribution:

0 0 0 0
pllh/ (x)~exp ((Aih+lifwi/ /Wfl/ )Wi/>

Let yip = A + Al-fw;/e/wfl/e , then we have:

1/6 1/6
pit? ()~ exp(xuc/wy'? )
We can cally;;, the “consumer-perceived sectori technology level in

the home country. For ease in writing, | defing= wy, /w¢, @, =
W;/B/Wfl/e. Through out this paper, the wage rate in the foreign country is
defined as the numéraire. Then we have:
Xin = din + Aif@n
ConsiderfRi pin ()17 p(x)dx. Sinceg(x) is the probability distribution

function ofx, so the integral can be taken as the expectatiqn,of (x) in the

technology spad&. p; " (x) with x~¢(x) in R} corresponds tp,; " (x) =
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pQ/OPE= — ,00-m) with p~ exp()(ih/wi/e) in R1. Herev is the projection

of p/° onRL. Therefore, the expectation gf, " (x) in the technology space

is equivalent to the expectation of =™ in RL. This implies that

[ 1/6 1/(1-n)
P = (f w8y, fw/® e vXin/ W dv)
0

Leto = v)(l-h/w;/e, we have that:

0 -0 o] 1/(1-n)
1 ) -
Py = (Xih/Wh/ ) (f g?0-me "da)

0

3 1/(1- . . .
LetA = (J, 0®@ e 7do) /7 \which is value of the Gamma function

['(y)aty =1+ 6(1 —n) raised tal /(1 — n) power. Following Alvarez and
Lucas (2007), we assunmet (1 —n) > 0 so as to guarantee the integral

converges. Henceforth, we will take A as a constant. So we have:

Pin = AQxin) "Owp,
Likewise, the price of goodin the foreign country is:
Py = Axif wy
e Imports and Exports
The value of the final goodsconsumed in the home country is equal to
P;;,Q;,. Since the market of the final goods is perfectly competiiyé;,
equals the value of the intermediate goods (transportation costs inclusive) use
as input. Letn;;, denote the share of the seatantermediate goods that the
home country imports from the foreign country. Then the imports of the home

country in sector are:
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M;p, = myp Pip Qin

In a previous paper, we show that

whered;r@, /T is the foreign country’s technology level perceived by the
home country consumers. The higher is it, the greetgris.
Given the Cobb-Douglas utility function, we have:

B aidip @t Lywy
Ain + Aifon

ih
Therefore, the import of the home country is:

adiy azAaf > o+1
" (/11h + Aifon  Aan + Az50n heoT

Sincefd > 0, M,is increasing inpy,(a monotonic transformation of the
relative wage rate), keeping everything else constant.
The sectoi export of the home country{,) equal the sectarexports of

foreign country(M;f), so the total exports of the home country are:

a1 A1n azAzn )
X, = + Lew
" (/11f§0h +Ain Azp@n + Azn e

The above equation shows that the exports of the home country decrease

with the relative wage rate.

e Equilibrium
For notational clarity, lgb;,, = A1p,/A15, p2n = A2n/A2f denote the
absolute advantage of the home country in two sectors. Plugging them into the

trade balance conditioXy, = M,, yields:
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a1P1n aP2n a, a,
)
"\@n +pin  Ton+ pan pintOn panton) N

4.7.2. Appendix 4.B: The Expected Value of an Idea in Autarky
Suppose the current technological frontier of sectorthe home country

is A;- The population i¢},. The expectation af;,;, (z, u) is:
BlrmGw) = [ | mung@eedadx
R2 Jzech

a0 o (T
= A"y Mg, hWhnf j (pin (W)
o Jwp/pp
— wh/2)g(2)dzpiy " fpin(Pin) dpin
wherech denotes the set afin which the new idea isompetitive . For

ease in writing, we ugeto denotep;;, in the integrand. Then we have:

: , 0 _ , , [oe] (o]
E(mipn(z,w) = A7 1y, a 77)ai hWhnj j (p
0 Jwy/p
—wy/2)g(2)dzp ™" fyu (p)dp

SinceG(z) =1 —z"Y% => g(2) = z7/9-1/9, The inner integral is:

f (- wi/D)g(D)dz = f (p — wh/2)z 1 0dz
wy, /D wy, /D

— ! -1/6
(wp/p) PTTo

Then we have:

0 00 9W’_1/9 ©
[ ] @-wine@dmgmidp == [ 00
0 0

! !
Wr/Din
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Consider the integraﬂ)oo p**t/0-ng . (p)dp. We know that

p{hl/e (x)~exp (X{h/w,’ll/e) , therefore let us denote the integral in terms of

/ 11/6Y.
v = Pl/e;v“' €xp (Xih/Wh / )

,1/6

* — / 11/0 . - - L,/
f p™ O i ()dp = (Xih/Whl/ )f p(+1/0-m0 (Xh Wh )vdv
0 0
’ 11/6 ’ 11/6\.
Leto = (Xih/Wh / )v =>v= U/()(ih/Wh / )

o -(1+1/6-n)8 [*
- / 11/6 — _
f PO foan () = (xin/wi ) f g (1+1/0-10¢ =g
0 0

The last termy,* 0(1+1/6-10¢ =9 is value of the Gamma functidtgy)
aty =1+ (1+1/6 —n)8 =2+ (1 —n)6. Let us denote it wit'(2 +
(1 —mn)6). Since we assumed+ 6(1 —n) > 0,I'(2 + (1 —n)0O) is defined.

Then we have:

[ ] @-wing@dm s
o Jwp/pip
0 , —(1+1/6-1)8  ,1—
=1+—0F(2 + (1=l /o= wy

Therefore we have:

E(mipn(z,w) = AT 1qL), 158 re+@a- n)e)){l{h_lw;l

1/(1-7

We defined thatl = (" 6?~Pe=do) ’which is value of the Gamma

functionT'(y) aty = 1+ 8(1 —n) raised tol /(1 — n) power. Therefore:
—m\1-1 -
= (r+oa-n)""") =r(+ea-n)”
Substituting it intaE (m;p, (z,w)) yields:

o(1+6(1-n) ,

Elman(20) = =gy, “thi
L
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Chapter 5:
CONCLUSION

5.1. Summary of the Study

This study investigates the optimal strategy and the welfare effects of
technology improvements in the open economy. It also studies the effects of
the changes in the degree of heterogeneity and tests a prediction concerning

comparative advantage.

The first essay studies these questions with the Ricardian model. The pape
formally proves Hicks’ (1953) insight into the effects of technological
improvement. The paper then studies optimal strategies of technological
improvement and show that for a small country it is optimal to choose export-
biased technological improvement. For a large country, it is optimal to improve
technology in both sectors at a rate proportional to the consumers’ expenditure
share.

The second essay studies the effects of technological changes with a two-
sector Eaton and Kortum model. This paper distinguishes two types of
technological changes: changes in the technology levels (technology
improvements) and changes in the dispersion of productivity of firms. The
paper analyzes how the two types of technological changes affect the trade
pattern. The paper also analyzes the welfare effects of technology
improvements and yields some new results. The theoretical model of the paper

shows that the net exports of the comparative advantage sector are positive
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while those of the other sector are negative. Using the OECD STAN database,
the paper tests the prediction and finds strong support for it.

The third essay extends the Eaton and Kortum framework into a multi-
sector model to analyze the innovation pattern of countries. The model
analyzes the R&D pattern of a country in autarky. The paper also shows that in
the open economy the R&D input in an industry depends on the country’s
advantage in the industry. Using the OECD STAN database, the empirical
analysis finds some support for Hicks’ path, a technology improvement
strategy for countries advanced by Hicks, but it also indicates that the R&D

pattern in the real world might be richer than what Hicks predicted.

5.2. Limitations of the Study

The first essay is based on the Ricardian model. As important as the model
is, “the problem with the (Ricardian) model as a vehicle for discussing
technical change is that too many things can happen (Krugman, 1986).” The
discreteness of trade regime switches degenerates the studyas®layecase
study and keeps us from coming to unified conclusions. Moreover, the
Ricardian model makes some strong assumptions, such as perfect competition
and homogeneous firms.

The second essay solves the problem of trade regime switches that is
inherent to the Ricardian model by introducing heterogeneity. However, the
model still has some strong assumptions. First, the model assumes a uniform
degree of heterogeneity for both industries in all countries. This assumption

keeps the model tractable, but it loses some generality since in reality the
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degree of heterogeneity varies across industries and countries. Second, the
Fréchet distribution does not provide a perfect convergence to the traditional
Ricardian model when the degree of heterogeneity approaches zero. Third, the
sample size of the empirical analysis is relatively small.

The third essay is based on a static model and dispenses with strategic
interactions between countries. In reality, it takes time for R&D inpatituo
new ideas and the R&D input of a project is spread over multiple periods.
Therefore, the R&D problem is essentially a dynamic one. The strategic
interactions between countries also play an important role in the real world.
Due to data availability, it is unclear whether the empirical results apply
non-OECD countries.

Besides the limitations that are specific to individual papers, there aee som
gualifications that are common to the entire study. First of all, thiy stoels
not consider the composition of endowments. Through the inquiry, this work
assumes that there is only one endowment while in the real world the
composition of endowments varies substantially across countries. The
composition of endowments may exert extensive influence on the R&D pattern
of a country. Second, the study does not consider technology diffusion,
intellectual rights protection. Third, this study does not consider the trend that

multi-national companies are doing more and more research overseas.

5.3. Possible Extensions
The second and third essays assume that the degree of heterogeneity

remains the same across industries and countries. Perhaps the assumption can
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be relaxed in future inquiry to study what will happen when the degree of

heterogeneity of different industries changes at different paces.

The theoretical model of the third essay can be extended to dynamic
versions to study the R&D patterns of countries. This might yield more

insights into the R&D strategy.

Perhaps the models of the second and third essays can be extended to
incorporate multiple endowments. The models can also be extended to study

technology diffusion and intellectual rights protection.

5.4. Conclusion

This study investigates the effects and the strategy of technology
improvements in the open economy. It unifies the results existing in the
literature, which are mainly based on the Ricardian model. Then the study
extends the Eaton-and-Kortum model into multi-sector models to study the
above issues. The new models encompass the existing results based on
Ricardian model as special cases and yield new some theoretidt. i8eme
of these results are tested empirically and are found to be consisteritewith t
data. The theoretical and empirical results of this study contribute to
understanding the effects and strategy of technology improvements in the open

economy.

137



BIBLIOGRAPHY

Aghion, Philippe and Peter Howitt (1992), “A Model of Growth Through
Creative Destruction,’/Econometrica60(2), 323-351.

Alvarez, Fernando and Robert Lucas Jr. (2007), “General equilibrium analysis
of the Eaton-Kortum model of international tradé&urnal of Monetary
Economicsb4(6), 1726-1768.

Aw, Bee Yan, Sukkyun Chung, and Mark Roberts (2000), “Productivity and
Turnover in the Export Market: Micro Evidence from Taiwan and South
Korea”, World Bank Economic Revield, 65-90.

Baldwin, Richard and Frédéric Robert-Nicoud (2006), “Trade and Growth with
Heterogeneous FirmsNBER Working Paper 12326.

Bernhofen, Daniel and John Brown (2004), “A Direct Test of the Theory of
Comparative Advantage: The Case of Japdotrnal of Political
Economy112 (1), 48-67.

Bernard, Andrew and Bradford Jensen (1995), “Exporters, Jobs and Wages in
U.S. Manufacturing, 1976-19878rookings Papers on Economic Activity,
Microeconomics67-119.

Bernard, Andrew and Bradford Jensen (1999), “Exceptional Exporter
Performance: Cause, Effect, or Botl®urnal of International Economics,
47, 1-26.

Bernard, Andrew and Bradford Jensen (2001), “Why Some Firms Export,”
NBER Working Paper 8349

Bernard, Andrew, Jonathon Eaton, Bradford Jensen and Samuel Kortum
(2003), “Plants and Productivity in International Trad®&yierican
Economic Reviey93(4), 1268-1290.

Bernard, Andrew, Stephen Redding and Peter Schott (2007), “Comparative
Advantage and Heterogeneous Firniggview of Economic Studje&i(1),
31-66.

Bernstein, Jeffrey and Mohnen Pierre (1998), "International R&D Spillovers
between U.S. and Japanese R&D Intensive Sectlosihal of
International Economics44, 315-338.

138



Cabral, Luis and Jose Mata (2003), “On the Evolution of the Firm Size
Distribution: Facts and TheoryAmerican Economic Revie@3(4), 1075-
1090.

Choi, Jai-Young and Eden Yu (1987), “Technical Progress and Outputs under
Variable Returns to ScaleiZconomicaNew Series, 54(214), 249-253.

Clerides, Sofronis, Saul Lach, and James Tybout (1998), “Is Learning by
Exporting Important? Micro-Dynamic Evidence from Colombia, Mexico,
and Morocco, Quarterly Journal of Economic433, 903- 904.

Costinot, Arnaud and Ivana Komunjer (2007), “What Goods Do Countries
Trade? New Ricardian Predictions,” NBER Working Paper No. W13691

Demidova, Svetlana (2008), “Productivity Improvements and Falling Trade
Costs: Boon or Bane?Ihternational Economic Revieffiorthcoming).

Dinopoulos, Elias and Paul S. Segerstrom (2005), “A Model of North-South
Trade and Globalization," Society for Economic Dynamics , 2004 Meeting
Papers, #30

Dornbusch, Rudiger, Stanley Fischer and Paul Samuelson (1977),
“Comparative Advantage, Trade, and Payments in a Ricardian Model with
a Continuum of Goods,The American Economic Revie7(5), 823-839.

Eaton, Jonathan and Samuel Kortum (1999): “International Technology
Diffusion: Theory and Measurementtiternational Economic ReviewoO,
537-570.

Eaton, Jonathan and Samuel Kortum (2001a), “Trade in Capital Goods,"
European Economic Revieds (7), 1195-1235.

Eaton, Jonathan and Samuel Kortum (2001b), “Technology, Trade, and
Growth: A Unified Framework,European Economic Review: Papers and
Proceedings45(4-6), 742-755.

Eaton, Jonathan and Samuel Kortum (2002), Technology, Geography, and
Trade,Econometrica70(5), 1741-1779.

Eaton, Jonathan and Samuel Kortum (2006), “Innovation, Diffusion, and
Trade,”NBER Working Paper, No. 12385

Fieler, Ana (2007), “Non-Homotheticity and Bilateral Trade-Evidenceaand
Quantitative Explanation,” Memo, New York University.

139



Galor, Oded and Andrew Mountford (2006), “Trade and the Great Divergence:
The Family Connection,American Economic Revie@6(2), 299-303.

Gancia, Gino (2003), “Globalization, Divergence, and Stagnation,” Institute
for International Economic Studies, Working Paper #720.

Grossman, Gene and Edwin Lai, (2002), International Protection Of
Intellectual Property, NBER Working Paper Series, Working Paper 8704.

Grossman, Gene and Elhanan Helpman (1991) “Quality Ladders and Product
Cycles,” Quarterly Journal of Economic406(2), 557-86.

Grossman, Gene and Elhanan Helpman (1995), “Technology and Trade,”
Chapter 25 irHandbook of International Economjcdgolume Ill, edited by
Grossman and Rogoff, Elsevier, New York.

Grubel, Herbert and Peter Lloyd (197Bitra-Industry Trade: The Theory and
Measurement of International Trade in Differentiated Produoctsidon:
MacMillan.

Helpman, Elhanan (1993), Innovation, Imitation, and Intellectual Property
Rights,Econometrica60(6),1247-1280.

Helpman, Elhanan, Marc Melitz and Stephen Yeaple (2004). “Export Versus
FDI with Heterogeneous Firms&merican Economic Revie@4 (1), 300-
317.

Hicks, John (1953), “An Inaugural Lectur&xford Economic Papers(2),
117-135.

International Monetary Fund (1998), “International Financial Statistics”.

Jones, Ronald and Roy Ruffin (2008), “The Technology Transfer Paradox”,
Journal of International Economics, 75, 321-328.

Kortum, Samuel (1997): “Research, Patenting, and Technological Change,”
Econometrica65, 1389-1419.

Krugman, Paul (1979), “Increasing Returns, Monopolistic Competition and
International Trade”Journal of International Economic8(4), 469-479

Krugman, Paul (1986), A Technology Gap Model of International Trade, in K.
Jungenfelt and D. Hague, edStructural Adjustment in Advanced
EconomiesMacMillan.

140



Leamer, Edward and James Levinsohn (1995), “International Trade Theory:
The Evidence,” irHandbook of International Economjdgolume lll,
edited by Grossman and Rogoff, Elsevier, New York.

Markusen, Jame and Lars Svenson (1985), “Trade In Goods and Factors with
International Differences in Technologynternational Economic Review
26, 175-192.

Matsuyama, Kiminori (1991), “Agricultural Productivity, Comparative
Advantage and Economic Growth,” NBER Working Paper 3606.

Melitz, Marc (2003). “The Impact of Trade on Intra-industry Reallocations
And Aggregate Industry ProductivityFconometrica71, 1695-1725.

Melitz, Marc and Giancarlo Ottaviano (2008), “Market Size, Trade, and
Productivity,"Review of Economic Studje&(1), 295-316.

Rodriguez-Clare, Andres (2007), “Trade, Diffusion and the Gains from
Openness,” NBER Working Paper W13662.

Ruffin, Roy and Jones Ronald (2007), “International Technology Transfer:
Who Gains and Who LosesReview of International Economjcks(2),
209-222.

Samuelson, Paul (2004), “Where Ricardo and Mill Rebut and Confirm
Arguments of Mainstream Economists Supporting Globalizatidytnal
of Economic Perspective$8(3), 135-146.

Ventura, Jaume (1997), “Growth and Interdependendss”Quarterly Journal
of Economics112(1), 57-84.

Ventura, Jaume (2005), “A Global View of Economic Growthdhdbook of
Economic GrowthEdition 1, edited by Philippe Aghion and Steven
Durlauf, Amsterdam, North Holland.

Walde , Klaus and Ulrich Woitek (2004), “R&D expenditure in G7 countries
and the implications for endogenous fluctuations and growtghomics
Letters 82, (1) 91-97.

World Trade Organization, Trade Profiles, 2007

Yeaple, Stephen (2005), “A Simple Model of Firm Heterogeneity,

International Trade, and Wagedgurnal of International Economigcs
65(1), 1-20.

141



