
Volume LIV No. 2 ISSN 1655-1516
 December 2017

The Philippine Review 
of Economics

A joint publication of the
University of the Philippines

School of Economics
and the Philippine Economic Society

Southeast Asia in the global 
economy 

Philippine inequality across 
the twentieth century

Philippine policy reforms in 
infrastructure development

The fiscal program in recent 
Philippine history

Amado Castro and gender 
equity in education

Quality, equality and recent 
education reforms

Non-inclusive growth, the 
profit motive, and the case 
for inclusive business

A memoir of the young UP 
School of Economics

Remembering Amado 
Castro

Amado Castro: economist, 
educator

The early years of the 
University of the Philippines 
School of Economics

Dr. Amado Castro

A loving tribute to Dr. Amado 
A. Castro 

Hal C. Hill

Jeffrey G. Williamson

Dante B. Canlas

Benjamin E. Diokno

Vicente B. Paqueo and 
Aniceto C. Orbeta

Edita A. Tan

Niceto S. Poblador

Gerardo P. Sicat

Benito Legarda, Jr.

Cesar E. A. Virata

Jeffrey G. Williamson

Bernardo M. Villegas

Zorayda Amelia C. Alonzo

Editor-in-Chief
EMMANUEL S. DE DIOS

Editorial Advisory Board
RAUL V. FABELLA

HAL C. HILL

CHARLES Y. HORIOKA

KIAN GUAN LIM

ROBERTO S. MARIANO

JOHN VINCENT C. NYE

GERARDO P. SICAT

JEFFREY G. WILLIAMSON

Associate Editors
DANTE B. CANLAS

RAMON L. CLARETE 

LAWRENCE B. DACUYCUY

FRANCISCO G. DAKILA JR.

CRISTINA C. DAVID

JONNA P. ESTUDILLO

MARIA S. FLORO

GILBERTO M. LLANTO

ANICETO C. ORBETA

ERNESTO M. PERNIA

STELLA LUZ A. QUIMBO

Managing Editor
HONLANI RUTH J. RABE

SPECIAL ISSUE IN HONOR OF AMADO A. CASTRO

Issue Editors

ARTICLES IN THIS ISSUE

Emmanuel S. de Dios
Emmanuel F. Esguerra

MEMORIALS

THE PHILIPPINE REVIEW OF ECONOMICS
December 2017Volume LIV No. 2

ISSN 1655-1516
June and December 2018

THE PHILIPPINE REVIEW OF ECONOMICS
December 2017Volume LIV No. 2

Volume LV Nos. 1 and 2

ARTICLES IN THIS ISSUE

Social mobility in the 
Philippine labor market 

Lawrence B. Dacuycuy

The Social Weather Reports of 
economic well-being in the 
Philippines

Mahar Mangahas

PPP vs ODA revisited: key 
issues for PPP infrastructure 
development in the 
Philippines

Susumu Ito

Maternal mortality in Lao 
People's Democratic 
Republic

Jonna P. Estudillo

A game of subsidization or 
taxation for new technology 
adoption in international 
duopoly

Masahiko Hattori and 
Yasuhito Tanaka

Is household income 
diversification ZelIare 
improving? The evidence 
from Philippine panel data

Adrian R. Mendoza

Potential output and output 
gap estimation models for 
the Philippines

Roberto S. Mariano 
Suleyman Ozmucur

Veronica B. Bayangos
Faith Christian Q. Cacnio

Marites B. Oliva

Two memoranda
from G. Ranis

Gustav Ranis

BOOK REVIEW

Fabella’s Capitalism and 
inclusion under weak 
institutions”
Lessons on inequality 
for a new generation of 
economists

Ronald U. Mendoza, PhD



Aims and Scope: The Philippine Review of Economics (pre) 
invites theoretical and empirical articles on economics and 
economic development. Papers on the Philippines, Asian and 
other developing economies are especially welcome. Book 
reviews will also be considered.

The pre is published jointly by the up School of Economics 
and the Philippine Economic Society. Its contents are indexed 
in the Journal of Economic Literature, EconLit, and RePEc.  
pre’s readership includes economists and other social scientists 
in academe, business, government, and development research 
institutions.
 
Publication Information: The pre (issn 1655-1516) is a 
peer-reviewed journal published every June and December of 
each year. A searchable database of published articles and their 
abstracts is available at the pre website (http://pre.econ.upd.edu.
ph).
 
Subscription Information: 
Subscription correspondence may be sent to the following 
addresses:

r� css@pssc.org.ph 
r� pssc Central Subscription Service, 

psscenter, Commonwealth Avenue, 1101, Diliman, Quezon 
City, Philippines. 
P.O. Box 205, up Post Office, Diliman, Quezon City,  
Philippines 1101
PHONE: 922-9627, FAX: 924-4178/926-5179

 
Submissions: Authors may submit their manuscripts to addresses 
below:

r� pre@econ.upd.edu.ph or pre.upse@upd.edu.ph
r� The Editor, The Philippine Review of Economics, Rm 237, 

School of Economics, University of the Philippines, Diliman, 
Quezon City, 1101. 

Manuscripts must be written in English and in ms Word format. 
All graphs and tables must be in Excel format. Submission of a 
manuscript shall be understood by the pre as indicating that the 
manuscript is not under consideration for publication in other 
journals. All submissions must include the title of the paper, 
author information, an abstract of no more than 150 words, and a 
list of 3–4 keywords. Complete guidelines can be viewed in pre’s 
website.
 
Copyright: The Philippine Review of Economics is protected 
by Philippine copyright laws. Articles appearing herein may 
be reproduced for personal use but not for mass circulation. To 
reprint an article from PRE, permission from the editor must be 
sought. 

EDITOR-IN-CHIEF
Emmanuel S. de Dios
UP SCHOOL OF ECONOMICS

EDITORIAL ADVISORY BOARD
Raul V. Fabella
UP SCHOOL OF ECONOMICS

Hal C. Hill
AUSTRALIAN NATIONAL UNIVERSITY

Charles Y. Horioka
ASIAN GROWTH RESEARCH INSTITUTE 

(KITAKYUSHU)

Kian Guan Lim
SINGAPORE MANAGEMENT UNIVERSITY

Roberto S. Mariano
UNIVERSITY OF PENNSYLVANIA

John Vincent C. Nye
GEORGE MASON UNIVERSITY

Gerardo P. Sicat
UP SCHOOL OF ECONOMICS

Jeffrey G. Williamson
HARVARD UNIVERSITY

ASSOCIATE EDITORS
Dante B. Canlas
UP SCHOOL OF ECONOMICS

Ramon L. Clarete
UP SCHOOL OF ECONOMICS

Lawrence B. Dacuycuy
DE LA SALLE UNIVERSITY

Francisco G. Dakila Jr.
BANGKO SENTRAL NG PILIPINAS

Cristina C. David
PHILIPPINE INSTITUTE  

FOR DEVELOPMENT STUDIES

Jonna P. Estudillo
NATIONAL GRADUATE INSTITUTE  

FOR POLICY STUDIES (TOKYO)

Maria S. Floro
AMERICAN UNIVERSITY (WASHINGTON D.C.)

Gilberto M. Llanto
PHILIPPINE INSTITUTE  

FOR DEVELOPMENT STUDIES

Aniceto C. Orbeta
PHILIPPINE INSTITUTE  

FOR DEVELOPMENT STUDIES

Ernesto M. Pernia
UP SCHOOL OF ECONOMICS

Stella Luz A. Quimbo
UP SCHOOL OF ECONOMICS

MANAGING EDITOR
Honlani Ruth J. Rabe
UP SCHOOL OF ECONOMICS

COPY EDITOR
Dinna Dayao

The Philippine Review of Economics
A joint publication of the UP School of Economics (UPSE)
and the Philippine Economic Society (PES)

PRE

Aims and Scope: The Philippine Review of Economics (PRE) 
invites theoretical and empirical articles on economics and 
economic development. Papers on the Philippines, Asian and other 
developing economies are especially welcome. Book reviews will 
also be considered.

The  PRE is published jointly by the UP School of Economics 
and the Philippine Economic Society. Its contents are indexed 
in the Journal of Economic Literature, EconLit, and RePec. 
PRE’s readership includes economists and other social scientists 
in academe, business, government, and development research 
institutions.

Publication Information: The PRE The (ISSN 1655-1516) is a 
peer-reviewed journal published every June and December of each 
year. A searchable database of published articles and their abstracts 
is available at the PRE website (http://pre.econ.upd.edu.ph).

Subscription Information:
Subscription correspondence may be sent to the following addresses:

r� DTT!QTTD�PSH�QI
r� PSSC Central Subscription Service,
 PSSCenter, Commonwealth Avenue, 1101, Diliman, Quezon 

City, Philippines.
 P.O. Box 205, UP Post Office, Diliman, Quezon City, Philippines 

1101
 PHONE: 922-9627, FAX: 924-4178/926-5179

Submissions: Authors may submit their manuscripts to addresses 
below:

r� QSF!FDPO�VQE�FEV�QI�PS�QSF�VQTF!VQE�FEV�QI
r� 5IF� &EJUPS� 5IF� 1IJMJQQJOF� 3FWJFX� PG� &DPOPNJDT� 3N� ����

School of Economics, University of the Philippines, Diliman, 
Quezon City, 1101.

Manuscripts must be written in English and in MS Word format. 
All graphs and tables must be in Excel format. Submission of a 
manuscript shall be understood by the PRE as indicating that the 
manuscript is not under consideration for publication in other 
journals. All submissions must include the title of the paper, author 
JOGPSNBUJPO�BO�BCTUSBDU�PG�OP�NPSF�UIBO�����XPSET�BOE�B�MJTU�PG��m��
keywords. Complete guidelines can be viewed in PRE’s website.

Copyright: The Philippine Review of Economics is protected 
by Philippine copyright laws. Articles appearing herein may be 
reproduced for personal use but not for mass circulation. To reprint 
an article from PRE, permission from the editor must be sought.

Acknowledgements: The PRE gratefully acknowledges the financial 
support towards its publication provided by the Philippine Center 
for Economic Development (PCED). The Review nonetheless 
follows an independent editorial policy. The articles published 
reflect solely the editorial judgement of the editors and the views of 
their respective authors.



2017 OFFICERS AND  
BOARD OF DIRECTORS

PRESIDENT
Jose Camacho Jr.
UNIVERSITY OF THE PHILIPPINES LOS BAÑOS

VICE PRESIDENT   
Majah-Leah Ravago
UNIVERSITY OF THE PHILIPPINES DILIMAN

SECRETARY 
Ronald Mendoza
ATENEO SCHOOL OF GOVERNMENT

TREASURER 
Emilio Neri Jr.
BANK OF THE PHILIPPINE ISLANDS

MEMBERS
Victor Abola
UNIVERSITY OF ASIA AND THE PACIFIC

Cristina Bautista
ATENEO DE MANILA UNIVERSITY

Kevin Chua
WORLD BANK

Lawrence Dacuycuy
DE LA SALLE UNIVERSITY

Lawrence Fernandez
MERALCO

George Manzano
UNIVERSITY OF ASIA AND THE PACIFIC

Stella Quimbo
PHILIPPINE COMPETITION COMMISSION

IMMEDIATE PAST PRESIDENT
Rosemarie Edillon
NATIONAL ECONOMIC AND DEVELOPMENT 

AUTHORITY

PHILIPPINE REVIEW OF ECONOMICS
Emmanuel de Dios
EDITOR

COUNCIL OF ADVISERS 
Romeo Bernardo
LAZARO, BERNARDO, TIU AND ASSOCIATES

Raul Fabella
UNIVERSITY OF THE PHILIPPINES DILIMAN

Cielito Habito
ATENEO DE MANILA UNIVERSITY

Ernest Leung

Solita Collas-Monsod
UNIVERSITY OF THE PHILIPPINES DILIMAN

Cesar Virata
C. VIRATA AND ASSOCIATES

The Philippine Economic Society
Founded 1961

The Philippine Economic Society (PES) was established 
in August 1962 as a nonstock, nonprofit professional 
organization of economists.

Over the years, the PES has served as one of the strongest 
networks of economists in the academe, government, and 
business sector.

Recognized in the international community of professional 
economic associations and a founding member of the 
Federation of ASEAN Economic Associations (FAEA), the 
PES continuously provides a venue for open and free 
discussions of a wide range of policy issues through its 
conferences and symposia.

Through its journal, the Philippine Review of Economics 
(PRE), which is jointly published with the UP School of 
Economics, the Society performs a major role in improving 
the standard of economic research in the country and in 
disseminating new research findings.

At present the society enjoys the membership of some 
800 economists and professionals from the academe, 
government, and private sector.

s� ,IFETIME� -EMBERSHIP� n�!NY� REGULAR� MEMBER�
who pays the lifetime membership dues shall be 
granted lifetime membership and shall have the 
rights, privileges, and responsibilities of a regular 
member, except for the payment of the annual 
dues.

s� 2EGULAR�-EMBERSHIP�n�,IMITED�TO�INDIVIDUALS����
years of age or older who have obtained at least 
a bachelor’s degree in economics, or who, in the 
opinion of the Board of Directors, have shown 
sufficient familiarity and understanding of the 
science of economics to warrant admission to 
the Society. Candidates who have been accepted 
shall become members of the Society only upon 
payment of annual dues for the current year.

s� *UNIOR� -EMBERSHIP� n�4HIS� IS� RESERVED� FOR� FULL
time college or graduate students majoring in 
economics. Affiliation for junior membership is 
coursed through the Junior Philippine Economic 
Society (JPES).

For more information, visit: www.phileconsociety.org.

BOARD OF TRUSTEES 2018

PRESIDENT

Majah-Leah V. Ravago
ATENEO DE MANILA UNIVERSITY

VIcE PRESIDENT

Lawrence B. Dacuycuy
DE LA SALLE UNIVERSITY

SEcRETARy

Cristina M. Bautista
ATENEO DE MANILA UNIVERSITY

TREASURER

Emilio S. Neri, Jr.
BANK OF THE PHILIPPINE ISLANDS

BOARD MEMBERS

Victor A. Abola
UNIVERSITY OF ASIA AND THE PACIFIC

Kevin C. Chua
WORLD BANK

Rosemarie G. Edillon
NATIONAL ECONOMIC AND DEVELOPMENT 
AUTHORITY

Lawrence S. Fernandez
MERALCO

Stella Luz A. Quimbo
PHILIPPINE COMPETITION COMMISSION

Rosalina P. Tan
ATENEO DE MANILA UNIVERSITY

V. Bruce J. Tolentino
BANGKO SENTRAL NG PILIPINAS

EX-OFFIcIO BOARD MEMBERS

Jose V. Camacho, Jr.
UNIVERSITY OF THE PHILIPPINES-LOS BAÑOS
IMMEDIATE PAST PES PRESIDENT

Emmanuel S. de Dios
UNIVERSITY OF THE PHILIPPINES-DILIMAN
EDITOR, PHILIPPINE REVIEW OF ECONOMICS



1 Social mobility in the Philippine labor market
 Lawrence B. Dacuycuy

41 The Social Weather Reports of economic well-being   
in the Philippines

 Mahar Mangahas

56 PPP vs ODA revisited: key issues for PPP infrastructure 
development in the Philippines

 Susumu Ito

87 Maternal mortality in Lao People’s Democratic Republic
 Jonna P. Estudillo

110 A game of subsidization or taxation for new technology 
adoption in international duopoly

 Masahiko Hattori and Yasuhito Tanaka

128 Is household income diversification welfare improving? The 
evidence from Philippine panel data

 Adrian R. Mendoza

161 Potential output and output gap estimation models
 Roberto S. Mariano
 Suleyman Ozmucur
 Veronica B. Bayangos
 Faith Christian Q. Cacnio
 Marites B. Oliva

198 Two memoranda from G. Ranis
 Gustav Ranis

218 Book Review
 Ronald U. Mendoza, PhD

The Philippine Review 
of Economics 

Volume LIV No. 2 December 2017 ISSN 1655-1516

1 Southeast Asia in the global economy:  
a selective analytical survey 

 Hal C. Hill

37 Philippine inequality across the twentieth century: 
 slim evidence, but fat questions
 Jeffrey G. Williamson

61 Philippine policy reforms in infrastructure development:  
a historical account

 Dante B. Canlas

88 The fiscal program in recent Philippine history: 
 looking back and looking forward 
 Benjamin E. Diokno

100 Amado Castro and gender equity in education
 Vicente B. Paqueo and Aniceto C. Orbeta

110 Quality, equality and recent education reforms
 Edita A. Tan

138 Non-inclusive growth, the profit motive, and the case for 
inclusive business

 Niceto S. Poblador

Vol. LV Nos. 1 and 2  June and December 2018



A game of subsidization or taxation for new technology 
adoption in international duopoly

Masahiko Hattori and Yasuhito Tanaka* 
Doshisha University Japan 

The adoption of new technology by firms is important for the economic 
growth, particularly developing countries. However, depending on the 
values of various parameters about demand, production cost, and set-
up cost, the adoption of new technology by firms may be insufficient or 
excessive in less competitive industries from the point of view of social 
welfare. Then, subsidization or taxation policies by the governments are 
necessary. In this paper we present an analysis of subsidization or taxation 
for new technology adoption in a framework of international duopoly with 
differentiated goods. 

JEL classification: F13, D43, L13 
Keywords: subsidy or tax, new technology adoption, international duopoly

1. Introduction

We consider the following story. There are two countries: one is a developed 
country; the other is a developing country. Across these countries, there 
is a duopolistic industry with one firm in each country. The firms produce 
differentiated goods, and the goods are substitutes or complements. They can use 
a common new production technology which is more efficient than the present 
technology. The production cost with the new technology is lower than that with 
the present technology. This new technology is developed by a laboratory or 
a firm in the developed country, and the government of the developed country 
wants to transfer the new technology to the developing country as a foreign aid 
free of charge. However, both the firm in the developed country and the firm in 
the developing country must expend some fixed set-up cost for the education of 
its staff to adopt and use the new technology. 

We may consider a different story with two developing countries and an 
international organization which develops a new technology. 

* Please address all correspondence to yatanaka@mail.doshisha.ac.jp

PRE The Philippine Review of Economics
Vol. LV Nos. 1 and 2, June and December 2018 pp. 110-127



111The Philippine Review of Economics, Vol. LV Nos. 1 and 2, June and December  2018

The adoption of new technology by firms is important for economic growth of 
countries, particularly developing countries. However, depending on the values of 
various parameters about demand, production cost, and set-up cost, the adoption 
of new technology by firms may be insufficient or excessive in less competitive 
industries from the point of view of social welfare. Then, subsidization or taxation 
policies by the governments are necessary. In this paper, we present an analysis 
of subsidization or taxation for new technology adoption in a framework of 
international duopoly with differentiated goods. 

There are many references about technology adoption or R & D investment in 
duopoly or oligopoly such as Boone [2001], Dermot and Neary [2009], Elberfeld 
and Nti [2004], Filippini [2005], Kabiraj [2005], Kamien and Tauman [1986], 
Katz and Shapiro [1985], La Manna [1993], Matsumura, Matsushima, and Cato 
[2013], Pal [2010], Sen and Tauman [2007], Wang and Yang [2004], Watanabe 
and Muto [2008], Zhang, Mei, and Zhong [2014], Hattori and Tanaka [2014] and 
[2015]. In particular, the model in Pal [2010] and the model of this paper are 
similar. However, in Pal [2010], the governments’ policies are not analyzed. 

We consider the following three-stage game. In the first stage, the government 
of each country determines a subsidy to or a tax on its firm for the adoption of 
new technology. In the second stage, the firms decide whether or not they adopt 
new technology. In the third stage, the firms determine their outputs. 

At the sub-game perfect equilibrium after the second stage of the game, one 
or two or no firm adopts new technology depending on the values of the set-up 
cost and subsidy or tax. The social welfare in each country is defined to be the 
sum of consumers’ surplus and the profit of the firm in that country, which is 
equal to consumers’ utility minus production cost including the set-up cost of 
new technology. Subsidies to the firms are financed by lump-sum taxes on the 
consumers. Taxes on the firms are transferred to the consumers as a lump-sum 
manner. The lump-sum taxes and transfers are not related to the goods of the 
firms. Excluding income effects, they do not affect the demand for the goods, and 
they are canceled out with subsidies or taxes in the social welfare. 

There are several types of equilibria. Many equilibria are states with subsidies 
to the firms or inaction of the governments. However, a part of equilibria are states 
with taxes on the firms. 

In the case where the goods of the firms are substitutes, there is the following 
equilibrium. Without subsidy or tax, one country does not want the adoption of 
new technology by its firm, the other country wants, and the firm in the former 
country has an incentive to adopt new technology. Then the government of the 
former country should impose a tax on its firm to prevent the adoption of new 
technology. See 2-(3)-(ii) of Theorem 1. 

In the case where the goods are complements, there is the following 
equilibrium. Without subsidy or tax both firms adopt new technology and no 
country wants adoption, then both governments should impose taxes on their firms 
to prevent the adoption of new technology. See 2-(3)-(ii) and 3-(4) of Theorem 2. 
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In the next section, we present the model of this paper. In Section 3, we analyze 
a game of subsidization between two countries when the goods of the firms are 
substitutes. In Section 4, we consider the case of complements. 

2. The model

There are two firms in two countries: Firm A in Country A and Firm B in 
Country B. The firms supply differentiated goods to their domestic countries and 
export them to their foreign countries. The firms consider the adoption of new 
technology. Technology itself is free, but each firm must expend a fixed set-up 
cost, for example, the education cost of its staff. 

The government of each country may subsidize or tax the firm in the country 
so as to maximize the social welfare, which is the sum of consumers’ surplus, and 
the profit of the firm, which is equal to consumers’ utility minus production cost 
including the set-up cost of new technology. Subsidies to the firms are financed 
by lump-sum taxes on the consumers, and the taxes on the firms are transferred 
to the consumers in a lump-sum manner. The lump-sum taxes or transfers are not 
related to the goods of the firms. Excluding income effects, they do not affect the 
demand for the goods, and they are canceled out with subsidies or taxes in the 
social welfare. 

We denote the supplies of Firm A and B to Country A by Ax  and Bx  and 
their supplies to Country B by Ay  and By , the prices of their goods in Country A 
by Ap  and Bp  and the prices in Country B by Aq  and Bq . The utility functions of 
consumers in Country A and B are 

u a x x x bx x x2 2

1 1

( )

2 2

A A B A A B B! " # # # $

u a y y y by y y! " # # # $( )B A B A A B B
2 2

1 1

2 2

where 0a ! . When the goods of the firms are substitutes, 0 1b! ! , and when 
the goods are complements, 1 0b! " " . From these utility functions, the inverse 
demand functions in Country A and B are derived as follows. 

A A B B B Ap a x bx p a x bx! " " # ! " " #

A A B B B Aq a y by q a y by! " " # ! " " $

The marginal cost before the adoption of new technology is c, and the 
marginal cost after the adoption of new technology is zero. They are common to 
both firms. A fixed set-up cost is e, which is also common. There is no fixed cost 
other than the set-up cost. The subsidy to or tax on Firm A by Country A for new 
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technology adoption is denoted by As  and that by Country B is Bs . If As  or Bs  is 
negative, it is a tax. The net set-up costs of Firm A and Firm B are 

A A B Be e s e e s � �  � �

We analyze a game of subsidy or tax policies for new technology adoption 
between two countries. 

If the adoption of new technology and non-adoption are indifferent for a 
firm, it adopts new technology. Also, if the adoption of new technology and non-
adoption are indifferent for a country, the government of the country selects the 
adoption of new technology. 

We consider the following three-stage game. In the first stage, the government 
of each country determines a subsidy to or tax on its firm for the adoption of new 
technology. In the second stage, each firm decides whether or not it adopts new 
technology. In the third stage, the firms determine Ax , Bx , Ay  and By . 

Before the adoption of new technology, the social welfare of Country A and 
the social welfare of Country B are as follows: 

2 21 1( ) ( )
2 2A A B A B A B B B A A A AW a x x x x bx x p x q y c x y � � � � � � � � �

2 21 1( ) ( )
2 2B A B A B A B A A B B B BW a y y y y by y q y p x c x y � � � � � � � � �

After the adoption of new technology by the firms they are 

2 21 1( )
2 2A A B A B A B B B A AW a x x x x bx x p x q y e � � � � � � � �

2 21 1( )
2 2B A B A B A B A A B BW a y y y y by y q y p x e � � � � � � � �

3. Case of substitutes

3.1. Firm behavior

First, we consider the case of substitutes. We assume, without loss of generality, 
! " " # " " $i je e i j {A B} j i. The profits of Firm A and B before the adoption of new 

technology are 

( ) ( ) ( )A A B A A B A A Aa x bx x a y by y c x yS  � � � � � � � �

( ) ( ) ( )B B A B B A B B Ba x bx x a y by y c x yS  � � � � � � � �
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After the adoption of new technology, they are 

( ) ( )A A B A A B A Aa x bx x a y by y eS  � � � � � � �

( ) ( )B B A B B A B Ba x bx x a y by y eS  � � � � � � �

We assume Cournot type behavior of the firms. 
The conditions for profit maximization in Country A in the third stage of the 

game when both firms adopt new technology are 

2 0 2 0A B B Aa x bx a x bx� �  � � �  �

The equilibrium outputs and prices are 

2 2A B A B
a ax x p p
b b

  �   �
� �

Similarly, the conditions for profit maximization in Country B are 

2 0 2 0A B B Aa y by a y by� �  � � �  �

The equilibrium outputs and prices are 

2 2A B A B
a ay y q q
b b

  �   �
� �

The profits of Firm A and B are written as follows: 

2 2

2 2
2 2

ˆ̂
(2 ) (2 )A BA B
a ae e
b bS S � �  � �

� �

The conditions for profit maximization in Country A when only Firm A adopts 
the new technology are 

2 0 2 0A B B Aa x bx a x bx c� �  � � � �  �

The equilibrium outputs are 

2 2
(2 ) (2 ) 2
4 4A B
b a bc b a cx x
b b

� � � �
 �  �

� �

The prices of the goods are 

2

2 2
(2 ) (2 ) (2 )
4 4A B
b a bc b a b cp p
b b

� � � � �
 �  �

� �
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Similarly, the conditions for profit maximization in Country B are 

2 0 2 0A B B Aa y by a y by c� �  � � � �  �

The equilibrium outputs are 

2 2
(2 ) (2 ) 2
4 4A B
b a bc b a cy y
b b

� � � �
 �  �

� �

The prices of the goods are 

2

2 2
(2 ) (2 ) (2 )
4 4A B
b a bc b a b cq q
b b

� � � � �
 �  �

� �

The profits of the firms are written as follows: 

2 2

2 2 2 2
2[(2 ) ] 2[(2 ) 2 ]

(4 ) (4 )
A A
A A B

b a bc b a ce
b b

S S� � � �
 � �  �

� �

Similarly, the profits of the firms when only Firm B adopts new technology are 
written as follows: 

2 2

2 2 2 2
2[(2 ) 2 ] 2[(2 ) ]

(4 ) (4 )
B B
A B B

b a c b a bc e
b b

S S� � � �
 �  � �

� �

The conditions for profit maximization in Country A when no firm adopts new 
technology are 

2 0 2 0A B B Aa x bx c a x bx c� � �  � � � �  �

The equilibrium outputs and prices are 

(1 )
2 2A B A B
a c a b cx x p p
b b

� � �
  �   �

� �

Similarly, the conditions for profit maximization in Country B are 

2 0 2 0A B B Aa y by c a y by c� � �  � � � �  �

The equilibrium outputs and prices are 

(1 )
2 2A B A B
a c a b cy y q q
b b

� � �
  �   �

� �
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The profits of the firms are written as follows: 
2

0 0
2

2( )
(2 )A B
a c
b

S S �
  �

�

If 
andˆ̂ B A

A BA BS SS St t �

that is 

! " # $ # #
2 2

2 2 2

2 2[(2 ) 2 ]

(2 ) (4 )

i
a b a ce i {A B}

b b
! !

% !

the best response of Firm i  (A or B) when the rival firm adopts new technology is 
the adoption of new technology. Then, we have 

2 2
8 [(2 ) ]
(4 )i

c b a ce
b

� �
d �

�
If 

0 0andA B
A A B BS S S St t �

that is 

! " # $ # #
2 2

2 2 2

[2(2 ) ] 2( )

(4 ) (2 )

i
b a bc a ce i {A B}

b b
! % !
! %

the best response of Firm i  when the rival firm does not adopt new technology is 
the adoption of new technology. Then, we have 

2 2
8 [(2 ) (1 ) ]

(4 )i
c b a b ce

b
� � �

d �
�

Let 

0 1
2 2 2 2

8 [(2 ) (1 ) ] 8 [(2 ) ]
(4 ) (4 )

c b a b c c b a ce e
b b

� � � � �
 �  

� �

Since 0 1b� � , we have 0 1e e! . Thus, we get the following lemma. 

Lemma 1. When the goods are substitutes, the sub-game perfect equilibria after 
the second stage of the game are as follows. 

1. If 1
i je e ed d , the sub-game perfect equilibrium is a state where both firms 

adopt new technology. 
2. If 1 0

i je e e ed � d , the sub-game perfect equilibrium is a state where only Firm 
i  adopts new technology. 
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3. If 1 0
i je e e ed � � , the sub-game perfect equilibrium is a state where only Firm 

i  adopts new technology. 
4. If 1 0

i je e e e� d � , the sub-game perfect equilibrium is a state where only Firm 
i  adopts new technology. 

5. If 1 0
i je e e e� d d , the sub-game perfect equilibrium is a state where only one 

firm (Firm i  or j ) adopts new technology. 
6. If 0

i je e e� d , the sub-game perfect equilibrium is a state where no firm adopts 
new technology. 

Proof 
1. The adoption of new technology is a dominant strategy for both firms. 
2. Adoption is a dominant strategy for Firm i , and non-adoption is the best response for Firm 

j  to adoption by Firm i . 
3. Adoption is a dominant strategy for Firm i , and non-adoption is a dominant strategy for 

Firm j . 
4. Adoption is the best response for Firm i  to non-adoption by Firm j , and non-adoption is a 

dominant strategy for Firm j . 
5. Adoption is the best response for each firm to non-adoption by the rival firm, and non-

adoption is the best response for each firm to adoption by the rival firm. Thus, only one firm 
(Firm i  or j ) adopts new technology. 

6. Non-adoption is a dominant strategy for both firms. 

3.2. Subsidy and tax policies

When both firms adopt new technology, the social welfare of Country A and 
that of Country B are 

2

2
(3 )ˆ̂
(2 )A B
b a eW W b

�
  � �

�

When only Firm A adopts new technology, they are 
 

2 2 3 2 2 2 3 2 2 2 2

2 2
24 2 2 16 2 2 16 8 4

2(4 )
A
A

a a b a b a b ab c ab c abc ac b c cW e
b

� � � � � � � � �
 � �

�

2 2 3 2 2 2 3 2 2 2 2

2 2
24 2 2 16 2 6 16 40 3 20

2(4 )
A
B

a a b a b a b ab c ab c abc ac b c cW
b

� � � � � � � � �
 �

�



118 Hattori and Tanaka: subsidization or taxation for new technology adoption

When only Firm B adopts new technology, they are 
 

2 2 3 2 2 2 3 2 2 2 2

2 2
24 2 2 16 2 6 16 40 3 20

2(4 )
B
A

a a b a b a b ab c ab c abc ac b c cW
b

� � � � � � � � �
 �

�

2 2 3 2 2 2 3 2 2 2 2

2 2
24 2 2 16 2 2 16 8 4

2(4 )
B
B

a a b a b a b ab c ab c abc ac b c cW e
b

� � � � � � � � �
 � �

�

When no firm adopts new technology, they are 

2
0 0

2
(3 )( )
(2 )A B
b a cW W
b

� �
  �

�

Let 

2 2 3
1

2 2
(40 6 16 3 2 20 )ˆ̂

2(4 )
B A

w A BA B
a ab ab b c ab c ce e W e WW W b
� � � � �

 � �  � �  �
�

3 2 3 2
0 0 0

2 2
(40 2 6 16 2 3 16 20 )

2(4 )
A B

w A A B B
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 � �  � �  �

Since 0 1b� � , we see 

2 2
0 1

2 2
(8 ) 0
(4 )w w
b bce e
b

�
�  ! �

�

Then, we obtain the following lemma. 

Lemma 2. 

1. If 1
we ed , both countries want the adoption of new technology by their firms. 

2. If 1 0
w we e e� d , each country wants the adoption of new technology by its firm 

when the firm in the other country does not adopt, and it wants non-adoption 
when the firm in the other country adopts. 

3. If 0
we e! , both countries want non-adoption of new technology by their firms.
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FIGURE 1. The graphs of 0e , 1e , 0
we  and 1

we : 10a  , 4c  , 0 1b� �
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For reasonable values of parameters, a , c  and b , we can show (in Figure 1) 
0 0 0 1 1 10 0 0w w we e e e e e� ! � � ! � � ! �

However, 
3 2 2

1 0
2 2

(8 2 6 3 16 4 )
2(4 )w

a ab ab b c bc c ce e
b

� � � � �
�  

�

may be positive or negative. For example, if 10a  , 4c  , it is negative for 
0 73 1b� d � . Thus, the more substitutable the goods of the firms are, the more likely 
negative the value of 1 0

we e�  is. 

About the equilibrium policies we get the following theorem. 

Theorem 1. 

1. When 1 0
we et , the equilibria of the game between two countries are as follows. 

(1)  If 1e ed , both governments do nothing. 

(2) If 1 0e e e� d , both countries give subsidies to their firms. The level of the 
subsidy in each country must not be smaller than 1e e� . 

(3) If 0 1
we e e� d , both countries give subsidies to their firms. The level of the 

subsidy in each country must not be smaller than 1e e� . 
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(4) If 1 0
w we e e� d , one country, A or B, gives a subsidy to its firm. The level of 

the subsidy must not be smaller than 0e e� . 

(5) If 0
we e! , both governments do nothing. 

2. When 1 0
we e� , the equilibria of the game between two countries are as follows. 

(1) If 1e ed , both governments do nothing. 

(2) If 1 1
we e e� d , both countries give subsidies to their firms. The level of the 

subsidy in each country must not be smaller than 1e e� . 

(3) If 1 0
we e e� d , there are three types of equilibria. 

i.  The government of each country should do nothing. 

ii.  Only one country should impose a tax on its firm. The level of the tax 
must be larger than 0e e� . 

iii.  Only one country should give a subsidy to its firm. The level of the 
subsidy must not be smaller than 1e e� . 

(4) If 0 0
we e e� d , one country, either A or B, gives a subsidy to its firm. The 

level of the subsidy must not be smaller than 0e e� . 

(5) If 0
we e! , both governments do nothing. 

Proof  
1. (1) In this case, both firms adopt the new technology without subsidy or tax, and both 

countries want the adoption of new technology by their firms. Thus, each country 
should do nothing. 

(2)  In this case, although both countries want the adoption of new technology by their 
firms, only one firm adopts new technology without subsidy or tax (Case 5 of Lemma 
1). Then, both countries should give subsidies to their firms. If only one country gives 
a subsidy, we obtain Case 2 of Lemma 1 and only one firm adopts new technology. The 
level of the subsidy in each country must not be smaller than 1e e� . 

(3)  In this case, although both countries want the adoption of new technology by their 
firms, no firm adopts new technology without subsidy or tax. Thus, both countries 
should give subsidies to their firms. The level of the subsidy in each country must not 
be smaller than 1e e� . 

(4)  In this case, although one country (A or B) wants the adoption of new technology by 
its firm, no firm adopts new technology without subsidy or tax. Thus, one country gives 
a subsidy to its firm. The level of the subsidy must not be smaller than 0e e� . It makes 
Case 4 of Lemma 1 emerge. It is sufficient for one of the firms to adopt new technology. 

(5) In this case, no firm adopts new technology without subsidy or tax, and both countries 
do not want the adoption of new technology by their firms. Thus, each country should 
do nothing. 
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2. (1) Its proof is the same as the proof of (1) of 1. 
(2) Its proof is the same as the proof of (2) of 1. 

(3) In this case, at the equilibrium only one firm adopts new technology, and only one 
country wants the adoption of new technology by its firm. There are three types of 
equilibria. 

i. If Country A (or B) wants adoption and Firm A (or B) adopts, the equilibrium 
policy is to do nothing. 

ii. If Country A (or B) wants adoption and Firm B (or A) adopts, Country B (or 
A) imposes a tax on its firm to prevent the adoption of new technology by its 
firm. The level of the tax must be larger than 0e e� Then, Case 4 of Lemma 1 
emerges, and only Firm A (or B) has an incentive to adopt. 

iii. If Country A (or B) wants adoption and Firm B (or A) adopts, Country A (or 
B) gives a subsidy to its firm. The level of the subsidy must not be smaller than 

1e e� . Then, Case 2 of Lemma 1 emerges, and only Firm A (or B) adopts new 
technology. 

(4) Its proof is the same as the proof of (4) of 1. 
(5) Its proof is the same as the proof of (5) of 1. 

4. A case of complements

4.1. Firm behavior

Next, we consider a case where the goods are complements. Assume 
! " " # " " $i je e i j {A B} j i. Since 0b � , we have 0 1e e� . Thus, we obtain the 

following lemma. 

Lemma 3. If the goods are complements, the sub-game perfect equilibria in the 
game after the second stage are as follows. 

3. If 0
i je e ed d , the sub-game perfect equilibrium is a state where both firms 

adopt new technology. 
4. If 0 1

i je e e ed � d , the sub-game perfect equilibrium is a state where both firms 
adopt new technology. 

5. If 0 1
i je e e ed � � , the sub-game perfect equilibrium is a state where only Firm 

i  adopts new technology. 
6. If 0 1

i je e e e� d d , there are two sub-game perfect equilibria. One is a state 
where no firm adopts new technology, and the other is a state where both firms 
adopt new technology. 

7. If 0 1
i je e e e� d � , the sub-game perfect equilibrium is a state where no firm 

adopts new technology. 
8. If 1

i je e e� d , the sub-game perfect equilibrium is a state where no firm adopts 
new technology. 
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Proof 
1. The adoption of new technology is a dominant strategy for both firms. 
2. Adoption is a dominant strategy for Firm i , and adoption is the best response for Firm j  

to adoption by Firm i . 
3. Adoption is a dominant strategy for Firm i , and non-adoption is a dominant strategy for 

Firm j . 
4. Adoption is the best response for each firm to adoption by the rival firm, and non-adoption 

is the best response for each firm to non-adoption by the rival firm. Thus, there are two sub-
game perfect equilibria. One is a state where no firm adopts new technology, and the other 
is a state where both firms adopt new technology. 

5. Non-adoption is the best response for Firm i  to non-adoption by Firm j , and non-adoption 
is a dominant strategy for Firm j . 

6. Non-adoption is a dominant strategy for both firms. 

4.2. Subsidy or tax policies

Since 0b � , we have 
2 2

0 1
2 2

(8 ) 0
(4 )w w
b bce e
b

�
�  � �

�

About the social welfare of the countries Lemma 2 is modified as follows: 

Lemma 4. If the goods are complements, 
1. If 0

we ed , both countries want the adoption of new technology by their firms. 
2. If 0 1

w we e e� d , each country wants the adoption of new technology by its firm 
when the firm in the other country adopts, and it wants non-adoption when the 
firm in the other country does not adopt. 

3. If 1
we e! , both countries want non-adoption of new technology by their firms.
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For reasonable values of parameters, a , c  and b , we can show (in Figure 2) 
0 0 1 00 0w we e e e� ! � � ! �

However, 
3 2 3 2

0 1
2 2

(8 2 6 2 3 16 4 )
2(4 )w

a ab ab b c b c bc c ce e
b

� � � � � �
�  

�

may be positive or negative. For example, if 10a  , 4c  , it is negative for 
1 0 65b� � d � � . Thus, the more complementary the goods of the firms are, the 

more likely negative the value of 0 1
we e�  is. Also 

2 3 2
1 1

2 2
(8 3 2 6 4 )

2(4 )w
a b c ab ab a c ce e

b
� � � �

�  
�

may be positive or negative. If 10a  , 4c  , it is negative for 1 0 974b� � d � � . 
Thus, if the goods are extremely complementary, 1 1

we e�  may be negative. About 
the equilibrium policies we get the following theorem. 

Theorem 2. If the goods are complements, the equilibrium of the game between 
two countries are as follows. 

1. When 0 1
we et  and 1 1

we e! , the equilibria of the game between two countries 
are as follows. 
(1) If 0e ed , both governments do nothing. 

(2) If 0 1e e e� d , there are three sub-game perfect equilibria. The first is a state 
where the governments should do nothing. The second is a state where 
both countries give subsidies to their firms. And the third is a state where 
one country gives a subsidy to its firm. The level of the subsidy in each 
country in the latter two cases must not be smaller than 0e e� . Both firms 
adopt new technology even when only one country gives a subsidy to its 
firm. 

(3) If 1 0
we e e� d , both countries give subsidies to their firms. The level of the 

subsidy in each country must not be smaller than 0e e� . 

(4) If 0 1
w we e e� d , there are two sub-game perfect equilibria. One is a state 

where both countries give subsidies to their firms, and the other is a state 
where both governments do nothing. The level of the subsidy in each coun-
try in the former case must not be smaller than 0e e� . 

(5) If 1
we e! , both governments do nothing. 
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2. When 0 1
we e�  and 1 1

we e! , the equilibria of the game between two countries 
are as follows. 
(1) If 0e ed , the equilibrium is the same as that in (1) of 1. 

(2) If 0 0
we e e� d , the equilibrium is the same as that in (2) of 1. 

(3) If 0 1
we e e� d , there are three types of equilibria. 

i. Both governments should do nothing. 

ii. Both governments should impose taxes on their firms to prevent the 
adoption of new technology. The level of the tax in each country must 
be larger than 1e e� . 

iii. Both governments give subsidies to their firms. The level of the sub-
sidy in each country must not be smaller than 0e e� . 

(4) If 1 1
we e e� d , the equilibrium is the same as that in (4) of 1. 

(5) If 1
we e! , the equilibrium is the same as that in (5) of 1. 

3. When 0 1
we e�  and 1 1

we ed , the equilibria of the game between two countries 
are as follows. 
(1) If e ed , the equilibrium is the same as that in (1) of 1 and 2. 

(2) If 0 0
we e e� d , the equilibrium is the same as that in (2) of 1 and 2. 

(3) If 0 1
w we e e� d , the equilibrium is the same as that in (3) of 2. 

(4) If 1 1
we e e� d , both governments do nothing, or both governments impose 

taxes on their firms. 

(5) If 1e e! , the equilibrium is the same as that in (5) of 1 and 2. 

Proof
1. (1) In this case, both firms adopt new technology without subsidy or tax, and both countries 

want the adoption of new technology by their firms. Thus, each country should do 
nothing. 

(2) In this case, both countries want the adoption of new technology by their firms. On the 
other hand, there are two sub-game perfect equilibria in the game after the second stage 
without subsidy or tax. One is a state where both firms adopt new technology, and the 
other is a state where no firm adopts new technology (Case 4 of Lemma 3). In the first 
case, the governments should do nothing. Consider the latter case. If one country gives 
a subsidy to its firm so that it adopts new technology, the firm in the other country has 
an incentive to adopt new technology. Then, both firms adopt new technology even 
when only one country gives a subsidy to its firm. However, since both countries have 
incentives to give subsidies, subsidization by both countries and subsidization by only 
one country are sub-game perfect equilibria. The level of the subsidy in at least one of 
the countries must not be smaller than 0e e� . 

(3) In this case, although both countries want the adoption of new technology by their 
firms, no firm adopts new technology without subsidy or tax. Thus, both countries 
should give subsidies to their firms. The level of the subsidy in each country must not 
be smaller than 0e e� . 
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(4) In this case, no firm adopts new technology without subsidy or tax. On the other hand, 
both countries want the adoption of new technology by their firms, or no country wants 
adoption by its firm. Thus, there are two sub-game prefect equilibria. One is a state 
where both countries give subsidies to their firms, and the other is a state where no 
country gives a subsidy to its firm. The level of the subsidy in each country in the 
former case is1 0e e� . 

(5) In this case, no firm adopts new technology without subsidy or tax, and both countries 
do not want the adoption of new technology by their firms. Thus, each country should 
do nothing. 

2. (3) In this case, two firms adopt or no firm adopts new technology after the second stage 
of the game. Also, in the first stage, two countries want the adoption of new technology 
by their firms, or no country wants adoption. Thus, there are three types of equilibria.

i. i. If both firms adopt new technology and both countries want adoption, or no firm 
adopts new technology and no country wants adoption. Then, both governments 
should do nothing. 

ii. ii. If both firms adopt new technology, and no country wants adoption. Then, both 
governments should impose taxes on their firms to prevent the adoption of new 
technology. The level of the tax in each country must be larger than 1e e� . 

iii. iii. If no firm adopts new technology, and both countries want adoption. Then, 
both governments give subsidies to their firms. The level of the subsidy in each 
country must not be smaller than 0e e� . 

3. (4) In this case, no country wants the adoption of new technology. On the other hand, two 
firms adopt or no firm adopts after the second stage of the game. In the latter case both 
governments should do nothing. In the former case both governments should impose 
taxes on their firms. The level of the tax in each country must be larger than 1e e� . 

4.2. Payoff dominance and correlated strategies in (4) of 1 in Theorem 2

In (4) of 1 in Theorem 2, there are two sub-game perfect equilibria. One is a 
state where both countries give subsidies to their firms, and the other is a state 
where no country gives a subsidy. 

Let us compare the social welfare in each country between two equilibria. 
Comparing ˆ̂ ( )A BW W  and 0 0( )A BW W , 

a W e! " # " # $
2

0

2

(3 )(2 )

ˆW( )

(2 )

AA
b ac c

b
% #

%

Since e  is not larger than 1
we  we have 

3 2 3 2

2 2
(8 2 16 4 2 2 16 )( )

2(4 )
a b c b c bc c ab ab ab ca

b
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4 t �
�

1 In (2), (3), and (4) of 1 and 3-iii of 2, the subsidy by one of the governments may be 1e e� �which is 
smaller than 0e e� . However, the large subsidy does not change the social welfare because subsidies and 
lump-sum taxes are canceled out in the social welfare. In these cases, the subsidy by the other government 
must not be smaller than 0e e� .
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When a c , we get 

2 2

2 2
(4 )( ) 0
2(4 )

b ca
b

�
4  ! �

�

Since 1 0b� � �  and a c! , we have 

3 2

2 2
( ) 8 2 2 16 0

2(4 )
a b b b
a b

w4 � � �
 ! �

w �

Therefore, ( ) 0a4 ! , and the equilibrium of subsidization by both countries 
is payoff dominant to the equilibrium of subsidization by no country. If there are 
some correlated strategies, the former equilibrium can be realized. 

Similarly, in (4) of 2 in Theorem 2, the equilibrium where both firms adopt is 
payoff dominant to the equilibrium where no firm adopts. 

5. Concluding remarks

In this paper, we analyzed a game of subsidization for new technology adoption 
between two countries in an international duopoly. The optimal policies for each 
country and the equilibria of a game between two countries are not simple. They 
depend on the magnitude of the set-up costs and whether or not the goods of 
firms are substitutes or complements. Many equilibria are states with subsidies to 
the firms or inaction of the governments. However, a part of equilibria are states 
with taxes on the firms. The tax cases emerge when 1 0

we e�  or 0 1

we e!  or 1 1

we e! . 
Theorems 1 and 2 have shown that the more substitutable or more complementary 
the goods of the firms are, the more likely the equilibrium policies are taxation. 
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