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Preface

The Japanese Ministry of Education, Culture, Sports, and Science and
Technology (MEXT) implemented the Top Global University Project
(TGU) in 2014 to prioritize support to the universities actively promoting
internationalization1. Waseda University was selected to be a part of this
project.

The Global Asia Research Center (GARC) is one of the centers respon-
sible for world-class education and research at Waseda University, under the
framework of the TGU2. The purpose of the GARC is to study historical
reconciliation and sustainable development from an interdisciplinary per-
spective, and to disseminate the outcomes globally. The Sustainable Devel-
opment Goals (SDGs), adopted at the United Nations Sustainable
Development Summit in September 2015, are global development goals. One
of the objectives of the TGU is to achieve the SDGs.

Reconciling history and promoting sustainable future development in East
Asia present significant challenges. In pursuing reconciliation in East Asia, a
critical re-examination of Japan’s war responsibility and colonialism is
necessary. In Europe, war and colonial responsibilities have been discussed
separately. While advances have been made on the question of war
responsibility, the debate over the legacy of colonialism has only recently
begun. Promoting sustainable development and reaching a regional agree-
ment on a common goal appears to be more challenging for the nations of
East Asia, where there are greater differences in religion, culture, economic
development, political systems, and other aspects when compared to Europe.

Studies to overcome these challenges should be conducted from an
interdisciplinary perspective, incorporating multiple disciplines. The GARC
brings together researchers from various specialized fields such as history,
development studies, economics, sociology, international relations, interna-
tional law, regional studies, peace studies, conflict resolution, political sci-
ence, urban and rural planning, business administration, and management
engineering. At the GARC, a diverse group of researchers is pursuing
interdisciplinary research by building on their disciplines through innovative
approaches.

1https://tgu.mext.go.jp/en/index.html.
2https://www.waseda.jp/global-asia/.
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This book and accompanying volume3 report on GARC’s research, to
date, on sustainable development. Specifically, research focusing on
evidence-based policymaking for realizing the SDGs is introduced in a
simple manner. Though each study is based on different disciplines, the
achievement of the SDGs is the common goal. I hope that readers will obtain
the interdisciplinary knowledge necessary to understand the challenges and
possible strategies for achieving SDGs in East Asia from these books. While
the focus is East Asia, the issues addressed are globally relevant. Readers are
recommended to refer to the introductory chapters of the books for a review
of the content, significance, and relevance of each book.

I would like to express my sincere gratitude to Prof. Naoyuki Umemori,
Director of the GARC, Waseda University, and Ms. Juno Kawakami and Ms.
Saranya Devi Balasubramanian of Springer for their efforts toward the
publication of this book. The editors also wish to acknowledge the extraor-
dinary and dedicated support provided by Mr. Rui Asano, Research Asso-
ciate of Waseda University, for editing this book. Additional thanks go to the
anonymous reviewers for their supportive and intellectual guidance. Finally,
the editors specially acknowledge the organizational support provided by the
GARC and the Institute of Advanced Social Sciences of Waseda University
and the funding support provided by the TGU Project of MEXT.

Tokyo, Japan Shujiro Urata

3Sustainable Development Disciplines for Humanity: Breaking Down the 5Ps—People,
Planet, Prosperity, Peace, and Partnerships
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Introduction

This multidisciplinary book provides 14 problem-solving lectures on the
sustainable development of people, peace, planet, and prosperity—four of the
five keywords for the Sustainable Development Goals (SDGs),4 namely
people, planet, prosperity, peace, and partnerships (5Ps). According to the
Resolution adopted by the General Assembly of the United Nations (2015,
p. 2), the SDGs are intended to promote the following actions in these five
areas:

(1) For people: end poverty and hunger in all their forms and dimensions,
as well as ensure that all human beings can fulfill their potential with
dignity and equality and in a healthy environment.

(2) For planet: protect it from degradation, including through sustainable
consumption and production, by sustainably managing natural resources
and taking urgent action on climate change, so that it can support the
needs of the present and future generations.

(3) For prosperity: ensure that all human beings enjoy prosperous and
fulfilling lives and that economic, social, and technological progress
occurs in harmony with nature.

(4) For peace: foster peaceful and inclusive societies that are free from fear
and violence.

(5) For partnerships: mobilize the means required to implement this agenda
through a revitalized Global Partnership for Sustainable Development
based on a spirit of strengthened global solidarity, focusing, in partic-
ular, on the needs of the poorest and most vulnerable and with the
participation of all countries, all stakeholders, and all people.

Each lecture is classified as one or more keywords for the SDGs and based
on planning, law, economics, management engineering, and business.
Furthermore, each lecture delineates the essence of each discipline when it
is practically applied to development studies. This book along with its sister
book on people, peace, partnerships, and sustainable development disciplines
for humanity will be useful for development studies in society.

Interdisciplinary research is necessary to achieve the SDGs advocated by
the United Nations. Hence, it is essential to learn the basics of individual
disciplines, as they offer ample knowledge to foster problem-solving through

4See Appendix 1 for an explanation of each of the 17 goals.
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the accumulation of existing research. This and its sister book are the first
comprehensive textbooks summarizing the essence of each necessary
discipline to approach development studies from an interdisciplinary
perspective. The 14 lectures enable readers to effectively learn the main
aspects of each discipline necessary for research in development studies, and
the careful interweaving of the aspects learned by the reader enables the
implementation of interdisciplinary development research. Table 1 shows the
relationships between keywords, disciplines, and the SDGs in all chapters.
Figure 1 also illustrates the interrelationships between chapters, disciplines,
and the SDGs in an intelligible manner. As each lecture corresponds to
certain keywords, disciplines, and SDGs, readers can focus on topics that are
relevant to them.

Chapters 1–4 of this book focus on prosperity and introduce research to
help achieve mainly Goal 11 (sustainable cities and communities). These
chapters are based on the discipline of planning studies.

Chapter 1 explains the importance of implementing holistic strategic
management of open social innovation through Education for Sustainable
Development (ESD) to achieve Goal 11 (resilient community). This chapter
considers social innovation for community development through ESD based
on examples such as the integration of disaster resilience and regional
knowledge in Japan and the integration of environmental resilience and
traditional knowledge in Japan.

Chapter 2 examines the “balancing reconstruction with decommissioning”
problem of reviving Fukushima after the double disasters of the Great East
Japan Earthquake and the 1F (Fukushima Daiichi Nuclear Power Plant)
nuclear disaster. This chapter contributes to making cities and human set-
tlements inclusive, safe, resilient, and sustainable, thus achieving Goal 11.

Fig. 1 Relationships between chapters, disciplines, and the SDGs
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Table 1 Relationships between keywords, disciplines, and the SDGs in all chapters

For Chapter Keywords Discipline Detailed
discipline

SDGs SDGs
Targets

Related
SDGs

Prosperity
(Town
planning)

1 Community development,
education for sustainable
development (ESD),
knowledge integration,
context building, open
social innovation

Planning City planning 11 – –

2 Nuclear disaster,
Fukushima, resilience,
decommissioning, creative
reconstruction

Environmental
impact
assessment

11 – –

3 Rural development,
community, settlement,
local resources, agriculture

Rural planning 11 – 7, 15,
17

4 Photograph, Japan,
occupation period,
photographic archives,
contemporary history

Urban history 17 – 7, 11

Planet 5 SDGs, Satoyama, nature
park, ecosystems

Law Environmental
law

15 – 7, 11,13

6 International trade,
regulations, private
standards, sustainability

Economics Development
economics

12 12.4,
12.a

2, 3, 5,
6, 7, 8,
11, 14,
15

7 Operation management,
JIT production system,
sustainable production
system, supply chain
management

Industrial
engineering

Management
technology

9, 12 – 7, 8, 13,
17

8 Sustainable development,
limits to growth, tragedy of
the commons,
intergenerational equity,
discounted utilitarian
approach

Economics Environmental
economics

8, 13 – –

Prosperity
(Economic
activity)

9 Economic growth,
catch-up, productivity,
technological progress

Macroeconomics 8, 9 – –

10 Input–output table, smart
society, information and
communication
technology, structure of
development

Input–output
economics

9 9.4,
9.5

2, 5, 7,
8, 11,
12, 13

11 Global value chains, free
trade agreements,
infrastructure

International
trade

8 – –

12 Base/bottom of the
pyramid (BoP), inclusive
business, multinational
corporation (MNC), triple
bottom line

Business International
business
administration

1, 3,
5, 6,
8, 9,
13

– 4, 10,
12, 14,
15

People 13 Global food security,
developing countries,
agricultural and economic
development, Food
problem

Economics Food economics 2 – 1, 7, 12,
13, 15

(continued)
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Chapter 3 provides an overview of Japan’s rural development, pointing
out that regional functions are declining; thereafter, the various efforts nec-
essary to achieve Goal 11 in rural areas are discussed.

Chapter 4 is unique in that it exhumes the photographic historical mate-
rials of Japan’s occupation period (1945–52) after World War II and
re-examines the meaning of the SDGs—especially Goals 7 (affordable and
clean energy) and 11, by considering the gap between them and the current
situation. To formulate a roadmap for the future, it is necessary to have a
deep understanding of history up to the present.

Chapters 5–8 focus on planets and introduce research to help achieve
Goals 8 (decent work and economic growth), 9 (industry, innovation, and
infrastructure), 12 (responsible consumption and production), 13 (climate
action), and 15 (life on land). These chapters are based on the disciplines of
law (Chap. 5), economics (Chaps. 6 and 8), and industrial engineering
(Chap. 7).

To achieve Goal 15, Chap. 5 analyzes the protection and sustainable use
of territorial ecosystems in Japan, focusing on sustainable agriculture and
forestry. As social and economic factors should be interwoven for ecologi-
cally sustainable development, this chapter discusses the following themes:
the role of natural parks, the conservation of “satoyama (woodland close to
the village or living area),” the development of legal systems and NGOs,
farmland restoration projects, scale-up of farmers, and solar sharing.

Chapter 6 assesses two approaches to achieve Goal 12. One is based on
laws (including international agreements)—the de jure approach; the other is
based on market forces, such as voluntary sustainability standards (VSS)—
the de facto approach. Additionally, the de jure approach includes efforts

Table 1 (continued)

For Chapter Keywords Discipline Detailed
discipline

SDGs SDGs
Targets

Related
SDGs

Peace 14 Economic problems,
claims problems, allocation
rules, axiomatic approach

Economics of
institutional
design

16 16.7 8, 10

Footnote: Contents of SDGs targets.
9.4 By 2030, infrastructure and retrofit industries should be upgraded to make them sustainable, with increased
resource-use efficiency and greater adoption of clean and environmentally sound technologies and industrial processes,
with all countries taking action in accordance with their respective capabilities.
9.5 Enhance scientific research, upgrade the technological capabilities of industrial sectors in all countries, particularly
developing countries, including, by 2030, encouraging innovation and substantially increasing the number of research
and development workers per 1 million people and public and private research and development spending.
12.4 By 2020, the environmentally sound management of chemicals and all wastes throughout their life cycle, in
accordance with agreed international frameworks, will significantly reduce their release to air, water, and soil to
minimize their adverse impacts on human health and the environment.
12.a Support developing countries to strengthen their scientific and technological capacity to move toward more
sustainable patterns of consumption and production.
14.4 By 2020, effectively regulate harvesting and end overfishing, illegal, unreported, and unregulated fishing and
destructive fishing practices, and implement science-based management plans to restore fish stocks in the shortest time
feasible—at least to levels that can produce maximum sustainable yield, as determined by their biological
characteristics.
16.7 Ensure responsive, inclusive, participatory, and representative decision-making at all levels.
Source United Nations (n.d.)
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both at the global (international agreements) and domestic levels, and this
chapter also discusses their interrelationships. Regarding VSS, the chapter
focuses on private standards with third-party certification schemes and ana-
lyzes their impact on international trade.

Chapter 7 discusses environmentally conscious operations management to
achieve Goals 9 and 12 from an industrial engineering perspective. First,
representative operations management systems such as inventory manage-
ment and total quality management (TQM) are introduced. Second, the Just
in Time (JIT) production system is explained. Finally, this chapter considers
environmentally conscious manufacturing and describes a closed-loop supply
chain that includes the activities necessary to acquire end-of-life products
from customers to recover value.

Chapter 8 discusses the concept of sustainable development, related to
Goals 8 and 13. After introducing the controversies regarding the concept in
economics, the chapter presents the economic conditions for achieving sus-
tainable development and the mechanism by which rational agents choose an
anti-sustainable path. The chapter also refers to the climate change issue,
which raised and fired the controversies.

Chapters 9–12 focus on prosperity and introduce research to help achieve
mainly Goals 8 (decent work and economic growth) and 9 (industry,
innovation, and infrastructure). These chapters are based on economics
(Chaps. 9–11) and business administration (Chap. 12).

Chapter 9 develops a macroeconomic growth model that explains
observed facts, such as steady growth in some developed countries and the
huge international difference in economic growth, to contribute to the
achievement of Goals 8 and 9. It presents a basic theory of growth with
capital accumulation as the driving force and clarifies the effect of firm
innovation on economic growth. It also discusses factors that create inter-
national differences in economic growth, such as education, institutions, and
the misallocation of resources.

The construction of a smart society utilizing information and communi-
cations technology (ICT) has attracted attention for the simultaneous
achievement of various SDGs. Using the input–output analysis, Chap. 10
elucidates the economic structure of a smart society in relation to Goal 9.
Here, a smart society enables waste to be eliminated and people’s utility to be
increased by strengthening management in all fields of society using ICT. It
is argued that a smart society will achieve an industrial structure with a
lighter environmental load and sustain moderate economic growth. Japan
plays a key role in building a smart Asian society.

From the perspective of international economics, Chap. 11 examines the
experiences of East Asian developing countries in achieving rapid and
inclusive economic growth, by focusing on the role of international trade and
the foreign direct investment nexus created through global value chains
(GVCs) by multinational corporations (MNCs). Moreover, the construction
and maintenance of well-functioning soft and hard infrastructure by the
government and international donors have contributed to the creation of a
business-friendly environment. In light of the absence of an effective global
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economic order, regional economic frameworks in the Asia-Pacific region
have proven to be effective in achieving Goal 8.

From the perspective of business administration, Chap. 12 discusses the
role of MNCs in addressing the social challenges faced by the poor in
developing countries. Initially, MNCs focused on the poor, targeting Goals 1
(no poverty), 3 (good health and well-being), and 6 (clean water and sani-
tation). Subsequently, they adopted social agendas targeting Goals 5 (gender
equality), 8 (decent work and economic growth), and 9 (industry, innovation,
and infrastructure). This has led to significant changes in MNCs in these
countries. More recently, these businesses have embraced environmental
challenges, including Goal 13.

Finally, Chaps. 13 and 14 focus on people and peace from the perspective
of economics. Economic theoretical considerations can contribute to the
achievement of Goals 2 (zero hunger) and 16 (peace, justice, and strong
institutions).

Chapter 13 presents the factors affecting global food demand and supply
conditions and identifies potential solutions to global food security problems.
The factors determining the supply and demand conditions of food are
detailed in relation to the linkages between food, agriculture, and rural
development. Furthermore, climate change issues have been discussed in
relation to global food and energy security. This chapter examines the
effectiveness of crop-based energy production and the potential conflicts with
food production.

The aim of Chap. 14 is to construct “good” rules leading to the
achievement of Goal 16. The axiomatic approach was adopted in the study
of these rules as it: (i) formulates rules (mathematically), (ii) introduces
“desirable” properties of rules (called axioms), and (iii) studies those
implications (e.g., identifies rules that satisfy those properties). The results
of these analyses will be useful for building a society system.

Readers should refer to Table 1 and Fig. 1 to identify the relevant chapters
to achieve a particular SDG and determine what wisdom each discipline in
each chapter provides. It is also useful to refer to the sister book “Sustainable
Development Disciplines for Society: Breaking Down the 5Ps—People,
Planet, Prosperity, Peace, and Partnerships” at the same time and find a
roadmap for achieving a specific SDG by effectively combining the wisdom
of several disciplines. In developing countries, these considerations will
provide access to development research for readers aiming to develop their
home countries further. Moreover, in developed countries, these consider-
ations provide access to problem-solving research for readers seeking holistic
measures to achieve the goals in Table 2.
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Table 2 Contents of the sustainable development goals (SDGs)

Goal

1 No Poverty Economic growth must be inclusive to provide sustainable jobs and promote
equality

2 Zero Hunger The food and agriculture sector offers key solutions for development and is
central for hunger and poverty eradication

3 Good Health and
Well-Being

Ensuring healthy lives and promoting the well-being for all at all ages is
essential to sustainable development

4 Quality Education Obtaining a quality education is the foundation to improving people’s lives and
sustainable development

5 Gender Equality Gender equality is not only a fundamental human right, but a necessary
foundation for a peaceful, prosperous, and sustainable world

6 Clean Water and Sanitation Clean, accessible water for all is an essential part of the world we want to live in

7 Affordable and Clean
Energy

Energy is central to nearly every major challenge and opportunity

8 Decent Work and Economic
Growth

Sustainable economic growth will require societies to create the conditions that
allow people to have quality jobs

9 Industry, Innovation, and
Infrastructure

Investments in infrastructure are crucial to achieving sustainable development

10 Reduced Inequalities To reduce inequalities, policies should be universal in principle, paying attention
to the needs of disadvantaged and marginalized populations

11 Sustainable Cities and
Communities

There needs to be a future in which cities provide opportunities for all, with
access to basic services, energy, housing, transportation, and more

12 Responsible Consumption
and Production

Responsible production and consumption

13 Climate Action Climate change is a global challenge that affects everyone, everywhere

14 Life Below Water Careful management of this essential global resource is a key feature of a
sustainable future

15 Life on Land Sustainably manage forests, combat desertification, halt and reverse land
degradation, halt biodiversity loss

16 Peace, Justice, and Strong
Institutions

Access to justice for all, and building effective, accountable institutions at all
levels

17 Partnerships Revitalize the global partnership for sustainable development

Source United Nations (n.d.)
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1Knowledge Integration and Open
Social Innovation for Sustainable
Development

Osamu Soda

Abstract

This chapter will consider Goal 11. In partic-
ular, Target 11.2 focuses on Inclusive and
Sustainable Urbanization. By 2030, it aims to
enhance the capacity for participatory, inte-
grated, and sustainable human settlement
planning and management. Target 4.7 in
SDGs Goal 4 is Education for Sustainable
Development and Global Citizenship, which
educates people about sustainable lifestyles,
global citizenship, and the contribution that
culture makes to sustainable development.
However, the outcomes of education require a
long time. Education changes people’s minds,
local cultures, and socioeconomic systems.
This process requires knowledge integration
from diverse sectors, especially for historically
accumulated knowledge. It is necessary to
develop new theoretical and practical skills for
building local context. The case study
describes several good practices in Japan.

Keywords

Community development � Education for
sustainable development (ESD) � Knowledge
integration � Context building � Open social
innovation

1.1 Introduction

This chapter focuses on Goal 11(sustainable
cities and communities), and considers that Goal
4 (quality education) can support it, and dis-
cusses community development and the Sus-
tainable Development Goals (SDGs) from the
perspective of planning studies. Sustainability is
an urgent issue for humankind and the Earth.
Achieving environmental goals such as the Paris
Agreement and the SDGs with current efforts and
progress will be quite difficult. Environmental
sustainability can be transformed only by the
interaction of economic and social sustainability.
To accelerate the SDGs, we need to raise
awareness of the crisis and involve people at
multi-levels, including the community level, and
work together to find a sustainable transition
pathway. The main field of SDGs from com-
munity development is Goal 11 Resilience City.
In addition, this chapter focuses on Goal 4
Educational Approach.

1.2 Education for Sustainable
Development (ESD)

The SDGs consist of 17 targets and 169 targets,
and the fundamental goal is to restore the envi-
ronment (Targets 6, 13, 14, 15). We need to learn
how to understand ecologically and change our-
selves. The power of education is a driving force
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to promote sustainable development. Rockström
et al. (2016) proposed a wedding cake model for
a better understanding of the structure of the
SDGs. From top to bottom, the pyramid is the
economy, society, and environment (Fig. 1.1).
The goal is to expand the base and restore
balance.

‘Education for Sustainable Development’
(ESD) was advocated by the Government of
Japan and NGOs at the Johannesburg Summit in
2002. Shortly thereafter, the 57th United Nations
General Assembly adopted ‘The United Nations
Decade of Education for Sustainable Develop-
ment (UNDESD)’ (2005–2014).

Fig. 1.1 SDGs wedding cake
and the ecology of mind
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ESD consists of three types of learning: cog-
nitive learning, social and emotional learning,
and behavioral learning. Cognitive learning
understands complex problems and explores
innovative ideas and alternative solutions. Social
and emotional learning builds core values and
attitudes for sustainability and fosters empathy
and compassion for others and the planet.
Behavioral learning learns the practical actions
for sustainable change in the personal, social, and
political arenas.

Ecology of mind is necessary at the core of
the SDGs wedding cake. It is ecological under-
standing, empathy, and preparedness of behavior.
It brings the entrepreneurial spirit, technology,
and social innovation of the SDGs.

1.3 Community Development

1.3.1 Field and Issues of Community
Development

Community development is an academic subject
and practical field that focuses on the role of
local communities and addresses socioeconomic
and environmental problems. Originally, human
beings had lived in harmony with nature and the
economy since ancient times, but after the agri-
cultural industrial revolutions, those contradic-
tions between man and nature have expanded.
Community development was built to address the
negative aspects of modern capitalism and
development. Today, it is established worldwide
as a professional practice and research field.
Generally, the research theme focuses on prob-
lem solving at the local level. Its major themes
include local water, forestry, agriculture, fishery,
vulnerable groups, indigenous people’s liveli-
hood improvement, poverty, housing, disasters
and displacement, infrastructure, sanitation,
cooperatives, microfinance, etc. In developed
countries, the following are additional major
themes: migrants and refugees, voluntary groups,
community enterprise, asset-based community

development, community renewal, youth, gen-
der, and ICT.

1.3.2 Social Design Approach

Community development includes an economic
mechanism approach, a government approach,
and a social design approach. Social design is the
theory and practice of design thinking about
social values, actors, resources, social structures,
social norms, symbols and tools, and social
processes, and it develops specialized planning
and engagement skills such as regional profiling,
civic pride development, value co-creation, sce-
nario planning, consensus building, context
building, and transition management.

1.4 Knowledge Integration

As discussed above, community development is
an interdisciplinary research and practice area in
which diverse stakeholders participate. In order
to change the status quo, it is necessary to acti-
vate the interaction between the local ecosystem
and the practice of management centered on
ecological knowledge and understanding.

1.4.1 Various stakeholder’s
Knowledge

Folke (2006) discussed the framework of social
evolution and its elements. From an administra-
tive point of view, social and political leadership,
transformability, and systems of adaptive gov-
ernance are important factors. Socially, the focus
will be on strengthening agents and actor groups,
adaptive capacity (voluntary sector), and social
networks. These elements address the social
memory through the social learning process as
well as the integration of mental models and
knowledge system. Under these social condi-
tions, collaborative visioning can proceed
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effectively, and then institutional and organiza-
tional inertia will start to change.

1.4.2 Historically Accumulated
Knowledge

Layers of historical knowledge have its own
knowledge system, which has been upgraded
from indigenous knowledge, traditional knowl-
edge, technical knowledge, and recently, a
knowledge-based society. All these knowledge
systems are aggregated in a knowledge-intensive
society. Indigenous knowledge restores new
meaning and power within the information
sphere. Bohensky & Maru (2011) discussed the
dialogue between knowledge systems, methods
and processes of integration, social context of
integration, and their assessment as being
important.

For example, Japanese ‘satoyama’ is country
hills or village forests that are close to human
settlements and connected to people’s lives.
Starting originally from hunting and harvesting,
it became a fertilizer supply place in the agri-
cultural society. It was then forgotten in the
industrial world, but in the next information
society, people realized due to the influence of
various media that it was an important place for
the ecosystem. Currently, it is becoming a nodal
place that raises ecological knowledge and
expands the environmental behavior network.

1.4.3 Knowledge from the Inside
of Social Memory

As mentioned in Fig. 1.1, ecology of mind is
necessary at the core of social reform. The beliefs
of individuals and communities will transform
society. The ecology of mind and the ecology of
society are integrated to create new knowledge.
According to Hussein et al. (2020), cultural
memory forms the identity of the place and the
sense of place, which form the attachment to the
community, enhances psychological well-being
(quality of life), and contributes to social
sustainability.

1.4.4 Local Context Building

Community development emphasizes context
building (Fig. 1.2). Herzele (2004) and Soda
(2018) considered the integration of civic and
expert knowledge in the design of places.
Experts try to achieve policy objectives effi-
ciently during the project period, while citizens
try to envision the future from the extension of
their collective memory. Experts try to promote
the planned program, while citizens try to
develop new actions in connection with various
cultural [political/environmental] movements in
other regions. A new story will be built by this
dialogue and dynamism.

As a typical example, the Agency for Cultural
Affairs of Japan officially recognizes a story that
tells the culture and traditions of Japan through
the historical charm and characteristics of a
region as ‘Japan Heritage’. The conditions for
certifying a story are a clear theme that conveys
the charm of the area, an explanation that anyone
can understand, and a composition that people
are interested in.

1.5 Context of Community
Development in Japan

Community development is influenced by the
environment and political economy of each
country and region on Earth. Pawar (2012)
published a book on community development in
the Asia-Pacific region. The field of community
development in Japan is wide, but there are few
books and dissertations that describe the whole
picture. In this chapter, I will try to explain the
highlights of Japanese research and practice from
the perspective of contemporary Japanese
studies.

1.5.1 Land and Climate

It is 3000 km from north to south of Japan, and
in the Köppen climate classification, Cfa (humid
subtropical climates) is in the south (Tokyo) and
Dfb (warm-summer continental climates) is in
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the north (Sapporo). Due to the hot and humid
climate of the monsoon, vegetation grows faster,
rice is the staple food instead of wheat and corn,
and heavy rainfall causes it to rain 1.5 times more
in Tokyo than the Earth’s average, thus increas-
ing the risk of flooding. This climate fostered a
self-help spirit in which Japanese people can live
sustainably as long as they carefully manage
their land.

1.5.2 Indigenous People

The Japanese archipelago is basically the Yamato
people, but Okinawa has the Ryukyu people.
Okinawa has its own culture. There were Ainu
people in Tohoku and Hayato people in southern
Kyushu. In 2008, a resolution was passed in the
Diet (Japan’s parliament) to recognize the Ainu as
indigenous people. It is said that there is the lar-
gest number of people in Hokkaido, about 13,000
and more than 10,000 in the Tokyo metropolitan
area. The Ainu have an ecological culture of

hunting and gathering. There is ecological wis-
dom in words such as ‘suy-sukup’ (if you cut a
branch of a cornus tree and stab it in the ground,
the cuttings will grow again), ‘iteki-opitta-kar’
(never pick all the edible wild plants), and ‘a-anu’
(leave something for those who come later).

1.5.3 Ancient and Medieval Japan

The population of the hunter–gatherer society
was about 270,000, but rice cultivation was
transmitted from the continent to Northern
Kyushu in the tenth century BC. Paddy rice
cultivation spread to the center of Japan at
around the seventh century BC. In 743 BC, a law
was enacted recognizing the private property and
property rights of the land on which the paddy
fields were built. Once reclaimed, the lands could
be owned by the claimants forever. A peasant
and product management system based on a
mansion was established, and powerful tribes
emerged from each region.

Fig. 1.2 Social evolution and knowledge integration
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1.5.4 Local Governance of Early
Modern

In the Battle of Sekigahara in 1600 AD, Samurai
Feudal Lords fought as two powers. General
Tokugawa’s side won the battle and unified
Japan to establish a ruling system. The side that
was on the side of the Tokugawa family was
called the ‘Fudai’ daimyo, and the side that was
hostile was called the ‘Tozama’ daimyo. The
Fudai daimyo was assigned the territory of the
clan, but the Tozama daimyo was assigned to a
remote land from Edo to guard against rebellion.
Tozama was also ordered to defend the military
from other countries. Satsuma Domain (currently
Kagoshima Prefecture), Choshu Domain (cur-
rently Yamaguchi Prefecture), Tosa Domain
(currently Kochi Prefecture), Hizen Domain
(currently Saga Prefecture), and Yonezawa
Domain (currently Yamagata Prefecture) are
Tozama areas.

1.5.5 Local Self-Sufficient Economy

Because the Tokugawa shogunate did not have a
national tax system, the clan prospered its own
economy. Therefore, its ability to govern inde-
pendently was questioned. As a result, the plant[/
animal] breeding industry such as processed
products and crafts other than agriculture was
encouraged. As a result, unique special products
of each clan were created, and the distribution
economy developed. Eventually, the population
at the beginning of the eighteenth century stabi-
lized at about 25 million. Japan reached the limit
of its population capacity that can be supported
by an agricultural-based society.

1.5.6 Education System Established
Based on Asian Thought

A clan school was established in each domain,
and scholarship and martial arts were encour-
aged. The first school was built in 1669 in
Okayama. Terakoya also taught reading and
writing at a private school in a temple. Even

farmers in Japan had a high literacy rate from
early on. Reasonable thinking and education
were carried out at the clan school. Neo-
Confucianism, usually the Zhu Xi theory,
became the standard in the Tokugawa shogunate
and Fudai domain school. In contrast, the
Tozama domain school tended to choose
Wang Yang-Ming theory, which seeks the unity
of knowledge and action and encourages critical
thinking, deliberations, and positive innovation.
In the eighteenth century, the Tokugawa gov-
ernmental regime’s central academy of
Shoheizaka-Gakuimonjo began teaching both the
Zhu Xi theory and Wang Yang-Ming theory.
The Matsushiro Domein (now Nagano Prefec-
ture) was one of the first to adopt Western edu-
cation and abandon Confucianism. During this
period, many excellent feudal lords, scholars, and
military personnel appeared. Wang Yang-Ming
theory scholar Nakae, Toju (1608–1648), Yone-
zawa feudal lord Uesugi, Yozan (1751–1822),
agricultural politician Ninomiya, Sontoku (1787–
1856), and Satsuma feudal lord Saigo, Takamori
(1828–1877) are the most representative social
innovators of Japan.

1.5.7 Mutual Self-Help

There is always a risk of failed crops and famine
due to climate change, and in 1838, an early
model of agricultural cooperatives was formed
by OHARA, Yugaku (1797–1858). KAGAWA,
Toyohiko (1888–1960) was a social reformer and
activist who established a pre-war labor move-
ment and farmers’ movement [established pre-
war labor and farmers’ movements]. He worked
on improving slums and founded the Japanese
Farmers’ Union. Although Japan is self-help
based, cooperatives are highly developed to
avoid that risk. Currently, at a total of 105 mil-
lion people, the added value created by the
cooperatives is 5.6 trillion yen. At 100 million
yen, more than half of Japan’s domestic agri-
culture, forestry, and fisheries output is shipped
and sold through cooperatives. Some 23% of
domestic savings are deposited with
cooperatives.
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1.5.8 ‘Machizukuri’ Emphasizes Civic
Engagement

As a compound word of ‘machi’ (means town)
and ‘zukuri’ (means making), ‘machizukuri’
means town planning, place making, community
development, and community governance, which
includes asset management, construction, and
environmental actions. Words appeared in the
seventeenth century, and after 1970, they are
often written in hiragana characters, emphasizing
a citizen-centered and community-based
approach in contrast to government-led city
planning and administrative management. There
is a synonym of ‘murazukuri’. Mura is a village.

1.5.9 ‘Kyosei’ is the Idea
of Coexistence

‘Kyosei’ means living together. Originally
referring to a symbiosis of biology, it means the
interaction between different organisms living in
close physical association. In Buddhism, it
means that oneself and others live together. In the
machizukuri field, it means social inclusion or
environmental harmony.

1.5.9.1 SDGs and Open Innovation
in Japan

In Japan, of the approximately 1700 local gov-
ernments, nearly half will be promoting the SDGs.
Among them, 124 SDGs Future Cities have been
selected by 2021. Each has originality, and all
plans are shared on the Web. Local governments
are raising the level of awareness through col-
laborative learning. In that process, open innova-
tion occurs, and knowledge coevolves.

1.6 Culture of Public Spiritedness
by Region

The public spiritedness of people in the local
community is very important due to the human
resources of community development. It is an
independent variable that does not correlate with
the economy (GDP) or society (population size).

Areas with many environmental volunteers
are Shiga (7.4% of the population) and Kagosh-
ima prefectures (7.3% of the population)
(Fig. 1.3). These areas are rich in nature, and
historically, practical civic education has been
provided by excellent educational leaders and
institutions to form civic pride.

Areas where many people participate in the
Japan Overseas Cooperation Volunteers are
Kagoshima (884 people from 1965 to 2021 and
56.1 people per 100,000 population) and Shi-
mane (369 people from 1965 to 2021 and 55.5
people per 100,000 population) prefectures
(Fig. 1.4). Historically, many people have
migrated overseas from these areas, and they still
value their connections. A support group has also
been established. The data of Figs. 1.3 and 1.4
are correlated.

1.7 Case Study: Context-Building
Process of Kagoshima Area

Kagoshima Prefecture is located in the south of
Japan and is a gateway to the sea route. The
Köppen climate classification is Cfa. The Hayato
people lived in ancient times. The active volcano
Sakurajima erupts frequently. This land was
ruled by the Shimazu clan from the end of the
twelfth century. The context of community
development is shown in Fig. 1.5.

During the Warring States period, Shimazu,
Tadayoshi (1492–1568) (called ‘Jisshinko’)
gained power. He emphasized the practice of
wisdom. Shimadzu clan was the first in Japan to
purchase a gun from Portugal and use it in
practice. They belonged to the Western Army in
the Battle of Sekigahara, and after the war, they
ruled the Satsuma Domain as Tozama daimyo.
However, they did not abandon the conscious-
ness of being equal to the Tokugawa shogunate.
The Satsuma Domain in the Edo period estab-
lished the school ‘Zoshikan’ (meaning to create
ambition, currently Kagoshima University). The
basis of learning was ‘Jisshinko’s thought. Crit-
ical thinking, deliberation, and mutual help were
emphasized. They offered a unique ‘goju’ edu-
cation. The area was divided into 18 sub-units,

1 Knowledge Integration and Open Social Innovation … 9



Fig. 1.3 Number of
environmental volunteers by
prefecture. Data source
Survey on time use and
leisure activities 2016

Fig. 1.4 Number of Japan
overseas cooperation
volunteers. Data source Japan
International Cooperation
Agency 2021
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and children from 6 to 25 years old were taught
martial arts and scholarship by collaborative
learning. Satsuma has developed modern tech-
nologies such as cannons, warships, glass crafts,
and gas lamps and led the industrial revolution
and modernization of Japan (World Heritage).
Many social innovators such as Saigo, Takamori
(1828–1877) and Okubo, Toshimichi (1830–
1878) studied at Zoshikan. In recent years, these
include Isamu Akasaki (1929–2021), who won
the Nobel Prize. In 1985, when the information
society began, Kagoshima was designated as a
‘Teletopia’ (telecommunication + utopia) by the
Japanese government. They introduced early
warning systems and emergency evacuation
policies for volcano eruptions.

In 2020, Kagoshima was selected as a SDGs
Future City by the Japan Government. The
concept is to ‘Kyosei’ (coexist) and develop
sustainably alongside with the active volcano
Sakurajima. Today, Kagoshima is well estab-
lished as a vital and potential area through civic

engagement and mutual help. In Minamisatsuma
City, the Jisshinko’s ‘karuta’ (Japanese tradi-
tional card game) tournament event for children
is held regularly.

1.8 Concluding Remarks

In this chapter, I have explained the theory of
Sustainable Development Education (ESD) in
community development and its practice in
Japan. Goal 4 (quality education) can change
people and change the innovative practices of
Goal 11 (sustainable cities and communities). As
the famous phrase ‘Think globally and act
locally’ suggests, Goal 11 is responsible for
creating an arena where people can practice the
SDGs. For Goal 11, all 17 goals need to be
subsumed within the local community and con-
sidered holistically. ESD enhances the interaction
between an outside-in approach that motivates
people from the transformation of the social

Fig. 1.5 Context-building process of Kagoshima area
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system and an inside-out approach that trans-
forms society by recovering the ecology of mind
from social memory and social consciousness.
Historically accumulated knowledge is important
for the formation of civic pride and the com-
munity of practice. In Asian countries and
regions, cultural experience is layered in the
history of the colony. The socioeconomic envi-
ronment is becoming more complex, and a
framework for temporal and spatial knowledge
integration and context building will become
increasingly important. International research
and the practice of open innovation will be
expected. However, knowledge of the effective-
ness of education takes time, as clear socioeco-
nomic evidence emerges. Open social innovation
can support this effectively.
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2Reconstruction Under Nuclear
Disaster and Making Resilient
Society in Fukushima

Shunji Matsuoka

Abstract

This chapter examines the “Balancing Recon-
struction with Decommissioning” problem of
reviving Fukushima from a double disaster
called the Great East Japan Earthquake and the
1F (Fukushima Daiichi Nuclear Power Plant)
nuclear disaster. This issue is a typical case of
sustainability and resilience in the twenty-first
century in the century of the disaster. First, this
paper discusses that it is the reconstruction
policy of the declining and aging population
with the creative reconstruction in a century, the
twenty-first century of the disaster in Japan.This
paper then examines the reconstruction policy
from the Great East Japan Earthquake and the
way of the Fukushima nuclear accident pro-
cessing before establishing “incompleteness of
the nuclear crisis response and surplus of the
Great Earthquake disaster reconstruction pol-
icy.” Finally, this paper clarifies the difficulty of
the issue called “Balancing Reconstructionwith
Decommissioning” in Fukushima based on the
analysis of 1F decommissioning policy, and
Fukushima lectures possibly falling into a state
such as “Mutual Destruction of Reconstruction
and Decommissioning” without altering 1F
decommissioning governance. This chapter

contributes to SDGs 11;Make cities and human
settlements inclusive, safe, resilient and
sustainable.

Keywords

Nuclear disaster � Fukushima � Resilience �
Decommissioning � Creative reconstruction

2.1 The Reconstruction
of Fukushima
and the Decommissioning
of the Fukushima Daiichi
Nuclear Power Plant
in the Post-Trans-Science Era

This chapter examines the “Balancing Recon-
struction with Decommissioning” problem of
reviving Fukushima from a double disaster called
the Great East Japan Earthquake and the 1F
(Fukushima Daiichi Nuclear Power Plant)
nuclear disaster. This chapter contributes to
SDGs 11; Make cities and human settlements
inclusive, safe, resilient and sustainable.

2.1.1 The Trans-Science Era

In 1972, Alvin Weinberg, an American nuclear
physicist, who participated in the Manhattan
Project, published a paper entitled “Science and
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Trans-Science” in the social science journal
Minerva. In the paper, he argued that societal
risks such as serious nuclear power plant acci-
dents and the health effects of low-level radiation
were “questions which can be asked of science
and yet cannot be answered by science” and
proclaimed the arrival of the trans-science era
(Weinberg 1972).

The Fukushima nuclear accident in March
2011 confronted Japanese society head-on with
the risks posed by science and technology, and
the trans-scientific era concept has since become
widely recognized by risk researchers. Of course,
there are various interpretations of how to think
of the trans-scientific questions presented by
Weinberg in specific terms.

However, be it risk directly related to science
and technology, such as low-level radioactive
contamination from a nuclear disaster or the
scientific assessment of biological disaster risk
given the COVID-19 pandemic, the twenty-first-
century human society faces wide-ranging sci-
entific and technological risks, including risks
posed by the development of advanced science
and technology in life science and artificial
intelligence (AI). Many of these risks are
“questions that can be asked of science, but
cannot be answered by science.”

Accordingly, a consensus was reached that
risk-response measures in the trans-science era
should not be decided by scientists living in the
twentieth-century “Republic of Science” (Pola-
nyi 1962) but instead through collaboration
between science, politics, and society. Mean-
while, social understanding and acceptance of
risk-response measures by science and govern-
ment alone are low.

2.1.2 The Post-Trans-Scientific Era

In response to this trans-scientific era, the
importance of participatory democracy and
deliberative democracy has been emphasized in
the second half of the twentieth and twenty-first
centuries, and efforts to complement parliamen-
tary democracy with new mini-publics, such as

consensus conferences and debate polls (DP),
have been trialed in many democratic societies
(OECD 2020).

However, more than two decades into the
twenty-first century today, it is challenging to
conclude that approaches based on the democ-
ratization of knowledge, such as the French
Committee for National Debate (CNDP)—which
could be considered the epitome of deliberative
democracy—consensus conferences originating
from Denmark, and debate polls originating in
the USA effectively create social consensus
(Matsuoka et al. 2019).

In response to the discussion around the
democratization of knowledge in the second half
of the twentieth century, the British sociologist of
science, Harry Collins, argued for the need for a
“third wave of science” in scientific research.
Collins offered the criticism that the more citi-
zens participate in building a social consensus
around science and technology risks, the better
they create social failures given their lack of
expertise, from which the question of who takes
the responsibility emerges (Collins & Evans
2002).

The Japanese sociologist of science and
technology, Miwao Matsumoto, also character-
ized the theory of democratization of knowledge
in the age of trans-science as the “theory of
monotonically increasing participation” and
characterized the arguments of critics such as
Collins as the “non-monotonic theory of partici-
pation” (Matsumoto 2009). Collins claims his
theory has an advantage over other theories that
invariably call for increased public participation
in that he calls for increased participation at
certain periods and decreased participation at
others. There are well-known dangers involved
in over-expanding the definition of expertise. He
holds that the public can be wrong and that a
distinction should be made between instances in
which participation and deliberation should be
promoted and instances in which expert decision-
making is desirable.

In the twenty-first-century society, the time
has come to move away from the trans-science
era of “the more participation and deliberation
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the better” to a post-trans-science era, which
instead asks how social acceptability and social
understanding should be fostered through the
participation of which experts and which citizens
to create what kind of “space” (Matsuoka 2020b,
Matsuoka et al. 2021a, b).

2.1.3 The Reconstruction
of Fukushima
and Decommissioning
of the Fukushima Daiichi
Nuclear Power Plant
as Post-Trans-Scientific
Issues

The accident at the Fukushima Daiichi Nuclear
Power Plant (herein referred to as 1F), triggered
by the Great East Japan Earthquake on March 11,
2011, resulted in a Level 7 nuclear disaster on the
International Nuclear and Radiological Event
Scale (INES), the most severe classification of
such disasters. More than 160,000 people were
forced to evacuate because of the accident at 1F.
Even now, more than a decade after the accident,
35,107 people continue to live as evacuees
throughout Japan (survey by the Reconstruction
Agency, as of June 9, 2021). The seven munic-
ipalities around 1F—Tomioka, Okuma, Futaba,
Namie, Minami-soma, Iitate, and Katsurao—re-
main designated as areas challenging to return to,
and it is thought that it will be many years before
such designations are completely lifted1.

In addition to the situation away from the
offsite (outside 1F), the situation within the
decommissioning on site (348.5 ha) also remains
uncertain. The 1F decommissioning project aims
“for the completion of decommissioning in 30–
40 years” (“Medium and Long Term Roadmap,”
December 2019, p. 27) since the declaration in
December 2011 that cold shutdown had been
achieved. However, the planned removal of spent
nuclear fuel from the cooling pools of Units 1
and 2 has been significantly delayed. The ques-
tions of how exactly to remove the fuel debris
and how to store, manage, and dispose of the fuel

debris remain issues for the future. Ten years
have passed since the accident, and it will be
challenging to finish the 1F decommissioning
project within the next 20–30 years (Matsuoka
2021a, b).

In the “Medium to Long-Term Roadmap” that
defines the current government’s 1F decommis-
sioning policy, revised for the fifth time in
December 2019, the phrase “compatibility
between reconstruction and decommissioning”
was newly added as the first of four principles for
the decommissioning of 1F (Matsuoka 2020a). It
is noted that the new principle of the 1F
decommissioning project, “compatibility
between reconstruction and decommissioning,”
would ensure that the decommissioning of 1F
would not hinder the reconstruction of sur-
rounding areas in response to the progress of
decontamination work in designated reconstruc-
tion and revitalization zones in Okuma Town and
Futaba Town—the municipalities where 1F is
located—and the partial lifting of the difficult-to-
return zone.

However, the social significance of the new
principle to the “Medium to Long-Term Road-
map” in December 2019 must be understood as
the intention of the national and local govern-
ments to promote the return of residents to areas
surrounding 1F and a strongly mutually pre-
scribed relationship between reconstruction in
Fukushima and the 1F decommissioning project.
That is, the origin of the Fukushima reconstruc-
tion is the nuclear disaster from the 1F accident,
and the completion of the Fukushima recon-
struction will be the completion of the 1F
decommissioning project. If the technical and
social safety of the 1F reactors can be guaran-
teed, and the 1F decommissioning project can be
concluded in a way acceptable to Fukushima and
wider Japanese society, then Japanese society
can also conclude the reconstruction of
Fukushima.

Thus, when considering the new principle, the
issues surrounding the reconstruction of
Fukushima and the decommissioning of 1F are
typical of post-trans-scientific questions, where
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diverse experts and residents create a “forum
(Ba) for dialog” and discuss various options,
inducing the development of social conviction
and social acceptance among a wide range of
people. Meanwhile, it is an important social
condition that the Hamadori community in
Fukushima Prefecture, which has long depended
on nuclear and coal-fired power plants, has not
been involved in the trans-scientific problem-
solving methods of participation and delibera-
tion. Further, the national government, Fukush-
ima Prefecture, and local governments in
Fukushima Hamadori have relied exclusively on
conventional methods such as holding explana-
tory meetings for local residents and have a little
social capacity to create a “forum for dialog”
between experts and residents.

This study defines reconstruction in Fukush-
ima and the decommissioning of 1F as a post-
trans-scientific issue. In the last decade of
Fukushima reconstruction and 1F decommis-
sioning projects, policy decisions and imple-
mentation have been reached solely via the
conventional top-down approaches of briefing
sessions and opinion-gathering, rather than a
“forum for dialog” between diverse experts and
residents to obtain solutions to post-trans-
scientific issues. Thus, this study holds that it is
essential to create a new social system via a
“forum for dialog” between diverse experts and
residents to respond to the post-trans-scientific
issues that characterize the reconstruction in
Fukushima and the decommissioning of 1F.
From this perspective, the lack of progress in
social innovation in creating this new social
system may have increased the uncertainty and
complexity of the Fukushima reconstruction and
1F decommissioning projects, further increasing
their ambiguity.

Thus, to verify the hypothesis, this study
focuses on the issue of discharge of Advanced
Liquid Processing System (ALPS) treated water
(tritiated water) into the ocean under the 1F
decommissioning policy, the Fukushima Inno-
vation Coast Framework, the international edu-
cation and research base, and national projects
that are key to the Fukushima reconstruction

policy, a decade into its reconstruction and the
decommissioning of 1F. This study employs the
science-policy interface research framework to
discuss the post-trans-scientific questions of why
it is challenging to create social acceptance for
the policy of discharging ALPS-treated water
into the ocean, the Fukushima Innovation Coast
Framework, and the international education and
research base.

The rest of the paper is arranged as follows.
Section 2.2 describes the science-policy interface
research framework and the methodology used
for this analysis. Section 2.3 analyzes the process
of examining the issue of treated water (con-
taminated water) in the 1F decommissioning
project using the science-policy interfaces
research framework. This study considers expert
and local knowledge in the process leading to the
decision to discharge ALPS-treated water2 into
the ocean at the Inter-Ministerial Council for
Contaminated Water, Treated Water and
Decommissioning Issues on April 13, 2021, and
why it has been challenging to create social
acceptance for the policy to discharge treated
water from 1F into the ocean. Section 2.4 ana-
lyzes the Fukushima Innovation Coast Frame-
work (proposed as a national project central to
the Fukushima reconstruction policy) and the
international education and research base initia-
tive, a hub for regional innovation. It discusses
the difficulties of fostering social acceptance and
understanding for the Fukushima Innovation
Coast and the international education and
research base initiatives. Finally, Sect. 2.5 dis-
cusses a model for creative reconstruction in the
reconstruction in Fukushima as a post-trans-
scientific question.

2.2 The Science-Policy Interface
Research Framework

Science-policy interface research has developed
around the question of how society should
address science and technology risk issues char-
acterized by uncertainty and complexity.
Responding to such issues cannot be solved by
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regular science; it requires a new approach,
referred to as trans-science, (Weinberg 1972) or
post-normal science (Funtowicz and Ravetz
1992). “Democratizing Knowledge Production”
and “Creating Socially Robust Knowledge”
through participation and deliberation have been
considered important new approaches.

This study focuses on Spruijt et al. (2014) in
the Netherlands, who summarizes science-policy
interface research, and establishes its framework
to analyze the Fukushima reconstruction and 1F
decommissioning projects. Spruijt et al. (2014)
conduct a meta-analysis by collecting 267 arti-
cles, reports, books, and other research findings
on the role of expert knowledge in the formation
of policy to address uncertain and complex issues
across diverse academic disciplines over a dec-
ade, spanning 2003–2012. Two important
implications for studies on Fukushima recon-
struction and 1F decommissioning based on
Spruijt et al. (2014) science-policy interface
research framework are as follows.

2.2.1 Unknown Unknowns: The
Limits of Expertise

There are limitations to expert knowledge from
specialist fields used to address complex and
ambiguous risk issues, such as nuclear disasters
(i.e., “unknown unknowns”; issues we do not
know about) (Wynne 1992).

Thus, it is important to design interdisci-
plinary expert groups to overcome the limitations
of expert knowledge posed by unknown
unknowns. There is a need to include experts
with different positions and views even within
the same field of expertise and actively utilize
technical experts and social science experts to
address the social aspects of risk based on the
characteristics of the risks in question.

However, the collaboration between various
forms of specialized knowledge alone is insuffi-
cient to overcome the limitations of unknown
unknowns: The formation of socially robust
knowledge through collaboration between spe-
cialized knowledge and local knowledge is
required.

2.2.2 Designing a “Forum”
for Collaboration
Between Expert
Knowledge and Local
Knowledge

The democratization of knowledge creation
through participation by diverse citizens,
including stakeholder discussions, the formation
of epistemic communities, and participation and
deliberation processes, is necessary to form
socially robust knowledge.

The mode of collaboration between expert
and local knowledge is the key to forming
socially robust knowledge. Moreover, it is
important to design a “forum” that can broadly,
deeply, and practically incorporate diverse
stakeholders and citizens into the expert and
local knowledge collaboration.

Notably, given the nature of the field of
research, the conventional science-policy inter-
face research framework mainly focuses on
specialized knowledge and experts as a research
framework for trans-scientific (not post-trans-
scientific) questions. Therefore, there are limits
for government and authoritative persons who
use specialized knowledge.

The main user of expert knowledge in policy
formation is, in general, the government (ad-
ministration). The government presides over the
“forum” (e.g., expert committee), the experts
comprising the members of the “forum” are
selected per the government's decision criteria,
and the government sets the rules of the “forum.”
The influence of experts on the design of the
“forum” is in many cases limited. For more
information on the theory of “forums,” see
Chap. 9 of Matsuoka 2018a, b.

Similarly, although the design of participation
and deliberation processes, such as stakeholder
discussions and civil dialog, may be based on
laws and social norms, the specific design of the
“forum” for participation and deliberation is
often a matter for the government that presides
over the forum. Of course, the government can-
not freely design the “forum” either. The gov-
ernment designs a “forum” subject to external
and internal factors and constraints, such as
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political, economic, and social power relations;
organizational capabilities such as financial and
human resources, authority, specialized knowl-
edge, and information possessed by the govern-
ment (administration); and the ethical viewpoint
of its organizational culture.

The current mode of “reconstruction knowl-
edge” in the Fukushima reconstruction and “de-
commissioning knowledge” in the 1F
decommissioning project (Matsuoka 2019a, b) is
determined by the diverse relationships among
experts from various fields in the reconstruction,
the government, and relevant factors such as
politics, economy and society, and local com-
munity residents.

2.3 Why is It Challenging to Create
Social Acceptance
for the Release of ALPS-Treated
Water into the Ocean?

2.3.1 The Spill of Contaminated
Water from 1F into the
Ocean in August 2013

First, the study probes into the August 2013
incident involving the leakage of contaminated
water into the ocean, which became a major
turning point in the 1F contamination problem.

“According to TEPCO and others, the starting
point was at around 9:50 a.m. On March 19, an
employee on patrol discovered water flowing
from two drainage valves on the reinforced
concrete cisterns installed under the tanks to
prevent water leakage in the event of a leak. On
the outside of the barrier, two puddles of water
were found, three meters length by three meters
width by one centimeter in depth” (Nihon Keizai
Shimbun, August 20, 2013). Subsequent inves-
tigations by the Nuclear Regulation Authority
(NRA) and others confirmed that approximately
300 tons of contaminated water containing
highly radioactive materials from the accident at
the 1F had leaked from above-ground tanks on
the 1F site and flowed directly out into the ocean
outside the power plant port via drainage chan-
nels and other means. It resulted in the leakage of

approximately 24 trillion becquerels of radioac-
tive material (Asahi Shimbun, August 23, 2013).

The NRA had initially assessed the accident
as Level 1 on the INES but revised its assessment
to Level 3 (Serious Incident) on August 28, 2013
(Japan Nuclear Regulation Authority, 2013). The
NRA’s on-site inspection also revealed that
TEPCO had not kept records of its twice-daily
tank inspections, including the time spent on
patrol and radiation levels. Moreover, Toyoshi
Fuketa, then a member of the NRA, who
inspected the site, criticized TEPCO’s response
in harsh terms, saying, “The inspections can only
be called sloppy” (Nihon Keizai Shimbun,
August 24, 2013).

Even before the leak (outside the harbor) on
August 19, 2013, approximately 11,000 tons of
highly contaminated water from the immediate
aftermath of the accident on March 11, 2011, had
flowed into the tunnels beneath the buildings of
Units 1, 2, and 3 at 1F. A massive 1000 tons a
day of groundwater flowed in from the moun-
tainside, and about 300 tons of radioactive water
leaked into the ocean daily (inside the harbor)
through cracks in the concrete of the tunnels and
other structures (Asahi Shimbun, August 3,
2013). Figure 2.1 shows an outline of the leak of
contaminated water from 1F.

What is more serious is that TEPCO did not
confirm the leakage of contaminated water until
July 18, 2013, even though radioactive materials
had been detected in the ground on the ocean-
facing side of the building in late May 2013, and
there were strong suspicions of leakage of con-
taminated water into the ocean given the inflow
of underground water. Furthermore, on July 19,
2013, TEPCO’s then-President, Naomi Hirose,
instructed local fishermen’s cooperatives to
contact them about the contaminated water
leaking into the ocean, but TEPCO did not dis-
close the information until its regular press con-
ference in the evening of July 22, 2013 (Asahi
Shimbun, July 29, 2013).

Toshimitsu Mogi, then Minister of Economy,
Trade and Industry, visited the site on August 26,
2013, and said, “Contaminated water counter-
measures are an important issue that cannot be
separated from efforts to decommission
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Fukushima Daiichi. It will be challenging to
solve the problem if it is left to TEPCO” (Nihon
Keizai Shimbun, August 27, 2013). The Minister
announced that the government would consider
bringing forward the installation of a frozen soil
wall using fiscal 2013 reserve funds, emphasiz-
ing the government’s stance of taking the lead in
dealing with the contaminated water.

In response to this situation, the Soma-Futaba
Fishery Cooperative in Soma City, Fukushima
Prefecture, which had been conducting trial
operations since June 2012, decided to suspend
those trial operations from September 1, 2013.
Further, the Iwaki City Fishery Cooperative in
southern Fukushima Prefecture was forced to
postpone trial operations, scheduled to resume

for the first time since the accident at 1F beyond
September 2013. The fishermen voiced their
dismay, saying that “all the hard work we have
done so far has gone down the drain,” and there
were concerns about the impact on the local
economy—the fishing and tourism industry—
and the entire Fukushima reconstruction process
(Nihon Keizai Shimbun, August 23, 2013).

The accidental discharge of contaminated
water from 1F into the ocean in the summer of
2013 was widely reported overseas. In South
Korea, there were calls for a total ban on the
import of Japanese marine products (Asahi
Shimbun, August 30, 2013), and the South
Korean government subsequently imposed a ban
on the import of marine products from
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Fig. 2.1 Leakage of
contaminated water from 1F
into the ocean. Source Nihon
Keizai Shimbun, August 27,
2013
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Fukushima and eight other prefectures from
September 9, 2013 (Nihon Keizai Shimbun,
September 7, 2013).

Furthermore, to bid for the Tokyo Olympics,
then Prime Minister Shinzo Abe was forced to
announce at the International Olympic Commit-
tee General Assembly in September 2013 that the
Japanese government would take responsibility
for dealing with the contaminated water problem
(Nihon Keizai Shimbun, September 8, 2013).

2.3.2 Tritium Water Task Force

Following the accidental discharge of contami-
nated water into the sea on August 19, 2013, the
Japanese government formulated the “Basic
Policy for the Contaminated Water Issue” at the
Nuclear Emergency Response Headquarters on
September 3, 2013. In this “basic policy,” the
government took the lead in fundamentally
solving the worsening contaminated water
problem, rather than leaving it to the Tokyo
Electric Power Company (TEPCO). To
strengthen the system, the government estab-
lished the “Inter-Ministerial Council for Con-
taminated Water, Treated Water and
Decommissioning Issues (2019)” to actively
utilize the expert knowledge of the Committee
for Contaminated Water Treatment.

The committee was established on April 26,
2013, comprising 16 members: five members
from universities; four from national research
institutes, such as the Japan Atomic Energy
Agency (JAEA); three from private companies,
such as Toshiba; two from TEPCO; one from
METI; and one from the NRA. Most of the
committee members are technical and engineer-
ing experts involved with nuclear power.

The Task Force for the Landside Water Bar-
rier (July 1, 2013, to November 8, 2018), the
Task Force for the High-Performance Multi-
Nuclide Species Removal Facility (November
29, 2013, to March 30, 2015), and the Tritiated
Water Task Force (December 25, 2013, to June
3, 2016) were established under the Committee
for Contaminated Water Treatment.

The Tritiated Water Task Force, the starting
point in developing the policy of releasing trea-
ted water into the ocean, was established on
December 25, 2013. It was headed by Kazuyoshi
Yamamoto (Nuclear Engineering, Nagoya
University), a member of the Committee for
Contaminated Water Treatment, and comprised
ten members: six from research institutes such as
the JAEA (one from the medical and one from
the fisheries chemistry fields), one from a uni-
versity (biological science), one from a cooper-
ative (Fukushima Co-op), and one from the
Nuclear Regulation Authority.

The Tritiated Water Task Force held a total of
15 meetings during a two and a half year-long
study period (the final meeting was held on May
27, 2016), and the “Tritiated Water Task Force
Report” (hereinafter the “Tritiated Water TF
Report”) was published on June 3, 2016, con-
cluding its role.

The “Tritium Water TF Report” was posi-
tioned as a “basic document” for deciding policy
for the long-term handling of water treated using
ALPS (tritiated water) and contained a technical
evaluation of various options. A “proviso” was
also added to the “Tritiated Water TF Report,”
stating that it was not intended to coordinate
opinions among the parties concerned or unify
options.

The “Tritium Water TF Report” establishes
cases for evaluation based on uniform conditions
and conducts a technical evaluation of 11 options
(policy options) involving the combination of
five methods of disposal (i.e., geosphere injec-
tion, offshore release, vapor release, hydrogen
release, and underground burial) and their
methods of pretreatment. Table 2.1 shows the
results of the technical evaluation in the “Tritium
Water TF Report” per period (months) and dis-
posal cost (yen, hundreds of millions) required to
complete the disposal (see Appendix 2 for a list
of results for each evaluation case in the “Tritium
Water TF Report”). From Table 2.1, the results
strongly suggest offshore release strategy to be
the best option in time and cost.

The “Conclusion” of the “Tritiated Water TF
Report” states the following:
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“This report is a compilation of the matters,
including reports from experts (Reference
Materials 1–18), that were deliberated under the
Tritiated Water Task Force over a total of 15
meetings from December 25, 2013–May 27,
2016, and it discusses the contaminated water
issues at Fukushima Daiichi NPS, in particular
the handling of tritiated water, from a technical
perspective. It is hoped that this report will serve
as basic data for future discussions. Also, since
handling tritiated water can largely influence
rumors, it is hoped that future discussions about
handling tritiated water will be advanced in a
comprehensive manner, touching upon both
technical perspectives, such as feasibility, eco-
nomic efficiency, and duration, as well as social
perspectives, such as damage caused by rumors.”
(Tritiated Water TF Report, p. 13).

In response to the suggestion in the Tritium
Water TF Report that “it is hoped that future
discussions about handling tritiated water will be
advanced in a comprehensive manner, touching
upon both technical perspectives, such as feasi-
bility, economic efficiency, and duration, as well
as social perspectives, such as damage caused by
rumors,” the Subcommittee on the Handling of
ALPS-treated water (ALPS Subcommittee) was
established on November 11, 2016, under the
Committee on Countermeasures for Contami-
nated Water Treatment.

2.3.3 The ALPS Subcommittee

Kazuyoshi Yamamoto (Nagoya University,
Nuclear Engineering), the lead investigator of the
Tritiated Water Task Force, chaired the ALPS
Subcommittee, comprising 14 members: five

university staff (including experts in sociology
and agricultural economics), five members from
research institutes, one member from a nonprofit
organization (NPO), one member from a con-
sumer group, and one from a business operator
(TEPCO). The ALPS Subcommittee is highly
regarded from a science-policy interfaces
research framework perspective in that it com-
prises experts from interdisciplinary and diverse
fields, including experts in social sciences such
as sociology and agricultural economics and
members from NPOs and consumer groups.
However, in terms of the inclusion of experts
with different positions within their fields of
expertise, the government (METI), which effec-
tively presided over the “forum,” did not seem to
have criteria for selecting committee members,
and experts uncritical of government policies
were generally selected.

The ALPS Subcommittee met twice in 2016,
four times in 2017, six times in 2018, four times
in 2019, and once (the final meeting) in 2020. On
February 10, 2020, The ALPS Subcommittee
Report was released, concluding the subcom-
mittee’s role.

Notably, ALPS Subcommittee held explana-
tory and public hearing meetings (hereinafter
“Briefing and Public Hearing”) on August 30 and
31, 2018, in Tomioka Town, Fukushima Pre-
fecture, Koriyama City, Fukushima Prefecture,
and Chiyoda Ward, Tokyo.

Opinions were heard from 44 people at the
three venues (14 at Tomioka, 14 at Koriyama,
and 16 at Tokyo), and 274 people participated
(101 at Tomioka, 88 at Koriyama, and 85 at
Tokyo). Meanwhile, a call for written comments
was made; 135 comments were submitted over
39 days (METI, 2018, p. 2).

Table 2.1 Technical
evaluation of tritiated water
treatment options

Methods of disposal Required time (Month) Cost (¥ billion)

Geosphere injection 69 * 156 11.7 * 397.6

Offshore release 52 * 88 1.7 * 3.4

Vapor release 75 * 115 22.7 * 34.9

Hydrogen release 68 * 101 60.0 * 100.0

Underground burial 62 * 98 74.5 * 253.0

Source METI 2016
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In the explanatory and public hearing meet-
ings held at the three venues, participants
expressed extreme concern and opposition to the
idea proposed by the Tritium Water TF Report
that the offshore release of treated water would
be the most efficient countermeasure in terms of
time and cost. Regarding the four other policy
options in the “Tritiated Water TF Report”
besides oceanic release (geosphere injection,
vapor release, hydrogen release, and under-
ground burial), concerns about adverse effects on
the environment (vapor release, hydrogen
release) and the monitoring challenge (geosphere
injection and underground burial) were also
raised. As an alternative to the five countermea-
sure options in the Tritium Water TF Report, the
audience proposed long-term above-ground
storage in large tanks such as oil storage tanks.

The author attended the explanatory and
public hearing meeting held at the Tokyo venue
on the afternoon of August 31, 2018, attended by
many activists from nuclear opposition groups
and other organizations, including those who
gave their opinions. The atmosphere was noisy,
with those who expressed their opinions doing so
in a one-sided manner, with heckles and angry
shouts flying across the venue. In the deliberative
process, participants must discuss the issues
calmly to confirm the basis for and dissimilarity
of their respective claims and encourage the
discovery of new approaches to the issues. The
formation of socially robust knowledge and the
democratization approach to knowledge produc-
tion, as proposed by the science-policy interfaces
research framework, is also premised on the
formation of a “forum for dialog.” However, it
was not the case at the explanatory and public
hearing meetings.

As their name would suggest, the explanatory
and public hearing meetings in August 2018 may
initially have been intended to be a two-way
communication between the ALPS Subcommit-
tee, providing an explanation to the public as the
public gave their opinions, which is a departure
from the traditional method of public hearings
where only the opinions of selected residents are
heard. Thus, one can appreciate that it could

potentially be an ambitious initiative. Ultimately,
it did not become a “forum for dialog.”

As the presiding body, the government seems
to lack a consistent stance in designing the “ex-
planatory and public hearings” as “forums for
dialog.” Thus, a “forum for dialog” between the
government, experts, and citizens and residents
was never formed, despite opponents of nuclear
power plants. Further, the process was half-
hearted, consisting only of conventional expla-
nations and public hearings by the government
and experts.

Subsequently, the ALPS Subcommittee held
its final seventeenth committee meeting on Jan-
uary 31, 2020, and released the ALPS Subcom-
mittee Report on February 10, 2020.

The report concluded that the most realistic
options among the five methods of disposal
presented in the “Tritiated Water TF Report” by
the Tritiated Water Task Force in June 2016 (i.e.,
geosphere injection, offshore release, vapor
release, hydrogen release, and underground bur-
ial) would be vapor release or offshore release.
The report also compares the merits and demerits
of vapor release and offshore release, noting that
the vapor release measure has no Japanese
precedent, monitoring may be destabilized by
factors such as weather conditions, and the
influence of rumors may be wider reaching than
offshore release. Although the ALPS Subcom-
mittee Report does not draw any conclusion, it
strongly suggests offshore release to be a more
realistic and reliable option than vapor release
and can be said to have, in practice, proposed
offshore release.

2.3.4 The Offshore Release of ALPS-
Treated Water as a Post-
Trans-Scientific Issue

Considering the formation of socially robust
knowledge and democratization of knowledge
proposed by the science-policy interface research
framework in depth and the issue of the offshore
release of ALPS-treated water as a post-trans-
scientific issue, the first point to be considered is
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the adoption of the two-stage approach between
the Tritium Water Task Force and the ALPS
Subcommittee. Moreover, the second point is
that for the duration (more than six years) of the
study process, from December 2013 to February
2020, except for explanatory and public hearing
meetings by the ALPS Subcommittee in August
2018, an investigation was conducted, exclu-
sively drawing on limited expert knowledge.

What the government presiding over the
“forum” envisaged was a government-led policy-
making scenario. In the first stage, the Tritiated
Water Task Force would present countermeasure
options from a technical perspective, followed by
a second stage in which the ALPS Subcommittee
would examine social angles, such as rumors,
narrowing down the options via dialog with
citizens and local residents.

The government may have contemplated this
two-stage approach to ensure the legitimacy of a
key policy in decommissioning 1F (i.e., the off-
shore release of ALPS-treated water legitimacy),
which has uncertainty, complexity, and ambigu-
ity risk characteristics. Was it not the case,
however, that the formation of diverse options
needed to be implemented as a knowledge pro-
duction that democratizes the process of forming
socially robust knowledge?

It is also highly puzzling that the above-
ground storage tank option was excluded from
the Tritiated Water Task Force’s considerations
from the outset. In the debate surrounding the
management and disposal of high-level radioac-
tive waste, long-term above-ground storage is a
well-known policy option grounded in the prin-
ciple of reversibility, which guarantees the right
of future generations to make policy decisions
(Matsuoka et al. 2019). For tritium (half-life:
12 years), with a much shorter half-life than
highly radioactive neptunium-237 (half-life: 2.14
million years) and zirconium-93 (half-life: 1.53
million years), above-ground storage is a realistic
policy option.

In any case, the activities of the ALPS Sub-
committee, premised on the five vaguely credible
policy option assessments of the Tritiated Water
Task Force, can only be called a failure of the
premise. It is also natural that the explanatory

and public hearing meetings held by the ALPS
Subcommittee based on this Tritium Water TF
Report did not result in the formation of socially
robust knowledge.

The tragedy of the ALPS Subcommittee,
whose discussions were based on the question-
ably reliable “Tritium Water TF Report” and held
explanatory and public hearing meetings, can be
attributed to the fact that it separated technical
considerations of potential countermeasures from
social considerations in the first place.

Regarding the formation of socially robust
knowledge proposed by the science-policy
interfaces research framework and the ultimate
democratizing approach to knowledge produc-
tion, technical and social aspects must not be
separated when considering options. It is only by
cooperation between technical and social exper-
tise and between technical and social expertise
and the local knowledge possessed by the local
community that the formation of socially robust
knowledge (i.e., reconstruction and decommis-
sioning knowledge) becomes possible.

2.3.5 April 13, 2021: The Government
Decision to Release ALPS-
Treated Water Offshore

Given that the ALPS Subcommittee Report was
published on February 10, 2020, the government
proceeded with discussions with relevant local
organizations in Fukushima, focusing on mea-
sures for offshore release. The government held
meetings to gather the opinions of concerned
parties seven times in Fukushima Prefecture and
Tokyo and heard opinions and solicited written
opinions from 43 people from 29 organizations,
including Fukushima Prefecture, local munici-
palities, neighboring Miyagi Prefecture, Ibaraki
Prefecture, other local governments; agriculture,
forestry, and fisheries businesses, consumer
groups; and economic organizations. Moreover,
the municipalities of Okuma and Futaba, on
which the site of 1F is located, and the Liberal
Democratic Party’s Headquarters for Accelerat-
ing Reconstruction After the Great East Japan
Earthquake, petitioned the government for an
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early decision on the policy for the disposal of
the treated water.

However, given the Act on Special Measures
against COVID-19, which was enacted in
response to its spread from early spring 2020
(enacted March 13, 2020), the decision to post-
pone the Tokyo Olympics for one year (March
24, 2020), the declaration of a state of emer-
gency, and the transition from the Abe adminis-
tration to the Suga administration, the official
decision by the government to release the ALPS-
treated water offshore was repeatedly postponed.

Finally, on April 13, 2021, the Japanese
government decided at the Inter-Ministerial
Council for Contaminated Water, Treated Water
and Decommissioning Issues to release the
ALPS-treated water in offshore, given the
increasing amount of contaminated water and the
fact that the storage tanks will reach capacity
circa autumn 2022. At the Inter-Ministerial
Council for Contaminated Water, Treated Water
and Decommissioning issues, Prime Minister
Suga said: “How to dispose of treated water is an
issue we cannot avoid while proceeding with the
decommissioning of the Fukushima No. 1 nu-
clear plant. The government will ensure the
safety of the water to a level that goes well within
the standards and take thorough measures to
address potential damage from negative rumors
about local products.” (Asahi Shimbun, April 13,
2021).

In light of the official decision on April 13,
2021, the Japanese government established the
“Inter-Ministerial Meeting for the Implementa-
tion of the Basic Policy on the Disposal of
ALPS-Treated Water” (meeting for the first time
on April 16, 2021) and established the “Inter-
Ministerial Meeting Working Group for the
Implementation of the Basic Policy on the Dis-
posal of ALPS-Treated Water” to exchange
opinions with various stakeholders, including the
Japanese government, TEPCO, Fukushima Pre-
fecture, Miyagi Prefecture, and Ibaraki Prefec-
ture. This working group met for the first time on
May 31, 2021, and held its sixth meeting on July
9, 2021. The METI Agency for Natural
Resources and Energy also established the Office
of Support for Responding to Damage from

Treated Water on April 27, 2021, and established
a system to support the implementation of
prompt and proportionate compensation for
damage caused by harmful rumors3.

Controlled concentrations and quantities of
tritiated water have been released from nuclear
power and reprocessing plants in Japan and
worldwide. The Japanese standard for tritiated
water discharge is 60,000 Bq (becquerel) per
liter. According to the plan for the offshore
release of ALPS-treated water from 1F, the
ALPS-treated water will be diluted approxi-
mately 100 times with seawater to achieve the
same standard as the operational target discharge
concentration of 1500 Bq per liter of water dis-
charged from the sub-drains of 1F (wells for
pumping groundwater near the main structure,
installed to prevent groundwater from entering
the damaged reactors). The offshore release of
ALPS-treated water will begin in 2023. About
140m3 of contaminated water is still generated
daily at 1F (as of 2020), and a total of
1,265,060m3 (as of June 17, 2021, TEPCO
website) of treated water (71% of which is not
yet fully treated) is stored in tanks, amounting to
approximately 900 trillion becquerels of tritium
(Asahi Shimbun, April 13, 2021).

The April 13, 2021, decision document
(Outline of the Basic Policy on Handling of the
ALPS-treated water [at TEPCO Fukushima
Daiichi Nuclear Power Station]) states that off-
shore release will be conducted at a level lower
than the annual total of 22 trillion becquerels, the
operating target for tritiated water discharge prior
to the accident at 1F. It is a method of discharge
to manage the impact of rumors as much as
possible. Assuming the total annual offshore
release of tritium to be 22 trillion becquerels, 900
trillion Bq � 22 trillion Bq/year = 40.9 years.
Assuming there is no increase from the current
total tritium level of 900 trillion becquerels, it
would take approximately 41 years to release all
the ALPS-treated water currently held into the
ocean. Assuming offshore release begins in 2023,
it will end in 2064.

The “Medium to Long-Term Roadmap,”
which defines the basics of the 1F decommis-
sioning policy, has consistently set “a goal of
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completing decommissioning in 30–40 years”
since the announcement that cold shutdown had
been achieved in December 2011. Ten years
have passed since 2011, and if we assume a goal
of completion after another 30 years, the goal is
to complete the decommissioning of 1F by the
end of 2051. The decision to release the ALPS-
treated water into the ocean to advance the pro-
ject to decommission 1F requires an additional
decade beyond the 2051 target to complete the
1F decommissioning project.

2.4 Why is It Challenging to Foster
Social Acceptance
of the Fukushima Innovation
Coast and the International
Education and Research Hub
Initiatives?

2.4.1 Low Awareness
of the Fukushima
Innovation Coast
Framework Among
Fukushima Citizens

The national government formulated the
Fukushima Innovation Coast Framework as a
national project, central to the Fukushima
reconstruction policy, and plans to open an
international education and research base in 2024
that will assume a commanding role therein. This
section focuses on the Fukushima Innovation
Coast Framework, and the international educa-
tion and research base and considers the recon-
struction of Fukushima as a post-trans-scientific
question.

The Fukushima Innovation Coast Framework
is “a national project designed to build a new
industrial infrastructure in the coastal region of
Fukushima Prefecture to recover the industries
that were lost there given the earthquake and
tsunami on March 11, 2011, and the nuclear
disaster.” (Fukushima Prefecture, Fukushima
Innovation Coast Framework Promotion Office
2020). The main project focuses on promoting
the buildup of advanced industries in eight fields:
decommissioning, robotics, drone technology,

energy, environment and recycling, agroforestry
and fisheries, medical care, and aerospace.

The Fukushima Innovation Coast Framework
originated from the Fukushima International
Research and Industrial City Study Group
(Akaba Study Group, chaired by Kazuyoshi
Akaba, Vice Minister of Economy, Trade, and
Industry and Director General of the Local
Nuclear Emergency Response Headquarters). It
was established in January 2014 and compiled
the “Fukushima International Research and
Industrial City (Innovation Coast) Framework
Study Group Report” (hereinafter the “Akaba
Study Group Report”) in June 2014.

This “Akaba Study Group Report” formed the
basis for the Fukushima Innovation Coast
Framework, which was positioned in the gov-
ernment’s “Framework Policy 2014” and
requested for inclusion in the FY2015 budget,
solidifying it as a national project within
Fukushima reconstruction policy. The Fukush-
ima Innovation Coast Framework was subse-
quently given legal status through the May 2017
revision of the Act on Special Measures for the
Reconstruction and Revitalization of Fukushima.
Moreover, the government established the Min-
isterial Council on the Fukushima Innovation
Coast Scheme in July 2017. In the same month,
the Fukushima Innovation Coast Framework
Promotion Organization was established as the
implementing organization, thereby establishing
the promotion system as a national project.

However, the level of recognition of the
Fukushima Innovation Coast Framework among
the people of Fukushima prefecture is low. For
the first time, the 2019 edition of the annual
Fukushima Prefectural Government Public
Opinion Survey asked about Fukushima resi-
dents’ awareness of the Fukushima Innovation
Coast Framework directly using a questionnaire
(Fukushima Prefecture 2019). The results
showed that 46.3% of the respondents “do not
know either the name or the contents” of the
Fukushima Innovation Coast Framework, and
37.1% “have heard of the name but do not know
much about the contents” of the Fukushima
Innovation Coast Framework (Fukushima Pre-
fecture 2019, p. 17).
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In fact, 83.4% of Fukushima Prefecture resi-
dents either do not know the name of the
Fukushima Innovation Coast Framework or had
heard of it but did not know what it is, which is a
shocking result for a national project. Perhaps
because the impact of the 2019 prefectural gov-
ernment opinion survey was significant, the 2020
prefectural government opinion survey did not
include a questionnaire item asking about the
level of awareness of the Fukushima Innovation
Coast Framework among Fukushima residents
(Fukushima Prefecture 2020).

Beyond the people of Fukushima Prefecture
having a low awareness of the Fukushima
Innovation Coast Framework national project, it
is also challenging to explain the logic of the
initiative to those involved in the reconstruction
of Fukushima.

2.4.2 Creation of Regional Innovation
and the International
Education and Research

The creation of innovation requires the effective
functioning of two processes: a knowledge cre-
ation process to create new ideas and a resource
mobilization process to give form to such ideas
in society and the market (Matsuoka 2018a, b).
In particular, the existence of “knowledge hubs”
such as universities and research institutes, which
play the role of “forums” for knowledge creation,
is important for regional innovation.

Typical examples include Stanford University
(founded in 1891) in Silicon Valley, Califor-
nia; MIT (Massachusetts Institute of Technology,
founded in 1865) and Harvard University
(founded in 1636) on Route 128 in Boston,
Massachusetts; North Carolina State University
(founded in 1888); University of North Carolina
at Chapel Hill (founded in 1789); and Duke
University (founded in 1924) in the Research
Triangle Park (RTP, founded in 1959), North
Carolina.

Boston, in the eastern USA, is significantly
different from Fukushima Hamadori in history
and culture to allow for comparison. Silicon
Valley in California also has a history of active

industrial development through Stanford
University and other institutions since before
World War II and is now home to global com-
panies such as Apple and Intel, bearing little
comparison with Fukushima.

RTP in North Carolina, developed in the
southern part of the USA, may provide some
reference for the Fukushima Innovation Coast
Framework. RTP was established in 1959 by the
Research Triangle Foundation, comprising North
Carolina State University, the University of
North Carolina at Chapel Hill, Duke University,
state and local governments, and private com-
panies. Today, 300 companies, including IBM
and Cisco Systems, are concentrated within the
28Km2 site, employing 55,000 people4.

These business agglomerations and concen-
trations of creative talent (Florida 2008) include
two of the nation’s most prestigious universities,
having produced several Nobel Prize winners:
the University of North Carolina at Chapel Hill,
founded in 1789, and Duke University, founded
in 1924 by the Duke family, who made their
fortune in the tobacco industry5.

The challenge and incomprehensibility of the
Fukushima Innovation Coast Framework are that
it prioritizes a policy of attracting companies in
the form of the agglomeration of advanced
industries in eight fields, decommissioning,
robotics, drone technology, energy, environment
and recycling, agriculture, forestry and fisheries,
medical care, and aerospace. The creation of the
“forum” for the knowledge generation essential
to the agglomeration of these advanced industries
is discussed later in this paper.

On December 18, the National Reconstruction
Promotion Council (2020) (chaired by Prime
Minister Yoshihide Suga) established an inter-
national education and research base in the
disaster-stricken area of Fukushima Hamadori as
a new “knowledge hub” that plays a command-
ing role in the Fukushima Innovation Coast
Framework (definite plan).

According to the government’s definite plan,
the international education and research base will
serve as a “key center for creative reconstruc-
tion” in the Fukushima Hamadori area, which
suffered extensive damage from the nuclear
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disaster. It will assemble wisdom from within
Japan and abroad to develop the talent essential
for creative reconstruction, including environ-
mental restoration and the creation of new
industries.

Further, as the international responsibility of
disaster-affected countries, it will disseminate
and share experiences and achievements with the
world, using the strength and knowledge gained
to strengthen Japan’s industrial competitiveness
and generate innovations to solve issues shared
by Japan and the rest of the world (Reconstruc-
tion Agency, 2020, p. 1). Five specific research
fields are being examined: robotics, agriculture,
forestry and fisheries, energy, radiation science,
and the accumulation and dissemination of data
and knowledge on nuclear disasters.

Incidentally, the Mainichi Shimbun (March 7,
2021) published an article titled “10 years after
the Great East Japan Earthquake, townspeople
are cold to the innovation initiative.” The article
describes a study session on the international
education and research base held by the Recon-
struction Agency at the Namie Town Chamber of
Commerce and Industry on January 18, 2021.
The Reconstruction Agency explained that the
international education and research base would
“include about 600 researchers and aim to create
5000 jobs, including [jobs] in the surrounding
areas,” and “there are precedents such as Tsu-
kuba, which has 10,000 researchers.”

Meanwhile, a Namie resident in attendance
embodied the cold response of local residents,
saying, “It’s pie in the sky. Everyone’s puzzled.”
The report introduces earnest voices from those
involved in the Namie Town Chamber of Com-
merce and Industry, saying, “There is a definite
gap between the reconstruction sought by the
townspeople and that envisioned by the town, the
prefecture and the national government,” and
“We are told that it will take many years to turn
Namie Town into an advanced industrial city, but
we need to survive today... it has been 10 years
since the earthquake.”

The international education and research base,
established as a national research and develop-
ment (R&D) agency in the nuclear disaster-
stricken area of Fukushima Hamadori, is

scheduled to partially (fully) open in 2023(2024).
What should be considered carefully here is that
it takes at least 30 to 40 years for the societal
effects of “knowledge hubs” such as universities
and research institutes to manifest, as in the case
of Silicon Valley in California and RTP in North
Carolina; such a turnover does not happen
overnight.

Diverse creative human resources and a net-
work of human relationships are formed over
time, resulting in the buildup of rich social rela-
tionship capital, characterized by trust, reciproc-
ity, and networks. A “knowledge ecosystem” in
the local community is formed by accumulating
rich social relationship capital within the local
community, driving the knowledge creation and
resource mobilization processes required for
regional innovation.

2.4.3 The 2014 Akaba Research
Group and Fukushima
Reconstruction as a Post-
Trans-Scientific Question

This segment considers the reconstruction of
Fukushima as a post-trans-scientific question by
reflecting on the discussions of the 2014 Akaba
Study Group, the starting point of the Fukushima
Innovation Coast Framework, and the interna-
tional education and research base.

On January 21, 2014, the first meeting of the
Fukushima International Industrial City (Inno-
vation Coast) Framework Study Group was held,
chaired by Kazuyoshi Akaba, then Vice Minister
of Economy, Trade and Industry and Head of the
Nuclear Emergency Response Headquarters. The
study group comprised 21 members, including
officials from the national government, such as
the METI, the Reconstruction Agency, the
Ministry of the Environment, and the Ministry of
Agriculture, Forestry and Fisheries. It also com-
prised officials from local municipalities, such as
Fukushima Prefecture, Iwaki City, Futaba Dis-
trict Town and Village Association, Soma Dis-
trict Town and Village Association, and Minami-
soma City; officials involved with nuclear offi-
cials, such as the Tokyo Electric Power
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Company, JAEA, and International Research
Institute for Nuclear Decommissioning; and
university officials. The METI led the Akaba
Study Group. However, it can be surmised that
the group considered the development of the
framework using a top-down approach that
emphasized consensus building across a wide
range of stakeholders, including the state and
local communities.

Incidentally, the chairperson of the study
group, Kazuyoshi Akaba, toured the USA
between January 12 and January 19, 2014, just
before the first study group meeting, and visited
Texas A&M University and Hanford. The
“Akaba Study Group Report” (2014) was com-
piled on June 23. Nonetheless, it is reasonable to
assume Kazuyoshi Akaba had already solidified
the basic points of his concept by late 2013.

The document “Document 5: Matters to be
considered by the study group” from the first
meeting held on January 21, 2014, sets out the
following five points as the purpose of estab-
lishing the study group (Fukushima International
Research and Industrial City [Innovation Coast]
Framework Study Group [Akaba Study Group]
Secretariat, 2014, p. 2).

The local economies of many of the munici-
palities in Hamadori have formed around the
business activities of nuclear power-related
companies, and the decommissioning of the
nuclear power plant will result in the loss of that
foundation. Henceforth, it will be necessary to
create new technologies and industries to rebuild
the industrial base of the region and realize the
recovery of the entire regional economy.

However, considering the decommissioning
of the Fukushima Daiichi Nuclear Power Plant
over the next 30–40 years, it is necessary to
establish R&D centers in a wide range of fields,
including robotics, prototype production, and
production centers for parts, components, and
consumables that support the R&D and decom-
missioning work, together with training and
education centers for researchers and engineers
engaged in these activities in the surrounding
areas, thus ensuring smooth decommissioning.

Many researchers and related industrial
workers live in the area during the R&D to

decommissioning process. Therefore, it will be
necessary to improve various services and life
and transportation infrastructure for the new
residents.

The strategic development of international
research and industrial base is a nursery for the
agglomeration of research and industries related
to decommissioning, and the comprehensive
development of policy necessary to form indus-
trial clusters over a wide area beyond the con-
ventional municipality framework induces the
creation of new technologies and new industries
in the future.

Further, to clarify the direction of regional
industrial policies that should be implemented in
the areas affected by the nuclear power plant
disaster, the “Fukushima International Research
and Industrial City (Innovation Coast) Study
Group” will be established as a private, round-
table meeting with the head of the Local Nuclear
Emergency Response Headquarters, Mr. Akaba,
where experts from the industry, academia, and
government will discuss the future direction of
R&D and industry and human resource devel-
opment bases, together with regional develop-
ment. By June, proposals for future visions for the
regional economy, necessary steps to take, and
support measures should have been compiled.

In general, the report emphasizes that the
creation of new industries to replace the nuclear
power industry is essential for the regional
reconstruction of R&D and industry and human
resource development bases. Moreover, regional
development based on industrial clusters
involved with the decommissioning of 1F should
be developed over a wide area extending beyond
the conventional municipality framework.

Similarly, in “Document 5” from the first
study group session, under “Preservation and
development of ruins from the earthquake,” some
fascinating points are made, including “[is it not]
important to preserve facilities and data from the
1F and 2F (Fukushima Daini nuclear power
plant) for education and training purposes?” and
“From the perspective of education and training,
[is there not] a need to preserve the facilities and
archive materials to ensure an understanding of
the situation at the time of [the] accident is
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passed on to future generations?” (Fukushima
International Research and Industrial City
(Innovation Coast) Framework Study Group
(Akaba Study Group) Secretariat, 2014, p. 37).

The Akaba Study Group, beginning on Jan-
uary 21, 2014, completed its role by compiling
the “Report of the Study Group on the Fukush-
ima International Industrial City (Innovation
Coast) Framework” (“Akaba Study Group
Report”) as early as at the 7th Study Group
Meeting on June 23, 2014.

Section 2.2 of the “Akaba Research Group
Report,” released on June 23, 2014, states that
“2. International joint industry-academia-
government research site for domestic and for-
eign research institutions” is the starting point of
the international education and research base
currently being promoted by the Reconstruction
Agency. It is stated that “possible research
themes include research examining environmen-
tal contamination and environmental recovery,
research into the restoration of agriculture, for-
estry, and fisheries, research into robotics tech-
nology, technical research involving the
reconstruction of Fukushima, social science
research, medical research linked to ensuring
residents’ health, and advanced basic research
related to solving the problems of decommis-
sioning and contaminated water” (Akaba
Research Group, 2014, p. 14), clearly positioning
social science research linked to the reconstruc-
tion of Fukushima.

The discussions and reports of the Akaba
Study Group, which formed the starting point for
the Fukushima Innovation Coast Framework and
International Education and Research Base, dis-
cuss the preservation of Fukushima Daiichi and
Fukushima Daini nuclear power plants from an
educational and academic perspective, clearly
positioning social science studies linked to the
reconstruction of Fukushima as a topic of
research within the international joint industry-
academia-government arena, thus underpinning
the current Reconstruction Agency International
Education and Research Base.

The Akaba Study Group substantively formed
the idea in late 2013 and published it as the
Akaba Study Group Report in June 2014. Seven

years have passed since then, and it is necessary
for the Fukushima Innovation Coast Framework
and the International Education and Research
Base to go back to the starting point of the pro-
ject—the Akaba Study Group.

However, merely going back to the starting
point does not clarify the question of the
Fukushima reconstruction as a post-trans-
scientific question (Unknown Unknowns). In
addition to the top-down approach planned by
the Akaba Study Group (the top-down or
bottom-up binary is not particularly significant to
Fukushima’s recovery from the nuclear disaster:
both are important and necessary), creative
reconstruction must materialize the knowledge
creation process and resource mobilization pro-
cess through the formation of a “forum for dia-
log” between diverse experts and residents.

2.5 The Strong Path Dependency
of the Fukushima
Reconstruction and 1F
Decommissioning Policies
and the Need for Social
Innovation

This chapter examines the “Balancing Recon-
struction with Decommissioning” problem of
reviving Fukushima from a double disaster called
the Great East Japan Earthquake and the 1F
(Fukushima Daiichi Nuclear Power Plant)
nuclear disaster. This chapter contributes to
SDGs 11; Make cities and human settlements
inclusive, safe, resilient and sustainable.

This chapter defines the issues surrounding
the reconstruction of Fukushima and the
decommissioning of 1F as post-trans-scientific
issues. It discusses the challenge of fostering
social acceptance of the release of ALPS-treated
water created through the decommissioning of
1F into the ocean and the challenge of fostering
social acceptance of the Fukushima Innovation
Coast Framework and the international education
and research base in the course of the recon-
struction of Fukushima.

The accidental offshore discharge of contam-
inated water in August 2013 was a major turning
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point in the processes surrounding the issue of
the disposal of treated water, and the Tritiated
Water Task Force was established in December
2013. The Tritium Water Task Force, comprising
only technical experts, compiled the “Tritium
Water Task Force Report” on June 3, 2016,
substantively decided offshore discharge to be
the most practical direction to take. The subse-
quent ALPS Subcommittee, which included
social science experts, also moved discussions
along with the path dependency of legitimizing
the offshore release, and the February 2020
“ALPS Subcommittee Report” settled on the
offshore release of ALPS-treated water.

This path-dependent discussion process
between government and experts can be under-
stood as a process of legitimization for stake-
holders who are members of the “forum” in that
the options are narrowed down during the pro-
cess of building up evidence-based discussions.
However, for residents consistently excluded
from the “forum for dialog” of task forces and
committees on various options available for the
disposal of the ALPS-treated water, even if they
are asked to express their opinions, being told by
the government that the options have been nar-
rowed down to a final decision (offshore release)
does not foster social acceptance or ensure the
legitimacy of the decision.

The Akaba Study Group was the origin of the
Fukushima Innovation Coast Framework and the
international education and research base,
national projects central to the Fukushima
reconstruction policy. The Akaba Study Group
began in January 2014, compiling the “Fukush-
ima International Industrial City (Innovation
Coast) Framework Study Group Report”
(“Akaba Study Group Report”) in June 2014.
Based on the Akaba Study Group Report, the
Fukushima Innovation Coast Framework has
been established as a national project, and an
international education and research base has
been envisioned to assume a commanding role
therein.

However, the Fukushima Innovation Coast
Framework and the international education and
research base have low levels of recognition and
expectation among the people of Fukushima

Prefecture and cannot be said to have fostered
social acceptance as policies for the reconstruc-
tion of Fukushima. This notion is strongly
influenced by the fact that the Akaba Study
Group, the origin of the project, was grounded in
a top-down approach led by political, adminis-
trative, and Tokyo-based leadership at the outset.
The subsequent Fukushima Innovation Coast
Framework and international education and
research base were fundamentally conceived and
implemented following the path laid out by the
Akaba Study Group.

However, there were some interesting issues
in the 2014 discussions of the Akaba Study
Group, such as the preservation of 1F and a clear
mention of the importance of social scientific
research linked to the reconstruction of Fukush-
ima as a research theme for the formation of an
international “knowledge hub.” Many things can
be learned from the Akaba Study Group by
tracing its roots.

Had an approach to post-trans-scientific issues
been developed during the seven years between
the June 2014 Akaba Study Group Report and
today, the degree of recognition and expectations
of the people of Fukushima Prefecture toward the
Fukushima Innovation Coast Framework and the
international education and research base might
be quite different.

If the political, governmental, and Tokyo-led
initiatives of seven years ago had been replaced
by more concrete attempts to establish a knowl-
edge creation process and resource mobilization
process through the formation of a “forum for
dialog” between a diverse range of experts and
residents, it would have been possible to develop
the Fukushima Innovation Coast Framework and
the international education and research base in
collaboration with local communities.

The path dependency of the Fukushima
reconstruction and 1F decommissioning policies
is strong, and unlocking ourselves from the
existing pathway is challenging. However,
regarding post-trans-scientific issues, to formu-
late policies that enable the reconstruction of
Fukushima (the Fukushima Innovation Coast
Framework and international education and
research base) and the decommissioning of 1F
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(the offshore release of ALPS-treated water and
removal of debris), thereby fostering social
acceptance and understanding of these policies, it
is essential to create social innovation by creating
a “forum for dialog” among experts, government,
and residents.

Notes

(1) The current (as of July 18, 2021) difficult-
to-return zone comprises seven municipali-
ties (Minami-soma City, Iitate Village,
Katsurao Village, Namie Town, Futaba
Town, Okuma Town, and Tomioka Town),
approximately 3.37 million km2, and
approximately 20,000 registered residents.
The Specified Reconstruction and Revital-
ization Base (approximately 27.5 km2) is
expected to have its evacuation order lifted
in 2022 or 2023. For the remaining areas,
the tenth proposal made by the Liberal
Democratic Party’s Headquarters for
Accelerating Reconstruction after the Great
East Japan Earthquake on July 6, 2021,
calls for the lifting of evacuation orders for
all areas in the 2020s (Mainichi Shimbun,
July 7, 2021), though it remains uncertain.

(2) The term “ALPS-treated water” has been
used since the official decision to release
water into the ocean on April 13, 2021. The
Ministry of Economy, Trade and Industry
(METI) states that ALPS-treated water is
defined as “water that meets the regulatory
criteria for environmental release for
nuclides besides tritium.” https://www.meti.
go.jp/press/2021/04/20210413001/
20210413001.html (accessed on July 15,
2021).

(3) Please refer to the following website for
more information on the Office of Support
for Responding to Damage from Treated
Water at the Agency for Natural Resources
and Energy of the METI: https://www.meti.
go.jp/press/2021/04/20210427003/
20210427003.html (accessed on July 15,
2021).

(4) For more information on RTP companies
and employment data, please visit: https://

www.bizjournals.com/triangle/subscriber-
only/2019/05/10/largest-research-triangle-
park.html. (accessed on July 15, 2021).

(5) The University of South Carolina at Chapel
Hill has produced nine Nobel laureates, and
Duke University has produced 15 Nobel
laureates (up to 2019).
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3Rural Development in Japan

Mototsugu Ochiai

Abstract

In this chapter, I will give an overview of the
development of rural areas in Japan and then refer
to the problems that they currently face, such as
the weakening of the community, deterioration
of the management function of the local envi-
ronment, deterioration of the function of agricul-
tural producers, damage caused by wildlife birds
and beasts, and response to climate change and
disasters. Thereafter, I shall discuss the rebuild-
ing of communities through exchanges with
cities, establishingnext-generation agriculture by
utilizing information and communication tech-
nology (ICT), developing renewable energy by
utilizing local resources, and establishing new
connections that complement each other’s roles
within the region, as necessary, for sustainable
rural development in the future. Hence, this
chapter is related to all 17 goals because it
describes the sustainable development of rural
areas and, in particular, contributes to the “Sus-
tainable Cities and Communities” of SDG 11.

Keywords

Rural development � Community �
Settlement � Local resources � Agriculture

3.1 Introduction

This chapter contributes to the “Sustainable
Cities and Communities” of SDG 11.

In this chapter, I will first give an overview of
the development of rural areas in Japan and then
touch on the problems these areas are currently
facing, such as weakening of the community,
deterioration of the management function of the
local environment, deterioration of the function
of agricultural producers, damage caused by
birds and beasts, and response to climate change
and disasters. Finally, I discuss the rebuilding of
communities through exchanges with cities,
establishing next-generation agriculture by uti-
lizing ICT, developing renewable energy by
utilizing local resources, and establishing new
connections that complement each other’s roles
within the region as necessary for sustainable
rural development in the future.

3.2 Development of Rural Areas
in Japan till Date

3.2.1 Rural Areas up to the 1940s

Rice farming, which was introduced in Japan
during the Yayoi period, has been the center of
Japanese agriculture to date and has had a great
influence on the formation of settlements where
people live. It requires farmland and water and
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requires the cooperation of groups, not individ-
uals, to develop and maintain farmland and
waterways. In addition, because cooperation is
required for harvesting work, groups were
formed in that cooperative relationship, which
later formed settlements. Although various gov-
ernance mechanisms have emerged over time
and various systems related to agriculture and
rural areas have been applied accordingly, these
settlements are still the smallest regional units in
Japan.

3.2.2 Rural Areas Since the 1950s

At the end of World War II, there was an urgent
need for postwar reconstruction throughout
Japan, including major changes in rural areas.
The land reform dismantled the former parasitic
landlord system (form of farming management,
in which a landowner, who owned many farm-
lands, rented his farmland to a farmer called a
tenant farmer and obtained a tenant fee as rent),
and many small landed farmers emerged. The
Cropland Act was enacted in 1952 to stabilize the
status of these farmers. As a result, although the
Agricultural Commission established in the
municipalities permitted the sale and rent of
agricultural land, this was to be suppressed, and
self-produced farming was to be protected.

As a consequence of postwar reconstruction,
the Japanese economy, centered on heavy
industry, has developed tremendously, mainly in
urban areas. During that time, rural areas sup-
plied labor, land, and water to rapidly developing
urban areas. As a result, the disparities between
urban and rural areas and between industry and
agriculture have widened, and the problems of
depopulation, aging, overdevelopment, land use
confusion, and pollution have arisen in rural
areas. The Agricultural Basic Act, enacted in
1961 with the aim of reducing these disparities,
stipulates the basic direction of agricultural pol-
icy and realizes an increase in agricultural
income through improvements in agricultural
productivity.

One of the major events in Japanese agricul-
ture centered on rice farming is the “rice surplus”
and the accompanying “rice acreage-reduction
policy.” Rice production increased as a result of
various agricultural reforms, such as postwar
reconstruction and policies such as the Agricul-
tural Basic Act, and by the end of the 1960s,
production exceeded consumption. The Ministry
of Agriculture, Forestry, and Fisheries requested
that farmers reduce their production areas to curb
production and maintain rice prices. Despite the
completion of this rice acreage-reduction policy
in FY 2018, about one-third of the paddy field
area is not used for producing rice, but to pro-
duce wheat and soybeans instead.

Furthermore, owing to a period of high eco-
nomic growth, a large demographic, especially
the younger age group, moved from rural areas to
cities. As a result of this trend continuing until
now in rural areas, the birthrate is declining, the
population is decreasing and aging, and the term
“marginal settlement” has become synonymous,
especially in the hilly and mountainous areas that
have a high aging rate of population. With such a
population decline, declining birthrate, and an
aging population, issues have arisen, such as the
weakening of rural communities, lack of supply
of living services, deterioration of the functions
of agricultural producers, lack of management of
rural resources, damage caused by wildlife, and
response to disasters (details of these issues are
outlined in Chapt. 3).

3.2.3 Settlement as a Japanese
Community

Administratively, the entire country is divided
into regional units, which are further divided into
prefectures and municipalities. Conversely, the
smallest and most basic self-government unit in a
rural area is the settlement, which has the smallest
and strongest relationships between residents and
can be termed a local community. Each settle-
ment has a more autonomous function than
before, which is still important, and discussions
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are held on a settlement basis when deciding on
something in the area. As a “connection” (Yui in
Japanese), a settlement is still very closely related
to the lives and livelihoods of local residents,
such as helping each other in agricultural work,
cooperating in the development of agricultural
land and waterways for agriculture, and holding
festivals and ceremonial occasions. In rural areas,
various activities continue to be carried out,
considering the settlement as a unit.

These photographs, Figs. 3.1, 3.2, 3.3, 3.4,
3.5, 3.6, 3.7, and 3.8, are typical rural landscapes
of Japan.

3.3 Problems in Current Rural Areas

The problems currently faced by rural areas are
intricately intertwined. The depopulation trend in
the rural areas of Japan began in the 1950s and
has not changed even now. One cause is the
increase in employment due to economic devel-
opment in urban areas during periods of high
economic growth. Most of the population decline
is due to the outflow of young people to cities,
which causes problems such as the weakening of
communities, deterioration of the functions of
agricultural producers, and poor management of

the local environment. Furthermore, owing to
these factors, the damage caused by wildlife, as
well as disasters, is expanding. In addition, the
supply of services necessary for various lifestyles
has stagnated. This has led to a vicious circle of
further population decline. The following sec-
tions describe each of these issues.

3.3.1 Weakening of the Community

When many young people living in rural settle-
ments graduate from high school, they leave the
settlement by going to university or getting a job
in the city. As the number of people living in
settlements decreases, the power of the commu-
nity weakens in many settlements. If the popu-
lation decreases sharply, it will not be possible to
hold ceremonial occasions such as festivals,
which were previously held in the settlement
through mutual assistance. Roads will become
unmanageable for driving, and the number of
people who can take up official positions in the
settlements will be limited. The settlement will
eventually cease to function as a rural commu-
nity. There are many autonomous settlements in
rural areas in which functioning as a community
can no longer be fulfilled.

Fig. 3.1 Maintained paddy
fields (Yamagata Prefecture)
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In Japan, settlements are called “marginal
settlements if the percentage of elderly people
(aged 65 and over) accounts for more than 50%
of the population. The term is used to signify that
there is a limit to how settlements function as a
community and enable people to live there. This
term symbolizes the weakening of rural
communities.

3.3.2 Lack of Various Living Services

In rural areas, the critical mass refers to the
minimum population required to maintain a ser-
vice. If the population declines and interrupts this
critical mass, then with regard to public services,
such as government offices, schools, post offices,
hospitals, and services, such as gas stations,

Fig. 3.2 Spacious fields
(Hokkaido)

Fig. 3.3 Rice terraces in
mountainous areas (Yamagata
Prefecture)
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shops, and public transportation in the region,
residents’ access to services becomes more diffi-
cult year by year due to integration and reduction
of the supply side. In fact, in many rural areas, the
number of public transportation systems, such as
railroads and fixed-route buses, has decreased

owing to a decrease in the number of passengers
caused by the declining population. There have
been cases in which they were compelled to
withdraw from the area. Similarly, a decline in the
number of users forced gas stations and shops to
close or withdraw from the area.

Fig. 3.4 Tea plantations
(Shizuoka Prefecture)

Fig. 3.5 Reservoir for
sending water to rice fields
(Oita Prefecture)
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3.3.3 Deterioration of the Function
of Agricultural Producers

The shortage of farmers’ successors has become
a major problem due to the outflow of young
people from rural areas. Previously, farmers who
were aging and unable to farm asked other
farmers in the settlement to cultivate when they

had no successors. Because it is easy to cultivate
on flat land, many farmers are willing to receive
such farmland. However, in hilly and moun-
tainous areas, where the tendency of population
decline is even more severe, there are few
recipients, particularly since farmland is small
and irregular, and it is difficult to handle agri-
cultural machinery. Furthermore, there is no one

Fig. 3.6 Settlement in a
mountainous area (Fukuoka
Prefecture)

Fig. 3.7 Thatched roof
houses (Toyama Prefecture)
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who can take over and cultivate the farmland of
other farmers because the recipients themselves,
who are also aging, are exhausted from culti-
vating their own farmlands. As a countermeasure
to these problems, the number of areas where
community farming is being implemented is
increasing.

3.3.4 Deterioration of the Function
for Managing the Local
Environment

Until 50 years ago, there were many places in
rural Japan where electricity and gas could not be
used, and firewood was used to prepare meals
and boiling water for bathing. To secure this
firewood, rural areas managed the mountains
near their settlements, called “satoyama,” a
Japanese term applied to the border zone or area
between mountain foothills and arable flat land.
However, with the availability of electricity and
gas, firewood should not be secured and moun-
tains should be managed. In addition, the number
of people entering the mountains has decreased
due to the slump in the forestry industry. Hence,
mountains are no longer managed. Further,
owing to the declining and aging population

within the settlements, the number of abandoned
cultivated lands as well as vacant houses, whose
inhabitants have disappeared, is increasing. In
addition, there are cases in which farm roads and
waterways cannot be managed sufficiently.

Thus, the management function of the local
environment is declining in many mountains,
farmlands, and living environments in rural
areas.

3.3.5 Damage Caused by Wildlife

In recent years, especially in the agricultural
lands of hilly and mountainous areas, damage
caused by wild boars, deer, and monkeys has
become a major problem. One reason why the
damage is more widespread than before is that
the relationship between people, mountains, and
farmlands has changed. As mentioned in the
previous section, examples of this include the
fact that owing to fewer opportunities for people
to enter the mountains, animals have come closer
to settlements where people live, and abandoned
farmlands have become a place for wildlife to
hide. Another factor is that wildlife habitats of
wildlife have changed due to climate change,
such as global warming. Wild boars have

Fig. 3.8 Waterways and
turbines (Fukuoka Prefecture)
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become common in the Tohoku region in recent
years and have been previously unseen. Rural
residents are taking measures against these
damages, such as enclosing the entire settlement
with a 2-m-high fence (to prevent deer from
jumping over), enclosing the farmland with an
electric fence, traps for animals, etc.

In addition, the physical damage—eating the
produced agricultural products and digging up
the surface of the farmland—that is, of course,
extensive, mental damage to the farmer is also
great. In particular, elderly farmers give up
farming because they think, “the animals are just
going to eat them, so why bother.” According to
national statistics, in recent years, the amount of
damage caused by wildlife has decreased. This is
partly owing to the fact that measures to protect
farmlands with fences have been effective, but
conversely, farmers who have given up farming
may not have presented the amount of damage.

3.3.6 Damage Caused by Climate
Change and Disasters

Global warming has gradually affected agricul-
ture in Japan. For example, the production area
may change in the case of agricultural products.
In addition, the frequency of torrential rains is
higher than before, and damage occurs almost
every year somewhere in Japan, most of which
damages rural settlements and agricultural lands.
Furthermore, great damage has also been caused
by large earthquakes, such as the Great East
Japan and Kumamoto earthquakes. Damage to
rural areas, which is already in a difficult situa-
tion due to population decline and aging, will
cause great damage to the areas and residents.

3.4 What is Necessary
for the Sustainable
Development of Rural Areas
in the Future?

The declining population has led to the occur-
rence of the deterioration of local environmental
management, expansion of damage by wildlife

and disasters, and reduction of the supply of
living services, and it can be said that the vicious
cycle of further population decline caused by
these factors is a major issue facing rural areas.
Conversely, to sustainably develop rural areas, it
is important to make the best use of their
strengths, break this vicious circle, and move
toward a virtuous cycle.

3.4.1 Rebuilding the Community
by Interacting
with People Outside
the Region, Such as Cities

To rebuild a weakened community, it is nec-
essary to stop population decline and move
toward maintaining or increasing the popula-
tion. It is conceivable that people will not leave
the settlement to maintain or increase the
population. Instead, they return to the settle-
ment, and new people may even come to the
settlement.

However, regarding the fact that “people do
not leave the settlement,” the tendency of young
people to move out continues, and dealing with it
is difficult. It is conceivable to build attractive
destinations such as universities or workplaces in
rural areas, but rural areas cannot compete with
cities in this regard. Therefore, the advantages of
rural areas that are not found in cities must be
considered.

“People returning to settlements” is the so-
called U-turn, which means that persons, who
have left the settlement, will return again. Having
lived there before, they are acquainted with the
local residents and know the local circumstances;
thus, the hurdles are fewer than when they move
to a new place. Nevertheless, it is necessary to
prepare an environment in which people who
have left once can return again. Moreover, in
recent years, the term “grandchild turn” has been
used to describe a phenomenon in which the
children of people who left the settlement and
went to cities migrate to a rural area where their
grandparents are. What should be considered first
is that people who were originally related to the
area will return.
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It is conceivable that new people will move to
the settlement as the next step for U-turns. This is
called “I = turn.” When urban residents move to
a rural area, there is an attraction toward a place
to live in that area and work that can be done
there. Hence, the issues are as follows: a house to
live in and farmland to farm. In rural areas,
vacant houses have become a problem owing to
the declining population, and although the gov-
ernment operates “vacant house banks” to intro-
duce vacant houses to those who wish to move,
in reality, it is not easy to rent vacant houses.
Many homeowners, who have left the area and
now live in the city, are reluctant to let go
because “there is a Buddhist altar” or “they return
and stay once a year.” It is not possible to rent
farmland unless there is a relationship between
trust and the owner. It is important to have a
good relationship between newcomers and the
community, including teaching agriculture after
borrowing. In addition, owing to the COVID-19
pandemic, many companies in Japan allow
remote work, and a younger generation that
seeks a new life of living in rural areas and
working remotely in urban companies is emerg-
ing. They were expected to be members of a new
community.

However, although policies regarding U-
turns and migration have been implemented in
rural areas throughout Japan to maintain and
increase population, it is difficult to achieve
results. In recent years, the concept of the
“related population” has been presented, saying
that it is important to have a continuous rela-
tionship, even if it is not “living” in a rural
area. There are ways to connect with various
rural areas, for example, a person has left the
area but lives at a distance of about an hour by
car and on weekends goes home to help with
farming; or urban residents continue to have
relationships with rural areas as a result of
urban–rural exchanges, such as farming expe-
riences and lodging at farmer guesthouses. To
rebuild the community, in addition to complete
U-turns and migration, measures to include
people who are not living in rural areas but are
continuously involved in the community as its
sub-members are needed.

3.4.2 Establishment of Next-
Generation Agriculture
Utilizing ICT

Although the issue was the decline in the func-
tions of agricultural producers, “smart agricul-
ture” utilizing ICT has been proposed as a
method to address this issue. There are unman-
ned rice transplanters and combine harvesters
equipped with GPS, drones that automatically
fertilize, and automatic mowers that move even
on slopes. For large-scale agriculture in plains, it
is possible to develop farming in a large area
with a smaller number of people. Meanwhile, in
hilly and mountainous areas, ICT is expected to
play an active role in dangerous and labor-
intensive work, such as mowing ridges that have
become large due to slopes. In addition to
reducing labor related to agricultural work
through mechanization, ICT is expected to be
utilized to make agricultural management smar-
ter, such as cultivation management, work pro-
cess management, and the inheritance of elderly
people’s agricultural experiences.

In Japan, machines were introduced into farm
work in earnest in the 1960s, and it became
possible to carry out farm work with a smaller
number of people. In addition to being a neces-
sary technology introduction in rural areas,
where the population is declining and aging, it
also means that a smaller number of people
would be sufficient for farming. As technology
progresses and fewer people are involved in farm
work, one possible extreme in the future is that
rural areas will be empty and cities will be able to
remotely control agricultural facilities and
machinery. With an eye on the future image of an
ideal rural area, ICT should be used to support
the future image of rural society.

3.4.3 Development of Renewable
Energy Utilizing Local
Resources

“Decarbonization” has become the mainstream
worldwide. Likewise, in Japan, the shift from
petroleum-derived energy to renewable energy
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will progress given that renewable energy has a
high affinity for rural areas. For example, energy
supply utilizing woody biomass comprises
energy derived from wood, which is abundant in
rural areas and is considered a method that can
reduce carbon dioxide emissions while properly
managing forests. The use of small hydropower,
wind power, and solar power has a high affinity
in rural areas. In Japan, where rice farming is
flourishing, long waterways are laid out in rural
areas, and power generation by small
hydropowers using this water flow can be
expected. Until now, rural areas have had to pay
external agencies to obtain energy derived from
petroleum, but if it is renewable energy, it can be
produced within the area. Furthermore, if it is
possible to sell it to the outside world, it will be
economically effective and sustainable.

Alternatively, we must focus on methods to
develop the installation location of such facilities
because there are large-scale facilities for gen-
erating wind and solar power. In particular, log-
ging in mountainous areas to install solar panels
may cause disasters due to debris flows and
landslides caused by heavy rain. Therefore, there
are many cases in which conflicts occur between
developers, neighboring residents, and local
governments. This is because previous laws on
land use in forest areas did not envisage the
development of solar panels and were not suffi-
ciently regulated. It is necessary to enact a law to
respond to such new situations.

3.4.4 Establishing New Connections
that Complement Each
other’s Roles Within
the Region

As a social aspect of rural areas, there is a
neighborhood association with settlement resi-
dents as a unit, and it is still a large presence
within a settlement. Each inhabitant participates
in the residents’ association in units of the
“family” and cooperates in situations, such as
ceremonial occasions, cleaning of waterways in
the area, and maintenance of common land. The
traditional role of these neighborhood

associations has focused on maintaining and
protecting settlements. In addition, discussions
and decisions on residents’ associations operate
in units of the family. Therefore, older men
participated as family representatives, and the
opinions of women and young people were
rarely considered.

However, the situation in rural areas has
changed drastically, and it is becoming difficult
to maintain and protect the area through con-
ventional methods, owing to the declining and
aging population. It is also necessary not only
to maintain and protect the area, but also to take
on new challenges, and the idea of a limited
number of older men is no longer sufficient. In
other words, a different activity entity was
required.

In addition to the involvement of residents’
associations, it is necessary to create a new
organization in which various local residents are
members, sometimes beyond the unit of settle-
ment, or by involving urban residents. Depend-
ing on the purpose of the activity, there can be
various forms, such as forming a group that
produces processed agricultural products with
women in the settlement as members, a group
that operates farmer restaurants and direct sales
offices, creating a new group of people involved
in rural tourism, forming an agricultural pro-
duction corporation with multiple settlement
leaders as members, or settlement residents and
urban residents forming a group to conserve rice
terraces.

The advantage of these individual group
activities was that, in the case of residents’
associations, since they comprised activities for
the entire region, the burden of activities and
profit equality were taken into consideration.
However, in the case of individual groups, since
decision-making can be made by the members of
the group, the range of activities can be expanded
and the speed of decision-making and activity
development can be increased. In addition, even
if there are problems, such as lack of human
resources or equipment with only one settlement,
it is possible to compensate for it by collaborat-
ing with multiple settlements or with the help of
city residents.
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Alternatively, it is important to understand
and support the entire region when working with
these individual groups in rural areas. For
example, in the case of female group activities,
some rural areas still have an atmosphere of male
domination, and male residents who do not
welcome female group activities may resist such
initiatives. In such cases, support from men in
women’s families is essential. Additionally, the
fact that only some groups are economically
profitable arouses the jealousy of other residents.
In such cases, it is better to return part of the
profit from group activities to the community. It
is indispensable to gain an understanding of the
entire region and continuously obtain support by
utilizing part of the profits made at the direct
sales offices and restaurants for the welfare of the
region.

National and local Japanese governments
have also started to support the activities of these
individual groups. The Ministry of Agriculture,
Forestry, and Fisheries will provide support to
regional management organizations.

Issues in rural areas are becoming more
complicated, and to deal with them, it is neces-
sary to seek a more flexible form of activity, not
just the conventional residents’ association, but
also public support.

3.5 Concluding Remarks

The title of this chapter, “Rural Development in
Japan,” can be rephrased as “Sustainable
Development of Rural Japan.” In other words, it
can be said that it is deeply related to all 17 of the
SDGs. In particular, not only the public sector,
such as the government, but also the private
sector, such as residents, will play a leading role
in rural areas in the future, and collaboration

between the public and private sectors, as well as
with urban residents who have relationships with
rural areas, will be important factors. The various
people inside and outside the rural area comple-
menting each other with their strengths will also
be an important factor. Therefore, the 17th goal,
“Strengthen the means of implementation and
revitalize the Global Partnership for Sustainable
Development,” is especially necessary for rural
development. In addition, the development of
renewable energy, that can be supplied by rural
areas in connection with the 15th goal, “Protect,
restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat
desertification, and halt and reverse land degra-
dation and halt biodiversity loss,” is greatly
related.
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4Sustainable Development Goals
from the Perspective
of Photographic Archives: A Case
Study on Photographs
from Occupied Japan

Yoichi Sato

Abstract

In this chapter, I present a novel way to examine
thehistorical backgroundof the issues discussed
in sustainable development goals (SDGs) using
historical photographs. Considering the 17
SDGs, and Japan’s occupation period (1945–
52) to construct a case study, I demonstrate how
to interpret the gaps and connections between
the situations observed during the occupation
period and the present. Finally, I refer to SDGs 7
and 11 in detail; however, this is not a summary
for a particular SDG, but a way to think about
the background of the issue for all SDGs.

Keywords

Photograph � Japan � Occupation period �
Photographic archives � Contemporary history

4.1 Introduction

4.1.1 Thinking from the Other Side

In this chapter, I consider how photography can
function for SDGs from old photographic

archives and make a proposal using these pho-
tographs taken in Japan immediately after the
end of the war as an example.

When I see the SDGs, the images that come to
mind are those of photographs that I collected in
Japan during its occupation (1945–52). “No
poverty (SDG1),” “zero hunger (SDG2),” and
“good health and well-being (SDG3)” were the
major issues facing Japan during the occupation.
The generation that lived through the postwar
period battled against these challenges. However,
the issues of “affordable and clean energy
(SDG7)” and “job satisfaction and economic
growth (SDG8)” are in different phases. For
example, the switch from charcoal to fossil fuels,
and the decline in the number of primary industry
workers did not occur until 1955, after the
occupation. These SDGs, therefore, images of
the prehistory of this issue to resurface.

The SDGs, as this book shows, are very broad
in scope and require various research approaches
to engage and involve many people. The SDGs
are a current and future issue; however in this
study, I consider what can be done from the
“opposite perspective” of historical photography.

4.1.2 My Research and SDGs

My research field is photo archiving (Satō 2006,
2015, 2021), which involves the collection of old
photographs from various places, passing them
on to those who need them, and considering how
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to utilize them for various people. However, I am
not aware of any paper or book that squarely
addresses the question of how photo archives can
help SDGs. Photo archiving is a public field.
There are many points of contact between col-
lecting, researching, and utilizing historical
photographs and advancing on the SDGs.

Photographs have many possibilities, espe-
cially those photos are “open to reading” for the
viewer (Ueda et al. 2021). It is not always a given
that the viewer will understand exactly what the
photographer intended, but the viewer can focus
on areas that the photographer was not aware of.
Photography allows the viewer the freedom to
make discoveries and encourages fresh thinking.

Although my research has mainly focused on
photographs of occupied Japan, I present a
methodology that can be applied in other parts of
the world under different conditions and at dif-
ferent times. I hope that readers will consider the
following text and study the photographs while
keeping in mind the history of the region, even
though they may not wholly be related to the
occupation or Japan.

4.2 The SDGs and the Role of
Photography

In this section, I present three main ways in
which photography contributes to SDGs.
(Fig. 4.1).

4.2.1 Encountering Photographic
Expression

In the specialized field of photographic expres-
sion, there exist photographers and news repor-
ters who present photographic works based on
their awareness of the issues expressed in SDGs.
There are also global events that curate and
introduce such works. For example, “The Prix
Pictet,” an award for photography and sustain-
ability (Fig. 4.2), decides on a theme each year
and nominates and awards photographers for
their work (The Prix Pictet 2021). In many cases,
the viewers are presented with trends and

conditions of the world that they may not have
been aware of. Through these photographs, the
viewers are able to imagine the situation and
share the photographer’s awareness of issues.

Fig. 4.1 Contribution of photography to SDGs

Fig. 4.2 The Prix Pictet. The photograph shows the
catalog of the 2021 theme “Fire”
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Some well-known photographic works can pro-
vide questions to be considered.

Most of us are committed to these photo-
graphic expression activities as viewers.
Encountering these works at some point in time
can open our eyes of interest. In addition to
promoting the creation of such works, it is nec-
essary to pick up the works, introduce them to
others, and communicate them widely.

4.2.2 Discover Through Photography

In the field of education, there are workshop
programs and contests in which students think
about SDGs by taking pictures of things that
interest them in their daily lives. SDG pho-
tograph contests, for example, the SDGs Student
Photo Contest (Fig. 4.3) launched in 2016, have
been held at various locations.

In the classroom, while learning the value of
the SDGs, students observe daily life, discover
problems, take pictures, and discuss them. By
taking photographs, we can build a bigger picture
using the fragmented facts embedded in our daily
lives. It confirms that we are also a part of the
problem and allows for discussion. This can be
done through various means—on a smartphone
inside or outside your home. The photographs
present in the camera roll of a smartphone can
also be analyzed.

Having a camera as a medium encourages
discovery, and looking at these photographs
further imparts values and views.

4.2.3 Thinking Through Archived
Photographs

The use of archived photographs makes it pos-
sible to consider the history of how humanity
acquired the values set forth in the SDGs. I at-
tempt to establish the role of these photographs
in this chapter. By comparing old photographs to
those of the present, we can confirm the gaps and
connections between them. For example, most of
the photographs of the occupation period pre-
sented here were taken around 1950, but we can

ask the following questions: What were the val-
ues of the world 70 years ago? What has
improved and what has not changed over the past
70 years? What were the common problems?
What are the new problems that have emerged?

Many digital archives of photographs are
available on the Internet. For example, Japan
Search is a leading portal site for digital archives
in Japan (Fig. 4.4), and we can very easily view
these archives on our own desktops.

4.3 Effectiveness of Using Photo
Archives and How to Utilize
Them

The values set forth in the SDGs are historical
initiatives based on the history of human strug-
gle, and without an attitude to learn from history
work toward the future, the significance of the
goals cannot be shared. If we do not know the
depth of the historical background or have a
“historical perspective” on the problems we face,
it is difficult to reach the goals.

In order to realize the SDGs, various factors
must be coordinated. These factors include the
relationship between humans and the earth, the
development of material civilization and its
relationship with nature, changes in lifestyles, the
increase in entropy, and the benefits and sacri-
fices of the cultural framework. As we learn more
about these factors, we can also discover ques-
tions that we can commit ourselves to, and con-
tinue to work on them as our own research
themes. Photography gives us a chance to think
about the connection between ourselves and the
big questions that humanity is facing.

4.3.1 Why Photography?

With the promotion of digitalization in society,
digitized data is being provided for various uses.
The digital image in the form of a photograph is
one of the targets of this trend. In the field of
humanities, there is a subfield called “digital
humanities.” Research using digital images has
also become increasingly common.
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First, what does a photographic archive mean
as a historical document?

A photograph is a material that provides an
opportunity to relive the long experience of
humanity. We own the experience in the form of
photographs and share it by preserving it as an
archive. Photography was invented in the 1820s.
In the 200 years since, various landscapes and

situations have been photographed, and these
photographs belong to the human race.

Additionally, photographs show facts as well
as perspective. When photographing a person,
the difference between taking a close-up of the
person alone or framing the image to include the
background is not just a difference in photo-
graphic technique, but also a difference in the

Fig. 4.3 Photo contests on
“SDGs” in Japan
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Fig. 4.4 Japan search: a leading portal site for digital archives in Japan
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way things are perceived. In addition to infor-
mation about the other side of the picture, it is
also possible to consider the differences in the
way we perceive things by reading information
about the distance from the subject, the height of
our gaze, and the framing.

With these points in mind, we will consider
what can be known from old photographs in the
next section.

4.3.2 How Can Old Photos Help?

By using photographs from the past, the analysis
of SDGs can take three forms (Fig. 4.5).

4.3.2.1 Tracing the Process
of Formation

How were the environment and society formed?
Using photographs, we can trace the process. In
particular, we can ask the question of what
changed and how it did not change during the
milestone period of the social transformation.

Additionally, how have perceptions of the
environment and society been shaped? How have
our perceptions of the environment and society
changed? These questions can be answered by
looking at actual photographs.

4.3.2.2 Reading the Way Issues Are
Recognized

The SDGs are based on the recognition of vari-
ous social and environmental problems. Photog-
raphy has also been used as a direct means of
documenting and sharing (or denouncing) such
issues. How long have the problems been rec-
ognized? What was the occasion? In what ways
were the problems captured in photographs? The

photographic document provides us with clues to
infer the answers to these questions.

4.3.2.3 Knowing How to Improve
or Develop a Response

If a problem has been recognized, and measures
have been taken to improve or respond to it, how
these methods have developed and evolved can
also be analyzed. Specific remedial measures can
change and evolve depending on the social
institutions, laws, and even technologies of the
time.

Not all measures bring about improvements
and forward movement. There are many exam-
ples of cyclical behavior, or remedial measures
that lead to other problems. A critical retrospect
is necessary, and suggestions for further
improvement can be made using photographs.

4.3.3 Proposal of Two Methods Using
Photographs

Based on the discussion in the previous section, I
propose two historical methodologies using
photographs as historical documents.

One method is to use the framework of the
SDGs to understand the situation of a certain
period of time in a certain society and compare it
to the present to understand the history of the
mission of the SDGs.

The other method involves tracing the transi-
tion of a single issue in the SDGs through pho-
tographs to understand how the issues have been
recognized and solved (Fig. 4.6).

(1) Understanding the historical situation
For a hypothetical purpose, we can frame the
period as one in which the foundations of the
current state were formed, various problems
surfaced, and responses and reforms were
undertaken. In the case of postwar Japan, we
can frame the period of occupation (1945–
52), the period of rapid economic growth
(1955–1972), the bubble economy period
(1986–1991), and the present day as periods
of reform and value change. Through the
photographs of each of these periods, we can

Fig. 4.5 Information that can be read from old pho-
tographs on SDGs issues
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consider the reality of society and how they
perceived social issues.

(2) Understanding the transition of the problem
Let us look back at how society has responded
to specific SDGs by using multiple pho-
tographs and connecting them. For example, if
you have three photographs, A, B, and C from
different times, think about what changed
fromA to B to C, and what the social response
was during those times. Take up a specific
issue from the objectives and think about its
transition through photographs.

4.4 Practice from the Archives
Photographed in Occupied
Japan

4.4.1 Description: Photographs
Taken in Occupied Japan
and Their Archives

The occupation period was important in that it that
defined the present state of Japanese society, and

many of the issues addressed by SDGs came to the
forefront. Before looking at specific photographs,
let us summarize the characteristics of pho-
tographs taken in Japan during the occupation.

4.4.1.1 Photographs of Occupied Japan
In postwar Japan, the number of photographs
taken by Japanese civilians was extremely
small due to the scarcity of photographic
materials and economic deprivation. Under
these circumstances, it was the occupying
forces who were trying to observe Japanese
society and understand its problems, with the
USA playing a central role. The photographs
taken in Japan by the occupying forces and
their associates can be divided into the fol-
lowing three categories in terms of the subjects
photographed:

(1) Official photographs
Photographs were taken by the occupying
forces in an official capacity. Photographs
have undergone several stages of screening
and are archived in the US National Archives
and are available to the public.

Fig. 4.6 Two approaches
to the SDGs challenges:
to understand the situation
at a specific time
and evolution of
individual issues
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(2) Press photographs
Photographs were taken for business pur-
poses by organizations such as newspapers
and news agencies.

(3) Personal photographs
Occupation forces personnel also took many
personal photographs. Some of these pho-
tographs are held in libraries around the USA
and are available for viewing.

In the following sections, I introduce some of
these photographs, including (1) and (3).

4.4.1.2 Who Took the Photographs
and for What Purpose?

The main task of the occupying forces was to dis-
mantle and democratize the warlord regime in
Japan. A certain percentage of the official pho-
tographs taken by the occupation forces were taken
as surveys of the situation in order to promote this
mission. This is symbolized by the photographs
taken by the Strategic Bombing Survey Group, in
which the camera focuses on how the wartime
regime was organized, how the military industry
functioned, and how it was damaged by the war.
Photographs related to democratization have been
taken in a variety of locations, not only in political
situations such as elections, but also in labor
movements and school education (Robin 2015).

While these major regime changes were
underway, the people of Japanwere still facedwith
serious issues related to their own survival. The
realities of the homeless and war orphans were not
only documented in official photographs, but also
in personal photographs. There are many pho-
tographs documenting these measures to cope
with life, especially in the early postwar period.

As the motives and purposes of some pho-
tographs are personal, the images contained in
them are very diverse (Morris 2015; Satō 2020).
These personal photographs contain images that
could not be captured or preserved in official
photographs.

4.4.2 Photographs of Occupied Japan
in Relation to the 17 SDGs

In the following section, I reconsider the histor-
ical photographs of the occupation period in the
context of the 17 SDGs, showing the relevant
photographs in the order of the SDGs and
explaining what can be considered from them.

Goal 1: No poverty
Poverty is one of the biggest challenges of the

present, and there is no shortage of photographs
depicting this (Fig. 4.7); for example, personal
photographs in places like Ginza, the central
shopping district of the capital city of Tokyo. The
image of the homeless living on the streets is easily
caught by visitors to the city. Similar images can be
found in official photographs (Fig. 4.8), but these
are intended for research or propaganda purposes.

Goal 2: Zero hunger
Extreme food insecurity was also a major

challenge, and photographs of food rationing,
which was an official measure, frequently
appeared in official and press photographs
(Fig. 4.9). Rationing alone was not enough to
provide food for the people, so urban residents
went to the countryside to buy food, which was
illegal, but done openly. There are not many
photographs of such activities, probably because
they were subject to control. Similarly, there are
few photographs of the black market, which was
an informal source of food, because the occupying
forces were forbidden from entering it (Fig. 4.10).

Goal 3: Good health and well-being
Sanitation was also a major issue, and pho-

tographs of dichlorodiphenyltrichloroethane (DDT),
an insecticide sprayed in public places to prevent
epidemics, are symbolic images of this era. In
addition, the photographs (Fig. 4.11) of social
improvement projects, such as a survey on sani-
tation in a so-called bad housing area (slum), may
be in line with the SDGs perspective (Fig. 4.12).
The images illustrated above can also be consid-
ered as interrelated with SDGs 1–3.
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Goal 4: Quality education
As school facilities were destroyed in the war,

public education was offered in different loca-
tions. The photograph of the “open-air classes” is
one such example (Fig. 4.13). Many photographs
of war orphans and orphanages can be seen in
both official and personal photographs. Some of
the personal photographs are taken by people
who supported the operation of the individuals
(Fig. 4.14), suggesting that the occupation offi-
cials were aware of their “savior” status.

Goal 5: Gender equality
Prostitutes working for occupation forces

personnel, known as “pan-pan,” were also a
social problem due to the perception that they
were disruptive to public morals; but they were
also deeply rooted in society because of poverty.
Because the occupying forces were forbidden to
set foot in the areas where prostitution was tol-
erated (red-light district), photographs taken in
those areas are few, but do exist (Fig. 4.15). Such
images speak eloquently of the situation women

Fig. 4.7 Homeless on
Sukiyabashi Bridge, Tokyo,
1952. From the collection of
Taichi Kinugawa (original in
color). Taichi Kinugawa is a
Japanese photograph collector

Fig. 4.8 An orphan lying on
the street. Ueno, Tokyo,
August 11, 1948. US Army
Signal Corps (USASC) photo.
111SC-293123, National
Archives and Records
Administration (NARA). The
photographs in NARA's
collection are official photos.
This photograph is one of the
more well-known signal
photos
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found themselves in, but to make them public
was a matter of hesitation, and there is the issue
of portrait rights in photography. Gender issues
in the contemporary sense have also been taken
up in policy as women’s labor issues, and many
photographs have been taken to investigate the
working conditions of women workers
(Fig. 4.16).

Goal 6: Clean water and sanitation
The sewerage system in the capital city of Tokyo

was not built in earnest until afterWorldWar II, with
a penetration rate of 49% in 1970 and 100% in 1995.
The occupation forces conducted a survey of drai-
nage systems and public toilets during the postwar
survey of areas lost to air raids, and photographs of
these facilities have been preserved (Fig. 4.17).

Fig. 4.9 Flour ration.
Location unknown (Japan),
June 11, 1946. USASC photo.
111SC-237386. NARA. In
effect, rationing of major
grains was in place until
around 1950. It was not until
1981 that rationing was
legally abolished

Fig. 4.10 A black market in
front of the railroad station.
Shinbashi, Tokyo, 1946.
From the collection of Taichi
Kinugawa (original color).
The black market gradually
disappeared as Japan’s
economy began to recover
after the special demand from
the Korean War in 1950
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Many of the photographs taken by the occu-
pation forces show “honey buckets,” or manure
buckets, and people collecting them (Fig. 4.18).
It is likely that the occupation forces learned of
the existence of these buckets from the odor and
captured it on camera. In any case, human waste

generated in urban areas was purchased and
transported to farming villages in the suburbs for
use as fertilizer, but the occupying forces adopted
the hydroponic method for growing vegetables
for their own food because of the risk of parasites
and other hygiene problems.

Fig. 4.11 Spraying children
with DDT, 1945–1947,
George C. Mergens
photograph collection, US
Army Heritage and Education
Center (USAHEC). George C.
Mergens was a US Army
officer. He graduated from the
United States Military
Academy (USMA), West
point, in the class of 1923.
After the World War II, he
was stationed in Japan and
Korea

Fig. 4.12 Sanitary survey of
a poor housing area.
Fukagawa, Tokyo, March 17,
1947. USASC photo. 111SC-
286158. NARA
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Fig. 4.13 An empty
classroom in an elementary
school that no longer has a
school building. Sasebo,
Japan, October 2. 1945. US
Marine Corps photo.127–
150422. NARA

Fig. 4.14 Children digging a
well at an orphanage in
Setagaya Ward, Tokyo. 1950.
Kenneth Kantor papers,
Hoover Institution Archives.
Kenneth Dwight Kantor was
an American journalist who
spent most of his career in
Japan and Korea. He and his
wife personally provided
support and cooperation for
the operation of the orphanage
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Fig. 4.15 Yoshiwara, Tokyo. One of the areas where
prostitution was legal, May 1950, Kenneth Kantor
papers, Hoover Institution Archives. The author added
blur to a part of the photograph. Kenneth Kantor covered

post-World War II Japan and the war in Korea, including
subjects such as the status of women’s rights in Japan and
refugees in Korea

Fig. 4.16 Photograph of a visit to the Fuji Spinning
Oyama Factory, Shizuoka, 1946–1949. Mead Smith
Karras papers, 0011-GWP, Special Collections and
University Archives, University of Maryland. Mead
Smith Karras was instrumental in advancing the rights
of women and minor laborers in post-World War II Japan.

She was recruited to work as an economist for the labor
division of the economics and scientific section during the
allied occupation of Japan from 1946–1949. While a part
of the labor division, she worked with US and Japanese
officials to develop and implement occupation policies on
problems affecting women and children in the workforce
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Goal 7: Affordable and clean energy
The depletion of commonly available fuels

was severe to the extent that gasoline for auto-
mobiles was not generally available, and coal
was used as a fuel for power (Fig. 4.19). Fuel for
household use was charcoal and coal, but since
the period of rapid economic growth, fossil fuels
were replaced by kerosene stoves and other fuels
for ordinary households.

Goal 8: Decent work and economic growth
The trade union movement was banned during

the war, but resumed, and the occupying forces
worked to improve the inhuman working envi-
ronment caused by unfair exploitation. The labor

movement also gained momentum in many parts
of the country, and the occupation forces sup-
ported the movement while carefully watching
over political developments. The May Day
march in Hibiya Park, Tokyo, was captured in
various photographs (Fig. 4.20).

Photographs of surveys conducted by labor
policymakers in various parts of the country
(Fig. 4.21) also show that the working environ-
ment at that time was problematic.

Goal 9: Industry, innovation, infrastructure
The occupying forces’ efforts to dismantle the

warlords and munitions industries, and to replace
them with peaceful industries, have left behind a

Fig. 4.17 A temporary toilet
built in a burned-out area,
November 3, 1945. Tokyo,
Japan. US Strategic Bombing
Survey (USSBS) photo. 243-
GM-1G06. NARA
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variety of symbolic photographs. These include
abandoned munitions factories and scenes of
fighter jets being burned (Fig. 4.22). Some of
these factories were later taken over by heavy
industries, while others were cleared for public
use, and it is only in modern times that the SDGs
have begun to address the issue of sustainable
industry.

Goal 10: Reduced inequalities
The improvement of the status of former

colonists was a major theme of the postwar pro-
cess. The movement by the natives themselves
was one of the targets of the occupation policy,
and there exist various records (Fig. 4.23). Some
problems were resolved during the occupation
and some were not, and this is one of the issues
that have remained unresolved since. There has
also been researched into the Ainu ethnic
minority in the country, and both official and
personal photographs exist (Fig. 4.24).

Goal 11: Sustainable cities and communities
Immediately after the end of the war, barracks

and shelters were the predominant living spaces
in burnt-out urban areas (Fig. 4.25), and the
focus turned to residential environmental issues,
along with sanitation and disaster prevention
issues. Urban housing construction in the context
of war reconstruction proceeded, followed by the
rapid construction of housing complexes.
A symbolic topic in the issue of intra-city hous-
ing is that of people living on the water, “floating
population.” Their hygienic conditions were
poor, and while surveys were conducted in light
of these conditions, they were also recognized as
an extremely Asian urban landscape (Fig. 4.26).
Although many other urban planning issues
existed, the occupation forces had little touch
with urban planning itself, and it was only in the
later phases of the occupation that urban devel-
opment with new values began to take off.

Fig. 4.18 An ox cart carrying a manure trough passing
by with a sign at the entrance to Grant Heights, 1949.
Narimasu, Tokyo. From the collection of Taichi Kinu-
gawa (original in color). Grant Heights was a residential

area for the families of the occupation forces, and there
was a huge disparity in terms of the size of the housing
and sanitary conditions from those of ordinary Japanese
residential areas at the time
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Fig. 4.19 Cleaning up the
coal cinders that power this
car. Tokyo or Yokohama. US
Marine Corps (USMC) photo.
127-135403. NARA. Coal-
powered vehicles can
frequently be found in
photographs taken by the
occupying forces

Fig. 4.20 Workers’ rally on
May Day. probably 1948,
Mead Smith Karras papers,
0011-GWP. Special
Collections and University
Archives, University of
Maryland
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Fig. 4.21 Photograph of a visit to a sewing factory, 1946–1949. Mead Smith Karras papers, 0011-GWP. Special
Collections and University Archives, University of Maryland

Fig. 4.22 Destroyed Nakajima Aircraft Co. Musashi
Plant, November 3, 1945. Tokyo, Japan. USSBS photo.
243-GR-1T06,07. NARA. Panoramic photograph created
by merging two photos by the author. The USSBS has

taken many photos of large munitions factories that have
been burned to the ground. NARA. (Panoramic pho-
tograph created by merging two photos)
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Goal 12: Responsible consumption,
production

The Natural Resources Section (NRS) of
Supreme Commander for the Allied Powers
(GHQ/SCAP), a section of the occupation forces,
was in charge of managing the natural resources
that were devastated during the war, and its
policies include researching new natural resour-
ces and protecting the existing environment. For
example, the NRS started to protect wild birds
that were almost extinct due to mass captivity
caused by food shortages, especially during and
after the war, as can be seen from the photograph
of the person in charge (Fig. 4.27).

Goal 13: Climate action
Flood damage caused by heavy rainfall due to

typhoons and other causes was a frequent
occurrence in Tokyo, and there exist photographs
of rescue operations and other activities at the
time (Fig. 4.28). In response to such heavy water
damage, the city implemented flood control
measures during the period of economic growth
by strengthening the levees of rivers in the cap-
ital with concrete; however, the rivers became

“backspaces” in the city, and the connection
between water and land was severed. This frag-
mentation of environmental ecosystems due to
robust infrastructure has continued ever since.

Goal 14: Life below water
The NRS conducted research on Japan’s

fisheries in relation to marine resources. For
example, laver fishing was conducted in Tokyo
Bay, which was rapidly reclaimed during the
period of rapid economic growth (Fig. 4.29), and
it can be understood that the coastal ecosystem
that was subsequently lost was still alive.

Goal 15: Life on land
During the war, trees were cut down in many

areas for material use, resulting in serious
degradation of forest resources. This situation
can be clearly seen in the photographs of the bald
mountains (Fig. 4.30). As a result, coniferous
trees such as cedar, which were planted at a rapid
pace after the war, were the main cause of
pollinosis.

Goal 16: Promote peaceful and inclusive
societies for sustainable development, provide
access to justice for all, and build effective,

Fig. 4.23 Chinese people in
a parade, February 25, 1946.
Sasebo, Japan. USMC photo
127-146758. NARA
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accountable and inclusive institutions at all
levels.

The photographs taken by the occupation
officials include many pictures of children car-
rying their siblings on their backs (Fig. 4.31). In
these photographs, children were portrayed as
being forced to work. These scenes were com-
monplace, but disappeared with declining birth-
rates, economic growth, and changing lifestyles.

Goal 17: Strengthen the means of implemen-
tation for sustainable development and revitalize
the global partnership.

Assistance during this period was provided by
Licensed Agencies for Relief in Asia (LARA),
which focused on food, and was supported by
private organizations in many countries
(Fig. 4.32).

4.4.3 Transition of the Problem

Here are some examples of how the issues rela-
ted to Goals 7 and 11 have evolved from several
pictures.

Fig. 4.24 Ainu couple,
Dimitri Boria collection,
MacArthur Museum. The
author added blur to a part of
the photograph. G. Dimitria
Boria was the supervisor of
the color photographic
laboratory of the far East
command during the
occupation of Japan, 1947–
1952. He traveled around
Japan mainly to take
photographs for the US
military’s publicity. It is
believed that this photograph
was taken as a part of such
activities
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4.4.3.1 SDG 7
Postwar Japan was severely depleted of com-
monly available fuels (Fig. 4.13). Earlier, char-
coal and coal, but since the period of rapid
economic growth, fossil fuels have been replaced
by kerosene stoves in general households
(Fig. 4.33).

Nuclear power has been in operation since the
period of high economic growth: in a photograph
taken in the 1960s, the six letters of “Nuclear
Energy Research Institute” written as an assign-
ment in calligraphy, a traditional Japanese art
form, indicating the values of this era (Fig. 4.34).

This was followed by the Great East Japan
Earthquake in 2011, which led to the shared need
to revise that value system.

4.4.3.2 SDG 11
After the defeat of Japan in World War II, bar-
racks buildings appeared in the burned areas
(Fig. 4.25).

In order to solve housing difficulties, apart-
ment complexes were built (Fig. 4.35), such that
the houses became non-combustible, larger, and
taller. Among the postwar housing complexes,
those built in the 1960s and 1970s are being
rebuilt and have already been replaced by a new
generation. In recent years, high-rise residential
complexes (tower condominiums) have been
built in former factory areas such as the bay area
(Figs. 4.36 and 4.37), but it is questionable
whether they are sustainable in terms of the life
span of the building and the urban environment.

Fig. 4.25 A burnt-out
shelter. The roof was dug into
the semi-underground,
September 17, 1945. US
Navy photo. 80G-495627.
NARA
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Fig. 4.26 Boats of “floating population” at the mouth of
the Sumida River, Tokyo. July 15, 1947. USASC photo.
111SC-295446 NARA. Toward the end of the nineteenth
century, as the size of cargo ships calling at ports around
Japan increased and barges became a popular means of
shipping and harbor logistics, some dockworkers who
owned barges and moved from place to place began to

turn a corner of their barges into housing for their
families. In the latter half of the 1960s, the shift to
containerized cargo ships reduced the demand for barges
in logistics, leading to a decline in the number of barges
and a sharp drop in the number of people living on the
water due to job changes

Fig. 4.27 Photograph of a haze net hunter, not visible in
the photograph, which has been banned in principle under
the wildlife protection act since 1947, 1948, Courtesy of
Annika A. Culver, Curator, Oliver L. Austin Jr.

photographic collection, at the Institute on World War II
and the human experience at Florida State University.
Oliver L. Austin Jr. first came to Japan in 1946 and stayed
there until 1950, when he temporarily returned to Japan
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Fig. 4.28 Flood damage caused by the Kathleen Typhoon in September 1947. Arakawa River Basin, Suburb of
Tokyo, A. Laflamme photograph collection, USAHEC. A. Laflamme was a photographer for the US Army Signal
Corps

Fig. 4.29 Fishing for seaweed in Tokyo Bay. Omori,
Tokyo, May 23, 1947, Hubert Gregory Schenck papers,
Hoover Institution Archives. The industrialization of
Tokyo Bay since the 1950s has led to rapid land

reclamation, which has completely changed the nature
of the inland sea. He was a geologist and Chief of the
Resources Division of the Occupation Forces in Japan
from 1945 to 1951
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Fig. 4.30 The Bald mountains in the background are probably caused by excessive logging during the war. From the
collection of Henry H. Soulen Collection, Taichi Kinugawa, Gunma Prefecture, Japan (original color)

Fig. 4.31 Two girls giving piggyback rides to their siblings, October 1945. Location unknown. USMC photo. 127-
140131 NARA
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4.5 Concluding Remarks

As established in the previous chapter, although
some issues have been resolved, others remain
unresolved. In postwar Japan, we can see that the
issues considered in SDGs 1–4, which fulfill basic
human requirements, have already been solved, but
there is still room for discussion regarding SDGs 6–
9 and 13–15, which are relevant in the context of
the transition to an industrialized society.

Progress regarding SDGs 5, 10, and 16, rela-
ted to gender equality, seem to have remained
stagnant since the end of World War II.

This chapter is not intended to present an in-
depth discussion of each of these goals, but
rather introduces various photographs of occu-
pied Japan and focuses on the images left behind
by the era as a whole. It is based on photographs
I have personally researched, and it has limita-
tions as a source of historical material. However,
I wanted to demonstrate the act of looking at
photographs from the perspective of the SDGs

during a period of great historical change. This is
to rediscover the potential value of photography.
From the standpoint of researchers involved in
archiving, it is a way to discover and revive
photographs that may be buried under the
mountain of historical records.

I want to recommend that attention be paid to
photographs of the past social changes in certain
regions of interest and that they are examined.
The photographs should raise a variety of ques-
tions and overlap with other interests.

In this chapter, I have presented photographs
related to all 17 goals; however, you can explore
the photographs while framing the issues based
on your interests. As you look through the
numerous photos, you will get a clearer picture of
where the present problem originated and how it
has changed since.

Furthermore, if future studies can consciously
create opportunities to “take pictures” based on
this foundation, the connection between histori-
cal background and contemporary issues can be
better clarified.

Fig. 4.32 Float made by a town’s community to show appreciation for food aid, September 15, 1946. Kanda, Tokyo.
USASC photo. 111SC-279683. NARA. Float mimics the shape of bread that is commonly eaten in Japan
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A final point must be made.
Some of the photographs reflecting the past

are abhorrent scenes or dark chapters in history
from the perspective of today’s values, such as
Fig. 4.15 and Fig. 4.24 in this chapter. These are
records of the past that we have been struggling

with, but at the same time, these issues are con-
nected to various issues of the present. It is
important to be conscious of how these pho-
tographs, as a source of knowledge, will be made
available when considering the historical back-
ground of the SDGs.

Fig. 4.33 Charcoal briquettes and an oil stove coexist in a show window of a fuel store in Minami Inari-cho, Taito
Ward, Tokyo, December 1961. From the collection of the Shitamachi Museum of Taito Ward, Tokyo
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Fig. 4.34 School lunchtime at a public junior high school in Tokyo. The words “Atomic Energy Research Institute”
are pasted on the back. 1965. Collection of Taito City, Tokyo

Fig. 4.35 Construction of
public housing by the Tokyo
Metropolitan Government.
Built on former military land,
January 13, 1949. USASC
photo. 111SC-317993.
NARA
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The sanctuary of archival records should be
made available for any possible future activities
and should not be modified or abolished due to
contemporary values. Of course, they should not

be entirely destroyed, but they should not be
circulated openly either. I would like to empha-
size that these images must continue to be
introduced with care.

Fig. 4.36 Ishikawajima shipyard damaged in the war. Toyosu, Tokyo, October 17, 1945. USASC photo. 111SC-
215969 NARA
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5Ecology and Sustainable
Development in Japan

Satoshi Kurokawa

Abstract

This chapter fits Goal 15 of the SDGs and
analyzes the protection and sustainable use of
territorial ecosystems in Japan, focusing on
sustainable agriculture and forestry. The beau-
tiful natural landscape and pristine nature in
Japan are protected in nature parks. After the
Earth Summit in 1992, the government com-
mitted to protecting socio-ecological land-
scapes referred to as “satoyama.” They
include farmland, pastureland, and forests for
logging. They are deteriorating because the
population of farmers and forestry workers is
declining and aging. The Natural Parks Act
introduced a scheme to ensure that environ-
mental NGOs maintain these areas on behalf
of the farmers and forest workers. Modern-
ization of agriculture has caused the loss of
biodiversity in farmlands. Restoration projects
have been implemented to restore biodiversity
in rural areas. To reduce farmland abandon-
ment, the government grants subsidies to help
encourage eco-friendly agriculture. The gov-
ernment is encouraging active farmers to
scale-up agricultural management to be com-
petitive in the marketplace. Solar sharing is
one way to help farmers. Ecologically sus-

tainable development is thus interwoven with
social and economic factors.

Keywords
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5.1 Introduction

This chapter explores legal schemes that protect
the biodiversity and ecosystems of Japan. In
other words, this chapter considers the legal
mechanisms that “protect, restore and promote
sustainable use of terrestrial ecosystems, sus-
tainably manage forests, combat desertification,
and halt and reverse land degradation and halt
biodiversity loss.” (Goal 15 of SDGs). The pro-
tection of ecosystems in Japan depends on the
sustainable development of agriculture and for-
estry. Therefore, this topic relates to Goal 11.
Sustainable management of farmlands and forests
sometimes incorporates renewable energy and
therefore relates to Goals 7 and 13.

Nature parks play an important role in nature
protection schemes. The nature parks concept
was originally established to protect areas of
natural scenic beauty and pristine nature. But
people in Japan realized that ecosystems and
biodiversity need to be protected, and people
became aware of the conservation of ecosystems
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in socio-ecological production landscapes such
as farmlands.

Socio-ecological production landscapes are
degraded through the abandonment of rural
farmland and forest management. The socio-
ecological production landscapes, which are
called “satoyama”1 in Japanese, are dominant
rural landscapes with high-level ecosystems and
biodiversity values. Therefore, legal schemes to
protect the agricultural and forestry industries are
important aspects of nature protection laws. In
this way, protecting nature concerns “various
fields, such as law, economics, and sociology, as
well as ecology, because the problems are
extremely widespread, as they are intricately
interlinked, and arise directly from our civiliza-
tion and way of life” (Murasawa 2020, p9).

Socio-ecological landscapes such as the
satoyama areas are not unique to Japan and are
found in many countries worldwide. Traditional
rural landscapes in other part of Asia are similar
to the satoyama of Japan. Outside Asia, tradi-
tional agricultural fields and pastures are partially
artificial and natural areas that have been con-
served for a long time. Therefore, the Japanese
government and United Nations University
jointly initiated the Satoyama Initiative. The
International Partnership for the Satoyama Ini-
tiative (IPSI) was established in 2010 to facilitate
its implementation. (IPSI 2021).

Previously, legal schemes to protect nature
were not cognizant of the ecosystems and bio-
diversity. Even the Nature Parks Act was
implemented to protect areas of scenic beauty
and pristine nature. But, after the Earth Summit
of 1992, protecting ecosystems and biodiversity
became an important aspect of environmental
law. The Environmental Policy Act of 1993 §14
requires governments “to protect biodiversity,

such as the diversity of ecosystems and wildlife
species, and to systematically conserve various
features of the natural environment, such as those
in forests, farmlands, and riverside areas, in
accordance with the natural and social conditions
of the area.”

Satoyama landscapes have been formed and
maintained alongside agricultural activities or
forestry activities over centuries. These industrial
activities have disturbed the vegetation transition
and kept the landscapes under specific condi-
tions, such as those in paddy fields. These are
partially artificial and natural environments, and
people depend on them to obtain food, fuel,
timber, and other materials necessary for their
livelihoods. However, economic development
and urbanization after World War II changed the
situation in rural areas.

Now, the population of farmers and forestry
workers has declined, and they have become too
old to continue farming and logging. The dis-
turbance caused by agricultural and forestry
activities is not sufficient to maintain the
satoyama landscapes, and they are at stake. This
crisis relates to Goal 15 of the SDGs which states
that it is important to “protect, restore and pro-
mote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertifica-
tion, and halt and reverse land degradation and
halt biodiversity loss.” Sustainable use of terri-
torial ecosystems and sustainable management of
forests are essential to maintain a socio-
ecologically productive environment that domi-
nates the natural environment in Japan.

This chapter starts by analyzing the nature
park initiative and demonstrates that the
satoyama landscapes are included in these. The
Nature Parks Act has employed a new scheme, in
which environmental NGOs help farmers man-
age their farmlands and pastures. This section
then analyzes why agriculture in Japan was not
competitive in the world market and reveals the
policy that encourages active farmers to be
competitive. In this context, the reintroduction of
the storks and crested ibis that were once extinct
in the wild in Japan is described in detail. In this
regard, the protection of migratory birds is dis-
cussed too. Domestic and international protection

1 “Satoyama is a Japanese term for a mosaic of different
ecosystem types—secondary forests, farmlands, irrigation
ponds, and grasslands—along with human settlements,
which has been managed to produce bundles of ecosystem
services for human well-being. Satoyama found largely in
rural and peri-urban areas of Japan is a way of life; in
other words, a classical illustration of the symbiotic
interaction between ecosystems and humans. This concept
has been recently extended to satoumi, which constitutes
marine and coastal ecosystems.” (JSSA 2010, p4).
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schemes are also mentioned. Finally, I will dis-
cuss the trend of policy and legislation that
requires the government to include environmen-
tal factors in their decision-making processes. In
addition to agricultural legislation and forestry
legislation, legislation concerning roads, rivers,
and urban planning is now part of environmental
law.

5.2 Nature Protection Schemes
in Japan

5.2.1 Nature Reserves

5.2.1.1 Nature Parks and Natural
Scenic Beauty

The nature park initiative is at the center of
nature protection in Japan with nature parks
occupying approximately 15% of the land. There
are 34 national parks (2,194,931 ha), 57 quasi-
national parks (1,445,150 ha), and 311 prefec-
tural nature parks (1,948,730 ha). Among them,
national parks are the most important, accounting
for 5.8% of the land. The nature park initiative
was established by the National Parks Act of
1931. The Nature Parks Act replaced the 1931
Act and made the initiative sophisticated. The
nature park initiative was introduced to protect
places of natural scenic beauty so that people
could visit and enjoy them. Nature parks were
expected to contribute to the health, recreation,
and culture of citizens by promoting their uti-
lization. The Ministry of Environment has been
promoting the “Project to Fully Enjoy National
Parks” and has enhanced “the branding of the
national parks to attract more domestic and
international visitors by implementing measures
to facilitate the utilization of national parks while
protecting what needs to be protected and con-
served.” (MoE 2021b, p12).

The National Parks Act defines national parks
as “places of the greatest natural scenic beauty,
representing the exemplary scenic beauty of our
country”(§2). The Act did not have the words
‘ecosystems’ and ‘biodiversity’ before the 2003
Amendment Act introduced them. The 2010
Amendment Act added “the contribution to the

conservation and sustainable use of biological
diversity” to the purpose of the Act. However,
the Nature Parks Act had already been protecting
ecosystems in Japan. As beautiful scenery
reflects the vegetation and ecosystems of a land,
protecting it leads to the protection of the vege-
tation and ecosystems.

The turning point was the Earth Summit
(United Nations Conference on Environment and
Development) of 1992, which was held in Rio de
Janeiro. The Convention on Biodiversity was
agreed upon. It allows people in Japan to realize
the importance of biodiversity and ecosystems
and helps them to understand that ordinary nature
is important and should be protected as is beau-
tiful and pristine nature. The concept of ecosys-
tems and biodiversity provided reasons why
productive landscapes such as paddy fields,
pastures, and forests for logging should be pro-
tected in nature parks. The Biodiversity Policy
Act was legislated in 2008, the preamble of
which stipulated, “biodiversity is facing serious
crises, including the extinction of species and
destruction of ecosystems due to development
and other activities by human beings, deteriora-
tion of satoyama (managed woodlands or grass-
lands near human settlements), etc., due to
reduced human activities along with changes in
socio-economic conditions.”

5.2.1.2 Protection and Utilization
of Natural Environment
in Nature Parks

Historically, the recreational mission of nature
parks has become important. Nature parks have
played an important role as places where people
interact with nature and enjoy outdoor activities.
They have provided recreational facilities con-
structed within them, such as park visitor centers,
trails, and campgrounds, to help people access
and enjoy nature. This has encouraged local
tourism in park areas.

Personal income and leisure time increased
from the 1960s to the 1970s in Japan. Conse-
quently, the number of visitors to nature parks
also increased. The designation of land for nature
parks was accelerated to meet this demand. In
addition, new roads and accommodation
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facilities were constructed to help visitors access
natural parks. However, the number of visitors
increased beyond the holding capacity of the
parks, which has damaged the ecosystems with
compaction of the ground, increased waste,
increased wastewater discharge, and so on. To
help solve the problem of overuse, the 2002
Amendment Act introduced the Regulated
Utilization Area to restrict the number and
behavior of visitors. The contradiction between
the protection of nature and its overuse for
recreational purposes is a flaw of the nature park
scheme. Therefore, the Natural Environment
Conservation Act which focuses on protecting
pristine natural areas was legislated in 1972.
However, the areas protected by this legislation
are minor, accounting for less than 0.3% of the
land in Japan.

Japan has five natural heritage sites: The
Yakushima, the Shirakami-Sanchi, the Shiretoko,
the Ogasawara Islands, and recently listed
southwest islands, including Amami-Oshima
Island, Tokunoshima Island, the northern part
of Okinawa Island, and Iriomote Island. These
World Natural Heritage sites are pristine in nat-
ure and ecosystems and are protected by the
Nature Parks Act and the Nature Conservation
Act.

5.2.1.3 Nature Park as Regional Park
Nature parks in Japan are nature reserves but are
not necessarily public properties. They are
regional parks designated as nature parks through
zoning. Privately owned land is included in nat-
ure park areas, in addition to publicly owned
land. This scheme differs from national parks in
the United States and Australia which had vast
pristine territories that were suitable for nature
parks. Japan has a small surface area which is
densely populated. Japan also has a long history
of private land ownership, and therefore, areas
with valuable ecosystems are sometimes already
utilized as paddy fields, pastures for grazing,
forests for logging, and so on. These valuable
ecosystems were protected by law from disrup-
tion caused by excessive development activities.
Natural areas are designated by the government

as nature parks consisting of public and private
land. “Many people live in areas belonging to
national parks, which are home to several
industries including agriculture and forestry”
(MoE 2021a). The government designates the
natural areas that it wants to protect as parks.

The government can designate areas of land
as natural parks without obtaining ownership. It
then imposes regulations on landowners. Around
a quarter of the land in national parks belongs to
private entities. Many people live inside natural
parks. They cultivate farmland, use grassland for
grazing, or use forest for logging. For example,
in the Ise-Shima National Park, privately owned
land accounts for over 90% of the park land. In
the Oze National Park, the most valuable wetland
area, which is a Ramsar site, is owned by an
electric power company. The company possesses
40% of the Oze National Park area and has taken
care of the wetland for a long time as a corporate
social responsibility (CSR) activity. Most land in
nature parks owned by the government is man-
aged by the Forestry Agency of the government,
which engages in logging.

The positive aspect of the regional park
scheme is that the government does not need to
obtain land ownership to make the land a part of
a nature park. Therefore, natural areas that should
be protected can be included in nature parks
without any monetary exchange. The negative
aspect of the regional park scheme is that it is
necessary to reconcile the protection of nature
with protection of the property rights of
landowners, which are well protected by the
Constitution.

The areas in national parks are divided into
subcategories. The most beautiful places in the
parks are designated as exceptional zones. These
zones are further classified into four categories:
special protection and special zones of class I, class
II, and class III. Other areas are classified as ordi-
nary zones that work as buffers against the influ-
ences of the areas surrounding the parks. In the
special zone, development activities such as
building construction, land formation, and logging
need permission from the government and the
special protection has the most stringent
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restrictions. In the special protection, the behaviors
such as tree cutting, plant cultivation, campfires, or
gathering materials are prohibited without the
permission of the government. These activities are
permitted only if the natural environments are not
threatened. In ordinary zones, large-scale con-
struction of facilities, extraction of minerals, or
setting up advertising displays is regulated and
needs to be reported to the government beforehand.

5.2.1.4 Socio-Ecological Production
Landscapes in Nature
Parks

Nature parks include a variety of socio-
ecological landscapes. Among them, the land-
scape of grasslands on the lower slopes of Mt.
Aso in Aso-Kuju National Park is well known.
The beautiful grassland scenery was created and
is maintained by dairy farmers who graze cattle
and horses there. They practice controlled burn-
ing of the grasslands every spring to renew them
as the cattle and horses prefer the soft grass that
grows from under the ash. It takes physical
strength and energy to burn large grasslands. As
the livestock farmers got older, it becomes harder
for them to burn the grasslands every spring.
Therefore, the areas burnt become smaller year
by year. Bamboo and trees have regrown in some
of the former grasslands and destroyed the
beautiful landscapes and grassland ecosystems.
To overcome these problems in socio-ecological
landscapes, a landscape protection agreement
scheme was introduced into the Nature Parks
Act. Landscape protection agreements can be
made between landowners (e.g., farmers) and
park management organizations. Usually, envi-
ronmental NGOs become park management
organizations and manage land in parks on behalf
of landowners. The grassland for grazing on the
lower slopes of Mt. Aso is protected by the local
environmental NGOs through the landscape
protection agreement. The members of the NGO
help farmers burn the grasslands every spring,
and, as a result, the grasslands have almost
recovered. Place-based solutions for the conser-
vation and restoration of social-ecological pro-
duction landscapes are often attempted in Asia
(Kozar et al. 2020).

As mentioned above, there are two types of
problems in nature parks, one being overuse and
the other underuse. To deal with the overuse
problem, a regulated utilization zone scheme was
established as well as the no-enter zones. The
intention is to balance the conservation of
ecosystems and their sustainable use by restrict-
ing entry into the sensitive area without permis-
sion. A landscape protection agreement scheme
was established to deal with the underuse prob-
lem. Environmental NGOs are meant to help
farmers manage farmland and maintain the nat-
ural beauty and ecosystems in socio-ecological
production areas.

5.2.2 Other Legal Schemes
Protecting Species
and Ecosystems

5.2.2.1 Protection of Animals and Birds
The Nature Parks Act and the Natural Environ-
ment Conservation Act protect the natural habi-
tats of wild fauna and flora, and, in addition to
these nature reserve legislations, Japan has sev-
eral statutes that protect species and ecosystems.
Among them, the Act on the Control of Animal
Hunting and Protection of Animals is important.
The statute was first legislated as a hunting law in
1895, but gradually changed its format to protect
birds and animals in their habitats. To keep the
population of birds and animals hunted was
inevitable for hunters to enjoy hunting.

Currently, statutes prohibit the capture and
killing of wild birds and wild mammals, and only
28 species of birds and 20 species of mammals
are listed as game birds and mammals that can be
legally hunted according to the law. Hunters
must obtain hunting licenses from the prefectural
governor and register themselves as hunters. The
hunting period, areas, and methods are restricted,
and the number of captures is restricted. In
addition, this statute has established wildlife
protection areas and special wildlife protec-
tion areas. Conservation projects have been
conducted in these areas, and the capture and
hunting of birds and animals are strictly
prohibited.
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5.2.2.2 Protection of Migratory Birds
Migratory birds are protected internationally.
Japan is party to the Ramsar Convention (Con-
vention on Wetlands of International Importance,
especially as Waterfowl Habitat) and now has 53
Ramsar sites (155,174 ha). In addition, Japan has
bilateral conventions for the protection of
migratory birds with the United States and Rus-
sia. Japan has bilateral agreements for the pro-
tection of migratory birds with China and
Australia. To protect migratory birds, it is nec-
essary to protect them both in breeding and
wintering grounds. Protecting habitats such as
wetlands is especially important.

The example of Latham’s snipe protection
shows that protecting migratory birds at all
landing grounds, including relay points, is
important. Latham’s snipe is protected by the
Japan-Australia Migratory Bird Agreement and
is ardently protected in Australia and Japan.
However, the bird population did not recover. It
was reported that many snipe that left Japan for
Australia were captured on the Melanesian
islands. Japan is an active member of the East
Asian-Australian Flyway Partnership (EAAFP).
The EAAFP was launched in 2006 to protect
migratory waterbirds, their habitats, and the
livelihoods of people depending upon them and
is expected to work effectively. Currently, there
are 39 partners including 18 national govern-
ments, 6 international agencies, 13 international
NGOs, and so on (EAAFP 2021).

5.2.2.3 Conservation of Endangered
Species

The Conservation of Endangered Species of
Wild Fauna and Flora Act of 1992 has protected
the species in danger of extinction. The statute
prohibits the capture and killing of listed species.
The Red List (2020) includes 3176 threatened
(critically endangered, endangered, vulnerable)
species. The hunting, taking, killing, or injuring
of living endangered species is prohibited unless
a governmental permit is granted. In addition, the
transfer of endangered species, dead or alive, for
commercial or non-commercial use is prohibited.
However, the implementation of this legislation

has been criticized as being too moderate
(Takahashi 2009, pp 1958–1959).

The government rehabilitates the habitats of
endangered species and implements conservation
projects, such as captive breeding. The breeding
of the crested ibis on Sado Island is a well-known
example. Many endangered species are protected
as natural instances under the Protection of
Cultural Properties Act of 1950.

5.2.2.4 Regulation of Alien Species
and Genetically Modified
Organisms

Alien species are regulated by the Invasive Alien
Species Act of 2004 as they disturb the original
ecosystem in Japan. For example, racoons have
reproduced rapidly in Japan. In many areas, they
have replaced the racoon dogs which are one of
the major native animals in Japan. Racoon dogs
often appear in folk tales and therefore are
important animals not only ecologically but also
culturally. Racoons were originally imported as
pets but were later abandoned by their owners
and reproduced in the wild. Another famous in-
vasive alien species is black bass, which prevails
in rivers and lakes across the country.

The Invasive Alien Species Act was legislated
to prevent the proliferation of foreign species that
threatened the habitats of native species. This
statute prohibits the cultivation, transfer, and
import of invasive non-native species. This sta-
tute, however, covers only plants and animals
that are imported and does not regulate the
transfer of plants and animals within the country.
Based on this statute, the government is imple-
menting an extermination project for alien
species.

The Act on the Conservation and Sustainable
Use of Biological Diversity through Regulations
on the Use of Living Modified Organisms regu-
lates living genetically modified organisms
(LGMOs). The government is afraid that native
species in the ecosystem could be replaced by
genetically modified ones. The GMO species
could mate with native species, and the offspring
might replace untainted native ones. Therefore,
the government does its best to regulate LGMOs.
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5.3 Restoring Lost Habitats

5.3.1 Agriculture Modernization
and Loss of Habitats

In the process of modernizing agriculture, wild-
life habitats have been lost in agricultural areas.
Previously, many paddy fields in Japan were
flooded in winter due to poor drainage. These
areas were previously wetlands with a rich bio-
diversity, and many insects, frogs, and fish were
present, even in winter providing rich feeding
grounds for many birds. However, it was not
easy to use agricultural machinery on this land as
it sank into the mud. Therefore, farmers
improved the conditions of wet paddy fields to
increase rice yield by piling up soil, raising the
paddy fields, and improving drainage. They
drained the paddy fields in winter to enable them
to use their machinery. The irrigation and drai-
nage facilities were covered with concrete. In
addition, they used many insecticides and her-
bicides to help improve their yields. The pro-
duction of rice increased, but the paddy fields
lost their biodiversity. Many small creatures,
such as insects and frogs, lost their habitats and
disappeared leading to the loss of winter-feeding
grounds for many species of birds, such as storks
and ibis. Watercourses were also improved to
prevent flood damage and riverbeds and banks
were covered with concrete, thus depriving the
storks and ibis of these feeding grounds too.

The last wild stork (oriental white stork) in
Japan was captured in 1971 and transferred to a
captive breeding facility. This was the extinction
of storks in the wild in Japan. In addition, the last
wild crested ibises were captured in 1981 in
Japan. Previously, they were common birds
found across Japan until the beginning of the
twentieth century.

5.3.2 Reintroduction of Endangered
Creatures (Stork and Ibis)

Stork and crested ibis became endangered in
Japan during the agricultural modernization

process. However, people in Toyooka, which
was the last wild stork habitat in Japan, wanted
storks to return to their landscape. The captive
breeding program for storks was finally suc-
cessful using young individuals gifted by Russia
and China in the 1980s. In 2005, five storks were
successfully released into the wild in Toyooka.
As the population of the storks increased, they
expanded their habitats across Japan. In 2021,
more than 200 storks were found to exist in the
wild.

The reintroduction project was successful
because farmers in Toyooka engaged in alterna-
tive farming practices to conserve the paddy
ecosystems, which recreated the winter-feeding
grounds for the storks (Naito et al. 2014).
A group of farmers kept their paddy fields floo-
ded in winter to create habitats for fish, insects,
and other small creatures. Another group of
farmers restored abandoned paddy fields into
wetlands. There were many abandoned paddy
fields in Toyooka due to the aging population
and the low productivity of small-scale farming.
Some paddy fields damaged by typhoons were
also abandoned and restored into wetlands to
recreate habitats for storks. The farmers reduced
the use of insecticides and herbicides to encour-
age the return of small creatures into the fields.
Finally, they stopped using insecticides and
herbicides altogether.

It was not easy for farmers in Toyooka to
abandon modern agricultural practices and
implement alternative practices. However, they
remembered spending time with storks when
they were children, which encouraged them to
accept the innovation of agricultural practices to
help reintroduce storks to the areas. River
ecosystems were also restored to encourage their
original biotope statuses. The Maruyama River
Basin, which flows through Toyooka, has plenty
of wetlands with a rich biodiversity. These wet-
lands, including paddy fields, contributed to
adding the Maruyama River Basin as a listed
Ramsar site in 2012.

The stork-friendly farming method imple-
mented in Toyooka requires more labor than in
ordinary agricultural practices with the yield per
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unit area also being lower. But “the rice raised
with storks” has become valued as eco-friendly
rice and it has become more competitive on the
market, resulting in enough income for the
farmers. This increase in income has motivated
them to continue farming. The stork-friendly
farming led to the reform of rural agricultural
practices and contributed to the conservation of
the socio-ecological production landscapes.

A similar case can be found on Sado Island,
where crested ibises have returned to the wild
environment. Even though the crested ibis in
Japan was endangered, the Japanese government
successfully bred those gifted by China and
released them onto the island. To prepare for the
reintroduction of crested ibises into the wild, a
group of farmers kept sections of their paddy
fields flooded in winter to provide feeding
grounds for the crested ibises. The rice produced
in these paddy fields sells under the brand “the
crested ibis-friendly rice.”

5.4 Protecting Landscapes
and Ecosystems in Rural Areas

5.4.1 Abandonment of Farmland

The abandonment of farmland in rural areas is an
ongoing process in Japan, which has caused the
degradation of ecosystems. The change in the
structure of industry that followed economic
growth and the associated rural–urban migration
were the leading causes of farmland abandon-
ment in rural areas. Therefore, it is necessary to
halt the abandonment and its negative impact on
conserving ecosystems in the countryside. The
ecologically sustainable development in rural
areas is connected to social and economic sus-
tainable development. As the 2030 Agenda for
Sustainable Development declared, “we are
committed to achieving sustainable development
in its three dimensions—economic, social, and
environmental—in a balanced and integrated
manner.”

The productivity of the agricultural sector is
lower than that of the industrial and commercial
sectors. Therefore, children of farmers are

reluctant to inherit the family business. In the
high economic development era of the 1960s and
the 1970s, many of them went to cities and
worked in factories and other businesses. Others
became part-time farmers, who worked as city
employees on weekdays and on their farmlands
on the weekend. Gradually, part-time farmers
quit these companies due to retirement. How-
ever, they continued to be farmers and later
stopped farming when they got too old to culti-
vate their farmlands. Unless their children
inherited the agricultural family business, there
was no one to cultivate these farmlands, which
led to their abandonment. Paddy field ecosystems
were no longer flooded and thus were lost.
Farmland abandonment has led to the degrada-
tion of the countryside and the loss of biodiver-
sity. Therefore, farmland policy is now a part of
the environmental policy.

5.4.2 Farmland Reform After WW II
and Smallholder Farming

5.4.2.1 Smallholder Farming
Agriculture in Japan has been low in productivity
and uncompetitive for a long time. This is
because the amount of farmland per farmer is
minimal. Therefore, the government has intro-
duced a policy of encouraging large-scale,
motivated farmers to increase their productivity.
The government encourages motivated farmers
to take over farmland that is no longer utilized
and cultivate it on a large scale.

Looking back in history, one realizes that
smallholder farming appeared after the farmland
reform, which was implemented after World
War II. This reform was implemented as a part of
the democratization process in Japan, during
which the government forced landowners who
lived in cities and did not cultivate their farmland
to sell it to the government. The government then
sold the acquired land to tenant farmers. These
previous tenant farmers could purchase around
one hectare of farmland, which they cultivated
with their families. Farmland reform improved
their living conditions which contributed to the
access of democracy in rural areas. Each farmer
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thus became a landowner with an average of one
hectare of farmland, but in many cases, these
farmers could not profit from agriculture later.
However, they still held onto the land as
important property for their families. They were
reluctant to sell or rent the farmland to other
farmers. As a result, the farmland reform has
prevented the development of large-scale agri-
culture in Japan.

The Farmland Act of 1952 supported the
continuation of smallholder farming. (Ito J. et al.
2016) This legislation placed the sale and pur-
chase of farmlands under governmental control,
and any transaction of farmland needed to be
approved by regulatory authorities. In principle,
only farmers can purchase farmland. Businesses
were not eligible for their own farmland, and,
even now, to be a “corporation qualified to own
cropland`̀ (Farmland Act §3), the company needs
to show that its main business is agriculture, and
most of the main members are farmers. This
scheme has prevented land from being sold to
companies and from being converted to resi-
dential or industrial land for use by them. In this
context, the statute protected farmland. However,
it prevented farmlands from being acquired by
large-scale farmers who are motivated and have
sufficient capital to farm efficiently. Ironically,
this scheme, which was intended to protect
farmlands, became an obstacle to the develop-
ment of productive agricultural practices, making
Japanese agriculture less competitive on the
international market.

5.4.2.2 Scale-Up of Agricultural
Management
for Sustainability
of Farmland

The government is now prompting the scale-up of
agricultural management to make the agricultural
sector competitive. In addition, the government
has come to recognize that farmlands should also
be protected as ecosystems, as they are the habitats
of a variety of species, and that farmlands supply a
variety of ecosystem services. This recognition and
associated farmland policy was enhanced during
the negotiation process of the Trans-Pacific Part-
nership (TPP). MA (2003, p3) defined ecosystem

services, “ecosystem services are the benefits
people obtain from ecosystems. These include
provisioning services such as food and water;
regulating services such as regulation of floods,
drought, land degradation, and disease; supporting
services such as soil formation and nutrient
cycling; and cultural services such as recreational,
spiritual, religious and other nonmaterial benefit.”

Even the Agriculture Policy Act of 1961
recommended that farmers expand their scale of
farming through the purchase of farmland from
ex-farmers and part-time farmers working in
cities to increase the efficiency of farm work and
income from farming. However, the areas farmed
in large scale did not increase so much because
weekend part-time farmers and those who quit
farming seldom sold or rented their farmland as
they wanted to hold onto it. As a result, the
average area of cultivated farmland remains
small in Japan.

The aging and declining farm population
increased significantly around 2000, and the
government strongly encouraged active farmers
to collect farmland and helped them to incorpo-
rate the land. As a result, the government
expected them to perform efficient and stable
agricultural practices and to be competitive
enough to survive in the international market.
They were also expected to employ people who
were not born into farming families, but who
wanted to start farming. The Act on Promotion of
Improvement of Agricultural Management
Foundation has accelerated the collection by
active farmers of farmlands that were no longer
farmed by landowners. In addition, the Farmland
Act Amendment of 2009 admitted that compa-
nies became farming entities and participated in
farming businesses. Community-based farm
cooperatives (voluntary organizations) are now
transitioning to corporate firms.

Historically, efficient and large-scale produc-
tion systems have often resulted in environ-
mental degradation and loss of biodiversity.
Therefore, it is important to develop methods that
can conserve ecosystems and biodiversity in
large-scale production.

Foreign technical training interns in agricul-
ture play an important role in filling the labor
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shortage in farming. However, the operation of
foreign technical training interns is different from
the original purpose of this scheme and there are
many problems that need to be solved, such as
improving the working conditions of trainees.

5.5 Sustainability with Sufficient
Income

5.5.1 Direct Payments
for Environmentally
Friendly Agriculture

The government of Japan now recognizes farm-
land not only as food production sites but also as
ecosystems that have many functions. The gov-
ernment’s intention is to sustain farmland
ecosystems with subsidies. The government has
granted subsidies to farmers who cultivate rice
terraces in mountainous areas. This type of sub-
sidy is called a direct payment to farmers. It was
offered to those engaged in environmentally
friendly agriculture. These subsidies are justified
as payments for ecosystem services. The Act on
Promoting the Introduction of Sustainable Agri-
cultural Production Methods of 1999 declared
this policy direction, and the Act on Promotion
of Multi-functionality of Agriculture of 2015
created a legal framework for direct payments.

5.5.2 Solar Sharing

It is not easy to continue farming with a small
income. Therefore, many farms have been
abandoned. As a result, the government has
encouraged the installation of solar power gen-
eration facilities, such as photovoltaic systems,
on farms. The feed-in tariff scheme of renewable
electricity guarantees stable income to farmers
who have installed it. If the sales of agricultural
products and electricity sales are combined, the
farmer gains sufficient income to continue culti-
vating. Some farmers have recommenced culti-
vation with the introduction of solar panels. This
practice is called solar sharing, and it is being
practiced across Japan.

To begin solar sharing, the landowner needs
to obtain permission for farmland conversion
from the local agriculture committee. This per-
mission scheme has been an obstacle to the
expansion of solar sharing. It is true that strict
regulation of farmlands to prevent them from
being used for other purposes has protected
them. However, the government, especially the
Ministry of Agriculture, Forestry, and Fisheries,
is willing to expand solar sharing to protect
agriculture and farmlands. Solar sharing will
contribute to mitigating climate change by
reducing CO2 emissions and maintaining
ecosystems and biodiversity in rural areas.

5.5.3 Forest Management

5.5.3.1 Unprofitable Forestry
Forestry management is currently difficult to
achieve as the timber produced in domestic for-
ests is not priced competitively because trans-
porting it from the sawmills to the marketplace is
costly in Japan. Therefore, forestry workers
stopped logging in many forests to avoid losses
occurring when they logged and sold the timber.
They also stopped taking care of the trees to
reduce expenditure. The situation of national
forestry, which is owned and managed by the
government, is like that of privately owned for-
ests. Previously, the national forestry was finan-
cially independent and returned its profit to the
national treasury. Previously, the forestry office
was blamed for felling too many trees. However,
national forestry became unprofitable and was
forced to cease the self-supporting accounting
system. Currently, the National Forestry Agency
manages its forests for public interest with the
expenditure of national treasury. National forests
are divided into five categories based on their
features. The expected functions to be enhanced
are disaster prevention, ecosystem protection,
recreational usage, formation of comfortable
living surroundings, and watershed protection.

5.5.3.2 Matured Forests
The forests in Japan have reached maturity and are
therefore ready to be cut down. However, cutting
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trees and transporting the timber to markets is
costly. Therefore, encouraging the use of domestic
wood is an important forest management policy in
Japan. Without logging, the old forests will not
rejuvenate and will no longer absorb CO2. The
government encourages building wooden houses
to increase the demand for timber.

Biomass power generation using wood chips
is enhanced to generate income for thinning the
planted forests. Wood chips are made from this
wood. Biomass power generation contributes to
the mitigation of climate change as a renewable
energy source. In addition, it is becoming pop-
ular to make chopsticks and other articles from
thinned wood to help support forest manage-
ment. These wooden items are supported by
green consumers as eco-friendly.

5.6 Consolidation of Development
and Environment

5.6.1 Harmonization Between
Economic Development
and Environment

In the era of economic development and serious
pollution of the 1960s, people criticized so-called
harmonization clauses which required the regu-
latory agencies to consider “harmonization
between economic development and the envi-
ronment.” These clauses existed within the Pol-
lution Prevention Policy Act and other pollution
control statutes and were deleted from these
statutes in 1970. People thought that the clause
authorized factories to operate while polluting
the environment. However, the consolidation of
development with environmental protection
returned with the enactment of the Environmen-
tal Policy Act of 1993 after the Earth Summit,
where the concept of sustainable development
played an important role. The statute made sus-
tainable development the fundamental principle
of environmental law in Japan and recognized
that sustainable development meant ecologically
sustainable development and that generational
ethics between the present and future generations
were to be realized. A variety of statutes that

promote development have now included envi-
ronmental protection in their goals to reflect the
sustainable development goal in legal schemes.
Therefore, many statutes now form part of the
environmental law systems. For example, the
River Act, the Coast Act, the Road Act, and so
on are important parts of environmental law.

5.6.2 Environmental Impact
Assessment

The environmental impact assessment (EIA)
scheme is an important tool for considering
environmental factors in the design of develop-
ment. At the national level, the Environmental
Impact Assessment Act of 1997 was legislated,
and Japan had a legal scheme for EIAs. Strategic
environmental assessment (SEA) was introduced
in 2011. The EIA Act requires the government to
consider environmental factors when issuing
licenses or permission for development.

The EIA is a scheme of information disclosure
and public involvement. Therefore, Japan needed
to wait for EIA Act legislation until 1997,
because the transparency of Japanese society and
the government had not matured. With the
Administrative Procedure Act of 1993 and the
Freedom of Information Act of 1999, Japan was
prepared to legislate the EIA Act.

5.7 Concluding Remarks

After serious pollution cases have disappeared
due to strict pollution regulations, climate change
and the protection of ecosystems are now
important environmental issues in Japan. Previ-
ously, the nature protection policy focused on the
prevention of development that damaged the
natural environment. The Nature Parks Act has
played an important role in the protection of
beautiful natural scenery and pristine nature.
Birds and other animals have been protected by
the Control of Animal Hunting and Protection of
Animals Act. These have been very successful.
However, people have realized that it is impor-
tant to protect ecosystems and biodiversity rather
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than natural beauty. Therefore, the government
focuses on the protection of socio-ecological
landscapes, such as farmland and forest, that hold
valuable ecosystems within them. People are
aware that they depend on the ecosystem services
to survive. The degradation of ecosystems and
biodiversity in socio-ecological productive land-
scapes has been caused by a decline in the
agricultural and forestry industries.

Protecting ecosystems on land is within the
scope of Goal 15 of the SDGs. Maintaining
farmland, pastures, and logging forests requires
sustainable agriculture, livestock farming, and
logging. Thus, it involves the social and eco-
nomic developments covered by other goals of
the SDGs concerning people and prosperity. The
consolidation of the environment, society, and
economy is an indispensable factor in protecting
ecosystems in Japan.
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6Globalization and Sustainability:
De Jure and De Facto Approach

Kaoru Nabeshima

Abstract

This chapter covers sustainability issues from
the industrial development and international
trade perspectives. Issues covered can be
broadly regarded as Goal 12: “Ensure sustain-
able consumption and production patterns” but
touches upon various goals. In pursuing the
goal of sustainability in economic activities, the
society can take two different approaches. One
is based on laws (including international
agreements), de jure approach. The other is
based more on the market force, such as based
on Voluntary Sustainability Standards (VSS),
de facto approach. Within the de jure approach,
the chapter will cover efforts at global level
(international agreements) and efforts at
domestic levels. At the international levels,
the chapter introduces some of the key areas
and the motivations behind these agreements.
For the discussions on the domestic levels, the
chapter introduces the differences between the
production-based environmental regulations
and the product-related environmental regula-

tions, and how this has influenced the industrial
activities and international trade. In the part for
VSS, the chapter will focus mainly on private
standards with third-party certification schemes
and how these diffuse across countries through
trade linkages and implications to producers
especially in developing countries. Finally, the
chapter touches upon the governance issues
related to regulations and private standards.

Keywords

International trade � Regulations � Private
standards � Sustainability

6.1 Introduction

Sustainable Development Goals (SDGs) cover
sustainability issues in many economic activities.
One focus of the SDGs is to promote sustainable
consumption and production in Goal 12 such as
on chemical management (target 12.4). Achiev-
ing this goal will have impacts on the industrial
activities and international trade, and Goal 12 is
related to many other goals specified in SDGs.
For instance, Goal 2 (target 2.4) focuses on
development of sustainable agriculture; Goal 3
(target 3.9) on reducing deaths from pollution;
Goal 5 (target 5.1) on gender discrimination;
Goal 6 (target 6.3) on reducing water pollution;
Goal 7 (target 7.2) on renewable energy; Goal 8
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(target 8.4) on decoupling economic growth and
environmental degradation (which is also cov-
ered in Goal 12), elimination of forced labor, and
other labor issues (target 8.7 and 8.8); Goal 11
(target 11.6) on city environment; Goal 14 (target
14.4) on regulating harvesting and overfishing;
Goal 15 on forest management, to name a few.

To achieve these targets specified in Goal 12
and other related goals, introductions of new
regulations (including international agreements)
or revisions to the existing regulations may be
needed to change the behavior of producers
and/or consumers. In recent years, in addition to
regulations, some firms are actively utilizing
Voluntary Sustainability Standards (VSS) to
make their products and/or processes to be more
sustainable. This chapter will introduce some of
these efforts and offer economic analysis on how
these will affect the industrial development and
international trade, especially for developing
countries. This chapter is organized as follows.
Section 6.2 presents a simple economic model
based on the Melitz model (Melitz 2003). The
key concept is the existence of fixed costs asso-
ciated with exports which affect the entry deci-
sion of firms to export market. Then Sect. 6.3
covers regulatory approaches done at the inter-
national level (international agreements) and at
the domestic level. Furthermore, in Sect. 6.3, the
impact of differences in regulations among
exporter and importer countries is discussed.
Section 6.4 examines the efforts stemming from
the private sector, focusing on the VSS and
highlights the motivations behind the increasing
use of VSS and issues faced by producers in
developing countries. And Sect. 6.5 concludes.

6.2 Theoretical Discussion

To achieve sustainability goals and to encourage
responsible production and consumption, we
need to change how goods are produced and
consumed. When it is left to the market force, we
tend to underestimate (or ignore completely) the
burden we impose on environment (and society)
since in many instances these costs are not borne
by the economic agents. Therefore, to correct this

tendency and change our behaviors, a set of rules
are required. Sometimes, that rules are agreed
upon a group of countries and become interna-
tional agreements especially true for the global
public good (Rodrik 2019). In other occasions,
these are introduced as domestic regulations.
Private entities (firms or consumers) may estab-
lish new rules, called private standards. In any
circumstances, introductions of new rules will
have impacts on economic activities.

6.2.1 Entry and Exit Decision of Firms

The impacts of the introduction of new “rules”
on international trade can be analyzed by the
Melitz model (Melitz 2003). In the Melitz model,
there is a large number of firms, each with dif-
ferent productivity levels. Firms decide to stay in
the “market” or exit the market depending on
whether they can make profits given their pro-
ductivity level. To operate in the market, a firm
must make an initial investment, a fixed cost.1

Figure 6.1 graphically represents this simple
case. In Fig. 6.1, profit a firm earns is represented
in the vertical axis. The horizontal axis represents
the productivity of firms. To operate in the
market, a firm needs to incur fixed cost, F. The
curve that represents firms profit starts out with
�F (i.e., for a firm that does not produce any
quantity). The point A in the graph is where a
firm with a particular productivity makes zero
profit. For any firm that has lower productivity
than firm A, they will exit the market and do not
produce. The market will be left with firms with
productivity that is higher than firm A.

Now, suppose that a country introduces a new
regulation, say a clean water regulation which
requires firms to install a wastewater facility to
prevent untreated discharge of contaminated
wastewater to the nature. To comply with this
regulation, firms need to make an additional
investment to install wastewater facility. Further

1 In this simple representation, we abstract away from
variable costs (costs that firms incur for each unit of goods
produced) and focus only on fixed costs (costs that firms
incur regardless of quantity produced).
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assume that the cost that is required to install
wastewater facility is fixed regardless of the
production level of the firm. Figure 6.2 shows
the impact of increase in the fixed cost in
graphical manner. With the increase in the fixed
cost by the new regulation, the profit that a firm
can make goes down (a curve representing firms’
profits shift down from the dashed-line curve to
the solid-line curve). As a result, the firm that
makes zero profit changes from firm A to firm
B. With the introduction of a new regulations,
firms that have lower productivity than firm B
will exit from the market. Since more firms exit
from the market compared to the previous case
illustrated in Fig. 6.1, there is a smaller number
of firms operating in the market, with the result
that only more productive firms survive. Thus,
the market is left with fewer number of firms, yet
with higher productivity.

6.2.2 Firm’s Decision to Export

Now consider the case with some firms export-
ing. Let us assume that there is a fixed cost that is
associated with exporting, represented by Fx.

2

Firms will first serve the domestic market and
then decide to export if and only if that can

generate higher profits. In Fig. 6.3, there are two
curves representing the profits of firms. The
dotted-line curve represents the profit of firms
that serve only the domestic market. The dashed-
line curve represents the profit of firms that serve
both the domestic and foreign markets. The
assumption here is that at any given level of
productivity, the revenues of firms are higher for
exporting firms. The profit will be lower for some
of the firms because of the additional fixed cost
associated with exports, Fx. Similar to the case
shown in Fig. 6.1, firms with productivity lower
than Firm A will exit the market. Firms with
productivity higher than Firm C will export since
the profits from exporting (dashed line) are
higher than only serving the domestic market
(dotted line). Those firms that are located
between Firm A and Firm C will serve only the
domestic market.

Let us consider the last case, where the
importing country introduces a new regulation
which leads to increase in a fixed cost for
exporting firms (from Fx to F0

x). This situation is
illustrated in Fig. 6.4. Profits earned by exporting
firms are now represented in a solid-line curve.
Similar to the case in Fig. 6.3, firms with pro-
ductivity lower than Firm A will exit the market.
Firms with productivity between Firm A and
Firm C will serve only the domestic market.
However, because of the increase in the fixed
cost, only firms with productivity that are higher
than Firm D will export. That means firms with
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Fig. 6.1 Melitz model only entry/exit decision. Source
Created by the author
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-

Fig. 6.2 Effect of increase in a fixed cost. Source Created
by the author

2 The literature has identified a number of factors that can
be considered as fixed costs associated with exports such
as gathering market information, consumer preferences,
and regulations in the destination markets.
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productivity between Firm C and Firm D will
exit from the export market and serve only the
domestic market. Overall, the number of
exporting firms decreases. Those that stay in
exporting markets have higher productivity than
the situation in Fig. 6.3.

6.2.3 Implications
from the Theoretical
Model

In this section, the Melitz model was used to
illustrate the relationship between fixed costs and
entry/exit decisions of firms for domestic and
foreign markets. When there are fixed costs asso-
ciated with production, some firms will decide to
exit from the market altogether, because the rev-
enue that they can generate cannot even cover the
fixed costs. When fixed costs increase, then
additional firms will exit from the market.

This mechanism holds true for the exporting
market also when there are fixed costs associated
with exporting. When fixed costs of exporting
increase, then some firms may decide to exit
from the export market and concentrate on
serving the domestic market. To the extent that
development of export industry is an important
element for sustaining growth in developing
countries, reductions in the number of firms are
of great concern.

There are many factors that can lead to
increase in fixed costs of exporting, one of which
is the introductions of new “rules”. Such “rules”
can include international agreements, regulations
in the importing countries, and/or the use of
private standards. In the next sections, we will
cover official rules (international agreements and
government regulations) and unofficial rules
(private standards).

6.3 De Jure Approach

When left to the market force alone, economic
agents may overdo certain activities when the
costs of such activities are not borne by the
economic agents. For instance, if the economic
agents do not bear the costs of extinction of
certain species, and such species (or some parts
of) have economic values, they tend to overhunt
or overfish, leading to possible extinction of the
species. In another case, it may be chemical
substances that are harmful to human health
and/or environment. If such chemical substances
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Fig. 6.3 Case of exports. Source Created by the author
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Fig. 6.4 Effect of increase in
fixed costs for exporting.
Source Created by the author
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are economically useful, firms will use them,
especially when the firm does not bear the costs
of ill human health and/or environmental dam-
ages resulting from such use.

To correct these problems, often “regulations”
are created to control the behavior of economic
agents. In this chapter, we will make a distinction
between “regulations” and “standards”. Regula-
tions are created and enforced by public agents,
are mandatory, and legally bounding. Often, the
violations of regulations carry some penalties. In
contrast, standards are created by either public or
private entities, and standards are voluntary in
nature. They are not legally binding and do not
carry any (official) penalties when one does not
follow standards. We will discuss the nature of
standards in more detail in the next section.

Here, we focus on the regulations (mandatory
rules). When one thinks of regulations, there are
regulations that are supranational in nature (in-
cluding international agreements) and domestic
regulations. In the following subsections, we will
cover international agreements and then domestic
regulations and assess their impacts on interna-
tional trade.

6.3.1 International Agreements

There are many international agreements in force
focusing on sustainability issue. Each of them
focuses on a certain issue. Let us look at some of
the agreements below.

One of the well-known agreements is “Con-
vention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES)”. The
main purpose of this international agreement is to
make sure that international trade in wild animals
and plants does not cause harm to their survival,
and it covers a wide range of wild animals and
plants. Wild animals and plants listed in
Appendix I mean that they are threatened with
extinction, and, in general, commercial interna-
tional trade3 of these is prohibited. Those listed
in Appendix II are not facing immediate

extinction risk, if and only if international trade is
controlled sufficiently. Appendix III includes
wild animals and plants that are already subject
to regulations by a country and require cooper-
ation from other countries (importing countries)
to ensure that these are not traded illegally
(Table 6.1).

The main mode of regulation takes the form
of quotas, the restrictions on quantity.4 Those
listed in Appendix I, the commercial interna-
tional trade is prohibited; hence, the quota is
zero. For those in Appendix II, if they are cap-
tured in accordance with domestic regulations,
catch or extraction of these do not threaten the
survival of the species (which is verified in sci-
entific manner), and have requisite certificates
and permits that can be traced through the trade,
then international trade is allowed in limited
quantity. The quota can be set by the domestic
country or through collective agreement.

The previous example was wild animals and
plants and trading of species or their artifacts. In
addition to this, there are many international
agreements related to chemicals that may be
harmful to human health and/or environment. For
instance, “Montreal Protocol on Substances that
Deplete the Ozone Layer” aims to phase out the
consumption and production of nearly one hun-
dred ozone depleting substances (ODSs) such as
chlorofluorocarbons (CFCs), halon, carbon
tetrachloride, and others.5 Use of CFCs was
widespread in our lives such as in air condi-
tioners and refrigerators as refrigerants and
aerosol cans as propellants. CFCs were also used
in some medical device such as inhaler for
asthma patients. ODSs are also widely used in

3 In some instance, international trade for scientific
purpose is allowed.

4 Similar kind of approach is taken in many different
efforts for conservation. For instance, Atlantic bluefin
tuna is regulated by the International Commission for the
Conservation of Atlantic Tunas (with contracting party of
52) to control the catchment of tuna in the Atlantic Ocean.
They determine the amount of quota based on the stocks
of bluefin tuna. This is an important fish for Japanese
since much of bluefin tuna ends up as sushi or sashimi
consumed in Japan. For year 2022, the quota for Japan
increased by 257 tons for a total of 3,483 tons (Japan
Times 2021).
5 For a complete listing of the substances, please see
Ozone Secretariat (2020).
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the manufacturing processes. The adoption of the
Montreal Protocol has led to the changing in
production process as well as changes in prod-
ucts mainly by the use of alternative substances.
The Kigali Amendment aims to phase down the
projected consumption and production of
hydrofluorocarbons (HFCs), which was devel-
oped as substitute for CFCs yet known to be
greenhouse gases. The goal is to reduce the
consumption and production of HFCs by 80% in
the next 30 years. Developed countries are
already starting the phase-out process, while
developing countries will start from consumption
freeze in 2024 (or 2028 for come countries)
(Ozone Secretariat 2019).

The Stockholm Convention on Persistent
Organic Pollutants regulates chemicals (persis-
tent organic pollutants: POPs) that can linger in
the nature for a prolonged period of time and
cause harm to human health and environment.
These cover some of the chemicals used in pes-
ticide6 and for industrial use. Those POPs listed
in the Annex A are subject to ban on use, man-
ufacture, and trade. Those in Annex B faces
restrictions on the use, manufacture, and trade
(Secretariat of the Stockholm Convention 2020).

Recent addition to management of chemical
substances at the global level is the Minamata
Convention on Mercury7 This convention regu-
lates the mining and trading of mercury, phasing
out the use of mercury in certain products, and
reduces the emission and release of mercury. It
requires countries to phase out the mining

activities of mercury and control the export and
import of mercury between countries. In addi-
tion, the year 2020 marks the year to completely
phase out the manufacture, export, and import of
mercury-added products listed in Part I of
Annex A. Mercury is (was) used widely in our
daily lives. They are used in batteries, lamps
(such as compact fluorescent lamps),8 and non-
electronic measuring devices such as ther-
mometers, cosmetics, pesticides, and switch and
relays.9 Mercury is also used in manufacturing
processes. Part I of Annex B requires countries to
phase out the use of mercury in acetaldehyde
production (by 2018)10 and chlor-alkali produc-
tion (by 2025). Other manufacturing processes11

listed in Part II of Annex B do not have specific
phase-out dates, but countries are required to
reduce and restrict the use of mercury and mer-
cury compounds in the manufacturing processes
(UNEP 2019).

Another international agreement on chemi-
cals, the “Rotterdam Convention on the Prior
Informed Consent Procedure for Certain Hazar-
dous Chemicals and Pesticides in International

Table 6.1 Number of species and subspecies covered by CITES

Appendix I Appendix II Appendix III

Number of
species

1082 species and 36
subspecies

37,420 species and 15
subspecies

211 species and 14 subspecies and
1 variant

Note Appendix I lists wild animals and plants threatened with extinction. Appendix II lists those that are not immediate
risk of extinction but requires tight control on international trade. Appendix III lists those that are subject to regulations
by a country and require cooperation from other countries to prevent illegal trade
Source CITES (2021)

6 For a complete listing of the POPs, please see Secretariat
of the Stockholm Convention (2019).
7 This convention is named after a city in Japan,
Minamata, where they suffered from mercury poisoning
(the Minamata disease).

8 Because of the concerns for global warming, people
were switching from in incandescent lamps to compact
fluorescent lamps since the latter is more energy efficient.
In more recent years, people are switching again to more
energy-efficient light-emitting diodes (LED) lamps
(UNEP 2017).
9 Dental amalgam is the only product listed in Part II of
Annex A.
10 This is one of the significant achievements of the
convention, since the use of mercury in acetaldehyde
production and releasing the untreated wastewater to the
river was the main cause of the Minamata disease.
11 They are vinyl chloride monomer production, sodium
or potassium methylate or ethylate, and production of
polyurethane using mercury containing catalysts (UNEP
2019).
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Trade”, focuses on the information exchange of
hazardous chemical substances between expor-
ters and importers, and these chemical substances
need to be clearly labeled (Secretariat of the
Rotterdam Convention 2020). “Basel Conven-
tion on the Control of Transboundary Move-
ments of Hazardous Wastes and Their Disposal”
controls the international movement of hazardous
wastes which was adopted focusing on the noti-
fication of transboundary movements of haz-
ardous wastes, but starting in 2019, there is now
a ban on exports of hazardous wastes covered in
Basel Convention that are intended for final
disposal, reuse, recycling, and recovery from
countries listed in Annex VII (such as OECD)
(Secretariat of the Basel Convention 2020).12

Some of these international agreements rely
on quota (including ban) to achieve the sustain-
ability goal, which naturally have impact on
international trade and consumption. Others rely
on notification and information exchange to
make importing countries (especially developing
countries) aware of the trading activities, to raise
the awareness of the sustainability issue. The
latter type of agreements can be considered as
part of fixed costs described in Sect. 6.2.

6.3.2 Domestic Regulations

For the international agreements to have any
legal weights, applicable laws corresponding to
the international agreements need to be intro-
duced in each country. When doing so, a country
(or a region) may introduce additional require-
ments. For instance, the implementation of
“Montreal Protocol on Substances that Deplete
the Ozone Layer” in EU is backed by the Reg-
ulation (EC) No 1005/2009,13 which includes
five additional ODSs that are not covered in the
Montreal Protocol.14 Thus, even in the case of

international agreements, domestic implementa-
tions may differ from countries to countries.

In addition to these international agreements,
countries introduce numerous laws to safeguard
human health and to protect environment. In
almost every country, there are food safety reg-
ulations to ensure that the agricultural goods and
processed foods are safe for human consumption.
Regulations may restrict maximum residue levels
(MRLs)15 and require affixation of labels show-
ing information on the manufacturer, source of
inputs, ingredients, nutrition, and potential
allergic substances used. Exporting firms need to
comply with these regulations if they wish to
export agricultural and food products to the
destination. Even though they are exported, these
products are subject to inspections at the point of
entry to make sure that these products comply
with domestic regulations. Sometime, imported
products fail to meet these requirements, and
they are rejected. For instance, the statistics from
the UNIDO reveal that in 2013, an estimated US
$9328 million worth of agriculture and food
products (all food and feeds) were rejected at the
borders of four markets (Australia, EU, Japan,
and USA) (UNIDO 2015). Often cited reasons
for the rejections are the violations regarding
residue agricultural chemicals16 and residue vet-
erinarian drugs (IDE-JETRO and UNIDO 2013;
UNIDO 2010, 2015).

These regulations are well known, yet many
countries still fail to meet these requirements
sufficiently, but the awareness among farmers is

12 For a list of wastes that are covered in the Basel
Convention, please see Annex VIII. Recently, plastic
wastes were added and came into force in 2021 (Secre-
tariat of the Basel Convention 2020).
13 See https://eur-lex.europa.eu/legal-content/EN/TXT/
PDF/?uri=CELEX:32009R1005&from=EN for the full
text of the regulation.

14 They are halon 1202, methyl chloride (MC), ethyl
bromide (EB), trifluoroiodomethane (TFIM) and n-propyl
bromide (n-PB) (European Environment Agency 2021).
15 Codex Alimentarius offers some base MRL and
streamlining regulations to this may facilitate international
trade (Li 2018; Rusch, Cameron and Hohgardt 2019) and
more stringent requirements are likely to have negative
impacts on international trade, especially on exports from
developing countries (Otsuki, Wilson and Sewadeh 2001;
Wilson and Otsuki 2004), although this is difficult since
MRL in each country is set based on their dietary habits.
16 Developing countries seem to have difficult times in
meeting the MRL requirements in developed countries
(Xiong and Beghin 2014), mainly because the MRL
requirements in developed countries are more stringent
than in the developing countries (Winchester et al. 2012).
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not keeping up with the regulation information
and the domestic regulatory systems
(Schreinemachers et al. 2015). The problem is
compounded especially for the processed food
industry. They need to make sure that all inputs
used in each step of manufacturing process com-
ply with the regulations. For instance, when a firm
manufactures frozen shrimp, it needs to ensure
that the shrimp they use do not contain excessive
amount of residue chemicals (for instance,
antibiotics or in some cases, antioxidants). If the
shrimp they use as inputs already contained these
substances above the allowed amount, then there
is nothing that the manufacturers can do to correct
this problem.

How can the final good manufacturers ensure
that their products will comply with the requisite
regulations? First, the manufacturers need to
know the regulation of the destination countries.
Such information is considered as a part of the
fixed cost of exporting as described in the theo-
retical section. Second, the manufacturers need to
ensure that suppliers also know these regulations
and these inputs need to be checked along the
supply chain, to make sure that after each stage
of the supply chain, the products (or inputs) meet
the requirements. This checking can be done by
the buyer firms (firms located in the down-
stream), the seller firms (firms located in the
upstream), or rely on third party (in many
instances, public research institute). In the case of
residue chemicals, these tests need to be done
scientifically. Thus, either at firm or at the
country level, there must be a sufficient scientific
capabilities and facilities. In addition to this, to
trace back the origin of the problems, traceability
system along the supply chain is needed to make
sure that only “qualified” (or checked) inputs are
used in the supply chain and to quickly identify
the source of the problem if arises.17

This poses a large concern on producers,
especially in developing countries. Often small-
scale farmers in developing countries are not

aware of regulations (domestic and/or foreign
ones). Because they are unaware, they do not
take the necessary steps to ensure that their
products meet the regulatory requirements of
importing countries such as correct applications
of agricultural chemicals. From government’s
point of view, there are two policy levers that
they can utilize. One is the establishment of
quality assurance system (including public
research institutes assisting firms in scientific
measurements), and the other is the information
dissemination and training of farmers (IDE-
JETRO and UNIDO 2013).

Manufacturing industries also face many
regulations, especially on the environmental
issues.18 Many countries have introduced pollu-
tion abatement regulations. Typically, these tra-
ditional types of environmental regulations have
focused on the production processes of domestic
entities. If a country is keen on environmental
protections, their regulations on manufacturing
processes tend to be stricter compared to the
other countries where they are not too concerned
with environmental damages. This can result in
the movement of production processes from
developed to developing countries through for-
eign direct investment.19

Gradually, there seem to be a shift in the
orientation of environmental policies in many
countries, notably in developed countries. Even
though there have been regulations concerning
product characteristics such as energy efficiency
requirements or emission restrictions for auto-
mobiles, there is now an increasing tendency to
do so, especially focusing on chemicals. Envi-
ronmental policies now are focusing more on
product-related environmental regulations (fo-
cusing on product characteristics) (PRERs) rather
than traditional pollution abatement regulations.
Pollution abatement regulations regulate

17 Different supply chains of agricultural and food prod-
ucts deal with this issue differently. See Mori, Nabeshima
and Yamada (2013) for the eel industry in China. There
are many studies on shrimp industry (IDE-JETRO and
UNIDO 2013;Suzuki and Nam 2016;Tran et al. 2013).

18 On the survey of political factors on environment, see
Hu et al. (2021).
19 This is so-called pollution haven effect. On this, please
see Kellenberg (2009) and Erdogan (2014). While the
traditional literature has looked at FDI and gross exports,
Duan et al. (2021) focus on trade in value added and find
that firms tend to relocate “dirty” processes to developing
countries and forming “global pollution chain”.
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domestic production activities by domestic law.
The cost of regulatory compliances is borne by
domestic producers. PRERs regulate the products
regardless of where they are produced, resulting
in a mismatch of location of production and
consumption. The cost of complying of regula-
tions is borne by domestic and foreign producers.

One such example of PRERs is the Restriction
of Hazardous Substances in Electrical and Elec-
tronic Equipment (RoHS) (Directive 2011/
65/EU), a regulation by the European Union.
The regulation essentially limits the use of ten
chemical substances in electronics that are
known to cause harm to both human health and
environment.20 This directive, coupled with the
regulation on waste electrical and electronic
equipment (WEEE) (WEEE Directive, Directive
2012/19/EU), is used to minimize the risk to
human health and environment stemming from
the use, recycling, and disposal of electronic
equipment. Since RoHS directive applies to
electronic products sold in EU, this applies to
both domestic and foreign producers. When
RoHS was introduced, there were much discus-
sion on the impacts of this on the production and
exports of these products from East Asia to EU
(Michida 2017). Similarly, the introduction of
Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH) (Regulation
(EC) No 1907/2006) has caused concerns among
producers in East Asia. REACH requires that
chemicals to be used in the product must be first
registered at the European Chemical Agency.
And for the registration, it requires scientific
evidence (risk and hazard analysis) that chemical
is safe (Humphrey 2017). A study by Honda and
Otsuki (2017a) finds that firms in Malaysia and
Vietnam that are able to meet these requirements
actually increased their exports to the EU mar-
kets. At the same time, these firms also seem to
concentrate on the EU market once they comply
with these regulations. This may be because they
have invested substantially to meet the

requirements, and to recoup their investments,
they are now focusing more on the EU market.
Other studies such as Fontagné and Orefice
(2018) find that when firms are faced with tech-
nical barriers to trade (TBT), some exporter
firms, especially if they export to multiple des-
tinations, tend to focus on the market with more
relaxed TBT.

Overall, if a firm belongs to global production
networks, they invest in compliance requirements
even if that entails additional investments (often in
terms of increase in the fixed costs, but sometimes
of variable costs) (Honda and Otsuki 2017b;
Michida et al 2017; Ueki et al 2017). To assist
firms in maintaining export activities to the regu-
lated yet lucrative markets, governments typically
provide assistance through establishments of
quality assurance facilities if that were lacking as
well as introducing similar regulations domesti-
cally (Michida 2017; Ramungul 2017). In fact,
many countries in East Asia have introduced
similar regulations concerning chemicals to
reduce the information costs. This is done to
reduce the export-specificfixed cost. These studies
tend to focus on certain issues, and there have been
relatively few studies that look at the impact of
domestic regulations on international trade.21 We
turn to this issue in the next subsection.

6.3.3 Economic Assessment
of the Impact
of Regulatory Differences
Between Exporters
and Importers

There are only limited number of studies sys-
tematically looking at the impact of domestic
regulations on international trade relative to the
overall international trade literature.22 This is
because there was no comprehensive data on the
domestic regulations. The past literature has

20 They are lead, cadmium, mercury, hexavalent chro-
mium, polybrominated biphenyls (PBB) and polybromi-
nated diphenyl ethers (PBDE), bis (2-ethylhexyl)
phthalate (DEHP), butyl benzyl phthalate (BBP), dibutyl
phthalate (DBP), and diisobutyl phthalate (DIBP).

21 For instance, Disdier and Marette (2010) and Xiong
and Beghin (2014) look at the impact of MRL. Other
studies have sectoral focus (Bao 2014) or country focus
(Portugal-Perez, Reyes and Wilson 2010).
22 For the review of the literature, please see UNCTAD
(2018).

6 Globalization and Sustainability: De Jure and De Facto Approach 97



relied on the estimation of ad valorem equiva-
lents (AVE) to measure the trade impacts (such
as Kee et al (2009)). Some are based on the
notifications to WTO (Bao and Chen 2013; Bao
and Qiu 2012), but the number of notifications is
much fewer in number compared to the overall
domestic regulations that may have impacts on
international trade. In the case of Japan, the total
number of non-tariff measures (NTMs) reported
to WTO is 383, while the total number of NTMs
coded from domestic regulations is 1278
(Nabeshima and Obashi 2020). The effort by the
United Nations Conference on Trade and
Development (UNCTAD) has created a data set
that can be utilized by the researchers.23

In most studies, they take the existence of
regulations in importing countries as the main
indicator of interest. However, as we have seen,
many countries ratify international agreements,
and therefore, corresponding domestic regula-
tions exist, which are similar across countries. In
addition, governments introduce regulations to
safeguard human health and environment, but
they tend to introduce similar regulations. Since
domestic regulations apply to domestic entities,
even exporting firms need to meet domestic
regulations (fixed cost, F, in subsection 6.2). In
addition to this, exporting firms need to meet the
requirements imposed by importing countries
(Fx, in the theoretical subsection 6.2); however,
there may be significant overlap between the two
since countries implement similar kind of regu-
lations. To account for this overlap, some
research utilizes differences in regulations
between exporting and importing countries to
better identify the true fixed costs, Fx: Among
many methodologies,24 one methodology is the
use of cosine similarity,25 which is based on
comparing two vectors (each vector representing
a set of regulations) and measures the difference

in angle. Figure 6.5 illustrates this. In case 1, two
vectors are facing similar directions, compared to
case 2 (smaller angle in the case 1). One can
utilize this information to construct the cosine
similarity index.26

Nabeshima and Obashi (2021) construct the
additional compliance indicator (ACRI) based on
cosine similarity. They find that the differences in
regulations between exporting and importing
countries negatively impact international trade. If
the regulation changes from “completely the
same” (ACRI = 0) to “completely different”
(ACRI = 1), bilateral trade between two coun-
tries is reduced by 22.9% (or 14.4% when zero
trade is taken into account). They also find that
exports from developing countries decrease both
to developed and developing countries when
there are differences in regulations, while devel-
oped countries do not seem to be affected by the
differences in regulations (Nabeshima and Oba-
shi 2021). This supports the general observation
that developing countries often find it difficult to
comply with the regulations in developed coun-
tries. Furthermore, the so-called South–South
trade (trade between developing countries) is also
affected by differences in regulations. This find-
ing points the general weakness of firms in
developing countries to comply with regulations
in destination countries, especially if they are
different from the domestic regulations that they
are familiar with.

Another study by Nabeshima et al. (2021) find
that decomposes the negative impacts of differ-
ences in regulations by looking at the intensive

Case 2Case 1

Fig. 6.5 Illustration of cosine similarity. Source Created
by the author

23 For the details on how regulations are collected and
coded, please see UNCTAD (2021).
24 For other methods, please see Drogué and DeMaria
(2012) and Winchester et al. (2012) using MRL data and
Cadot et al. (2015)on UNCTAD NTM data.
25 Cosine similarity is often used method in the patent
literature to measure the similarity between patent doc-
uments (Branstetter 2006;Jaffe 1986).

26 For the detail, please see Nabeshima and Obashi
(2021).
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and extensive margins of international trade.27

Like other studies, they find that additional reg-
ulatory burden negatively affects intensive mar-
gin (less trade). When decomposing this to the
price and quantity effect, they find that additional
regulatory burden negatively affects quantities28

and increases prices. Since the reductions in
quantity outweigh the increase in price, overall,
the trade decreases.

These and other studies suggest that firms in
developing countries are finding it difficult to
comply with regulations in destinations.

6.4 De Facto Regulation (Private
Standard) Approach

The previous section has examined the impact of
regulations on international trade. In general, the
regulations tend to reduce international trade
(sometime by design like the case in many
international agreements focusing on conserva-
tion efforts). Research also points out that dif-
ferences in regulations tend to discourage exports
especially from developing countries. Recently,
there is a widespread usage of private standards
to respond to consumers’ demand for sustainable
products. The final product makers are keen on
meeting such demand and offer products labeled
as sustainable. To do so, the final product makers
need to make sure that suppliers also follow
certain production processes or other require-
ments for the final product to be called sustain-
able. This leads to the creation of private
standards, and the final product makers require
meeting this private standard as a condition for
the procurement. Because of this, for the supplier

firms, private standards (even though voluntary
in nature) are a mandatory requirement and per-
ceive it the same as regulations. Even though
standards are voluntary in nature, but for certain
firms, they become de facto regulation.

There are many different private standards
globally, but in this section, we focus on the private
standard with third-party certification scheme.

6.4.1 Types of Private Standards

The main difference between regulations and stan-
dards is that regulations are mandatory, and stan-
dards are voluntary.29 Standards can be created by
any entity, and depending on the nature of the
entity, it is called international (such as by the
International Organization for Standardization:
ISO), industrial (created by a group of firms in an
industry), national/public, and private standards.30

Standards exist to ensure consistent quality of
products or process or assuring the compatibility of
products. For instance, there are well-known stan-
dards for management such as ISO9001 for quality
management or ISO140001 for the environment
management. These specify the processes. Then,
there are standards that assist in interoperability of
goods. Paper size is defined in ISO216, and because
of that, it is easier for the consumers to know
whether certain products that use paper as inputs
(such as printers) can accept the paper consumers
want to use, regardless of the manufacturers of
papers or printers. In this chapter, we focus on
process standards.

Among the private standards, we can broadly
divide them into three different categories as

27 Intensive margin refers to the changes in the trade
volume of the existing trading relationship. For instance, if
a country exports more of the same goods, we say increase
in intensive margin. Extensive margin refers to the number
of products that a country exports. For instance, if a
country exports ten goods in one year, and 11 in the next
year, there was an increase in extensive margin.
28 This is in line with the Melitz model described in the
theoretical section if one assumes that a firm produces a
variety. As the fixed costs of exporting increased, the
number of exporting firms decreases, hence, reductions in
varieties and quantity exported.

29 What makes it confusing is that standards are voluntary.
But if a regulation includes a standard, that becomes a
mandatory standard, for instance, Japan Industrial Stan-
dard (JIS) technical specifications. If a regulation calls
that certain item needs to confirm to JIS, then that
particular JIS becomes a mandatory standard. EU for
instance would like the charging of smartphones to follow
USB-C, following their past attempts in the past with
micro-USB (European Commission 2021; Fanta 2019).
30 In this chapter, we do not cover the so-called de facto
standards, which become “standard” (everyone uses it) in
the marketplace. We focus on standards that are inten-
tionally created by an entity to set certain rules.
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shown in Table 6.2. In the first case of “self-
check”, checking of whether one follows the
standard is done by oneself. It is a self-claim, and
the credibility to the others (especially to stran-
gers) is low. However, this is still useful in, say,
dissemination of “best practices”. The second
type is often utilized in the business relation-
ships. The buyer firms require the supplier firms
to follow certain rules (such as procurement rules
created by the buyer firm, which may include
external standards). The check (auditing) is done
by the buyer firm to make sure that suppliers
follow the rule. Continuation of business rela-
tionship depends on whether the supply follows
the rules set by the buyer. The credibility is
medium to high, typically resting on the reputa-
tion of the buyer firm. Then the final category is
the third-party certification scheme. In this cate-
gory, the buyer firm requires supplier firms to be
certified in specified external standards. Since the
buyer is not involved in the certification process,
the credibility of this is high (to the extent of
credibility of the certification firm).

According to UNFSS (2020), there are now
more than 250 voluntary sustainability standards
(VSS) globally. Fairtrade and Rainforest Alli-
ances are examples of such VSS. In examination
of VSS contributions to SDGs, many VSS con-
tribute to Goals 12 (especially on target 12.4 on
chemicals, 12.5 on recycling, and 12.6 on
encouraging multinational firms to integrate
sustainability information) of the SDGs since
many VSS focus on the sustainability issues
(UNFSS 2018). While these VSS are utilized in
the business relationships between buyers and
suppliers, VSS can be integrated in other aspects
such as the Olympics. Since the London Olym-
pic, the sustainability issue has been integrated in
hosting of the Olympic games. This tradition is
carried on by the Rio and also the Tokyo

Olympics. Table 6.3 lists the private standards
with third-party certification schemes to achieve
sustainable procurements for the commodities
utilized in the Tokyo Olympic.31

6.4.2 Impacts on Developing
Countries

Prevalence of private standards is challenging for
the producers, especially in developing countries.
For instance, agricultural food suppliers need to
meet traditional regulations on the use of agri-
cultural and veterinary chemicals, but also
humane treatment of livestock and agricultural
laborers (some by regulations and some by pri-
vate standards), while improving the productivity
of agricultural productions to achieve lower pri-
ces and more quantity produced (Saitone and
Sexton 2017). To the extent that the private
standards are used as the conditions for the
exports, if a firm obtains necessary certificates,
then a firm is well positioned to expand on their
export activities. In fact, research shows that
obtaining international certificates seems to have
good effects in the development of coffee
industry in Ethiopia (Minten et al. 2019) that
obtaining organic and GlobalGAP certificate led
to increase in pineapple exports from Ghana
(Kleemann Abdulai and Buss 2014), and that
Fairtrade certification contributed to increase in
job satisfaction among pineapple workers in
Ghana (Krumbiegel et al. 2018). A product car-
rying some indication of “desirability” (such as
“organic” or “natural” labeling) seems to be able

Table 6.2 Differences among three types of standards

Type Checked by Credibility to others

Self-check Self (first party) Low

Supplier audit Buyer (second party) Medium to high

Third-party certification scheme Certification firm (third party) High

Source Created by the author

31 In addition to procurement, reducing food loss was
identified as one of the sustainability efforts for the
Olympic. However, reducing food loss in a sufficient
manner is rather difficult because food providers need to
meet the food safety regulations (Kasza et al. 2019).
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to sell at higher prices compared to more generic
products (Bonanno et al. 2018).32 Because of
these advantages, some governments are using
the adoption of VSS as a policy tool for export
promotion (UNFSS 2020).

However, adoption of VSS is not without
concerns. There are at least three different con-
cerns that come from the proliferation of VSS to
producers in developing countries (UNFSS
2018). First is that these VSS are now becoming
de facto regulations for producers in developing
countries, since obtaining some certificate is
required as a part of business transactions. Some
suspect that buyer firms are using the certificate
as a way of minimizing costs associated with
production network. In the past, the auditing of
the suppliers was done by the buyers themselves,
with the cost of auditing incurred by the buyer
firms (often from developed countries). How-
ever, increasingly buyer firms are requiring
suppliers to obtain third-party certification in lieu
of auditing by themselves. Thus, the auditing
cost has been pushed to the suppliers as fees
associated with obtaining certificates (see
Table 6.4).

Developing countries complain that these
private standards are promoted with consumers
in developed countries in mind, yet the costs of
ensuring health and environmental sustainability
of consumption (and disposals) in developed
countries are borne by producers.

Second, there are many different, yet over-
lapping private standards that exist, and suppliers
may need to obtain several certificates if they
deal with multiple buyers (often from developed
countries). This can lead to several different
outcomes. Firms may choose to obtain several
certificates if they are sufficiently large enough.
This means that they need to incur multiple costs
for obtaining certifications (which are fixed
costs). Or it could result in some choosing one
particular standard and others choosing different
standards. This could create a lock-in effect and
reducing the bargaining power of the suppliers to
buyers.

Third, in some areas, the governance is
moving from the public to the private sector, and
the reach of such rule-setting is defined not by
the national boundaries but the international trade
linkages (see for instance, Michida and Nabe-
shima (2017)). Private standards are also mainly
created by firms in developed countries, and this
rule-setting is outside the jurisdictions of both
national governments (as well as they are not
illegal) and international organizations such as
the World Trade Organization, thus lacking

Table 6.3 Private standards identified in the procurement guidelines for Tokyo Olympic

Type of products Private standards

Agriculture
products

GlobalGAP, ASIAGAP, Organic

Livestock JGAP or GlobalGAP

Fishery products Marine Eco-Label (MEL), Aquaclture Eco-Label (AEL), Marine Stewardship Council
(MSC), Aquaculture Stewardship Council (ASC)

Timber Forest Stewardship Council (FSC), Programme for the Endorsement of Forest Certification
schemes (PEFC), Sustainable Green Ecosystem Council (SEGC)

Paper Forest Stewardship Council (FSC), Programme for the Endorsement of Forest Certification
schemes (PEFC)

Palm oil Indonesian Sustainable Palm Oil (IPO), Malaysian Sustainable Palm Oil (MPO), Roundtable
on Sustainable Palm Oil (MSPO)

Source Created by the author from the sustainable procurement guidelines of Tokyo Olympics (Tokyo Organizing
Committee for the Olympic and Paralympic Games 2020)

32 People tend to overstate their willingness-to-pay on
sustainability issue. However, even when correcting for
these biases, consumers are willing to pay more for these
“sustainable” products than the generic products, although
the effect is negative for organic foods (Gschwandtner and
Burton 2020).
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workable dispute settlement mechanisms. In
addition, unlike the case in international agree-
ments (or domestic regulations in certain cases)
where differential treatment is available for
developing countries, developed and developing
countries are treated equally.

Even though these concerns exist, the sus-
tainability concerns are gaining momentum, and
the use of these private standards can be an
effective way to encourage responsibility con-
sumption and production. However, one needs to
be aware that these are putting significant bur-
dens on producers in developing countries.

6.5 Conclusion

To promote sustainable consumption and pro-
duction (Goal 12), there were large numbers of
initiatives implemented through international
agreements, domestic regulations, and through
private standards. Efforts for Goal 12 have close
relationships to the other goals, such as Goal 2
(target 2.4) focuses on development of sustain-
able agriculture; Goal 3 (target 3.9) on reducing
deaths from pollution; Goal 5 (target 5.1) on
gender discrimination; Goal 6 (target 6.3) on
reducing water pollution; Goal 7 (target 7.2) on
renewable energy; Goal 8 (target 8.4) on
decoupling economic growth and environmental
degradation (which is also covered in Goal 12),
elimination of forced labor, and other labor issues
(target 8.7 and 8.8); Goal 11 (target 11.6) on city
environment; Goal 14 (target 14.4) on regulating
harvesting and overfishing; Goal 15 on forest
management, to name a few.

In this chapter, we have examined the impacts
of regulations and standards on international

trade. A simple theoretical model was presented
to show that increase in fixed costs associated
with exporting negatively influences the entry
decision of firms into the export market. Com-
pliance costs associated with either regulations or
obtaining third-party certification schemes can be
considered as fixed costs of exporting. Hence, if
a firm is facing a large number of regulations or
significant different regulations from domestic
ones, of if a firm needs to obtain multiple cer-
tificates, the implication from the theoretical
model is that there would be less number of
exporting firms. One possible solution to this is
to harmonize regulations and streamline certifi-
cate requirements33 to reduce the duplicate
efforts by the producers. This can be encouraged
through regional trade agreements for instance.

Research also shows that for those firms that
can maintain exporting activities, they seem to
obtain the benefits from meeting these require-
ments. However, this seems to be limited to only
“capable” existing exporting firms. This is a large
concern for developing countries since develop-
ment of export-oriented industry is a key policy
concern for developing countries. Increasingly,
the entry barrier to export market is becoming
much higher due to these requirements. Looking
into the future, additional issues can be woven
into the web of agreements, regulations, and
private standards such as those on human rights
and issues surrounding micro-plastics. Dissemi-
nation of the regulatory information is one way
of achieving this to reduce the information cost
(which are fixed costs in nature) and to assist
firms considering exports.

Table 6.4 Cost implications for private standards

Type Checked by Cost to suppliers for
verification

Cost to buyers for
verification

Self-check Self (first party) Low None

Supplier audit Buyer (second party) Low High

Third-party certification
scheme

Certification firm (third
party)

High None

Source Created by the author

33 While “harmonization” itself may be difficult, govern-
ments and private sector can encourage mutual
recognition.
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If consumers are willing to consume in more
responsible way, and if producers are to respond
to such demands for sustainability, producers
will need to acquire new sets of skills and sup-
porting infrastructures are needed. Both regula-
tions and private standards require much higher
management skills for producers and require easy
and affordable accessibility to various testing
facilities (to certify that products/processes meet
the requirements). Thus, it is critical for gov-
ernments, especially in developed countries, to
“support developing countries to strengthen their
scientific and technological capacity to move
towards more sustainable patterns of consump-
tion and production” (target 12.a). This kind of
assistance is needed in order for producers in
developing countries to participate fully in sus-
tainable globalized world.
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7Production and Quality Management
for SDGs

Kenichi Nakashima

Abstract

Industry has undertaken mass production and
consumed resources to optimize only eco-
nomic efficiency. Most products are discarded
or disposed at the end of their lifetimes.
Therefore, most companies should design and
manage their production system for sustain-
ability. One of the most important factors to
develop a sustainable production system is the
environmental aspect. Environmentally con-
scious operations management makes some
contributions to sustainable development
goals (SDGs) #9 and #12. This chapter deals
with production and quality management
systems for SDGs. Firstly, representative
operations management systems such as
inventory management and total quality man-
agement (TQM) are introduced. These sys-
tems are useful to control the production
processes efficiently. Secondly, we explain the
Just-in-Time (JIT) production system which is
based on the two key concepts, JIT and
JIDOKA. Some advantages of the JIT pro-
duction system include its simplicity in pro-
duction scheduling, reduced burden on
operators, ease of identification of parts by
the two kinds of kanbans attached to the

containers, and substantial reduction in the
process work. Finally, we consider environ-
mentally conscious manufacturing and
describe a closed loop supply chain which
includes activities necessary to acquire end-of-
life products from customers to recover value.

Keywords

Operation management � JIT production
system � Sustainable production system �
Supply chain management

7.1 Introduction

This chapter deals with production and quality
management systems for SDGs which comprise
seventeen goals. Here we especially focus on
goals #9 (Industry, innovation, infrastructure)
and #12 (Responsible consumption, production)
which are related to developing and managing
sustainable production systems in the future.

A traditional production and inventory man-
agement system controls a mass production
process that consumes a lot of new resources.
Consumers of these products typically discard
the products at the end of their useful life. As a
result, the producer needs to manage only the
finished products (Fig. 7.1). In contrast, produc-
tion and inventory management in a remanufac-
turing system includes products collected from
customers.

K. Nakashima (&)
Waseda University, Tokyo, Japan
e-mail: nakasima@waseda.jp

© The Author(s) 2023
S. Urata et al. (eds.), Sustainable Development Disciplines for Society,
Sustainable Development Goals Series, https://doi.org/10.1007/978-981-19-5145-9_7

107

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-5145-9_7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-5145-9_7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-5145-9_7&amp;domain=pdf
mailto:nakasima@waseda.jp
https://doi.org/10.1007/978-981-19-5145-9_7


A remanufacturing producer should consider
sold products as a part of the future inven-
tory. For this purpose, the lifecycle of every
product has to be taken into consideration
(Fig. 7.2).

Discarded products must be recovered to
make new products for the purpose of conserving
resources and practicing environmentally con-
scious manufacturing. Disassembly process is
one of the main processes in a remanufacturing
system. In order to retrieve components and
materials (for reuse, recycling, and remanufac-
turing) from consumer products, the first step is
disassembly. Recycling means recovering the
material content of retired products by perform-
ing the necessary disassembly, sorting, and
chemical operations. Remanufacturing conserves
the product’s identity and performs the required
disassembly, sorting, refurbishing, and assembly
operations in order to bring the product to a
desired level of quality. It is important to manage
the inventory at every lifecycle level until prod-
ucts are collected and used in remanufacturing
(Gungor and Gupta 1999; Nakashima and Gupta
2012).

In the next section, some of the typical oper-
ations management approaches to controlling the
traditional production systems are examined.

7.2 Inventory Management

7.2.1 Basic Concept of Inventory
Management

At a certain point, each of the processes of pro-
duction, logistics, and sales activities results in
products, parts, and/or raw materials being tem-
porarily stocked. These products and parts are
called inventory or buffer.

In the case of overproduction, there is an
increase in inventory and related costs are
incurred. On the other hand, when the production
quantity is insufficient, the shortage of stock
incurs a loss from the decrease in sales. To pre-
vent a production shortage, we should increase
the inventory; but at the same time, we must
reduce inventory costs.

To deal with these various problems in
inventory management, we believe there are

Fig. 7.1 Inventory management in traditional manufacturing

Fig. 7.2 Inventory management in remanufacturing
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three aspects to consider in the system: the
demand structure, the cost structure, and the
ordering structure, as shown in Fig. 7.3.

(1) Inventory behavior

Figure 7.4 shows the behavior of the inventory
quantity over time in an inventory management
system where an order is placed for a predeter-
mined quantity Q when the inventory quantity
reaches a predetermined value s (reorder point).

The interval from ordering a product or part to
delivery is represented by the delivery lead time
L, and the period from one order to the next order
(order cycle) is represented by R. In addition, the
amount of inventory reserved to avoid being out
of stock in consideration of fluctuations in
demand is called the safety stock (SS).

(2) Safety stock and shortage probability

The amount of safety stock is determined, based
on the average demand per unit time D and the
lead time, L, taking into consideration the safety
factor np corresponding to the out-of-stock
probability p. If the demand is normally dis-
tributed N(LD, L r2) according to the mean LD
and variance L r2, then if the safety stock
quantity is denoted by SS, it can be obtained by
the following equation:

SS ¼ np
ffiffiffi
L

p
r ð7:1Þ

The safety factor, np, corresponding to the
probability p of being out of stock is given from
the standard normal distribution probability as
shown in Table 7.1.

In general, the reorder point s is determined
by the following equation:

Reorderpoints ¼estimator of demand during

lead time LDð Þþ safety stock SSð Þ
ð7:2Þ

Example
We consider the reorder point system with

lead time L. It is assumed that the demand during
the lead time is normally distributed with the
average demand LD = 500 and the variance L
r2 = 10,000. Find the safety stock SS and reorder
point s under the out-of-stock rate 100 �
p = 2.5%.
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Order

Fig. 7.3 Inventory
management problem
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Fig. 7.4 Behavior of the Inventory
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The way of approaching the above example is
as follows:

Safety stock SS ¼ n0:025 �
ffiffiffiffiffiffiffiffiffiffi
1002

p

¼ 1:960� 100 ¼ 196

Reorder point s ¼ 500þ 196 ¼ 696

(3) ABC analysis

There are a wide variety of items to be managed,
and treating all the inventory items in the same
way may be inefficient in terms of management.
Based on the concept of priority approach, we
have the method of handling items subject to
inventory management by classifying them into
three categories, A, B, and C. It is called ABC
analysis and is one of the useful tools to control
the inventory efficiently. Figure 7.5 shows an
example of Pareto diagrams that illustrate the
concept of ABC analysis.

Regarding the classification into three cate-
gories, items in the range of 5–10% on the hor-
izontal axis that exceed 50% on the vertical axis
are classified as A items, items that occupy up to
about 50% on the horizontal axis are classified as
B items, and the rest are C items. This division is
standard, but it may vary depending on the
industrial sector.

In the inventory management for each cate-
gory, efficient management generally requires the
application of the variousmethods described in the
next section.A items are managed by the “periodic
reordering system” that allows priority manage-
ment. B items are managed by the “fixed-quantity
ordering system”which can shorten the lead time,
and they are not more expensive than A items. The
remainingC items are managed by the “double bin
system” that can save management costs.

7.2.2 Typical Inventory Management
Systems

(1) Periodic reordering system

The periodic reordering system is a method of
placing regular orders, for example, “ordering
only the required quantity every two days,” and
is used to manage the A items group in the ABC
analysis. For expensive and rarely sold products,
it is important to control the order quantity so
that they do not sell out. To do so, forecast the
demand until the product is delivered. If the
product sells more than that, increase the order
quantity. When the average demand per unit time
is D, the lead time is L, and the ordering cycle is
R, the order amount is expressed by the follow-
ing equation.

Table 7.1 Safety factor
table

Out-of-stock rate, 100 � p 1% 2.5% 5% 10%

Safety factor, np 2.326 1.960 1.645 1.282

Fig. 7.5 Pareto diagram
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Order quantity ¼ LþRð Þ � D�Quantity of stock

already ordered but not yet received

� on hand inventoryþ safety stock

(2) Fixed-quantity ordering (Reordering point)
system

For example, when the stock quantity reaches a
predetermined reorder point s, such as “order
when the stock quantity reaches 10 pieces,” the
quantity Q is ordered. It is used to manage the
B items group in the ABC analysis. This order
system is called the reordering point system
because a certain amount of order is automati-
cally placed when the inventory level reaches a
predetermined level (ordering point). In this
inventory system, it is important to determine the
order quantity Q and the reorder point s.

(3) Double bin system

The double bin system is called the “two bin
system.” This inventory management is per-
formed using two boxes, shelves, or cases with
the same capacity Q. It is used for the manage-
ment of C items in ABC analysis. In the actual
operation of the method, we assume that there are
two boxes, #1 and #2, each with the capacity
Q. We first use the items in the #1 box. After the
items in the #1 box are consumed, we use the
inventory in the #2 box, then order the capacity
Q of the #1 box. By repeating the operations, it is
possible to prevent being out of stock easily.
Therefore, in the double bin system, the maxi-
mum inventory amount is 2Q, and it can be said
that this is a fixed-quantity ordering system in a
special case where the reorder point = the order
quantity = Q.

7.2.3 Economic Order Quantity (EOQ)

When determining the order quantity Q, it is
necessary to minimize the total cost by consid-
ering the “ordering cost” related to inventory
replenishment and the “inventory holding cost”
associated with storage after inventory delivery.

In this subsection, we explain the economic order
quantity (EOQ) as the optimum order quantity
determined by the trade-off in the relationship
between the two costs.

Here, it is assumed the demand amount per
unit time is D, being out of stock is not allowed,
a certain order quantity Q is ordered when the
stock runs out, and the ordered product is
delivered immediately. The total cost for the
order quantity Q is denoted by TC(Q), and the
following cost parameters are defined to obtain
the economic order quantity that minimizes the
total cost.

co: ordering cost per order
cp: purchase cost per product
ch: holding cost per product per unit time
Since the demand quantity per unit time is

D and a fixed amount Q is ordered, the number
of the orders is placed D/Q times per unit time.
Therefore, the ordering cost per unit time is
“coD/Q + cpD”. Moreover, if Q is ordered, it
takes Q/D time for the inventory to reach 0, and
the average inventory during this period is half
Q/2 of the maximum inventory regardless of
D. Therefore, the holding cost per unit time is
chQ/2, and the total cost TC(Q) per unit time is
given by the following formula.

TC Qð Þ ¼ coD=Qþ chQ=2þ cpD ð7:3Þ

The total cost TC(Q) − cpD is the smallest in
terms of satisfying coD/Q = chQ/2, and the eco-
nomic order quantity (EOQ), Q� is as follows.

EOQð Þ : Q� ¼
ffiffiffiffiffiffiffiffiffiffi
2coD
ch

r
ð7:4Þ

7.3 Total Quality Management

Quality management is, needless to say, one of
the means of business management. It can be
said that the goal of management is that “the
enterprise continues to exist and grow while
achieving reasonable profits to fulfill its social
responsibilities.” Recently, for enterprises that
have to survive the worldwide situations where
technologies are being revolutionized, quality
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requirements are diversified, businesses are
internationalized, product liability (PL) issues are
becoming critical, and energy/natural resource
saving is required. Moreover, as environmental
issues have to be addressed, it is believed that
business management based on quality manage-
ment is important and necessary to deal with the
requirements of the age that puts emphasis on
quality.

In this uncertain business environment,
enterprises have to put more emphasis on
strengthening their constitution with regard to
quality assurance so that they can cope quickly
in situations where the needs and requirements
for quality or quality assurance change at a
dizzying rate according to advances in quality
levels, changes in the sense of value regarding
quality, internationalization of business, changes
in living environment, and other factors.

Total quality management (TQM) is one of
the useful approaches to making production
and/or various types of operations more efficient.
There is a need to involve all the people in the
enterprise. TQM and quality assurance activities
are applied to production because the production
process is most critical to quality, and emphasis
is put on quality assurance activities in the
planning, development, and design stages
because the designs have to meet the user’s
quality requirements, which is the issue to be
addressed before the production process. This
stance has continued until today, and in 1987, the
International Organization for Standardization
(ISO) 9000 series was established and is now
adopted for national standards by more than a
hundred countries in the world. In Japan, the
standard was introduced into JIS. The ISO 9000
series was most recently revised in 2015 and is
now widely applied throughout the world.

7.3.1 Fundamentals of Quality
Management
and Assurance

“Good quality” can be said for a product only
when customers who use the product are satisfied
with it. This has been true in the past, is still true

at present, and will be true in the future. To keep
“good quality” and to make it even better, it is
necessary to establish an organization and
implement solutions based on quality manage-
ment. To establish a reputation among customers
that Japanese merchandise has top quality inter-
nationally, to be at the top level in the assessment
of customer satisfaction, and to make the primary
merchandise produced by the enterprise suffi-
ciently profitable: To achieve these purposes, it is
necessary to attempt to enhance the reliability
and durability of the products through quality
assurance and improvement activities in the
fields of development, production, sales, and
services.

Moreover, the demand from customers for
product quality is becoming stricter in the situa-
tion where the merchandise is diversified, com-
plicated, and systematized and where additional
issues such as PL are present. Zero defects and
zero complaints are not such extreme goals of
quality control that they are ideals that cannot be
achieved permanently, but are now real target
issues that have to be solved. It can be said that
the most critical issues of quality assurance are
how to eliminate the factors that make it difficult
to attain this goal and to attain these zero goals
economically. Enterprises have to challenge
these issues. Instead of taking action after a
failure, which is “locking the garage after the car
has been stolen,” it is important for enterprises to
put emphasis on taking actions proactively ahead
of their competitors, to be devoted to proactive
management, and to obtain excellent results.

To know the market needs in advance, they
are required to know the customers. If they aim at
zero defects and zero complaints, attempts to
understand the actual state of the production
process and markets have to be made before the
problem occurs. The essence of quality assurance
includes the direct flow of information about
quality and technologies between the develop-
ment division and the plants, which are in the
upstream, and the terminal dealers so that these
divisions are able to make a tight connection with
the customers. A quality assurance system has to
be established to collect market quality infor-
mation and market reliability data, with special
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emphasis on the market information system, to
understand the movement of competitors and of
general markets and to perform benchmarking so
that appropriate information is distributed timely
among relevant divisions.

It is said that the process of development of
new merchandise in enterprises is essentially
controlled by their merchandise planning capa-
bility that can identify the market needs and
realize the plan by grasping the quality require-
ments. To attempt to increase the level of the
planning capability, daily self-development is
needed so that the original technologies and
management technologies (techniques) can be
put to practical use sufficiently. That is, it is
essential to upgrade employee capabilities. To
achieve this purpose, the quality control
(QC) tools and merchandise planning tools are
effective.

Market complaints may occur after sale of
new merchandise caused by a lack of under-
standing of problems, occurring from lack of
fundamental knowledge of functions of periph-
eral components and lack of presentation of the
improvement ideas. To eliminate these problems,
it is hoped that not only the utilization of the
technologies owned by the manufacturers of the
specific units but also the implementation of
reliability design and tests be performed sys-
tematically based on design review (DR) and/or
failure mode and effect analysis (FMEA).

7.3.2 TQM and ISO 9000s

TQM and ISO 9000s should be unified while
compensating for each other to operate the
quality management system efficiently so that
they contribute to the increase of the profit. One
of the methods is to strengthen continuous
improvement by introducing ISO 9000s into the
quality management of the organization that
constructs the quality management system and
implements the improvement activities by intro-
ducing its TQM activities (Kaneko et al. 2005).

To reform the enterprises, it is necessary to
carry out quality management while understand-
ing the difference between TQM and ISO; then at

the same time, those enterprises that obtained ISO
certification should address the TQM activities in
accordance with their capability.

(1) Features of TQM

Centered on quality, TQM is an approach in
which all the employees participate in manage-
ment to improve management quality. TQM has
contributed to quality improvement, increase of
productivity, reduction of costs, etc. Its targets are
“quality, participation of all employees, and im-
provement activities.” As compared with ISO
9000, TQM provides the following seven features
with emphasis on the improvement activities.

(1) Quality is based on customer evaluation, and
customers determine the level of quality.

(2) Customers include all persons in the entire
process from production to end-users.

(3) TQM covers overall matters of management,
including quality (Q), cost (C), delivery (D),
environment (E), security (S), etc. Policy
management and functional management are
performed through PDCA cycle. (P: Plan, D:
Do, C: Check, A: Act)
QC seven tools (Ishikawa 1982) are useful
to effectively perform PDCA cycle.
QC seven tools: 1) Check sheet 2) Histogram
3) Pareto diagram 4) Stratification
5) Cause and Effect Diagram 6) Scatter
Diagram 7) Graph/Control Chart

(4) It includes all activities for objectives
management.

(5) It puts emphasis on continuous improvement
activities.

(6) It is developed company-wide through par-
ticipation of all the employees in all divi-
sions and all levels.

(7) It puts emphasis on the management based
on the facts, work sites, realities, actual
things, principles and fundamental rules and
promotes statistical techniques, scientific
solutions, solutions through achievement of
targets and utilization of QC stories in a QC
circle (small group activity).
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(2) Introducing ISO 9000s into TQM
activities

Enterprises should clearly define each step in
quality assurance from planning newmerchandise
development to sales and services to guarantee the
quality for the customers, and at the same time,
contribute to the advance of the enterprises. Their
connection with the TQM activities can be made
closer by introducing the features of ISO 9000s
into each function assigned.

It is necessary to introduce the items of ISO
9000s into TQM activities, develop them inde-
pendently in accordance with the conditions of
each enterprise or organization, and incorporate
the activities into one to further develop them.

With regard to these activities, it is necessary
to perform management of the quality assurance
policy in each fiscal year based on the ideas of
quality assurance to establish a quality assurance
system that is capable of obtaining the perception
of reliability from the customers and business
partners with a “quality first” stance, to imple-
ment renewal of quality assurance activities in
accordance with ISO 9000s based on TQM to
predict and prevent quality problems, to
strengthen cooperation between development,
manufacture and sale divisions, to find the root
cause of complaints and establish a system for
corrective and preventive actions, and to attempt
to improve CS by completing the quality assur-
ance in accordance with the site information,
actual things, and drawings.

7.3.3 Proactive Management

The improvement of the culture of an enterprise
should be implemented aiming at 1) a culture that
attempts to identify “the problem” by grasping the
facts and having the capability to analyze them, 2)
a culture that puts emphasis on the process, and 3)
a culture that puts emphasis on certain matters and
attempts to eliminate the present customs.

The value of utilization of ISO 9000s should
be increased by applying proactive management
activities to the eight principles of quality

management stated in ISO 9000s, customer sat-
isfaction, internal audit, and other factors. It is
strongly desired now that individual enterprises
change their cultures to adapt to their most
appropriate new TQM activities. The primary
five matters to attain this objective are as follows:

(1) Policy management
This is attained efficiently through the partic-
ipation of the overall organization by defining
mid- and long-term management plans and
short-term management plans based on the
management policy. One of the tools that can
be used here is “finding and taking action
against the true cause of problems,” which is
one of the fundamentals of TQM. Coordina-
tion of development of the president’s policy,
management strategy and planning of PDCA
cycle should be strengthened.

(2) Self-controlled improvement activities
through participation of all the employees
The primary element of TQM activities is the
economical quality improvement, where the
improvement of the products, processes, and
systems are performed continuously through
participation of all the employees. Employ-
ees should have the consciousness that “I
guarantee the work that I do” and the con-
sciousness that “all the employees participate
in the QC circle activities.”

(3) Continuous improvement
Improvement is not the maintenance of the
present status. Activities that put emphasis on
preventive measures are improvement.
Improvement of the system and product
quality should be performed. A method of
measurement for both of these improvements,
the method of improvement, and the tech-
niques involved should all be systematized.

(4) New merchandise planning and
development

Source control should be imple-
mented by introducing Total Quality Man-
agement (TQM) into the field of marketing
and by anticipating of users’ needs. It is
important to improve new merchandise
planning capability and to devise a way to
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match the quality of design and quality of
manufacture in the process.

(5) Information system
Market quality information should be con-
structed to directly connect all information
about the customer quality requirements to the
development and manufacture divisions so
that the evaluation of design quality is per-
formed by respecting the customer’s position.

Any enterprise has to make profit out of the
business by all means continuously. It is impor-
tant that the products and/or services provided by
enterprises are bought by the customers contin-
uously with satisfaction. The requirement of
quality assurance is that the customers are satis-
fied. For enterprises, quality assurance and
improvement activities are essential to the busi-
ness. The quality requirements always change
objectively and subjectively over time. What is
the most important is to enhance the design
quality and manufacture quality by understand-
ing “what are the market quality requirements”
and then meeting the requirements by properly
utilizing technologies. Enterprises should realize
a culture that can properly deal with problems
such as the environmental one, which is one of
the most critical issues now.

To achieve this purpose, TQM should develop
toward an economically integrated model by
harmonizing items such as ISO 14001(Environ-
mental Management System), ISO 45001
(Occupational health and safety management
systems), HACCP (Hazard Analysis and Critical
Control Point), IATF (International Automotive
Task Force) 16949, Six Sigma, Deming Prize,
and moreover ISO 9000s, and the information
security management system with TQM activi-
ties to evolve into a new one.

7.4 Just-In-Time Production System

Real production systems are multi-item, multi-
stage production systems with complicated
structure which incorporate the fluctuating
uncertainties of final demand, machine break-
downs, defects, unavailable parts, and so on. The

Just-in-Time (JIT) production system was
invented to aim chiefly at cost reduction by
eliminating unnecessary elements in production
(Monden 1993, Ohno 1988). There are two key
concepts: one is “Just in Time (JIT)” which is
based on production smoothing and the other is
“JIDOKA.” The primary objective of JIT is to
produce the right quantity of product in the right
place at the right time, while maintaining mini-
mal work-in-process. JIDOKA is for eliminating
defects in the parts and products produced in
each process. The systems are also supported by
the kanban system, setup reduction, total quality
management (TQM), and other subsystems to
enhance “KAIZEN,” which means continuous
improvement in the systems. It is well known
that the lean production system (Womack et al.
1991) advocated by MIT is based on the JIT
production system.

In the JIT production system, a subsequent
process withdraws necessary parts from a pre-
ceding process at a necessary point in time, and
then the preceding process produces the parts
withdrawn by the subsequent process using the
kanban system. Two kinds of kanbans, that is, a
production-ordering and a withdrawal kanban,
are used as tools to control the production and
withdrawal quantities in each process. Once the
number of kanbans used in the process is speci-
fied, the process can operate independently of the
other processes. Moreover, the supervisor of the
process can use as many kanbans as he wants,
though he is expected to minimize the number of
kanbans used in the process. Therefore, the JIT
production system is a decentralized, self-
regulating system (Monden 1993). Since the
number of kanbans used in each process decides
the performance of the system, the method of
determining them is essential for the system. In
general, the number of kanbans used in each
process is usually computed by popular formulas
given in Sect. 7.4.2. The formulas include the
safety stocks and adapting to uncertainties.
Theoretically, it is important to determine opti-
mal number of kanbans to minimize the expected
average cost per period. In other words, the
optimal amount of safety stock in the formulas
are empirically determined.
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7.4.1 Kanban System

In the JIT production system, two kinds of kan-
bans are mainly used: a production-ordering
kanban and a withdrawal kanban. The with-
drawal kanban specifies the kind and quantity of
parts which the subsequent process should
withdraw from the preceding process, while the
production-ordering kanban specifies the kind
and quantity of parts which the preceding process
must produce. When the subsequent process
carrier withdraws the parts, he detaches the
production-ordering kanbans from the containers
and places them in the kanban receiving post. He
attaches one withdrawal kanban to each con-
tainer and brings them back to the subsequent
process. Production-ordering kanbans in the
receiving post are collected regularly and are put
into the production-ordering kanban post. The
parts are produced according to the ordinal
sequence of the production-ordering kanbans in
the post. On the other hand, when the first part in
the container is used in the subsequent process,
the withdrawal kanban is put in the post. In
particular, a withdrawal kanban used for making
withdrawals from a vendor is called a supplier
kanban. The lead time from ordering to delivery
of the supplier kanban is relatively longer than
that of the ordinary withdrawal kanban. The
notation ‘a-b-c’ is used for specifying the deliv-
ery cycle of the vendor, where ‘a-b-c’ means that
the parts are delivered ‘b’ times during ‘a’ days
and ‘c’ delivery times later after the ordering.
That is, the delivery cycle is a/b and the lead time
is ac/b (Monden 1993).

The number of production-ordering kanbans
corresponds to the maximum possible stock in the
containers of the parts produced in the process.
Similarly, the number of withdrawal kanbans
corresponds to the maximum possible stock in the
containers of the parts used in the production
process. As the number of kanbans increases, the
stock of parts also increases and overstocking
may occur. Conversely, as the number of kanbans
decreases, the stock of parts also decreases and a
shortage may occur. Therefore, it is essential in
the JIT production system to optimally determine
the number of kanbans.

7.4.2 Modeling Approaches
to Analyzing the System

We summarize early theoretical studies of the JIT
production system. In the case where the demand
is deterministic, Bitran and Chang (1987) con-
sider a deterministic multi-stage capacitated
assembly-tree-structure JIT production system.
They formulate the problem of determining the
number of production-ordering kanbans for each
process into a nonlinear, mixed integer, pro-
gramming problem. In their paper, it is noted that
managers should adjust the number of kanbans
determined by their model to take into consid-
eration potential uncertainties in demand and
machine breakdowns. Miyazaki et al. (1988) deal
with a deterministic process with a variable
withdrawal cycle and investigate the problem of
obtaining the number of withdrawal kanbans and
the withdrawal cycle that minimize the average
cost per period under the given safety stock.

In the case where demand is stochastic,
Kimura and Terada (1981) analyze by simulation
how fluctuations in demand influence the fluc-
tuations of the production and inventory in the
preceding processes in a multi-process JIT pro-
duction system. Deleersnyder et al. (1989) dis-
cuss the effects of the number of kanbans,
machine reliability, demand variability, and
safety stock requirements on the performance of
the system using a discrete time Markov chain.
Wang and Wang (1990) investigate a JIT pro-
duction system by a Markovian queue under the
condition that both inter-arrival times of the
demand and processing times are exponentially
distributed. They obtain an optimal number of
production-ordering kanbans by calculating a
stationary distribution of the system. Further-
more, JIT production systems are thoroughly
studied using queueing theory. These analyses
are based on the unrealistic assumption of
exponentially distributed processing times. Tayur
(1992) discusses the structural properties of a
general multi-process JIT production system
using results on an underlying generalized semi-
Markov process.

Most of the previous papers deal with one
kind of kanban, mainly, the production-ordering
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kanban. In the next subsection, we consider a
single-stage JIT production system with the
production-ordering and supplier kanbans under
stochastic demand and deterministic processing
time. In fact, the deterministic processing time is
much more realistic than the exponentially dis-
tributed processing time.

Denote the number of production-ordering
kanbans and supplier kanbans by M and N,
respectively. In general, formulas for determin-
ing the number of kanbans are as follows
(Monden 1993):

M ¼ ½ðDLp þ IsÞ=u� ð7:5Þ

and

N ¼ ½ðDa 1þ cð Þ=bþ IsÞ=u� ð7:6Þ

where [x] is the minimum integer not less than
real number x and

D = the average demand per unit time
Lp = lead time from the time a production-

ordering kanban is detached to that a full con-
tainer with is placed in the store,

Is = safety stock, and
u = the container capacity.

7.4.3 Optimization of the System

We consider a single-stage JIT production sys-
tem with supplier and production-ordering kan-
bans, which is shown in Fig. 7.6. Denote by L,
M, and N the lead time of the delivery, the

number of production-ordering kanbans and that
of supplier kanbans, respectively. The preceding
process is a supplier, and as note in Sect. 7.4.1,
the supplier delivers containers of the parts
b times during a days and c times later after the
ordering. For simplicity, take the constant
delivery cycle as one period. The parts consumed
in period k (= 1, 2, …) are ordered from the
supplier at the beginning of period k + 1, and
they are delivered at the beginning of period
k + L + 1. It is assumed that the demand for the
product in each period is independent and iden-
tically distributed (i.i.d.) with mean D, the excess
demand is backlogged, and the container capac-
ity u is equal to one.

Let C be the production capacity of the pro-
cess and the following notation is used:

Dk = demand in period k,
Bk = backlogged demand at the beginning of

period k,
Ik = inventory level of the part at the begin-

ning of period k,
Jk = number of production-ordering kanbans

in the production-ordering kanbans post at the
beginning of period k,

Pk = production quantity in period k, and
Xk = Bk + Jk: the total backlogged demand at

the beginning of period k.
The JIT production system is called stable, if

the distribution of Xk converges to a stationary
distribution, as k tends to infinity. This is called a
stability condition (e.g., Wolff 1989). Under the
condition, we obtain an algorithm for determin-
ing the optimal number of kanbans that

: a part : a product

: a production-ordering Kanban
: a supplier Kanban

: flow of parts or products
: flow of information

Process 

to a supplier

from a supplier

N M 
from customers

to customers= +

Fig. 7.6 Single-stage JIT
production system
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minimizes the expected average cost per period
(Ohno et al. 1995). The algorithm, needless to
say, does not assume the given safety stock.
Therefore, the algorithm can be regarded as a
procedure for determining an optimal safety
stock, if the formulas are adopted.

7.5 Closed Loop Supply Chain

7.5.1 Supply Chain Management

A supply chain means a chain structure that is
composed of customers, retailers, wholesalers,
manufacturers and parts/material suppliers. Sup-
ply chain management (SCM) is a well-known
approach to increasing the performance of the
whole system. To carry out SCM effectively, it is
essential to closely coordinate with the other
related companies as well as the processes of
one’s own company in the supply chain.

Traditionally, in the management of supply
chain processes, inventory management descri-
bed in Sect. 7.2 is challenging because it directly
impacts customer service and the gross profit
income statement. Inventory management
involves managing product stocks, in-process
inventories of semi-products, as well as inven-
tories of raw material. Figure 7.7, for example,
illustrates a multi-stage supply chain model. If
the supply chain consists of some processes with
vertical structure shown in Fig. 7.7, the bullwhip
effect (Lee et al. 1997), which is one of the issues
in the supply chain, occurs. It means a change in
amplification of the ordering quantity from
downstream (customers) to upstream (suppliers).
To deal with such an issue in the supply chain,
inventory management with information sharing
is one of the powerful tools.

A manufacturer needs an inventory policy for
each of its products to define when and how
much it should be replenished using information
technology (IT). Appropriate inventory control is
required to reduce costs, improve service level,
and to generate new higher profits. If the inven-
tory is too low, demand and supply fluctuations
cannot be balanced, delivery performance will
become low, and we end up with lost revenues. If
the inventory is too high, working capital will be
used up for the unnecessary stock, scrap risk,
price down risk, and holding cost. As many
suppliers are tasked with helping to create solu-
tions that respond to a specific business need,
changes in the inventory policies can lead to a
dramatic alteration of the supply chain’s effi-
ciency and responsiveness (Kojima et al. 2008).

7.5.2 Concept of Closed Loop Supply
Chain

Research in the field of supply chain manage-
ment has traditionally focused on unidirectional,
forward movement, that is transformation of
materials from suppliers to inbound logistics,
part fabrication, sub-assembly operations, final
product manufacturing, outbound logistics, dis-
tribution, wholesalers, retailers, customers, end
consumers, product maintenance, after-sales
service, and later to end-of-life disposal. The
reverse-directional flow of products back from
end-users for reuse has received comparatively
little attention in academic and practitioner cir-
cles till the turn of the century. However, in light
of natural resource depletion around the globe,
many countries are reevaluating their environ-
mental regulations, such as European Union’s
WEEE directive of 2003, and are bolstering them

Inventory
1 

(materials)

Process
1 

Inventory
       2 

(parts)
Process

2 

Inventory
3 

(products) 

(upstream) (downstream)

Fig. 7.7 Multi-stage supply chain model
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to include recycling initiatives. In addition, con-
sumers are demanding “greener,” eco-friendlier
products. This macro-trend makes a stronger case
for upstream supply chain entities across indus-
tries to focus their efforts on reverse supply chain
activities so as to enhance their value proposition
(Guide and Wassenhove 2002).

Managing a reverse supply chain includes
activities necessary to acquire end-of-life prod-
ucts from customers to recover value and even-
tually dispose of them. In a few decades, reverse
supply chains have been garnering increased
attention for various institution- and market-
based mechanisms. Institution-based mecha-
nisms include considerations such as limited
landfill capacity, take-back laws, concerns about
the increasing carbon footprint, etc. In contrast,
market-based mechanisms include considerations
such as increasing the proportion of product
returns, consumer preference for “green” prod-
ucts, higher revenues through secondary sales in
global markets, second life for discarded prod-
ucts, etc.

Within reverse supply chains, product recov-
ery activities seek to reduce scrap by recovering
materials and components from end-of-life or
prematurely discarded/returned products from
consumers. These activities include: (a) Reuse,
where retail function handles the subsequent sale
of used product after ensuring it meets quality
standards. (b) Refurbish, where a distribution
network (or company’s outbound logistics) ships
the used product to a refurbishing facility to
ensure it is brought back to meet quality stan-
dards and its service life is extended before
offering it for sale; (c) Remanufacture, where the
product has to be returned to manufacturing
operation for disassembly, remanufacturing, and
subsequent reassembly before sale to consumer
as a remanufactured/reconditioned offering; and
(d) Recycle, where only some components can
be salvaged from used products, reutilized in
conjunction with virgin materials, and then
placed in a forward supply chain via inbound
logistics (Loomba and Nakashima 2012).

The concept of the integrated supply chain
which includes a forward supply chain and a
reverse supply chain is called a closed loop

supply chain or closed loop manufacturing. It is
important to develop and manage effectively the
closed loop supply chain systems for realizing a
sustainable society.

7.5.3 Analysis of a Closed Loop
Supply Chain

We formulate a closed loop supply chain model
with stochastic variability using a discrete time
Markov decision process (MDP). MDP is one of
the useful tools to control various kinds of
stochastic systems such as inventory, production,
transportation, and so on (Howard 1960; Naka-
shima et al. 2004; Nakashima and Loomba
2013). We consider a single process that pro-
duces a single item product using a returned
part. The finished products are stocked in the
factory and are used to fulfill customer demand.
The end-of-life products are collected, disas-
sembled, and refurbished, and each returned part
is used for remanufacturing.

We suppose that the product is remanufac-
tured using a returned product that belongs to
class n (n = 1, …, N) quality. Each class has a
different acquisition cost, different remanufac-
turing cost, and different delivery lead time.
Therefore, the decision-maker has to control
n kinds of inventories for the returned products.

We assume that remanufacturing preserves
the product’s identity and performs the required
disassembly and refurbishing operations to bring
the product to a desired level of quality at some
remanufacturing cost. All the production begins
at the start of a period, and all the products are
completed by the end of the period. Product
demand is independent and identically dis-
tributed (i.i.d) with mean D. The remanufacturer
orders the quantity of parts of class n that are
supplied by the class n supplier, each with its
own acquisition cost. It is assumed that the lead
time of the part delivery is one. We use the fol-
lowing notations;

In(t): inventory level of class n (n = 1, 2, …,
N) at the beginning of period t

On(t): ordering quantity of class n at the
beginning of period t
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kn: action as ordering part of class n
(kn = On(t))

D(t): demand in period t
Pn(t): production quantity using pert class n in

period t
an: acquisition cost per unit part for supplier n
hn: holding cost per unit part supplied by

supplier n
cn: remanufacturing cost using part class n
cb:: backlog cost
Figure 7.8 shows the closed loop supply chain

model with N = 2. We can formulate this system
into the Markov decision process and obtain the
optimal ordering policy that minimizes the
expected average cost per periods.

7.6 Concluding Remarks

In this chapter, a summary of the scientific
approaches to managing the production and/or
the related systems is described to develop a
sustainable production system. These manage-
ment systems, especially, have close relations
with SDGs # 9 (Industry, innovation, infras-
tructure) and/or # 12 (Responsible consumption,
production). Recently, global supply chain
management (GSCM) is attracting the most
attention to coordinate the whole of the global
operational systems because the stakeholders
such as suppliers, employees, and others related
to the supply chain have been enlarged all over
the world. Information and communication
technology has changed the conventional process
and makes effective global operations possible.

GSCM also covers more sustainable devel-
opment goals, for example, #7 (Affordable and
Clean Energy), #8 (Decent Work and Economic
Growth), #13 (Climate Action), and #17 (Part-
nerships to achieve the Goal). It is expected that
all of the people in the world recognize the
necessity of SDGs and utilize the operation
management approaches for realizing a sustain-
able society in the future.
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8Sustainable Development:
Controversies and Theoretical
Results in Economics

Ken-Ichi Akao

Abstract

This chapter presents the economic conditions
for achieving sustainable development and the
mechanism by which rational people choose
an anti-sustainable path. These are theoretical
results derived from the standard economic
model. However, the model has faced contro-
versy regarding the concept of sustainable
development. This chapter introduces these
controversies. By doing so, the implications
and limitations of the theoretical results can be
well-understood. One controversy concerns
what should be sustained in sustainable devel-
opment, and the other intergenerational equity.
For illustration, this chapter often refers to the
climate change issue, which raised and fired
these controversies. Since the topic is sustain-
able development, this chapter relates to
Sustainable Development Goals as a whole,
and it contributes to SDGs 8 (economic
growth) and 13 (climate action), among others.

Keywords

Sustainable development � Limits to growth �
Tragedy of the commons � Intergenerational
equity � Discounted utilitarian approach

8.1 Introduction

Sustainable development is a central social value
worldwide that compels us to think of the envi-
ronment and our far-future descendants. As an
introduction to the economics of sustainable
development, this chapter presents theoretical
results in economics regarding the conditions for
achieving sustainable development. Conversely,
however, the conditions also reveal the limiting
factors that prevent society from achieving sus-
tainable development. Furthermore, the chapter
reveals the mechanism by which rational people
willingly choose an anti-sustainable path, a sit-
uation known as the “tragedy of the commons”
(Hardin 1968). These theoretical results con-
tribute to promoting “sustained, inclusive, and
sustainable economic growth” in SDG 8 by
helping to design a sustainable society and pre-
venting policies that conflict with sustainable
development.

Sustainable development has faced several
controversies, as is common with important
value concepts, such as liberty and human rights.
In economics, the focus of the argument is the
validity of standard economic models for
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studying sustainable development. Since the
theoretical results in this chapter are derived from
standard economic models, it is crucial to
understand the controversies. By doing so, the
implications and limitations of the theoretical
results may be well-clarified.

This chapter begins with the controversies in
economics surrounding sustainable development.
One controversy is concerned with what should
be sustained. Most economists believe that well-
being should be sustained, a view called weak
sustainability. Advocates of strong sustainability
assert that the sustainability of natural capital
should be considered in addition to well-being.
Another controversy concerns intergenerational
equity: the problem of how much we should
sacrifice for the sake of the well-being of future
generations. There are two dominant approaches
to address this question: utilitarian and egalitar-
ian. Moreover, there is controversy within the
utilitarian approach over whether to discount
future generations’ well-being or not. The answer
to this crucially affects the well-being of future
generations.

Standard economic models are based on the
concept of weak sustainability and take a dis-
counted utilitarian view to evaluate future gen-
erations’ well-being. At first glance, these
concepts may be either unrealistic or ethically
unacceptable. In fact, there have been disputes
over them, even among economists. However,
these alternatives are not without their own
problems.

Climate change has been a central concern in
economic research on sustainable development
and has led to the aforementioned controversies.1

The present chapter addresses this issue and
partly covers the economics of climate change
that contribute to SDG 13: Climate Action.

8.2 Controversies Around
Sustainable Development
in Economics

8.2.1 Background and Outline

The notion of sustainable development was first
popularized by the International Union for Con-
servation of Nature and Natural Resources
(IUCN) in its World Conservation Strategy
(IUCN 1980). The report stressed the conserva-
tion of the ecosystem and sustainable use of
living resources. The World Commission of
Environment and Development (WCED), estab-
lished by the United Nations in 1983 to formulate
a global agenda to promote international coop-
eration toward sustainable development, broad-
ened this notion by stressing the well-being of
future generations. In the final report, Our
Common Future, known as the Brundtland
report,2 the Commission defines sustainable
development as development that “meets the
needs of the present without compromising the
ability of future generations to meet their own
needs” (WCED 1987, Chap. IV, para. 27). This
definition was adopted at the Earth Summit,3 the
largest United Nations conference in the twenti-
eth century, and this notion has spread rapidly.

Among the definitions of sustainable devel-
opment,4 the definition by the WCED cited
above is the most prevalent. However, it contains
two sources of disagreement that have caused
controversy.

One source of disagreement is the role of
environmental conservation in sustainable
development. Today, environmental conserva-
tion is recognized, together with poverty

1 Each controversy has a long history: The argument on
discounting future generations’ well-being was raised by
Ramsey (1928). The egalitarian approach originated with
Rawls’s Theory of Justice (Rawls 1971). Finally, the
choice of strong or weak sustainability has become an
argument since the publication of Our Common Future
(WCED 1987).

2 Gro Harlem Brundtland was the chair of WCED, who
also served as Prime Minister of Norway. Before the
appointment, she was a member of the Independent
Commission on Disarmament and Security, established
by the United Nations to discuss nuclear disarmament.
3 The Earth Summit proclaimed, “Human beings are at the
center of concerns for sustainable development. They are
entitled to a healthy and productive life in harmony with
nature” (United Nations 1992. The Rio Declaration,
Principle 1).
4 Several definitions of sustainable development are listed
in the Appendix of Pearce et al. (1989).
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eradication and changing consumption and pro-
duction patterns, as one of the three “overarching
objectives of and essential requirements for sus-
tainable development” (United Nations 2002,
Johannesburg Declaration on Sustainable
Development, para. 11). However, this notion
was initially devised to promote international
cooperation to prevent global environmental
destruction such as biodiversity loss and climate
change. This difference is the source of contro-
versy between strong and weak sustainability.

While the Brundtland report emphasizes the
well-being of future generations, the definition
provides few substantive ideas on how much the
present generation should care for future gener-
ations. This is another source of controversy.
Nordhaus (1994) criticized this definition, as it
posits only Pareto efficiency, whereby something
is socially desirable if one becomes better off
without anyone becoming worse off, as criterial.
Replacing “individual” with “generation” makes
this definition of sustainable development pre-
cisely the same as that used by the WCED.

If later generations are born worse off, this
cannot be considered sustainable development,
although it might be Pareto efficient. This is be-
cause Pareto efficiency is defined as the condition
under which no further improvement is possible
without eroding the quality of life of some indi-
viduals. Therefore, if one generation cannot be
better off without eroding the quality of life of
another generation, it would be Pareto efficient.
This indicates that the notion of sustainable
development must include the idea of intergen-
erational equity.

Efficiency and equity are independent value
concepts. As there are many efficient states, it is
natural to seek an efficient state that satisfies
equity. However, economists almost always
consider only efficiency. The fundamental reason
for this is the conceptual difficulty in defining
equity. A rigorous definition of equity requires
welfare judgment in a situation where one feels
happy and the other feels sad in a coherent way.
To judge whether it is socially good or not, one
must weigh these two utilities, but how can we
measure one’s happiness and the other’s sad-
ness? The problem of the “interpersonal

comparison of utility” has not been satisfactorily
solved.5 However, when considering sustainable
development, we cannot avoid addressing the
issue of intergenerational equity. The dilemma of
the necessity of addressing the equity problem
and the difficulty in defining it is the source of
controversy.

Traditionally, economists have adopted a
utilitarian approach that considers the sum of
well-being over generations as the social welfare
to be maximized following the slogan of utili-
tarianism: the greatest happiness for the greatest
number.6 This does not distinguish between the
well-being of present and future generations;
therefore, intergenerational equity is treated
indirectly at most. Therefore, alternative
approaches have been proposed and investigated.
The most prominent is an egalitarian approach
that distinguishes the least advantaged as entitled
to become better off. However, this approach
itself is not immune to criticism, and none of
these approaches has displaced the utilitarian
approach in economics.

Even within the utilitarian approach, there has
been controversy for almost a century that has
intensified with the emergence of the climate
change issue: Whether it is justified to use the
discounting formula to aggregate the well-being
of generations as if it were cash flows. Dis-
counting is contrary to egalitarianism.7 Thus, the
undiscounted utilitarian approach is morally
superior. However, there are difficulties in prac-
tice, as discussed in the next section. This partly
explains the dominance of the discounted utili-
tarian approach in economics.

In the remainder of this section, we examine
these controversies. These points, as outlined in

5 Binmore (2005) has tackled this problem.
6 The reader may wonder why well-being can be treated
as a number and how a single number can represent the
well-being of a generation. These are hard questions
involving the problems of the cardinality of utility and the
interpersonal comparison of utility. Nevertheless, for
pragmatic reasons, economists accept these assumptions
in most cases. The same holds true in moral philosophy
(see Hirose 2015).
7 The standard utilitarian adds up the well-beings with
equal weights and thus can be seen as kind of egalitarian.
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Fig. 8.1, have a nested structure (see the items in
the figure from the bottom). First, the choice of
discount rates is premised on a utilitarian
approach; that is, social welfare (an index of
social desirability) is expressed as the sum of the
well-being of all generations. Second, the choice
between utilitarian and egalitarian approaches is
premised on weak sustainability.

8.2.2 Weak Sustainability and Strong
Sustainability

Since 1990, the world’s forests have decreased
by 177 million hectares, which amounts to a 4%
loss, larger than China’s forested land (134 mil-
lion hectares; Food and Agriculture Organization
2020). However, the world’s human develop-
ment index has increased consistently from 0.601
in 1990 to 0.737 in 2019 (United Nations
Development Programme 2020). The index is
calculated based on life expectancy, education,
and per capita income. This trend applies to
countries at all stages of development.

Confronted by this remarkable gap between
the two components of sustainable development,
how does one evaluate whether society as whole
is on a track to sustainable development? Weak
sustainability considers that synthesizing both is
possible, with a single number representing the
well-being of a generation. The logic is as fol-
lows. When a forest is converted to agricultural
land, we lose the associated ecosystem services
and forest products but obtain food, and this loss
may be compensated by the gain, if sufficient. If
this relationship, called substitutability, holds for
all goods and services, then any change results in

a change in utility,8 which is the single number
used to evaluate well-being.

The concept of strong sustainability denies
this view. There are elements of nature that are
essential to life and are not substituted. Green-
house gases in the air and honeybees as polli-
nators are examples. They are referred to as
critical natural capital (Ekins et al. 2003). Irre-
versibility and threshold also characterize critical
natural capital. Once these elements degrade and
fall into the critical zone, their restoration is
impossible or very difficult, and society suffers
fatal damage due to the non-substitutability of
these natural elements.

As an indicator of strong sustainability, Ekins
et al. (2003) propose the gap between the sus-
tainability standard for critical natural capital and
the current situation, terming it as an “S-GAP.”
The sustainability standard is also called the safe
minimum standard for conservation (SMS;
Ciriacy-Wantrup 1952).9 As the number of S-
GAPs is the same as the number of critical nat-
ural capital stocks, strong sustainability has
multiple indicators.

Fig. 8.1 Controversies in
economics around sustainable
development. Note A standard
economic model takes the
underlined positions

8 For simplicity, this chapter uses “utility” synonymously
with “well-being.” Utility is clearly defined in economics:
It is the numerical representation of individual preference.
By contrast, the definition of well-being is controversial,
especially in discussions on equity. See Hirose (2015,
pp. 2–3) for a careful discussion and neat treatment and
Asheim (2010, p. 201), who gives clear and thoughtful
definitions to these terms in the context of intergenera-
tional equity.
9 The minimum vital population in ecology is an example
of SMS. SMS can be not physical but economic such that,
although a natural capital is degraded but is still
restorable, an economic rationale suggests its unsustain-
able use. See Clark (1971) and Akao et al. (2011).
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To illustrate these two concepts of sustain-
ability, consider the issue of climate change.
Policymakers often discuss the carbon budget,
which is the total amount of carbon emissions
that can be emitted for temperatures to stay
below a global target, such as the 2 °C target
(United Nations Environment Programme 2020).
Minimum-cost emission paths to achieve the
target calculated using an integrated assessment
model (IAM) have been discussed based on
strong sustainability; a climate with a livable
temperature is a form of critical natural capital.
The world target and carbon budget correspond
to the SMS and S-GAP, respectively.

An IAM has also been used to derive an
optimal emission path that maximizes social
welfare. The Nordhaus dynamic integrated cli-
mate economic (DICE) model is a prominent
model that expresses the well-being of each
generation as a single number—utility.10 There-
fore, it is based on weak sustainability. As shown
in Fig. 5.6 in Nordhaus (2008), there is a serious
disconnect between the economic-optimal path
and the minimum-cost path for achieving the 2 °
C target. If the optimal path is taken, the increase
in the global average temperature at the end of
this century will far exceed 2 °C.

Weak sustainability pays little attention to the
non-substitutability and irreversibility of critical
natural capital. Therefore, the policy implications
may tend to be over-optimistic. However,
knowledge of critical natural capital stock is still
limited. Moreover, even if we possess knowledge
in this regard, there is considerable uncertainty
about the threshold in general, as in the case of
climate change. Furthermore, capital’s non-
substitutability and irreversibility do not emerge
until the capital stock reaches the threshold, and
we know little about what happens at the tipping
point. Given these uncertainties, stressing the
characteristics of critical natural capital may tend
to be too pessimistic. In other words, strong

sustainability may be too cautious.11 Therefore,
these two concepts of sustainability can lead to a
debate on environmental policy: Environmental
regulation may be seen as too lax by the sup-
porters of strong sustainability and too strict by
the supporters of weak sustainability.

While the policy implications can differ
between weak and strong sustainability, there is
no difference in economic modeling. From both
views, a desirable state is formulated as a solu-
tion to an optimization problem with constraints.
Recall previous examples of weak and strong
sustainability. As an example of a weak sus-
tainability approach, the DICE model maximizes
the aggregate sum of utility over generations
with constraints on production possibility,
including emission abatement costs and the glo-
bal climate system. An efficient path satisfying
the 2 °C target, as an example that follows strong
sustainability, is a solution to a cost minimization
problem with the constraint that global average
temperatures must be lower than the target.
Maximization and minimization are inter-
changeable; maximizing the good is equivalent
to minimizing the bad. Therefore, formally, the
debate between the two views concerns the
constraints that should be imposed on the prob-
lem in question. In contrast, the following two
subsections focus on what is optimized.

8.2.3 Utilitarian and Egalitarian
Approaches
for Intergenerational
Equity

In 1972, the first world conference on environ-
mental issues, the United Nations Conference on
Human Environment, was held. It cautioned that
if the human capability and power are “[w]rongly
or heedlessly applied, the same power can do
incalculable harm to human beings and the

10 William Nordhaus was awarded the Nobel Prize in
Economics in 2018 for his pioneering and influential
works on the economics of climate change.

11 This leads to how cautious we should be about future
uncertain events, which is the central question around the
validity of the precautionary principle, another essential
but controversial concept regarding environmental issues.
See Sunstein (2005).
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human environment” (Declaration of the Nations
Conference on the Human Environment, para. 3).

Before the conference, the Club of Rome
report, The Limits to Growth (Meadows et al.
1972), was published. The report warned about
the sustainability of modern civilization, which
depends heavily on nonrenewable fossil resour-
ces. The share of fossil fuels in global energy
consumption was 94% in 1972.12 People realized
that prosperity was jeopardized due to several
problems that emerged alongside steady eco-
nomic growth, such as environmental pollution,
resource exhaustion, and the population explo-
sion. Economists began intensive studies of
egalitarian approaches.

One of the reasons is the description of the
economy in The Limits to Growth, which relies
heavily on a nonrenewable resource. A tradi-
tional utilitarian approach suggests that an anti-
sustainable development path is socially optimal
for such an economy. In other words, well-being
decreases over time along the optimal path.

An egalitarian approach can help avoid this
repugnant result. It is based on the Rawls’ Dif-
ference Principle, which treats it as distributivity-
just to make the least advantaged in society better
off (Rawls 1971, Sect. 13). This is also called the
maximum approach because maximizing the
minimum level of well-being is socially optimal.

With this approach, an optimal path entails the
same utility over generations; this is called an
egalitarian path.13 Therefore, a declining utility
path is never chosen. However, a problem arises
when an increasing utility path becomes feasible.
Even in this case, a constant path is optimal.
When the utilitarian optimal path increases, the
egalitarian approach recommends that the present
generation consumes more and pollute more than
the utilitarian optimal path; otherwise, the present

generation stays in the least advantaged position.
This is another undesired result. The attractive-
ness of this approach over the utilitarian
approach is reversed.

The overall appeal of these approaches
depends on one’s perspective on future devel-
opment. The egalitarian approach would be
supported by people who believe that modern
society is on a doomsday trajectory; that is,
future generations can be at most as well off as
the present generation and, therefore, are likely to
be worse off. However, people who believe that
sustainable development is achievable would
consider that well-being can increase in the
future. Otherwise, sustainable development is
infeasible and its achievement is logically
impossible. From this perspective, the egalitarian
approach is less attractive because it leads to the
following paradoxical suggestion14: Although we
can make our children happier than us, it is unfair
to us, and the idea of making them better should
be dismissed. In contrast, the utilitarian approach
suggests that making them happier than us is
always good if their gain is more than our loss.

The discussion of sustainable development, as
mentioned above, is based on the premise that a
sustained improvement in well-being is feasible.
However, the social justification of a sustainable
development path and the desire of present
generation to engage in such development
remains unclear. Unfortunately, the egalitarian
approach fails to answer the requisite social
justification. Hence, this chapter considers these
questions of justification and desire within the
framework of utilitarianism.

8.2.4 Arguments About Discounted
Utilitarianism

Even within the utilitarian approach, there is
long-standing controversy as to whether we
should discount future generations’ well-being.

12 It remains high: 83% in 2020. (BP Statistical Review of
World Energy).
13 An egalitarian path may be infeasible in an economy
heavily relying on a nonrenewable resource. The feasi-
bility depends on whether an essential nonrenewable
resource can be substituted by a manufactured product
(Solow 1974; Cass and Mitra 1991). Recall the discussion
of strong/weak sustainability. Again, the essentiality and
substitutability of a natural resource matter.

14 Rawls (1971) noticed this problem and showed reluc-
tance to applying the maximin approach to intergenera-
tional equity.
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This argument has flared because of climate
change.

The Stern Review (Stern 2007) is an eco-
nomic analysis of climate change presented by
the British government in 2006. It is prominent
not only for its influence, but also for its radical
policy recommendation: Urgent, sharp, and
immediate reductions in greenhouse gas emis-
sions are needed. The optimal carbon emission
reduction is much larger than the other economic
analyses. Furthermore, it is larger than the
minimum-cost path for achieving the 2 °C target
(see Nordhaus 2008, Fig. 5.6).

The model used in the Stern Review is
essentially the same as the other IAMs, but the
parameter choice is different. In particular, the
choice of the discount rate is crucial to the radical
recommendation. Therefore, the Stern Review
rekindled a long-running controversy over the
appropriate discount rate for social decision
making. Before introducing the argument, the
discount rate and discounted utilitarian approach
are briefly explained.

A discount rate transforms a future value to its
present value to enable the comparison and
summation of values at different points in time.
For example, letting r be the discount rate, the
present value of 1000 dollars 10 years from now

is calculated as 1000= 1þ rð Þ10 dollars. The word
“discount” comes from the fact that the present
value is less than 1000 dollars if received now, so
long as r is positive.

A term similar to the discount rate is the
discount factor, d ¼ 1= 1þ rð Þ: With the dis-
count factor, the aforementioned present value is
written as d10 � 1000. Note that if r[ 0, then
0\d\1; and if r ¼ 0, then d ¼ 1.

To illustrate the summation of the present val-
ues, assume thatwewill receive 1000 dollars every
year for ten years from today (ten times). The total
present value is then calculated as 1000þ
1000= 1þ rð Þþ � � � þ 1000= 1þ rð Þ9. With the
discount factor, it is written as1000þ d�
1000þ � � � þ d9 � 1000.

Applying this formula, a standard economic
model formulates an intertemporal social welfare
function as

W u1; u2; . . .ð Þ ¼ u1 þ du2 þ d2u3 þ � � � ; ð8:1Þ

where uiði ¼ 1; 2; . . .) is the utility of the i th
generation and d is the discount factor. Let q be
the discount rate. Subsequently, d is given by
d ¼ 1= 1þ qð Þ.15 The discounted utilitarian
approach assumes that q[ 0 (and thus d\1),
whereas if q ¼ 0 (and thus d ¼ 1), the social
welfare function follows the (undiscounted)
utilitarian approach.16

Stern (2007) chose zero discounting
(q ¼ 0; d ¼ 1) for the ethical reason that all
generations should be treated equally.17 By
contrast, most economists adopt a positive dis-
count rate, although this discounted utilitarian
approach has been repeatedly criticized.18 The
most famous and oldest criticism is by Ramsey
(1928), a mathematician, philosopher, and
economist. Since he first formulated the afore-
mentioned model, it is now called the Ramsey
model. In his words, “we do not discount later
enjoyments in comparison with earlier ones, a
practice which is ethically indefensible and arises
merely from the weakness of the imagination.”
(Ramsey 1928, p. 543).

15 Note that the notations of the discount rate and the
discount factor have been changed because they are used
to discount the utility, whereas r and d are used to
discount the monetary value. Therefore, they should be
distinguished. An intuitive reason for this is simply that
happiness and money are different. A fundamental
difference is that q and d are part of preference, which
constitutes the economy’s fundamentals. In contrast, r
and d are derived from the fundamentals through a social
system of markets and institutions.
16 The reader may wonder why the model considers the
infinite future and if the model can be mathematically
well-defined in the undiscounted case. For the answers,
see Léonard and Long (1992, pp. 285–287).
17 In actuality, the Stern Review uses 0.1% as the
discount rate. This value reflects “the annual risk of
catastrophe eliminating society” (Stern 2007, p. 161).
When this kind of risk is incorporated into the model, the
discount rate is the sum of the pure rate of time
preference, zero in the Stern Review, and the hazard rate.
The pure rate of time preference is the parameter
representing our impatience.
18 See Dasgupta (2019), especially Chap. 9, for a
comprehensive exposition and in-depth thoughts on this
topic.
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To indicate themeaning of the “weakness of the
imagination,” take 1% as an annual discount rate,
which is near zero and much lower than usually
used in economics. With this discount rate, the
current value 10 years from now is discounted by
9.5%, when it is transformed to the present value.
The depreciation is not very large. If we consider
the current value 30 years from now, the most
extended period for a long-term public project, the
present value is discounted by 26%. This is still not
very large. However, if we consider the current
value 100 years from now, the present value is
discounted by 61%. In the case of 500 years, the
present value is discounted by 99%. Ifwe overlook
this unjustly low valuation for distant future gen-
erations, we will not escape the accusation of
having a weak imagination.19 It should be noted
that 500 years should be incorporated into the
timescale of sustainable development.

This example also shows that any small ben-
efit for the present generation can be justified in
discounted utilitarianism, regardless of how high
the cost is, provided that sufficiently distant
future generations incur the cost. For example,
assume a project that provides a utility gain of 1
point to the present generation and imposes a
1000-point loss of utility on a future generation.
Then, when the discount rate is 1%, if the gen-
eration more than 700 years from now suffers
from the cost, the project is accepted by a dis-
counted utilitarian because the present value of
the 1000-point utility loss is less than 0.95
points, and discounted utilitarian social welfare
increases by implementing this project. Chichil-
nisky (1996) called this property the dictatorship
of the present.

A discounted utilitarian approach is usually
adopted in economic analysis despite these
morally unacceptable traits for two reasons. First,
we behave impatiently as though we have a
positive discount rate. If we use a morally just
but unrealistically low discount rate, the associ-
ated optimal path over generations would not be
optimal in the real world. In the context of the

climate change issue, this means that an optimal
emission path derived with a zero-discount rate,
as in the Stern Review, can be replaced with an
alternative path that has the same mitigation
effect on the climate with a lower social cost.20

This problem cannot occur if the discount rate
derived from real-world observations is used.
This discount rate is adopted in the discounted
utilitarian approach. Arrow (1999) views this as a
descriptive discount rate, and the zero-discount
rate as the prescriptive discount rate.

Second, an optimal path derived with a zero-
discount rate seems too radical to implement. We
consider the climate change issue. Figure 8.2
illustrates the three social costs of carbon (SCC).
SCC is defined as the sum of the damages in the
future caused by a one-ton current emission of
carbon dioxide. Theoretically, to achieve an
optimal path, it is necessary to impose a tax per
ton of carbon dioxide worldwide of the same
amount as the SCC or implement an equivalent
policy measure, such as a worldwide emission
trading system. The market equilibrium price of
the emission permits should be equal to that of
the SCC. Both measures are called carbon pric-
ing because they price carbon emissions.

Figure 8.2 shows a considerable difference
between the SCCs. The DICE2016R is based on
a discounted utilitarian, whereas the Stern
Review is based on an undiscounted utilitarian.
To consider their acceptability, we compared
them with actual carbon prices. According to the
World Bank (2020, Fig. 2.3), the carbon prices as
nominal prices on April 1, 2020, are higher than
the Nordhaus SCC in 2020 in six countries, but
even the highest price (US$119/tCO2e, Sweden’s
carbon tax) is less than half of Stern’s SCC. The
report states that approximately half of the cov-
ered emissions are priced at less than US
$10/tCO2e, and the IMF calculates the global
average carbon price as only US$2/tCO2 (World
Bank 2020, pp. 7–8). These figures exemplify the
difficulty of implementing an optimal path using
an undiscounted model.

Figure 8.2 also shows that the SCC of the 2.5°
maximum is similar to that of the Stern19 With a 3% discount rate, the discounts are 25%

(10 years), 59% (30 years), 94% (100 years), and
99.99996% (500 years). 20 See Nordhaus (1999) for the illustration.
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Review.21 This similarity implies that the
implementation of carbon prices suggested by
the SCC of the Stern Review may be appropriate
from the viewpoint of strong sustainability.
Hence, we encounter the first controversy
between weak and strong sustainability.

Although it is beyond the scope of this
chapter, some economists have addressed the
justification of high carbon prices in the frame-
work of weak sustainability and discounted
utilitarianism, that is, based on standard eco-
nomics. Gerlaph and Liski (2017) consider non-
geometric discounting that may be more
plausible to describe our decision making for far-
future generations than the standard discounting

mentioned. Dietz et al. (2020) reconsider the
results obtained from 6 IAMs in economics by
updating their climate modules. In these studies,
appropriate carbon prices are higher than their
reference models. Furthermore, Weitzman
(2007) conjectures that explicit incorporation of
the possibility of catastrophic risk into economic
analysis would be a prospective approach to
understanding appropriate carbon prices and
solving the discounting argument.

8.3 Economic Conditions
for Sustainable Development

8.3.1 Outline

This section presents the conditions for achieving
sustainable development within the framework of
discounted utilitarianism. As discussed in the
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Fig. 8.2 Estimation of the social cost of carbon. Notes
(1) The SCC is measured in 2010 international US dollars.
(2) DICE2016R is calculated along the optimized emis-
sion path. (3) The 2.5 °C maximum is calculated along
the optimized emission path with constraint. (4) It is

expected that without net negative emission technology
that has not yet been practically realized, the 2 °C target
in the Paris Agreement will inevitably be exceeded. Refer
to Ricke et al. (2017) for details. Source Nordhaus (2017,
Table 1)

21 However, they are different in an important respect.
While the optimal path by the Stern review is suboptimal
in practice, the path induced by the implementation of the
SCC of the 2.5° maximum is truly an optimal path under
the temperature constraint.
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previous section, this approach has received
moral criticism but has the advantage of reflect-
ing reality better than alternative approaches. In
addition, several insightful results follow from
using this approach.

Figure 8.3 illustrates four stylized develop-
ment paths. The horizontal axis represents capital
accumulation. A move from left to right indicates
economic development. The term “capital” is
broadly used to indicate manufactured tangible
capital such as machines, plants, and roads;
intangible human capital such as knowledge,
technology, and the arts; and natural capital such
as the climate system, ecosystems, soil, and
genetic resources. Capital is a primary source of
well-being.

The environment is another primary source of
well-being. The vertical axis represents the
environmental degradation level. The environ-
ment is degraded by, for example, the increase in
air and water pollution, destruction of the
stratospheric ozone layer, loss of biodiversity,
and accumulation of hazardous waste. The hori-
zontal dashed line at the top indicates the critical
level of the environment. Once environmental
degradation reaches this level, the environment
completely loses its regenerative and assimilative
capacity, and the economy inevitably suffers fatal
damage. These threats include the extinction of
renewable natural resources and global warming
to a level that releases frozen methane from the
oceans into the atmosphere.

The four paths begin from a common initial
point. This point indicates a state in the early

stage of economic development, where most
capital stocks are natural capital and the pollution
level is low. Paths A, B, and C represent eco-
nomic development.

Along Path A, capital increases with a con-
sistent degradation of the environment. Because
continuation is a doomsday approach, economic
growth must end before the path reaches the
critical level of the environment.

In contrast to Path A, Path B has a turning
point. After passing the turning point, society
enjoys economic growth and environmental
improvement. This hump-shaped pattern is
known as the environmental Kuznets curve
(EKC). Grossman and Krueger’s (1995) work is
one of the earliest EKC studies. Using cross-
country data, they showed the existence of the
EKC relationship between per capita income and
several environmental indices, such as sulfur
dioxide emissions and biological oxygen
demand. Since their seminal study, intensive
empirical studies have been conducted on the
existence of the EKC.

Finally, Path C has unlimited economic
growth and environmental improvement. There-
fore, this may be referred to as a sustainable
development path.

All three paths are derived from the maxi-
mization problem of the intertemporal social
welfare function (1). That is, they are all optimal
paths. If Path A is optimal, rational people will
willingly take an unsustainable path. If Path B is
optimal, they have economic development and
environmental conservation; however, there is a
limit. If Path C is optimal, they achieve sustain-
able development. Which path constitutes the
optimal path is a crucial question. Section 8.3.2
shows the conditions.

Path D is entirely different from the other
paths. Economic decline is accompanied by
environmental degradation. Although this worst
path can be optimal under certain conditions,
suboptimal paths are considered below.22 In this

Capital accumuIation

Fig. 8.3 Four paths of development and the environment

22 This anti-sustainable development path can be opti-
mal if the initial level of capital is lower than the SMS
discussed in Sect. 8.2.2 of this chapter. See footnote 9 as
well.
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case, although Paths A, B, or C are optimal,
rational people spontaneously take a suboptimal
and anti-sustainable development path. This sit-
uation is known as the tragedy of the commons
(Hardin 1968). “Commons” is a communally
farmed land in medieval England, but in Hardin
(1968), it is a metaphor for capital that anyone
can use freely.

Examples of such capital include high-sea
fisheries and the atmosphere as a dumpsite of
greenhouse gases. Whales are close to extinction
and climate change jeopardizes the well-being of
future generations. As such, the tragedy of the
commons is ubiquitous. It is also a fact that these
issues have been addressed through international
conventions: the International Convention for the
Regulation of Whaling for the former and the
United Nations Framework Convention on Cli-
mate Change (UNFCCC) for the latter. The
important question is whether these international
efforts can remedy the tragedy of the commons.
This question is addressed in Sect. 8.3.3, fol-
lowing the exposition of the mechanism by
which rational people choose Path D.

8.3.2 Sustainable Development
or the Limits to Growth?

This subsection describes the conditions that
determine which path (A, B, or C), is socially
optimal. To this end, we briefly explain the
mechanism of economic development along an
optimal path.

If the rate of return on investment measured in
terms of utility is higher (lower) than the discount
rate, the investment of one additional unit of
capital increases (decreases) the intertemporal
social welfare (1).23 In other words, capital

accumulates along the optimal path only if its
marginal productivity exceeds the discount rate.

This result implies that manufactured physical
capital and human capital increase at the early
stage of development, whereas natural capital
decreases, accompanied by environmental degra-
dation as shown in Paths A, B, and C in Fig. 8.3.
Note that natural capital is near physical and
ecological equilibrium at this stage. This implies
that the marginal productivity is near zero, and
thus, is less than the discount rate at the stage.

We now consider the economic mechanism
that separates Paths A, B, and C.24 Along these
paths, economic development increases income.
As income increases, people consume more
goods, and the value of additional consumption
decreases relative to the value of services
unpurchased in the market, including the quality
of the environment. Along an optimal path, this
causes an increase in demand for a better envi-
ronment, and the government reacts by
strengthening environmental regulations. Conse-
quently, environmental improvements are accel-
erated. When the speed of environmental
improvement exceeds the speed of environmental
degradation at some point in economic devel-
opment, we have the turning point of Paths B and
C. However, if environmental improvement falls
behind environmental degradation, Path A is
selected as the optimal path.

There are two conditions for society to take
Path B or C. First, our preference for tangible and
purchasable goods should not be overly greedy.
This preference determines the strictness of
environmental regulations and thus the speed of
environmental improvement. The other condition
is that the regeneration and assimilation capaci-
ties of nature be sufficiently high to restore the
environment. These capacities determine the
speed of environmental degradation. That is, the
higher the capacities, the slower the environ-
mental degradation. These two conditions work
such that an optimal path has a turning point,

23 The discount rate is the descriptive discount rate (see
Sect. 8.2.4 of this chapter). The discounted utilitarian
approach assumes that the intertemporal social welfare
function introduced in Sect. 8.2.4, which consists of the
discount rate and the one-period utility function, can be
estimated from the observable data. Moreover, it assumes
that the estimated function represents the social prefer-
ence, that is, the desirability for the society. Arrow et al.
(2003, p. 652) urge caution about this view.

24 The formal exposition of the results can be found in
Stokey (1988), Aghion and Howitt (1998, Chap. 5), and
Akao and Managi (2007).
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after which we have both economic development
and environmental improvement.

Whether PathB or PathC is optimal depends on
the environmental properties of the growth engine
in the economy. The engine is an industrial sector
in which the marginal productivity of capital is
sufficiently higher than the discount rate to make
continuous investment in the industry profitable.
Continuous investment enables the industry to
grow, which leads to economic growth.

Path C becomes optimal when the economy is
equipped with a clean growth engine. The
meaning of “clean” is that the economic activities
of the growth-engine sector do not negatively
affect the environment. Under this condition, the
environment is decoupled from economic
development. As a result, a path along which
society has both unlimited economic develop-
ment and environmental improvement; that is,
Path C can be an optimal path.

If the growth-engine industry is not clean, the
industry will eventually cease to grow. To
examine this, we consider the effects of envi-
ronmental regulations on the industry. Environ-
mental regulations are strengthened as the
economy grows. As a result, a firm in the
industry inputs more resources for environmental
measures, sacrificing production and investment.
The marginal productivity of capital decreases as
environmental regulations become stricter
because the return on additional investment is
partly used for environmental expenditure. When
marginal productivity decreases to the market
interest rate, investment becomes unprofitable,
and the growth-engine sector ceases to grow.
This explains why Path B has limited growth. If
the growth engine is clean and unaffected by
strengthening environmental regulations, it
avoids a reduction in the marginal productivity of
capital. Thus, Path C becomes the optimal path.

We have seen that there are three conditions
for an optimal path to be a sustainable develop-
ment path (Path C): (1) less greedy consumers,
(2) high resilience of the environment, and (3) a
growth-engine sector that is harmless to the
environment. The first condition concerns pref-
erences. Therefore, education and culture play an
important role in satisfying this need.

The second condition is related to the use of
natural capital. For example, if society depends
heavily on fossil resources, this condition is not
satisfied because the regeneration rate is zero.
The same is true for a society in which primary
pollutants do not easily decompose naturally.
Examples include carbon dioxide and radioactive
wastes. Decarbonization and nuclear power
phase-out are crucial tasks for avoiding climatic
catastrophes and severe radioactive pollution. In
addition, the above result indicates that it is
necessary to prevent rational people from
choosing an anti-sustainable development path.

The third condition implies that leading
industries for economic development should use
intangible assets, such as knowledge and infor-
mation as inputs, and output intangible goods,
such as knowledge and art. Thus, their activities
do not negatively affect the environment. Along a
sustainable development path, people in the
future will gain utility mainly from intangible
goods, and the dematerialization of society will
advance.

8.3.3 The Tragedy of the Commons
and International
Environmental
Agreements

This subsection shows how the tragedy of the
commons does and does not occur and discusses
whether an international environmental agree-
ment can work as a remedy for the tragedy.
While the previous subsection considered a
socially optimal path, this subsection considers a
suboptimal path resulting from collective actions
by individually rational people.

Economists distinguish between two types of
commons: open-access resources (OARs) and
common pool or property resources (CPRs). The
difference lies in the number of users of the
resource. An OAR is free-entry and has an
unspecified number of users, whereas CPR users
are fixed. An example of an OAR is a forest that
suffers illegal invasion by the landless poor. They
come from nowhere, seeking cropland. There are
several examples of CPR. For example, several
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global environmental issues can be considered
problems with CPR. In the negotiations, the
people concerned with the problem are repre-
sented by fixed countries.

First, we consider an OAR, a distinctive fea-
ture of which, owing to its free-entry nature, is
that a new resource user continuously enters an
OAR as long as there is a positive gain. There-
fore, if a user saves resources for future use, the
saved resources may be consumed by other
users. Users of an OAR behave myopically
because saving is meaningless.

In an economic model, myopic behavior is
translated into a discount rate with an infinite
value. We recall the mechanism of capital accu-
mulation explained in the previous subsection.
Marginal productivity is finite and is dominated
by an infinite discount rate for any capital stock.
Thus, capital stock decreases, accompanied by
resource destruction; that is, a society based on
an OAR takes Path D in Fig. 8.3.

It still remains unclear whether this anti-
sustainable development path is a trajectory to
ruin as per Hardin’s prediction: “Freedom in a
commons brings ruin to all” (Hardin 1968,
p. 1244). Dasgupta (1982, p. 13) pointed out that
this is not always true. For example, with a
classical resource economics model called the
Gordon–Schaefer model (Gordon 1954), the
equilibrium path of an OAR converges to a
positive level of resource stock and ruin is
avoided. The mechanism is as follows. In the
model, the cost of using one more resource (i.e.,
the marginal cost of resource use) increases as
resources become scarce. There is a positive
stock level for the resource, at which point nei-
ther further resource use nor new entry is prof-
itable. Thus, resources no longer decrease
beyond this stock level.

However, Hardin’s dismal prediction may
emerge when population growth is combined
with the Gordon–Schaefer model. Brander and
Taylor (1998) demonstrate this in a theoretical
inquiry into the rise and decline of Easter Island.
They address the mystery of Easter Island: Why
did the civilization of Easter Island collapse,
whereas many other Polynesian islands did not?
They explained that the difference could be

attributed to the regeneration capacity of palm
trees, which are critical natural capital on the
island. The regeneration capacity of palm trees is
remarkably lower on Easter Island than on the
other Polynesian islands owing to the unique
climatic conditions. With their model, population
growth on Easter Island causes resource deple-
tion and famine, leading to war for resource and
societal collapse. This occurs in a society that
depends heavily on natural resources with low
regeneration capacity. Moreover, even if the
natural resources had been well-managed and
society had taken a socially optimal path, the
optimal path might have not been accompanied
by environmental improvement, as shown in the
previous subsection. The dependence on natural
resources with low regeneration capacity threat-
ens sustainable development.

Next, we consider CPR. In contrast to OARs,
there are several possibilities for using resources.
If other users utilize maximum effort to harvest
the resource, the optimal strategy of the user is to
follow them. This equilibrium path of resource
use leads to the tragedy of the commons. How-
ever, another equilibrium path may exist. If other
users harvest the resource sustainably, adopting a
sustainable harvest strategy can be optimal. This
is because when other users adopt a sustainable
strategy, a user is not deprived of the resources
saved today by the other users. Saving the
resource can then make the user better off if the
rate of return is higher than his or her discount
rate by the same logic of capital accumulation
along a socially optimal path mentioned in the
previous subsection. Therefore, a sustainable
harvest strategy is the best response to the har-
vest strategies of other users.

This strategic interaction can create various
equilibrium paths because the best response
depends on other users’ strategies. Sorger (1998)
illustrates multiple equilibria with a model that
he describes as a resource game. He calls the
above-mentioned disastrous equilibrium path the
most rapid extinction path because the resource
becomes extinct at the highest speed. The other
paths can be called sustainable equilibrium paths
because each of them converges to a positive
level of resource stock.
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He shows that these equilibrium paths can
coexist and that there are uncountably many
sustainable equilibrium paths if they exist.
However, only the most rapid extinction path
exists if the discount rate is high, the number of
users is large, or the harvesting ability is high.
Although this result is derived from a specific
model, it provides important implications on how
we can maintain the possibility of taking a sus-
tainable path. For example, it may be necessary
to control the use and development of harvesting
technology for the sustainable resource use of
CPR.

Sorger (1998) also shows that when sustainable
equilibrium paths exist, there is an equilibrium
path similar to a socially optimal path in resource
usewhen the initial stock is sufficiently close to the
socially optimal steady state. This is surprising
because rational but non-cooperative people can
realize an almost efficient outcome without any
rules or institutions. The question, then, is how
resource users choose a desirable equilibrium
path. One possible answer to this is communica-
tion. In theory, they can choose such a path if they
communicate before starting resource use.25 An
example in the real world is an international
environmental negotiation, in which countries
pursue their national profit from environmental
agreements. This situation is the tragedy of the
commons and is modeled as the resource game of
Sorger (1998). As previously mentioned, there are
several equilibrium paths. The existence of an
approximately optimal path implies that policy
coordination can attract interest. It should be noted
that coordination, not cooperation, is discussed.
Even if cooperation is difficult because of self-
interest, countries can agree on policy coordina-
tion through negotiations.

For example, the UNFCCC has developed a
situation in which all member countries can gain
by coordinating their climate policies. As a

result, the Paris Agreement was adopted in 2015.
Under the agreement, all member countries
submitted their climate policies until 2030, called
the “Nationally Determined Contributions”
(NDCs). However, as is well known, the carbon
emission path following NDCs has a large gap
with the minimum-cost path to achieve the 2 °C
target.26 Therefore, the United Nations has
requested that member countries revise their
initial NDCs to a more ambitious plan, and some
countries have responded accordingly. This
move can be interpreted as a process of selecting
a better equilibrium. Whether this approach of
the Paris Agreement, known as the pledge and
review approach, succeeds in achieving the long-
term target, is an essential question for solving
the climate change issue and thus for the sus-
tainability of society. Further development of
economic theory on CPR would contribute to
finding an answer to this question.

8.4 Concluding Remarks

The time horizon for sustainable development
covers many generations and centuries. From a
long-term perspective, Sustainable Development
Goals (SDGs) seek to guide the present genera-
tion toward sustainable development. Since there
is a trade-off in well-being between the present
generation and future generations, we need a
value criterion for intergenerational equity to
judge a good target and policy. We also need to
understand the mechanisms whereby sustainable
development is achieved, as well as how an
unsustainable path is willingly chosen. This
chapter provides theoretical results and discus-
sion of these topics, which potentially relate to all
the SDGs, their targets, and the policies to
achieve them.

Acknowledgements I thank Jordan A. Sand for helpful
comments

25 Note for readers familiar with game theory: The
desirable sustainable equilibrium is the payoff dominant
equilibrium. While Aumann (1990) doubts the idea that
cheap talk leads players to choose the payoff dominant
equilibrium, an international environmental negotiation
situation may be different from what Aumann (1990)
assumes.

26 See Fig. 2 in UNFCC (2015). As seen by comparing
it with Fig. 5.6 in Nordhaus (2008), the NDC path is
similar to the optimal path of the DICE model.
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9Economic Growth:Why Are There
Rich and Poor Countries?

Koki Oikawa

Abstract

Sustainable economic growth is one of the
main goals of SDGs. To achieve this goal, we
need to know what drives the long-run dy-
namics of the wealth of nations. In this chap-
ter, we first learn how to measure the level of
a country’s wealth and its growth from data,
as well as some widely observed facts such
as steady growth in some developed coun-
tries, the huge international difference in eco-
nomic growth, and so forth. Next, we develop
theoretical models to explain those observa-
tions. We present a basic theory of growth
with capital accumulation as the driving force
and check the consistency with the observed
data. Further, we consider firms’ investments
into research and development (R&D) and see
how innovations drive economic growth. It
also tells us the effects of growth policies.
Lastly, we discuss other factors that create
international difference in economic growth
such as education, institution, and misalloca-
tion of resources. This chapter contributes to
Goal 8 (economic growth) and 9 (innovation)
in SDGs.

K. Oikawa(B)
Waseda University, Tokyo, Japan
e-mail: oikawa.koki@gmail.com

Keywords

Economic growth · Catch-up · Productivity ·
Technological progress

9.1 Introduction

People living in the United States earn about 100
times the income of people in the poorest coun-
tries, after adjusting for price levels.Why are some
countries so rich? Why do some countries grow
faster than others?Can a poor country become rich
in the future? If they can, how?These are questions
in macroeconomics since our predecessors began
to study the mechanism of economic growth and
development. Honestly speaking, we do not have
quick answers to those questions yet.However, ac-
cumulated knowledge in this academic field gives
us a good perspective on the appropriate approach
to tackle them. Learning the fundamental frame-
work to analyze economic growth, which is devel-
oped in this chapter, definitely helps us achieve the
sustainable development.

In this introduction, we review several impor-
tant facts about economic growth using world-
wide time-series data. Let us start by introduc-
ing the data we focus on. The wealth of a nation
is usually measured by its gross domestic prod-
ucts (GDP, hereafter), which captures how much
final goods and services are produced in a year.
Because we are more interested in people’s liv-
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Fig. 9.1 Histograms of log
of real GDP per capita in
1960 and 2019. Source
PWT10.0
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ing standards rather than the aggregate size, we
divide the total GDP by the population to obtain
per-capita GDP. Additionally, we remove the ef-
fect of price changes fromGDP to avoid misinter-
preting an increase in GDP owing to inflation as
real economic growth. Finally, we adjust for dif-
ferences in the price level between international
economies to compare multiple countries that use
different currencies.

Figure9.1 shows the histograms of real GDP
per capita across countries in 1960 and 2019.1 We
need to clarify how to read this graph. Because the
numbers for real GDP per capita are too diverse,
for example, from 500 to 23,000 in 1960 (in US
dollars based on2017), to depict in an easy-to-read
graph, one can make such a graph readable and
concise by taking the logarithm of the numbers.
Here, we use a logarithm with the base of 10, or
log10 yt , where yt is real GDP per capita in year
t . Note that the logarithm converts 10x to x , or,
in equation, log10 10

x = x . This x is taken as the
horizontal axis in Fig. 9.1. So, if a country has x =
4 on the axis, its real GDP per capita is y = 104 =

1The data source is Penn World Table (PWT), version
10.0. You can download the worldwide data related to eco-
nomic growth from https://www.rug.nl/ggdc/productivity/
pwt/. The histograms consist of 111 countries and regions
that have GDP data in both years.

10,000. If country A has 4 and country B has 3 on
the horizontal axis, country A is 10 times larger
than country B.

The takeaways from this figure are threefold.
First, both histograms in 1960 and 2019 havewide
ranges on the horizontal axis, implying that there
exists a sizable dispersion in the level of per-capita
real GDP. Second, the observed dispersion is per-
sistent. Third, the histogram shifts rightward from
1960 to 2019, implying that the real GDP per
capita is growing over time on average.

Next, Fig. 9.2 shows a histogram of the aver-
age annual growth rate of real GDP per capita
from 1960 to 2019. The growth rates are mainly
positive, but, again, there is a significant disper-
sion. Can you imagine howmuch difference there
is between a country with a growth rate of 5%
and another with 1% over 60 years? Even though
the initial levels are common, the faster-growing
country becomes more than 10 times richer than
the other after 60 years, as shown in the calculation
of (1 + 0.05)60/(1 + 0.01)60 ≈ 10.28.

Figure9.3 illustrates the relationship between
the initial level of real GDP per capita (in 1960)
and the average growth rates afterward, using the
same data in Figs. 9.1 and 9.2. This figure tells
us about international convergence more clearly.
If poor countries catch up with rich countries, a

https://www.rug.nl/ggdc/productivity/pwt/
https://www.rug.nl/ggdc/productivity/pwt/
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low initial GDP level (horizontal axis) should be
associated with a high growth rate (vertical axis).
Indeed, some countries around the top-left corner
in the figure, such as Botswana (BWA) and South
Korea (KOR), have been catching up during these
past several decades. However, it does not hold
in general. The countries in the bottom-left area
in the figure have low initial levels and low or
negative growth rates. Some of those countries are

lagging, rather than catching up with the richer
countries.

In the next section, we argue about the mech-
anism behind these observations. To see how the
long-run growth is determined, we first introduce
a basic economic growth model in Sect. 9.2. The
basic model explains some aspects of economic
growth but, at the same time, casts a light on what
we are ignorant of to explain economic growth.
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Hence, in Sect. 9.3 and subsequent sections, we
dig deeper into the growth mechanism.

Basics in Macroeconomics

Here, we quickly review the definitions and ideas
in macroeconomics used in the following dis-
cussions. If you are familiar with introductory
macroeconomics, you can jump to the next sec-
tion.

First, GDP is constructed to represent output,
expenditure, and income using a single statis-
tic. The idea is as follows. Produced final goods
(output) are purchased by someone (expenditure).
Moreover, cash flows to firms through sales are
distributed as income to households in various
forms such as wages, interests, and dividends (in-
come). The amount of cash flows calculated from
the three aspects is identical.

Second, four sectors construct macroecon-
omy: households, firms, governments, and
foreign countries. Each of them purchases goods
and services from the market. The expenditure of
households in year t is called consumption Ct ,
expenditure of firms is investment It , expenditure
of the government is Gt , and the net expenditure
of foreign countries is net export NXt (export
minus import). From the expenditure view of
GDP, we have the following identity in the
national accounts:

Yt = Ct + It + Gt + NXt ,

where Yt stands for GDP. In the following ar-
guments, however, we consider the domestic pri-
vate sectors in the economy, namely households
and firms, to focus on the essence of the growth
mechanism. Hence, the above identity becomes
Yt = Ct + It , and then the saving equals invest-
ment, i.e., St = Yt − Ct = It , because Yt is also
the aggregate income by definition, as mentioned
in the previous paragraph.

The mechanism behind the equality of sav-
ing and investment is the supply–demand equi-
librium in the funds market, where saving is the
supply of funds and investment is the demand
for them. Because high interest rates are a bur-

den for fund-rasing firms, they do not execute in-
vestment projects whose expected returns are not
large enough, relative to the interest payments. In
other words, investment decreases with the inter-
est rate. When the supply of funds is greater than
its demand, the interest rate declines so that firms
become able to afford to invest more. With the
interest rate as the adjusting device, the demand–
supply equilibrium in the fundsmarket guarantees
the equality of saving and investment.

Third, we consider a production function that
generates real GDP, such as Yt = At K α

t L
1−α
t ,

where Kt is capital equipments, Lt is labor force,
and At is productivity. In particular, At is called
total factor productivity (TFP). In the following
arguments, we suppose that this production func-
tion determines the level of GDP, implying that
GDP depends solely on capital and labor endow-
ments and the technology in year t . Note that we
care about only the supply-side conditions and do
not consider the demand-side conditions, whereas
a shrink in demands is considered significant for
economic fluctuations. The reason why we ignore
the demand-side conditions is that we deal with
the long-run behaviors of economies, as we ob-
serve economic growth over several decades in
the above figures. In the standard arguments in
macroeconomics, the long-run trend of an econ-
omy is considered to be determined by the sup-
ply side conditions, and short-run business cycles,
where demand side conditions matter, are consid-
ered diversions from the long-run trend.

9.2 Basic Theory of Economic
Growth

9.2.1 SolowModel

Sustained growth can be explained by a simple
model established by Robert Solow. Figure9.4
shows the time series of the log of the real GDP
per capita in the United States as a typical exam-
ple of frontier economies, with the fitted linear
line showing the long-run trend. The linear trend
shows a good fit to the actual GDP data, which
implies that the growth rate is constant in the long
run.Moreover,we can extend this trend line dating
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Fig. 9.4 Steady growth in
the United States. Source
PWT10.0
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back to the mid-nineteenth century. The average
growth rate is slightly less than 2% for over 150
years in the United States. There must be a ra-
tionale to support such a strikingly long-lasting
steady growth. This is our starting point in the
theoretical approach.

The Solow model supposes capital accumula-
tion as the main factor to drive the dynamics of
economies. To relate capital formation and eco-
nomic growth, Fig. 9.5 shows the scatter plot of
the average growth rate and the average invest-
ment shares in GDP from 1960–2019, with the
fitted line. There clearly exists a positive correla-
tion between the average investment shares and
the average growth rates, implying that countries
with large investments tend to grow faster.

To focus on the essential mechanism, we make
the model as parsimonious as possible. Let there
be only the domestic private sectors in the econ-
omy: households and firms. The real GDP in year
t , Yt satisfies

Yt = Ct + It ,

where Ct and It are the real consumption and in-
vestment, respectively.We assume a constant sav-
ing rate of households, s, so that Ct = (1 − s)Yt
and

It = Yt − Ct = sYt , 0 < s < 1. (9.1)

Investment, It , is the amount of newly equipped
machines in year t , which constructs the real capi-
tal in the next year, Kt+1,which is the total amount
of machines at period t + 1. Assuming that ma-
chines are broken in each period at the rate of δ,
we represent capital accumulation as

Kt+1 = (1 − δ)Kt + It 0 < δ < 1. (9.2)

Outputs are produced with capital and labor as
inputs according to the production function,

Yt = K α
t L

1−α
t , 0 < α < 1, (9.3)

where α represents capital share in the sense that
α of total income is distributed to capital owners
(and 1 − α goes to workers).2 For simplicity, we
assume no population growth. Lt is constant over
time, and, more specifically, we set Lt = 1. Then,
Yt is equivalent with real GDP per capita. The
production function (9.3) becomes

Yt = K α
t . (9.4)

2From the viewpoint of income distribution, real GDP sat-
isfies Yt = rt Kt + wt Lt , where rt and wt are the real
interest rate and the real wage, respectively. The capital
share is measured by rt Kt

Yt
, and the labor share is measured

by wt Lt
Yt

.
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Fig. 9.5 Average investment share and average growth rate (1960–2019). Source PWT10.0

Substitute equations (9.1) and (9.4) into (9.2),
we have

Kt+1 − Kt = sYt − δKt = sK α
t

︸︷︷︸

investment

− δKt
︸︷︷︸

depreciation

,

(9.5)

which determines the law ofmotion of capital.We
find that there are two opposing forces at work. If
investment is greater than depreciation, capital in-
creases such that Kt+1 > Kt . Contrarily, if invest-
ment is smaller than depreciation, Kt+1 < Kt .
Figure9.6 illustrates how these two forces bal-
ance. As drawn in the figure, when capital is K A

t ,

investment is greater than depreciation. Then, cap-
ital increases in the next period. However, if capi-
tal is at K B

t , depreciation excesses investment, and
the capital stock will decrease. Figure9.6 also de-
picts K ∗ at which investment equals depreciation
so that the capital stock remains constant. Such
K ∗ is called the steady state. If the economy is
at the steady state, nothing changes over time un-
less a shock perturbs the state of the economy.
Moreover, Fig. 9.6 tells us that, starting from any
positive level of capital stock, the economy con-
verges to the steady state K ∗. If the capital is less
than K ∗, like K A

t , the capital increases and ap-
proaches K ∗. If it is higher than K ∗ like K B

t , it

decreases and gets closer to K ∗. Hence, the econ-
omy is in the steady state in the long run. In the
current setting, the steady-state level of capital is

K ∗ =
( s

δ

) 1
1−α

. (9.6)

Note that the output Yt is determined by the
level of capital Kt . Thus, at the steady state of
capital, the output is also in the steady state,
meaning no changes over time. The output attains
Y ∗ = K ∗α , and the per-capita real growth rate is
zero in the long run.

Exogenous Technological Progress The
above simple model can easily incorporate
exogenously growing factors. If we introduce
population growth such that Lt+1 = (1 + n)Lt ,
the per-capita output remains constant while the
aggregate real output grows at the rate of n in the
steady state.

Similarly, we can introduce exogenous techno-
logical progress in the form of

Yt = K α
t (At Lt )

1−α , (9.7)

where At represents the effectiveness of one unit
of labor. We assume that At grows at the rate of
g, or At+1 = (1+ g)At . Then, in the steady state,
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Fig. 9.6 Capital dynamics
and the steady state in the
Solow model

the per-capita output grows at the rate of g and the
aggregate output grows at the rate of n + g.

Now, we got the theoretical result of steady
growth observed in Fig. 9.4. The growth rate is
stable because the economy is in a steady state.
Positive growth in the per-capita term occurs be-
cause of technological progress. If the technologi-
cal progress rate is not that turbulent, the economy
grows at a constant rate on average.

9.2.2 Conditional Convergence Across
Countries

Although the Solow model presents an expla-
nation of economic growth in some frontier
economies such as the United States, is it consis-
tent with the international difference in the GDP
levels and growth rates, observed in Figs. 9.1,
9.2 and 9.3? Here, we consider whether a poor
country will catch up with a rich one in the Solow
model.

Let gKt be the growth rate of capital from year
t to t + 1. In an equation, it is given by

gKt = Kt+1 − Kt

Kt
.

The relationship between the level and growth in
theSolowmodel is depicted inFig. 9.7. It is simply
from the law of motion of capital, equation (9.5),
such that

gKt = Kt+1 − Kt

Kt
= sK α−1

t − δ,

which is decreasing in Kt because α − 1 < 0.
Therefore, a country with lower capital stock, Ka

in the figure, has a higher growth rate than coun-
tries with abundant capital stock.

So far, it seems like poor countries will even-
tually catch up with the frontier economies that
are considered to be around the steady state, K ∗.
However, it is the case only when every country
has an identical steady state.

As shown in Eq. (9.6), the steady-state level
of capital per capita is determined by parameters
s, δ, and α. If we incorporate population growth
and technological progress, it also depends on the
population growth rate, n, and the technological
progress rate, g, too. Since those parameters vary
from country to country in reality, the steady state
also varies.

For example, suppose that countries A and B
are different in their saving rates, say sA > sB ,
while the other parameters and the initial capi-
tal stock, K0, are the same. From Eq. (9.6), the
steady-state levels of capital per capita are K ∗

A >

K ∗
B . Even though the initial capital is the same

across the two countries, the distance from the
initial position to the steady-state level is greater
in country A, or K ∗

A/K0 > K ∗
B/K0. Now apply

Fig. 9.7 to each country separately. In the figure
for country A, the initial capital is small relative
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Fig. 9.7 Level and growth of capital in the Solow model

to the steady state as if K0 is around Ka . On the
other hand, in the figure for country B, the initial
capital is close to the steady state as if K0 is around
Kb. Then, country A has a higher growth rate than
country B even though the initial capital levels are
the same.

Therefore, the distance to the steady state is
significant in the relationship between GDP lev-
els and growth rates. Low growth countries have
low levels of steady state. If this is the case, such a
poor country never catches up with a rich country
unless there occurs a shock or policy intervention
on some parameters such as the saving rate, tech-
nological progress rate, and so forth.

Poverty Trap

While we divert a bit from the main context in this
chapter, here, we present another way to explain
the stagnation of a poor country by extending the
Solow model. Suppose that there is a subsistence
level of consumption C̄ . When the income level
is less than or equal to C̄ , they cannot afford to
save and just consume all the income. They have
positive savings (and investment) only when Yt >

C̄ . This situation is described by the investment
function,

It =
{

0 if Yt ≤ C̄,

s
(

Yt − C̄
)

otherwise.

The other settings are the same as in the baseline
model.

The diagram for this modified Solow model is
illustrated in Fig. 9.8. The difference from Fig. 9.6
is that the intercept of the investment curve lies at
a positive value on the horizontal axis, which cre-
ates two intersections with the depreciation curve.
The upper intersection at K ∗ is similar to the
steady state in the basic model. The lower in-
tersection at K̂ indicates the divide between the
shrinking economy and the growing economy. If
Kt is greater than K̂ , the investment is more than
depreciation, and the economy grows. If Kt is less
than K̂ , investment is not enough to compensate
the amount of depreciation, and capital stock de-
creases over time.

Even though the upper steady state K ∗ is po-
tentially possible, a country may be trapped on the
left side of the divide at K̂ if it initially lacks a suf-
ficient amount of capital stock. This case is called
a poverty trap. In order for a developing coun-
try to escape from the poverty trap, it needs a big
push via official development assistance (ODA)
or foreign direct investments with which the capi-
tal level is pushed up beyond the dividing border,
K̂ .3

3Although the poverty trap discussed here gives us an in-
sight about economic development, it is difficult to estimate
how big is the required push to go across K̂ . Evidence-
based policy evaluation is hard without tracking how for-
eign aids are distributed into the economy. In response
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Fig. 9.8 Poverty trap

9.2.3 Growth Accounting

The Solow model focuses on capital accumula-
tion as the growth engine, and population and pro-
ductivity growth are exogenous factors. However,
how important is those exogenous growing fac-
tors in the data? In this subsection, we run growth
accounting to investigate the contribution to the
growth of each factor that determines GDP.

We consider a slightly different production
function such that

Yt = At K
α
t L

1−α
t , (9.8)

where At is TFP.4 We calculate the relationship
among growth rates of variables in this production
function. Consider the change rate from t to t + 1
such that

Yt+1

Yt
= At+1

At

(

Kt+1

Kt

)α (

Lt+1

Lt

)1−α

.

to those critiques, the recent development studies focus
on micro-evidences using randomized controls to obtain
evidence-based policy evaluation. I recommend Banerjee
and Duflo [3] to interested readers.
4Note that this function form is interchangeable with
Eq. (9.7), where we can define TFP as A1−α

t .

Define the growth rates gxt = xt+1/xt − 1, where
x can be Y , A, K , and L . Then,

1 + gYt =
(

1 + gAt
) (

1 + gKt
)α (

1 + gLt
)1−α

.

It is well known that the above equation is ap-
proximately equal to the following relationship,5

gY = gA + αgK + (1 − α)gL , (9.9)

where the aggregate data of GDP and related vari-
ables are open to the public in many countries.
gY is the real GDP growth, gK is growth in real
capital stock, gL is growth in total working hours,
and α is the average capital share. Only gA can

5To derive Eq. (9.9), we take the logarithm of both sides
such that

log
(

1 + gY
)

= log
(

1 + gA
)

+ α log
(

1 + gK
)

+ (1 − α) log
(

1 + gL
)

,

where the base of the logs is e, i.e., natural logarithm, and
we drop time subscript for notational simplicity. Next, we
use approximation such that log(1 + x) ≈ x if x is suffi-
ciently close to 0, which comes from the first-order Taylor
expansion.
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Fig. 9.9 Shares of
contribution of capital,
labor, and TFP to economic
growth. Source PWT10.0
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not be observed directly, but it is calculated from
Eq. (9.9) as gA = gY − αgK − (1 − α)gL .

We are interested in what percentage of eco-
nomic growth remains unexplained by observable
factors such as capital and labor. So, we define
the share of contribution of capital accumulation
real economic growth asαgK /gY when all growth
rates are positive. When some growth rates are
negative, we define the contribution as

α|gK |
|gA| + α|gK | + (1 − α)|gL | ,

where |g| is the absolute value of g.6
Figure9.9 shows the result of growth ac-

counting for the sample periods of 1960–2019
in 13 countries/regions.7 The set of the coun-
tries/regions is limited mainly due to the lack of
data required to conduct the above procedure.
The figure confirms that capital accumulation
is important, as the Solow model supposes.
However, at the same time, it also implies that

6Consider the case in which gY = 0, αgK = 0.05,
and (1 − α)gL = 0. In this case, gA = −0.05 and
the contribution ratios of capital and TFP are 1/2 for
each (and zero for labor). This number is generated by
|0.05|/ (|0.05| + | − 0.05|).
7The national account data for Germany (DEU) before the
integration at 1991 are estimates based on the growth rates
recorded for West Germany (Groningen Growth and De-
velopment Centre [5]).

the contribution from TFP is significant in many
countries.8 The average contribution of TFP in the
current sample is about 35%. In some countries,
it amounts to 50% or more. This result motivates
us to take a closer look at TFP. However, what the
Solow model tells us is that per-capita real GDP
has steady growth if productivity grows at a given
constant rate. It is nothing about what determines
the level and evolution of the productivity. We
are going to address this question in subsequent
sections.

9.3 Endogenous Growth:How Is
the Growth Rate Determined?

As discussed above, we need to explain TFP
growth to uncover the mechanism of economic
growth and to obtain an insight for growth policy.
In this section, we introduce a new framework,
an endogenous growth model, in which the eco-
nomic growth rate is endogenously determined.

8There is a discussion on the undervaluation of the contri-
bution of TFP in the procedure described here. Because
TFP includes technological progress, newly introduced
machinery embodies higher quality, which increases capi-
tal contribution. Thus, part of the contribution of the capital
comes from the increase in TFP. Taking this relationship
into account, the true contribution of TFP is even higher
(and the true contribution of capital is lower) than the shares
observed in Fig. 9.9.
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Although there are a variety of models of endoge-
nous growth, we mainly focus on productivity
growth driven by corporate research & develop-
ment (R&D) activities, which accumulates ideas,
knowledge, and techniques for more efficient pro-
duction in the society.

9.3.1 Economy of Ideas

Before jumping into the new growth model, it
is convenient to discuss an important feature of
knowledge or ideas. Let us assume that you were
Thomas Edison, a giant inventor. You have come
up with a new idea for making a light bulb. This
new idea, or innovation, is “yours” in the sense
that the patent system prohibits any other person
or company from commercializing it without per-
mission. However, the idea itself can be shared
with thousands of people whowill try to create the
next generation of light bulbs based on your idea,
including ones that last longer, are safer, and are
brighter. An inventor who significantly improves
your light bulb will obtain a new patent.

This story highlights three things. First, ideas
are non-rival goods in the sense that its use by
someone else does not prevent others from us-
ing the same goods. So, ideas have an aspect of
public goods.9 Second, ideas are inputs for sub-
sequent idea creation. An inventor or researcher
learns the existing ideas developed by predeces-
sors and tries to create a new idea relying on them.
A little dwarf on the giant’s shoulder can see fur-
ther than the giant.10 New ideas are born on the
giant’s shoulder, and these ideas accumulate to
make the giant even bigger. Third, as suggested
by the above two characteristics, the private and
social benefits of innovation are different. The pri-
vate value is the profit derived from the product
designed by the idea, which is only a part of the
social value of innovation. The social value also

9The other aspect of public goods is non-exclusiveness. If
goods are exclusive, it is possible to prevent someone from
using them if the person does not pay the price. Intellectual
property rights give exclusivity to an idea.
10Such a metaphor, famously described by Isaac Newton
as “by standing on the shoulders of Giants,” dates back to
the Middle Ages in Europe.

depends on future innovations inspired by the cur-
rent idea. In the story at the beginning of this sub-
section, Edison and the subsequent inventors pur-
sue rents from commercializing a new idea, which
is the private benefit. If you predict sufficiently
large rents, it is worth investing money, time, and
effort. However, the innovation is public in some
sense because it will be used extensively in sub-
sequent idea creation. Even if the private benefit
is negligible, the social benefit might be large. For
example, the formula for solving quadratic equa-
tions hardly yields profits, but it will help much
subsequent research. Because the social benefit of
an innovation is greater than the private benefit in
many cases, investment for idea creation tends to
be smaller than the socially desirable level. This
is where we should consider a policy intervention
to encourage R&D in the following model.11

9.3.2 R&D-Driven Growth

We consider the economy with two sectors in
which workers find a job: One is the production
sector and the other is the research sector. We as-
sume no skill difference between the sectors for
simplicity. Denote LY t and L At as the production
workers and researchers, respectively. Assuming
that Lt = 1 and define the share of researchers as
ρt , we have L At = ρt and LY t = 1 − ρt .

The production sector is the same as in the
Solow model with technological progress,

Yt = K α
t (At LY t )

1−α ,

but now At does not grow automatically; it grows
in response to the researcher’s work.

Because productivity At reflects scientific and
technological knowledge in the society, we sup-
pose that At is the stock of ideas and R&D activity
increases At . As discussed in the previous subsec-
tion, the input of idea creation is the stock of ideas,
At , and researchers, L At . Let μ > 0 be the effi-
ciency in the research sector, and we suppose that
At evolves according to

11Jones and Williams [8] estimate that actual R&D invest-
ment is less than half of the optimal R&D investments.
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At+1 = At + μAt L At
︸ ︷︷ ︸

new ideas

. (9.10)

In other words, one researcher creates μAt units
of ideas.12 Then, the growth rate of At is given by

gA
t = At+1 − At

At
= μL At = μρt .

Now,we focus on a balanced growth path, gen-
eralization of steady state, where each variable
has a constant growth rate over time. Note that
the steady state in the Solow model is a balanced
growth path because the output per capita has a
constant growth rate of zero.On abalancedgrowth
path, gA

t is fixed at some constant so that ρt must
be a constant. Let ρ be the number of researchers
on a balanced growth path, andwe have gA = μρ.
Then, applying the last argument in Sect. 9.2.1, we
have gY = μρ.

The argument so far lets us know that what de-
termines the growth rate is the share of researchers
or the intensity of R&D activity in the economy.
If an economy is more R&D-intensive, it grows
faster. However, in what case, is ρ > 0 supported?
It depends on the balance between the value of
a new idea and the cost to create it. When there
is a limited labor supply, wages become higher.
A very high wage implies that research costs do
not meet the reward from the research, which is
the future monopoly rents protected by patents.
In such a case, there is no incentive to carry out
R&D projects, and ρ turns out to be zero on a bal-
anced growth path. Therefore, we need a sufficient
amount of potential resources employed in the re-
search sector to have a positive growth rate in the
long run. Certainly, the strength of patent protec-
tion is another factor to motivate R&D. Without
patent protection, innovators cannot monopolize
the market for the product they created because
imitators enter the market without paying R&D

12Onemay bewondering howwedefine the unit of ideas.A
standard way to keep track of ideas in empirical research is
by counting the number of quality-adjusted patents. Qual-
ity adjustment is important because many patents are not
used to produce any goodswhile somepatents are essential.

costs or license fees. The reward for innovation is
limited under weak patent protection.13

The R&D-driven endogenous growth model
opens the black box of TFP at least partly. It il-
lustrates the mechanism that long-run economic
growth is achieved by R&D activities. Moreover,
it implies that the more the R&D, the higher
the growth rate. Hence, the policy implication is
straightforward: Encouraging investment in R&D
will lead to rapid economic growth. As argued in
the previous subsection, promoting R&D is desir-
able from the social viewpoint.

There are several ways to promote R&D, such
as R&D subsidy, R&D tax credit, patent reform,
easing of financial constraints on firms, and so
forth. Some policies could affect the efficiency in
the research sector, μ. Because a better collabora-
tion of researchers can create better ideas, amatch-
ing mechanism may help increase research effi-
ciency at the aggregate level. We need to exclude
discrimination when building research teams. A
researcher with appropriate expertise should be
employed as a teammember regardless of gender,
nationality, or skin color, which increases the ef-
ficiency of researcher allocations in the aggregate
economy.

9.3.3 GrowthWithout Scale Effect

The model in the previous subsection has one
deficit. If we remove the simplifying setting of
L = 1, the growth rate becomes μρL instead of
μρ. Thus, the abovemodel implies that the scale of
the economymatters for its economic growth rate.
This is called the scale effect. But, if there were
two identical countries, would merging the two

13There are many discussions about the patent system.
Patents provide an incentive to innovate, but it sometimes
imposes a cost for the next innovations. When strong pro-
tection is given to existing patents, inventors have to present
significant novelty and originality to get a new patent suc-
cessfully. A company adopting a new technology would
have a higher risk of litigation from an existing patent
holder. Hence, the optimal design of a patent is a contro-
versial issue. See Jaffe and Lerner [7] for more discussion.
Some researchers argue that innovations will continue to
occur even without a patent system, using the development
of open-source software as an example Boldrin [4].
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Fig. 9.10 Scale effect?
Source PWT10.0
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produce a country with double the growth rate?
Moreover, the above model suggests that the real
growth rate increases over time if we allow a pos-
itive population growth rate instead of a constant
L . Is it plausible?

Figure9.10 scatters the average growth rates
and the average total working hours across coun-
tries and regions, and we see no significant cor-
relation between the two variables.14 Perhaps, the
above model overemphasizes non-rivalry and the
idea production process, although it captures an
important aspect of technological progress. Here,
we modify the model to get rid of the scale effect.

The idea production function, equation (9.10),
is linear in the stock of ideas. As scientific knowl-
edge evolves, however, it is getting more compli-
cated and catching up with the frontier knowledge
requires more effort of learning for researchers
than before. It is natural to consider that creating a
new idea is getting harder as knowledge accumu-
lates. Then, research productivity is not linearly
increasing in the existing knowledge. This situ-

14It depends on the era on which we focus, though. In
the eighteenth century after the Industrial Revolution, the
world population and output start to rise explosively, where
population size and output growth have a positive corre-
lation. However, the reverse causality could be true, i.e.,
rapid growth may result in more capacity to increase the
population.

ation can be captured by the following slightly
modified idea production function such that

At+1 − At = μL At A
φ
t , φ < 1.

The parameterφ stands for an increasing difficulty
along with knowledge accumulation.

With this idea production function, the produc-
tivity growth on a balanced growth path is

gA = At+1 − At

At
= μL At A

φ−1
t = μL At

A1−φ
t

,

(9.11)
where LAt/A

1−φ
t must be constant over time. To

keep it constant, the numerator and the denomi-
nator must have the same growth rate. Since LAt

stops growing if there is a constant upper bound
of L , we allow Lt to grow at rate of n. Then, the
balanced growth is achieved when all the growth
rates of Lt , L At , and LY t are n. Hence, A

1−φ
t also

grows at n to keep the fraction in the right-hand
side of Eq. (9.11) constant, that is,

(

At+1

At

)1−φ

= 1 + n

⇒
(

1 + gA
)1−φ = 1 + n.

Then, from a similar procedure in deriving
Eq. (9.9), we obtain
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gA ≈ n

1 − φ
.

Moreover, since per-capita real GDP grows at the
same rate of gA, economic growth depends not on
population size but its growth rate, n.

This modification successfully removes the
scale effect. However, it erases the R&D policy
implication obtained in the original model. Be-
cause the growth rate is determined by population
growth rate, a policy promoting R&D activity
does not increase the growth rate in the long run,
while it leaves short-run impacts on the number
of researchers and outputs. Any increase in the
policy-promoted research outcomes will be offset
by the difficulty in developing more complex
R&D projects, leaving no impact on the growth
rate.

9.4 Other Factors: Look Inside of At
more deeply

In this section, we discuss three factors other than
technology that construct TFP.

9.4.1 Education and Human Capital

The level of education of the people involved in
the labor is one of the important factors that de-
termines production efficiency. Before we look at
the overall productivity of a country, let us con-
sider the productivity of individual workers. In the
first place, why are you reading this and why are
you spending your time and paying for your ed-
ucation? It is probably because there is a return
from education. The returns may not always be
translatable into money, but there is no denying
that getting the job you want and increasing your
chances of earning a higher income are important
returns. Why do firms pay you a high wage? It
is because your skills are enough to produce ef-
ficiently. Education increases productivity at the
individual level.

Figure9.11 shows a scatter plot of the average
level of education (years of schooling) and real

GDP growth rates in each country,15 showing a
clear positive correlation. As with the investment
in physical capital, investment in education is ex-
pected to contribute to economic growth by im-
proving human capital and raising productivity.
Let us formulate this situation in a simple model
to see the link between education and growth.

The production function in this context is

Yt = K α
t (uHt )

1−α , (9.12)

where Ht represents human capital and u is the
share that human capital employed in the produc-
tion sector. The rest of human capital, (1 − u) Ht ,
goes to the education sector, or school teachers,
that contributes human capital accumulation. Sup-
pose that human capital accumulates according to

Ht+1 − Ht = φ(1 − u)Ht ,

where φ > 0 is the efficiency in the education
sector.

In this economy, for a given u, the growth rate
of human capital is

g = φ(1 − u). (9.13)

This human capital growth rate turns out the
growth rate of the economy. Let us see how it
comes. Similar to the growth rate relationship de-
rived at growth accounting in Sect. 9.2.3, we have

gY = αgK + (1 − α)g,

for a constant u. Because the real output and phys-
ical capital should have the same growth rates,16

15Data on education are from Barro-Lee Education Attain-
ment Data, which are available from http://www.barrolee.
com.
16From the national income identity, Yt = Ct + It . To
keep the balance, these three variables must have the
same growth rate. Further, capital accumulation equation
Kt+1 = It + (1 − δ)Kt implies that Kt and It also have
the same growth rate. Therefore, gY = gC = gI = gK on
a balanced growth path.

http://www.barrolee.com
http://www.barrolee.com
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Fig. 9.11 Growth and
education. Source
PWT10.0, Barro-Lee
Education Attainment Data
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we have gY = gK = g. All growing variables
have identical growth rates.

The balanced growth implies that

Ht

Kt
= constant, say Â

because the numerator and denominator change
at the same rate. Using this constant Â with the
production function, (9.12), we obtain

Yt = K α
t

(

Âu
)1−α

K 1−α
t =

(

Âu
)1−α

Kt .

In other words, production in this economy
shows a constant marginal product of physical
capital on a balanced growth path, unlike in the
Solow model. The Solow model investment curve
depicted in Fig. 9.6 has a curvature because the
marginal product of capital decreaseswith the cap-
ital level. In the current human capital model, the
diminishing marginal product of physical capital
is offset by the human capital accumulation to
keep the marginal product of physical capital at

constant
(

Âu
)1−α

. No matter how much is ac-

cumulated, the marginal value of capital does not
fall, so the economy will continue to grow. Impor-
tantly, when more human capital is employed in
the education sector, the growth rate is higher.

9.4.2 Institution

Differences in productivity among nations that
cannot be explained by the production factor en-
dowments or technology are also created by dif-
ferences in institutions. At the beginning of their
book, Acemoglu and Robinson [1] talk about a
region divided by the artificially drawn border be-
tween the United States and Mexico. Originally,
there was little difference between the north and
south of the border, and similar people lived sim-
ilar lives. However, 100 years after the border
was drawn, there appeared a marked difference
in the standard of living across the border. The
gap in North and South Korea is another example.
The border between the two countries was artifi-
cially drawn for political reasons due to theKorean
War, and there was no intrinsic difference. Sev-
enty years later, however, the difference in wealth
between them is enormous.

Such artificial borders are grand social experi-
ments that give us insights. If there is a big differ-
ence between two countries that are not different
by birth, the cause is the environment in which
they grew up. In other words, the laws, rules,
political systems, and customs of the countries to
which the residents happen to belong are of deci-
sive importance. Are private property rights guar-
anteed there? Does it allow for free market trans-
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actions? Do successful entrepreneurs get paid
what they deserve? What kind of education sys-
tem does it have? Howwell developed is its social
infrastructure? Is its political system democratic?

This argument suggests that some part of TFP,
At , should be explained by institutions. A more
efficient institution results in higher At , leading to
a greater real output and possibly real growth rate.
However, it is not easy to pinpoint what exactly is
good and what is bad in the institutions. It is not
necessarily true that transplanting the institutions
of frontier economies, such as the United States,
directly to developing countries will work. It is
easier said than done.

9.4.3 Misallocation

One of the most important findings in recent eco-
nomic growth studies is the impact of misalloca-
tion of resources on aggregate productivity. Sup-
pose that there are two types of firms operating
in the market: One is highly productive and the
other is less. Then, it seems efficient to transfer
resources employed by low-productivity firms to
high-productivity firms. However, such realloca-
tion could not smoothly occur in the market be-
cause we observe wide productivity dispersion
across firms even within narrowly defined indus-
tries. When the misallocation of resources sig-
nificantly reduces aggregate productivity, policy
interventions that promote the reallocation of re-
sources are desirable to improve people’s well-
being.

Hsieh and Klenow [6] is the seminal work to
measure the degree of misallocation. It should be
noted that simple observation of productivity dis-
persion is not an evidence for misallocation. The
coexistence of large high-productivity firms and
small low-productivity firms may be efficient be-
cause of decliningmarginal products and capacity
constraints such as plant size. To quantifymisallo-
cation inefficiency, they consider “revenue” pro-
ductivity instead of the usual TFP, which is coined
as TFPR.

The logic is simple and interesting. Suppose
that a firmhas the production function ofY = AL ,
where A is the firm-level TFP and L is employ-

ment, hired at the wage rate of w. The cost to
produce one unit of goods is w/A. If this firm
determines its price with some markup margin,
at the rate of m ≥ 1, the price of the goods is
P = mw/A. Then, the TFPR of this firm is

TFPR = PY

L
= PA = mw.

Therefore, TFPR is independent of A. This result
holds even with more general production function
such as the Cobb–Douglas typewith physical cap-
ital as in Eq. (9.3).

This simple calculation implies that all firms
should have the common TFPR in theory after
controlling markups and wages. Then, if we find
a dispersion in TFPR, some wedge exists to gen-
erate a gap from the theoretical outcome. Based
on this logic, Hsieh and Klenow [6] define the de-
gree of misallocation as the observed dispersion
in TFPR. According to their estimates, China and
India have higher degrees of misallocation com-
pared to the United States in the manufacturing
industries. They also estimate the aggregate pro-
ductivity of both countries when they have the
same degree of misallocation as the United States.
The results show that aggregate productivity is ex-
pected to increase by 30–50% in China and 40–
60% in India, strikingly large numbers.

Reducing misallocation of resources across
firms may have a significant impact on the aggre-
gate economy. However, designing a reallocation
policy is not simple because the sources of
misallocation can be diverse. Adjustment costs
such as firing costs would make reallocation
slow. Protective policy for small firms would
matter. The institution discussed in the previous
subsection also matters. Taxation, financial
constraint, or any distortions may affect the
degree of misallocation in one country. So far,
there is no consensus on the most important factor
to explain misallocation. Rather, the main source
seems different across countries and periods.
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9.5 Conclusion

A country does not become rich overnight, and
when it starts, the process of steady growth de-
pends largely on historical circumstances. So, it is
natural that there are variations in the level of eco-
nomic wealth or real GDP per capita. The more
important question is whether poor countries will
turn into rich countries, that is, whether a poor
country attains rapid growth andwill catch upwith
the group of rich countries or not. To catch upwith
and hopefully overtake rich countries in the long
run, poor countries need to achieve sustained eco-
nomic growth rather than a temporary hike in the
GDP levels. If a poor country has a growth rate
that is 2% higher than a rich country that initially
had twice the GDP, it will take 35 years to catch
up. If the growth rate gap is 5% instead, it will
only take about 14 years. This is not just a play on
numbers. It is what actually happened in Japan in
the 1960s and in China since the 1990s.

In this chapter, we have outlined the typical
mechanisms of economic growth in as simple a
model as possible while sorting out the facts re-
lated to economic growth.Wehave covered the ac-
cumulation of physical and human capital, techno-
logical progress, institutions, and misallocation,
but which factors constitute the main problems
will vary depending on the country being ad-
dressed. Since policies for economic growth will
vary accordingly, we must first carefully observe
the conditions of the country or regionwe are deal-
ing with. In this sense, this chapter can be seen as
providing a list of points to pay attentions to.

However, there are other factors that we could
not cover in this chapter due to space limita-
tions. In particular, trade and cross-border tech-
nology transfer are important in international eco-
nomic interdependence. Trade with technologi-
cally advanced countries and direct investments
from them cause an influx of ideas and technol-
ogy to developing countries. Technology adoption
and learning through imitation are typical steps in
catching up.17

17SeeBaldwin [2] for arguments about trade, global supply
chains, and international convergence.

Finally, having clarified the causes of economic
growth throughout this chapter, we should also re-
mark the consequences of economic growth. In-
creased GDP leads to higher consumption and
living standards, but thriving economic activity
places a greater burden on the global environment.
We need to consider the balance between eco-
nomic growth and the environment from multiple
perspectives. There is also the issue of inequality:
Even if the size of GDP expands, not everyone
will necessarily benefit from it. We must always
pay attention to the distribution of wealth to en-
sure that economic growth does not widen the gap
and leave some people behind.
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10Structure of Development in a Smart
Society: An Application
of Input–Output Analysis

Ayu Washizu and Satoshi Nakano

Abstract

The construction of a smart society utilizing
information and communication technology
(ICT) is attracting attention to simultaneously
achieve various Sustainable Development
Goals (SDGs). Using input–output analysis,
this chapter elucidates the economic structure
of a smart society. This content is an extension
of Leontief’s “Structure of Development”
study of the 20th-century industrial society.
Here, a smart society enables waste to be
eliminated and the utility of people to be
increased by strengthening management in all
fields of society using ICT. It is shown that a
smart society will achieve an industrial struc-
ture with a lighter environmental load and
sustain moderate economic growth. Therefore,
the movement aiming to build a smart society
in Asia and other regions of the world is
deemed beneficial and expected to contribute to
achieving the SDGs. Additionally, Japan is a

developed country with advanced ICT in Asia,
and improving the efficiency of Japan’s ICT
has been found to profoundly affect the entire
Asian region. Japan plays a key role in building
a smart society in the Asian region. This
chapter is not only directly related to SDG9,
but also to SDGs2, 5, 7, 8, 11, 12, and 13.

Keywords

Input–output table � Smart society �
Information and communication technology �
Structure of development

10.1 Introduction

In his (1994) book, The Digital Economy, Tap-
scott states that information technology brings
new social norms for wealth creation and social
development. This suggests that economic
development in the information society requires
an analytical perspective that is different from the
conventional economic growth theory. Further-
more, Jorgenson and Vu (2016) report that a
wide range of policy considerations are needed to
guide economic growth through the information
and communications technology (ICT) revolu-
tion. Jorgenson and Vu (2016) measure the
contribution of ICT investment to economic
growth and show that China and India are driv-
ing the world economy. On the one hand,
Kooshki and Ismail (2011) empirically show that
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ICT investment has a positive impact on eco-
nomic growth in newly industrialized countries
in Asia. On the other hand, Pradhan et al. (2015)
state that the construction of ICT infrastructure
alone does not guarantee economic growth and
must be accompanied by financial development.
Vu (2013) also states that ICT use contributes to
economic growth, while the contribution of ICT
manufacturing to economic growth is limited (in
the presence of China and India) based on
empirical research on economic growth in Sin-
gapore. To clarify the effects of the spread of ICT
on economic growth, these previous studies
show that it is insufficient to investigate the
effects of physical production and investment in
ICT devices.

To verify the effects of ICT use, it is necessary
to study the effects of services that utilize ICT.
Toh and Thangavelu (2013) analyze the impact
of the information sector on Singapore’s econ-
omy using an input–output approach, which
provides them with a framework for analyzing
the linkage between the manufacturing and ser-
vice sectors. A recent study (Tripathi and Inani
2020; Usman et al. 2021; Murshed 2020) has
reported that informatization also contributes to
economic growth in South Asia, and the effect of
informatization is widespread throughout Asia,
thereby suggesting expansion. Moreover, several
studies (Usman et al. 2021; Murshed 2020; Lu
2018) argue that ICT contributes not only to
economic growth but also to the mitigation of
global warming.

Based on the aforementioned points, the fol-
lowing submissions are made: (1) research on the
effects of introducing ICT requires an analytical
framework that integrates various sectors and
regions, (2) the effect of introducing ICT is
greater when it is used than when producing ICT
devices or investing in ICT infrastructure, and
(3) it is necessary to grasp the value of ICT use
that exceeds the economic value captured by
conventional statistical indicators. Regarding
point (1), the input–output framework used by
Toh and Thangavelu (2013) is considered to be
an appropriate analytical approach for analyzing
the effects of ICT introduction. Notably, the
framework for international input–output

analysis, e.g., World Input–output Database
(WIOD),1 enables the evaluation of interdepen-
dencies between regions as well as sectors. At
that time, in relation to point (2), it is necessary
to consider how to describe the economic activity
of ICT use within the framework of input–output
analysis. In relation to point (3), it is necessary to
expand the sector classification of the conven-
tional input–output database. As Watanabe et al.
(2018) indicate, ICT contributes beyond con-
ventional economic values, thereby resulting in
uncaptured gross domestic product.

In Japan, a new society that makes advanced
use of ICT is referred to as a smart society, and
the Japanese government has set the building of a
smart society as one of its policy goals.2 Cur-
rently, the building of smart societies is ongoing
in other Asian countries. A theoretical under-
standing of the effects of building a smart society
on the economy and how it contributes to
regional economic development is an important
issue in Asian development studies. Thus,
directly related to SDG9, this chapter aims to
explain the structure of development in a smart
society that utilizes ICT using the input–output
analysis framework.

The structure of this chapter is as follows:
Sect. 10.2 explains the framework of the input–
output analysis. Section 10.3 describes the
structure of development theory using the input–
output framework proposed by two representa-
tive input–output researchers (Professors Leon-
tief and Ozaki), while Sect. 10.4 considers how
their theory can be extended to explain the
structure of the development of smart societies
that utilize ICT. Section 10.5 uses the WIOD to
provide an overview of the current state of
interdependence between regions and sectors in
Asia, including the relationship between the ICT
manufacturing and ICT use sectors. Finally, a
summary of the chapter is presented in
Sect. 10.6.

1 World Input–output Database, http://www.wiod.org/
home.
2 Cabinet Office, Government of Japan, “Society5.0”,
https://www8.cao.go.jp/cstp/society5_0/.
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10.2 Input–Output Framework3

Figure 10.1 is a conceptual diagram of the
input–output table used for the analysis. It was
originally developed by Prof. Wassily Leontief
in the 1930s (see Leontief 1986). This table is a
matrix that summarizes the annual transactions
between sectors within an economy. The verti-
cal columns show how each sector obtains the
required inputs from others. Conversely, the
horizontal rows show how the output of each
sector of the economy is distributed among the
others. This input–output table that describes
the relationship between the product of one
sector and the input of another sector reveals
the interdependence in the economic sectors. In
recent years, input–output tables4 have been
used to analyze the effects of sustainable eco-
nomic structures using renewable energy on the
economy and the environment (Washizu and
Nakano 2021a).

In this figure, xij is the component of the
intermediate transaction matrix, X, and repre-
sents the monetary amount of the ith good con-
sumed by activity j;

P
i
xij þ vj ¼ xj is the sum of

xij in terms of the ith good and the value-added,
vj, and it represents the total output for activity j;
the ratio of xij to xj, aij ¼ xij=xj, is called the
input or technical coefficient; and the set of input
coefficients of activity j, i.e.,

aj ¼

a1j
a2j
a3j
..
.

amj

0
BBBBB@

1
CCCCCA

ð10:1Þ

is called the activity vector of activity j. Leontief
defines vector Eq. (10.1) as the representation of

the production technology of activity j. A full set
of input coefficients of all sectors is described by
the symbol A and is called the input coefficient
matrix. Using an input coefficient matrix, we can
express the demand and supply balance as fol-
lows (the LHS of Eq. (10.2) is the sum of the
intermediate and final demand):

Axþ f|fflfflffl{zfflfflffl}
demand

¼ x|{z}
supply

ð10:2Þ

Here, x is the output vector (monetary units),
A is the input coefficient matrix, and f is the
vector of the final demand (monetary units).

Solving Eq. (10.2) for x, we can obtain the

Leontief inverse matrix I� Að Þ�1. According to
Eq. (10.3), we can see the direct and indirect
effects induced by the given final demand vector.
The effects contain all production amounts of
goods and services directly and indirectly needed
throughout the supply chain of goods and ser-
vices included in the final demand vector.

x ¼ I� Að Þ�1f
¼ If|{z}

direct

þ AþA2 þA3 þ � � �� �
f|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

indirect

; ð10:3Þ

where I denotes the unit matrix. Figure 10.2 is a
conceptual diagram of the direct and indirect
effects induced by the final demand of the auto-
mobile (the induced effect when the component
of the f vector in Eq. (10.3) is only the

Fig. 10.1 Conceptual diagram of an input–output table

3 See Nakano et al. (2015) in relation to this section.
4 Institute for Economic Analysis of Next-generation
Science and Technology, input-output table for analysis
of next-generation energy system, http://www.f.waseda.
jp/washizu/table.html.
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automobile). Figure 10.2 can be interpreted as an
illustration of the automobile supply chain.

The international input–output table analyzes
the economic interdependence between sectors
as well as between regions by combining the
input–output tables of several countries. Fig-
ure 10.3 is a conceptual diagram of the inter-
national input–output table among three
countries A, B, and C. Using this table, we can
analyze the effect of the final demand by the
people of Country A, for example, on the pro-
duction activities of the sectors in Countries B
and C through international intermediate
transactions.

10.3 Structure of Development
Theory

This chapter describes the mechanism of eco-
nomic growth (led by manufacturing), which has
been elucidated in previous studies under the
framework of input–output analysis. It explains
the structure of the development theory proposed
in the past by two representative input–output
researchers (Professors Leontief and Ozaki).

10.3.1 Leontief’s Structure
of Development Model5

Wassily Leontief is the founder of the input–out-
put table and has been awarded the Nobel Prize in
Economics for his work. He said, “It was the labor
of computation that promoted the first systematic
studies of the structural characteristics of an
economy as they are displayed in an input–output
table. (The members of US government’s project)
undertook to rearrange the rows and columns in a
table of the US economy in such a way as to
minimize the computation required to yield
numerical solutions. Such rearrangement brought
into sharper relief the inter-industry and intersec-
toral transactions that tie industries and sectors
together in the subunits of the total structure of the
economy” (Leontief 1986, p. 166).

According to Leontief, each sector does not
have a uniform intermediate relationship with
other sectors in the input–output table. Leontief
submits that the input–output table can be orga-
nized in a form similar to Fig. 10.4 by

Automobile

Body

Steel

Crude steel

Cast iron products

Energy

Plas�c products

Petrochemical basics

Cyclic intermediate

EnergyEnergy

Engine

Steel

Crude steel

Cast iron products

Energy

Electric wire / cable 

Non-ferrous metal 
cast forging 

Plas�c products

EnergyEnergy

Tires
Synthe�c rubber 

Petrochemical basics

Alipha�c intermediate

EnergyEnergy
Energy

Fig. 10.2 Conceptual
diagram of the direct and
indirect effects induced by the
final demand of the
automobile

5 For the contents of this subsection, see Chap. 8 “Struc-
ture of Development” in Leontief (1986).
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rearranging the row and column sector array in
the actual table because there are some parts
where there are almost no intermediate transac-
tions between sectors. He refers to such a struc-
tural feature in the input–output table as
“triangularity.”

Figure 10.4 shows the case where the struc-
tural relationships between sectors have the most
complete hierarchical relationship. In Fig. 10.4,
the first sector purchases inputs from all other
sectors, while the tenth sector supplies inputs to
all other sectors. The other sectors are arranged
in the order of proximity to each role. The first
sector, i.e., the automobile sector, produces
complex goods with a large number of parts, and
the tenth sector, i.e., the energy or corporate
services sector produces general purpose and
basic intermediate goods. Figure 10.4 illustrates
the process whereby the intermediate goods of
the sector at the bottom of the triangle are
sequentially processed into the goods of the
sector at the top of the triangle which are used for
final consumption. The actual input–output table
is composed of several blocks with a triangular
structure shown in Fig. 10.4. For example, there
is a machine block and a food block, and each
block has a strong interdependence within itself,
but the interdependence between blocks is rela-
tively weak. Such a situation whereby the actual
input–output table is composed of triangular

blocks is called “block-triangularity” of the
industrial structure.

According to Leontief, these structural fea-
tures are discovered in the process of rearranging
the order of sectors in the input–output table to
simplify computer calculations.

10.3.2 Structure of Development
During Japan’s High
Economic Miracle Period

Ozaki (2004) further extends Leontief’s structure
of development theory discussed in the previous
section and clarifies the structure of development
during Japan’s high economic miracle period.
This section describes Ozaki’ s structure of
development theory.

10.3.2.1 Rearrangement of Input–
Output Sectors Based
on Supply Chain

Ozaki (2004) initially considers the factors that
cause block-triangularity in the industrial struc-
ture mentioned in the previous theory. Leontief
(1986) does not explicitly discuss why the
industrial structure has the block-triangularity
properties. To explore the causes of block-
triangularity, Ozaki (2004) assumes that manu-
facturing industries in each field need to build

Fig. 10.3 Conceptual
diagram of an
international input–output
table
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their own efficient supply chains in order to
establish economic growth through industrial-
ization. He rearranged Japan’s input–output table
after a period of high economic miracles based
on the following theoretical hypothesis:

In an economic structure, there are several supply
chains that connect and integrate multiple sectors.
In the process of economic development, limited
resources, labor, capital, etc. are sequentially
invested along this chain, and one economic
structure is formed.

As a result of this rearrangement, he discovers
the nature of block-triangularity in the Japanese
industrial structure. Ozaki’s research process
leading up to this discovery is presented as
follows:

As a working hypothesis that embodies the
aforementioned theoretical hypothesis, Ozaki
assumes four supply chains based on the type of
natural resource of their origin. They are supply
chains from metal ores, natural crops, nonmetal
minerals, and crude oil. In each supply chain,
starting from the input of natural resources,
related industries are ranked according to the
processing stage of the product, leading to the
final products. The more sophisticated the tech-
nology, the more diversified the sectors involved

in one supply chain, but the number of main
inputs for each final product is relatively limited.
Leontief has established that the industrial
structure is divided into blocks, and each block
has triangularity. Ozaki extends Leontief’s the-
ory and clarifies that the blocks in the industrial
structure are divided based on the type of raw
material and that the triangularity of the indus-
trial structure results from the rearrangement of
the sectors according to the processing path of
each supply chain. Generally, as technology
becomes more sophisticated, the processing stage
(supply chain) is extended, and more value-
added is created. Therefore, if the technology
becomes more sophisticated as the economy
develops, the triangularity of the industrial
structure will become clearer. At that time, the
interdependence within one block will be
strengthened, and the interdependence between
blocks will simultaneously and gradually occur.
For example, a food supply chain originating
from agricultural products (natural crops)
requires chemical fertilizers (products of the
supply chain originating from nonmetallic min-
erals), and thus, interdependence will occur
between a block originating from natural crops
and that from nonmetallic minerals.

Fig. 10.4 Conceptual
diagram of an input–output
table with triangularity
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Based on the aforementioned working
hypothesis, Ozaki closely tracks the supply chain
originating from different raw materials found in
Japan’s 1965 input–output table and rearranges
approximately 450 sectors therein.

Figure 10.5 shows a conceptual diagram of the
sectoral rearrangement according to the supply
chain. Starting from a certain raw material input
(RM), products are sequentially processed in the
order of the main material input (MM) according
to the processing route of the supply chain, and
the final product is produced. The sectors that
support this mainstream concept include energy
supply (E), auxiliary material input (Aux) (gen-
eral-purpose goods and services used in the pro-
duction of various industries), repair services
(Rep), and various other services (S). The goods
and services produced by these support sectors
are introduced at all stages of the supply chain.

When the input–output sectors are rearranged
according to the aforementioned hypothesis, the
industrial structure shown in Fig. 10.6 is con-
firmed. The colored part in Fig. 10.6 shows that
the intermediate transactions between sectors are
solid, and the white part shows that virtually no
transactions are found between the sectors. The
six parts of the MM, RM, E, Aux, Rep, and S in
Fig. 10.6 correspond to the rectangle of the same
name in Fig. 10.5. In Fig. 10.6, the MM part is
further divided into five subparts: machinery/
metal, food, ceramic, textile, and chemical. Each
subpart corresponds to one of the four supply
chains (as shown in Fig. 10.5) originating from
four types of RM inputs.6 Figure 10.6 confirms
the block-triangularity property. In other words,
it has been confirmed that the industrial structure
of Japan, which has been completed since the
period of high economic miracle, has block-
triangularity properties based on the supply chain
originating from different raw materials.

Leontief discovers the block-triangularity
nature of the industrial structure in the process
of rearranging the sectors of the input–output

table to simplify computer computation, while
Ozaki establishes a similar block-triangularity
property by rearranging the sectoral arrange-
ments in the input–output table based on the
theoretical hypothesis of the supply chain. Oza-
ki’s work justifies Leontief’s discovery.

10.3.2.2 Technology Classification
of the Input–Output
Sector

Following the rearrangement of the input–output
sector, Ozaki measures the production functions
of each input–output sector and classifies the
sectors based on the measurement results, i.e.,
based on the nature of the technology.

The most basic production function tradition-
ally used in microeconomics assumes that the
factors of production can be flexibly substituted.
For example, when the factors of production are
labor and capital, if labor is relatively cheap, the
technology of using a relatively significant
amount of labor will be adopted (and vice versa).
However, according to Ozaki, it is unlikely that
the production function that allows flexible factor
substitution is applicable to heavy industry,
which has rapidly developed since the high eco-
nomic miracle period. Heavy industries require
large-scale capital equipment. For example, the
steel industry requires the construction of large-
scale blast furnaces, and even in countries where
capital is scarce, labor cannot be substituted for
capital. Moreover, once a capital facility, such as
a blast furnace, is constructed, the relationship
between the required factor input and production
is fixed to some extent by the design value. When
the demand is extremely low, it becomes difficult
to reduce production according to the demand.
Ozaki submits that capital equipment in the heavy
industry has such a fixed production scale, and he
refers to it as “plant indivisibleness.”

Based on these, Ozaki measures the following
two types of production functions for all sectors
using microdata from industrial statistics.
1. L ¼ aLXbL ;K ¼ aKXbK : Factor-limitational

(Ozaki) production function
2. X ¼ aLcLKcK : Cobb–Douglas production

function.

6 The textile supply chain is an extension of the chemical
supply chain originating from crude oil. Ozaki posits that
during the period of high economic miracle, a material
revolution occurred, and natural fibers used as textile raw
materials were replaced by chemical types.
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The factor-limitational production function is
that whereby the input of labor and capital is
determined independently according to the level
of production, and no factor substitution is
allowed between labor and capital. Furthermore,
when bL or bK\1, economies of scale work on
labor or capital input. The Cobb–Douglas pro-
duction function, which allows for factor substi-
tution, is traditionally used in microeconomics.
Ozaki empirically estimates the two aforemen-
tioned types of production functions for all input–

output sectors and examines which production
function is more applicable to each sector. He
further evaluates the parameters of the estimated
production function in detail and classifies all
industrial sectors into five subgroups according to
the estimated parameters of the production func-
tions. He argues that such a classification is based
on the “technical characteristics” of each sector.
Table 10.1 shows the names given to the “tech-
nical characteristics” of each subgroup and a
summary of each technical characteristic.
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Main 
material 
input 2

Main 
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Fig. 10.5 Conceptual
diagram of sectoral
rearrangement according to
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10.3.2.3 Mechanism of Japan’s High
Economic Growth

Ozaki’s structure of development model can be
summarized using the industrial structure dia-
gram (Fig. 10.6), in which the order of the sectors
is rearranged, and the technical characteristics of
each sector (Table 10.1). Figure 10.7 shows a
redrawn diagram of Fig. 10.6 for explanation. As
mentioned previously, the filled parts in the figure
indicate that there are many intermediate trans-
actions. The block-by-block triangular-filled area
shows the supply chain inside each block. The
wide square-filled area below indicates that
energy, auxiliary materials, etc., are universal
inputs to various industries. Moreover, the rect-
angular filled area that extends to the left of the
chemical block shows a material revolution,
which is a characteristic technological change in
the era of high economic growth. In other words,
natural materials, such as natural fibers and wood,
have been replaced by artificial materials, such as
chemical fibers and resins. As a result of this
replacement, chemical raw materials have
become universal inputs to other sectors. Addi-
tionally, after high economic growth, the weight
of the machinery and steel industries in the top
block of the diagram significantly increases.
Furthermore, from the 1970s to the 1980s, the
weight of the assembly machinery industry (au-
tomobile, electronic/electrical machinery indus-
try), which is located at the top of the top block,
increases, and the industrial structure became
more sophisticated.

Of the filled parts in Fig. 10.7, the dark-filled
blocks are sectors with capital-intensive technical
characteristics, in which economies of scale work
strongly (sectors with K (I)-type technology).
Figure 10.7 shows that the blocks with strong
economies of scale are located at the top and
bottom of the block-triangularity structure of the
MM part. The blocks, such as the food and tex-
tile industries, sandwiched between them are a
group of sectors with labor-intensive (L-type)
technology. Focusing only on the machine-metal
refining block located at the top of Fig. 10.7, the
assembly machinery industry is located at the top
of this block, while the metal refining industry is
located at the bottom. These are the sectors with

the K (I)-type technology defined by Ozaki.
Sectors that produce mechanical parts are located
in the middle of these sectors. Mechanical parts
are often produced in small-town factories that
have labor-intensive technical characteristics.7

To summarize the aforementioned, in
Fig. 10.7, the capital-intensive sectors with
economies of scale are located above and below
the block-triangularity structure of the MM part,
and the labor-intensive sectors are located
between them. The same positional relationship
applies to the internal structure of the machine-
metal refining block that has driven the Japanese
economy since the high economic miracle period.

The industrial structure diagram shown in
Fig. 10.7 helps to explain the mechanism of the
high economic miracle in Japan. A major feature
of this period was the bullish and active invest-
ment motivation of companies that “investment
calls for investment.” The willingness to invest
created a high demand for the assembly machin-
ery industry, located at the top of the industrial
structure. Large-scale production to meet this
demand brought efficiency to the assembly
machinery industry with the K (I-M)-type tech-
nology by pursuing economies of scale. The
large-scale demand generated in the upper part of
the block-triangularity structure returned to the
supply chain and spread to the sectors in the lower
part of the triangularity structure. In other words,
the large-scale production of final products also
caused the mass production of raw materials and
intermediate parts. Consequently, mass produc-
tion occurred even in the chemical block with the
K (I-B)-type technology located at the bottom of
the block-triangularity structure, and great
economies of scale also occurred in that block.
A similar spillover effect was true for the internal
structure of the machinery–metal refining block,

7 Workers in these labor-intensive town factories pro-
ducing mechanical parts possess sophisticated skills for
delicate work. These skills are one factor which supported
the international competitiveness of Japanese-made
machines. It is desirable to digitize the professional skills
of these workers to ensure they are passed on efficiently to
future generations. This is also one of the purposes of a
smart society described in a later chapter.

10 Structure of Development in a Smart Society: An Application … 167



which has been a major part of the Japanese
economy during the high economic miracle per-
iod. In other words, the economies of scale of the

assembly machinery industry at the top of the
block triggered economies of scale in the metal
refining industry at the bottom of the block.

Table 10.1 Classification of the technical characteristics of sectors

Name of technical characteristics Features of technical characteristics

Capital-intensive
(K-type) technology

K(I-B) type Large-capacity processing-type technology. This type of production
function applies to sectors with strong economies of scale for labor input
and high capital intensiveness, such as the petrochemical industry and
steel industry, and electric power. B is an abbreviation for basic
materials

K(I-M) type Large-scale assembly production type technology. Economies of scale
work for labor input and capital intensity is high, but not as much as the
K (I-B)-type technology. This type of technology applies mainly to the
machinery industry. M is an abbreviation for machine

K(II) type Capital use type technology. Economies of scale work on labor input,
but the non-economy of scale acts on capital input, and capital intensity
is relatively high. This type of technology applies to traditional material
production sectors, such as pulp, cement, inorganic chemistry, and coal
products

Labor-intensive
(L-type) technology

(L-K) type This type of technology is characterized by constant returns to scale and
factor substitutability. This type applies to primary industries, such as
agriculture

L(I) type This type of technology is characterized by increasing returns to scale
and factor substitutability. The capital intensity is low and the labor
intensity is high. The L (I) type has a slightly larger scale effect

L (II) type

Fig. 10.7 Mechanism of high economic growth
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However, the pursuit of economies of scale is
essentially a labor-inhibiting phenomenon. In
particular, a major feature of the K (I)-type
technology is that economies of scale in labor
input work strongly, and the larger the produc-
tion scale of sectors with the K (I)-type tech-
nology, the more labor-saving progresses. When
sectors with the K (I)-type technology mainly
drive economic growth, it is not expected that
labor demand will increase with economic
development. In Fig. 10.7, it is important that a
labor-intensive sector exists in the middle of the
triangularity structure. This is because the spil-
lover effect of large-scale demand generated in
the upper part of the triangularity will surely
extend to labor-intensive sectors. Large-scale
labor absorption occurs in the middle block
through the spillover effect from the triangularity
upper sectors. An increase in labor demand will
lead to an increase in consumer demand through
an increase in employee income. In Japan, during
the high economic miracle period, this con-
sumption demand formed a large domestic mar-
ket for products of assembly machinery
industries. Certain terms, such as “three sacred
treasures (electric refrigerator, electric washing
machine, black and white TV)” and “3C (car,
cooler, color TV) era,” are slang terms that refer
to the domestic market for home appliances
formed in this way. Apparently, the formation of
such a domestic market further strengthened the
effect of the previously mentioned ripple mech-
anism. Similarly, a large-scale employment
absorption effect occurred at a small machine
parts factory located in the middle of the
machine-metal refining block, which was a major
part of the Japanese economy during the high
economic miracle period.

To summarize, in the Japanese economy
during the period of high economic miracle, the
expansion of demand for the upper triangularity
sectors spread to the lower triangularity sectors,
and economies of scale were pursued in those
sectors. Meanwhile, large-scale labor absorption
occurred in the middle sectors of the triangular-
ity. This mechanism has arisen technically
through the transaction of intermediate goods
along the supply chain, and thus, it can work in

any country, not just Japan. However, in the case
of Japan, this technical mechanism was rein-
forced by the institutional mechanism of affili-
ated relationships with Keiretsu between
companies. In general, when discussing Japan’s
period of high economic miracle, the affiliation
relationship between companies centered on
banks, remaining from the prewar conglomerate,
is emphasized. This affiliated relationship is the
relationship between large enterprises and small
and medium-sized enterprises (SMEs). The
upper and lower sectors of the block-triangularity
are dominated by large enterprises. Notably,
SMEs dominate the middle sector of the trian-
gularity. Accordingly, the affiliation relationship
corresponds exactly to the block-triangularity of
the input–output relationship. Therefore, in order
to maintain this relationship properly, the Min-
istry of International Trade and Industry (MITI)8

took measures to support SMEs as part of its
industrial policy during the high economic mir-
acle period. Thus, during the period of Japan’s
high economic growth, the efficient economic
cycle mechanism functioned by mutually rein-
forcing the technical input–output relationships
and institutional corporate relationships.

The key to this efficient economic cycle
mechanism is the high final demand for the
machinery sector located at the top of the trian-
gularity structure. This stimulus of final demand
generated an efficient cycle in the entire eco-
nomic system through input–output relation-
ships, and Japan’s high economic growth was
realized. However, when the high economic
growth ended, domestic investment demand for
machinery stagnated. Rather, from the late 1970s
to the 1980s, the international competitiveness of
Japan’s machinery sector increased, and export
demand replaced domestic investment demand,
thereby driving the economy. However, in the
1990s, the catch-up of Asian countries reduced
the international competitiveness of Japan’s
machinery sector, thus resulting in a decline in
export demand for the upper sectors of the tri-
angularity structure. Thereafter, the economic

8 The predecessor of the current Ministry of Economy,
Trade and Industry (METI).
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circulation mechanism malfunctioned, and the
economy stagnated. This is one of the causes of
the stagnation of the Japanese economy in the
1990s, which is referred to as the “lost decade.”

10.4 Structure of Development
of a Smart Society

In the analysis of a modern economic society,
wherein the weight of production activities in the
service industry has increased, it is necessary to
pay more attention to the input–output relation-
ships between the service sectors located in the
Aux, R, and S parts and to expand the discussion
in Figs. 10.6 and 10.7 accordingly. Especially in
recent years, with the development of ICT, new
business services (information processing ser-
vices, data provision services, etc.) that have
never existed in the past are developing. There-
fore, it is necessary to consider the role of ICT-
related service sectors in the entire industrial
structure. As mentioned in the introduction, it is
important to focus on the economic activity of
ICT use. Moreover, ICT will create unprece-
dentedly new economic values such that it may
be necessary to expand the conventional input–
output database. Section 10.4.1 explains how the
structure of development theory presented in
Sect. 10.3 is extended when focusing on the
service industry of ICT use. Section 10.4.2 pro-
vides a perspective on how to expand the con-
ventional input–output database for the analysis
of a smart society.

10.4.1 Information Service Industry
and Industrial Structure

Nakano and Washizu (2018) focus on the smart
food industry and divide ICT-related industries
into manufacturing sectors necessary for ICT
infrastructural development and service sectors
that utilize it. Furthermore, the latter is divided
into sectors that provide general purpose and
basic ICT services such as communication ser-
vices, i.e., the primary information service
(PIS) part, and sectors that provide ICT

utilization services customized for each customer
in detail according to user requests, i.e., the
secondary information service (SIS) part.

Subsequently, Nakano and Washizu (2018)
visualize the emergence of new input–output
relationships between ICT-related (manufactur-
ing and service) industries and food-providing
sectors. In a smart society, it is expected that
such new input–output relationships between
ICT-related sectors and those that produce goods
and general services are progressing in various
industries other than the food industry. Fig-
ure 10.8 is a conceptual diagram of the input–
output structure of such a smart society, which is
created by extending Figs. 10.6 and 10.7. In
Fig. 10.8, the service sectors at the bottom of
Figs. 10.6 and 10.7 are expanded to the PIS, SIS,
and general service sectors.

Here, the PIS sector refers to those that pro-
duce the basic information services necessary for
the production of the SIS described below, such
as the Internet, communication, broadcasting, as
well as research and development. Secondary
information services are sectors that produce
application services customized for industry,
such as wholesale/retail, finance, advertising,
transportation, and legal/accounting services,
which are produced by combining information
goods and the PIS. The information goods sector
is the manufacturing sector of MM parts that
produces sensors and computer equipment.
General services are other service sectors that are
not included in the PIS and SIS sectors, and the
quality of services provided can be improved by
utilizing information goods as well as PIS and
SIS. It can be thought of as a production sector
for more highly customized services for end
consumers, including households.

In the MM part, rearranging the sectors to
trace back to the final goods production process
shows a triangularity structure. Similarly, if we
rearrange the service sectors in the order of
general services ! SIS ! PIS, a triangularity
structure will be shown in the service part as
well. Furthermore, large IT companies, such as
GAFA (Google, Apple, Facebook, and Amazon),
are currently attracting attention. Our empirical
study using the Basic Survey of Corporate
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Activities in Japan suggests that the PIS sector,
which provides the communications infrastruc-
ture (platform), is capital-intensive and is
increasing returns to scale (Washizu and Nakano,
2021b). This property is similar to that found in
large-scale equipment industries, such as the
steel and chemical sectors in the MM
part. Washizu and Nakano (2021b) also suggest
that not only the information service sectors but
also the general service sectors are shifting to a
capital-intensive industry through the strength-
ening of equipment related to computerization.

The economic cycle in the industrial structure
shown in Fig. 10.8 can be explained as follows: a
variety of end services that are customized for
individual service consumers have a continuous
end demand (arrow 1). The final demand induces
economies of scale for the PIS block below the
triangle of the service part and increases the
productivity of the block. Increased productivity
of the PIS block located in the lower triangle will
contribute to lower prices of general services in
the upper triangle of the service part through the
supply chain of the service part (arrow 2).
According to Ozaki (2004), the service industry
is a basic input in all industries, including the
MM part sector (arrow 3), so the effect of

increasing the efficiency in service sectors and
lowering service price will bring cost reduction
effects and productivity increase effects to the
sectors in the MM part. The decrease in the price
of information materials in the MM part increa-
ses the capital intensity of the service part,
including the general service sectors, and acti-
vates the flow of information equipment input
from the MM part to the service part (arrow 4).
As the demand for general services is less likely
to be saturated than the demand for goods and is
considered to be continuous, the economic
effects of the previously mentioned economic
cycle are also expected to be continuous.

10.4.2 Toward the Input–Output
Analysis of a Smart
Society

Watanabe et al. (2018) report that ICT may cre-
ate new economic values that cannot be captured
by means of conventional economic indicators.
Nakano and Washizu (2018) also attempt to
capture such a new economic value. They define
a smart society as that wherein management is
highly sophisticated by utilizing ICT. They focus

Fig. 10.8 Conceptual diagram of the input–output structure of a smart society
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on “management activities” as economic activi-
ties that create new value using ICT. However, it
can be difficult conceptually and statistically to
estimate the actual size of those activities and
values because they are not properly captured in
conventional input–output tables, and they are
often buried beneath the surface of an industry.
Nakano and Washizu (2018) undertake this dif-
ficult task by referring to Porat (1977).

It is useful to review Porat (1977) when
considering the estimation method of the actual
size of information activities and those values
that are buried beneath the surface of other
industries and not captured at present. In the late
1960s, Porat set out to quantitatively measure
what fraction of the gross national product
(GNP) in the USA is related to information
activities. He proposes a new definition for “in-
formation industry” and measures the amount of
value-added by information industry, finding that
these industries’ proportion of the overall GNP is
46%. According to Porat, information activities
can be divided into two types: activities of pri-
mary information sectors already on the market
and activities carried out in secondary informa-
tion sectors within each industry. The GNP of
primary information sectors can be measured by
clarifying the definition of “information indus-
try.” Meanwhile, a secondary information sector
is buried inside an industry, and thus, it is more
difficult to define and measure. Porat separates
the internal information activities of each indus-
try from the industry’s main business based on
each industry’s occupation composition ratio. He
defines “occupation to process information” and
separated value-added as a result of information
activities from value-added as a result of non-
information activities according to the proportion
of employees engaged in those occupations
within each industry. For example, as a physi-
cian, in addition to the technical work of patient
treatment, there are many tasks related to infor-
mation activities, such as collecting patient
information, conducting medical research, and
processing patient accounts. Porat investigates
the average time allocation of doctors’ daily tasks
and estimates the allocation ratios for time rela-
ted to technical work vs. time related to

information work. Using these ratios, Porat sep-
arates the value-added by internal information
activities from that of the medical industry as a
whole.

Nakano and Washizu (2018) employ the same
method as Porat to identify and isolate internal
ICT-based management activities within an
industry. They focus on the food industry and
separate the internal management activities
according to the proportion of occupation to
process information in that sector. By applying
the separation method developed by Nakano and
Washizu (2018) to all sectors, internal manage-
ment activities in all industries can be separated.
These are economic activities that are not iden-
tified in the conventional input–output table. By
explicitly separating these activities, it is possible
to analyze the effects of management activities
that utilize ICT, and eventually the effects of
building a smart society. By separating the in-
ternal management activities of all sectors
according to the proportion of occupation to
process information in specific sectors and
incorporating this into the service part in
Fig. 10.8, the structure of the economic cycle
indicated by arrows in this figure will become
clearer. We will undertake this task in future
research.

10.5 International Interdependence
of Information Society in Asia

Figure 10.3 in Sect. 10.2 explains the interna-
tional input–output table. Based on the discus-
sions so far, this section attempts to analyze some
of the international interdependencies in the
modern Asian region that have been informa-
tized. One international input–output table is the
WIOD created by the University of Groningen.
The WIOD (2016 Release) describes the trans-
actions of goods and services between 43 coun-
tries and 56 sectors in 2014. In the table, six
countries—China, Indonesia, India, Japan, South
Korea, and Taiwan—are listed for Asia. Using
the international input–output table, it is possible
to calculate the amount of production and income
(value-added) that the final demand of one
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country has induced in the sectors of the country
and other countries through the worldwide sup-
ply chain. Table 10.2 shows the results of cal-
culating the amount of production and value-
added that the final demand of China and Japan
has induced in the industries of their own country
and other countries using the WIOD in 2014.9

According to Table 10.2, the final demand in
China induces a production of US$ 28.3 trillion
worldwide, while the final demand in Japan
induces a production of US$ 8.8 trillion, and the
amount of added values generated by these
induced productions is US$ 9.7 trillion and US$
4.5 trillion, respectively. In China, the induced

value-added is 34.2% of the induced production
value, while in Japan it is 51.1%. Of the value-
added induced by final demand, the domestic
induction is 86.2% in China and 85.1% in Japan;
that is, the former is slightly higher. The com-
position ratios of value-added by the sector part
induced by the final demand of China and Japan
significantly differ. The value-added induced for
the MM part of the home country is 27.5% in
China and 8.8% in Japan. However, the value-
added induced for the domestic information ser-
vice (SIS and PIS) parts is 21.3% in China and
40.3% in Japan. It is also interesting to compare
the value-added composition ratio that the final
demand of each country induces in the other
country. The composition ratio that China’s final

Table 10.2 Amount of production and value-added that the final demand of China and Japan has induced in their own
country and others

Nation Sector
part

FD in China FD in Japan

Induced
production

Induced value-
added

Induced
production

Induced value-
added

China MM 33.46% 27.53% 2.79% 1.36%

RM 8.98% 4.88% 1.79% 0.61%

E 5.07% 2.94% 0.20% 0.10%

Aux 13.63% 9.06% 0.21% 0.09%

S 12.49% 20.50% 0.62% 0.68%

SIS 8.33% 13.74% 0.19% 0.17%

PIS 5.66% 7.58% 0.05% 0.04%

China Total 87.62% 86.22% 5.85% 3.05%

Japan MM 0.35% 0.23% 12.87% 8.75%

RM 0.31% 0.33% 4.18% 2.88%

E 0.10% 0.08% 2.00% 1.16%

Aux 0.03% 0.03% 9.37% 7.68%

S 0.14% 0.24% 21.01% 24.34%

SIS 0.04% 0.08% 19.02% 27.01%

PIS 0.01% 0.01% 10.71% 13.25%

Japan total 0.98% 0.98% 79.15% 85.08%

Asiaa total 90.50% 89.02% 86.95% 89.46%

Total inducement for
world (trillions of US
dollars)

28.3 9.7 8.8 4.5

MM: main material input, RM: raw material input, E: energy supply, Aux: auxiliary material input, S: general service,
SIS: secondary information service, PIS: primary information service
a Asia: China, Indonesia, India, Japan, Korea, Taiwan

9 See the appendix for the specific calculation formula.
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demand induces in Japan is only 0.98%, while
the composition ratio that Japan’s final demand
induces in China is 3.1%. Upon considering the
extent to which one country’s production activity
is affected by the final demand of another, it is
observed that Japan’s impact on China is higher
than the other way around.

Figures 10.9 and 10.10 show the results of an
analysis of the cost reduction effects of improved
labor productivity in the information-related
sectors of China and Japan on the production
sectors of each country in the Asian region.
Figure 10.9 shows how much the production cost
of each sector in the Asian countries (China,
Indonesia, India, Japan, Korea, and Taiwan)
featured in the WIOD will decrease when labor
productivity increases by 30% in the “manufac-
ture of computer, electronic, and optical prod-
ucts” sector of the MM part in China and Japan.
If a sector in a country has a “manufacture of
computer, electronic, and optical products” sec-
tor in China or Japan involved in its supply
chain, the production cost of that sector is
expected to drop significantly. Figure 10.9 shows
that the increase in labor productivity in the
“manufacture of computer, electronic, and

optical products” sector in Japan and China
affects the manufacturing unit price of sectors of
the information service part as well as sectors of
the MM part in Asian countries. In particular,
price declines in various sectors of China are
significant. China’s sectors are more affected by
the productivity gains of Japan’s “manufacture of
computer, electronic, and optical products” sec-
tor than by the productivity gains of the same
sector in China. This tendency is the same in
other countries. It can be inferred that Japan’s
“manufacture of computer, electronic, and opti-
cal products” sector is deeply involved in
the supply chains of many sectors in Asian
countries.

Figure 10.10 shows how much the production
cost of each sector of the Asian countries (China,
Indonesia, India, Japan, Korea, and Taiwan)
featured in the WIOD will decrease when labor

Fig. 10.9 Impacts of increased productivity in the “manufacture of computer, electronic, and optical products” sector
in China and Japan on the manufacturing cost of each sector in other countries10

10 The abbreviations on the horizontal axis consist of
country and sector part names. The abbreviations for
country names are as follows: China (CHN), Indonesia
(IDN), India (IND), Japan (JPN), Korea (KOR), and
Taiwan (TWN). The abbreviations for sector part names
are the same as those in Table 10.2.
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productivity increases by 30% in the “computer
programming, consultancy, and related activities;
information service activities” sector of the PIS
part in China and Japan. The increase in pro-
ductivity in this sector in Japan has a consider-
able impact on the production prices of the
service and manufacturing sectors in Japan.
However, its impact on other Asian countries,
including China, is not as high as in the case of
increased productivity in the “manufacture of
computer, electronic, and optical products” sec-
tor. Increasing labor productivity in the same
sector in China has a minor impact on Asian
countries. The impact of increased productivity
in this sector in China on the production prices of
each industry in China is approximately the same
as the impact on them by this sector in Japan.

In short, Japan is more informatized than
China. Japan’s information goods manufacturing
sector influences the supply chains of various
Asian sectors. The productivity improvement of
the information service sector in Japan will
spread to the supply chains of Asian countries,
but the extent will be minor compared to the
effect of the information goods manufacturing
sector. However, the scope of the production
sector, which is affected by productivity

improvements in the information service sector,
seems to be broader.

10.6 Concluding Remarks

In this chapter, based on the recognition that the
analysis of the effects of ICT use requires an
analytical framework that integrates various
sectors and regions, using the input–output
framework, we explain the structure of devel-
opment in a smart society utilizing ICT.

This chapter first clarified the structure of
development theory of industrial society, devel-
oped by Leontief and extended by Ozaki. Subse-
quently, it was suggested that the structure of
development mechanism of the industrialized
society has major drawbacks: When the final
demand for industrial products at the end of the
supply chain disappears, it becomes dysfunctional.

Next, we considered how the structure of
development theory would be extended in a
smart society using ICT. Previous studies have
pointed out that the effect of using ICT is greater
than the effect of producing ICT materials and
investing in ICT infrastructure, and that ICT
creates values that exceed the economic value
captured by means of conventional statistical
indicators. Based on these points, we have rear-
ranged the relationship between the information
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Fig. 10.10 Impacts of increased productivity in the “computer programming, consultancy, and related activities;
information service activities” sector in China and Japan on the manufacturing cost of each sector in other countries11

11 The abbreviations on the horizontal axis are the same
as in Fig. 10.9.
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goods manufacturing sector and the information
service sector, as shown in Fig. 10.11.

Specifically, the products produced in the
information goods manufacturing sector of the
MM part are input into the service industry of the
PIS part that produces primary information ser-
vices (e.g., communication services). At this
time, economies of scale operate in the produc-
tion process of the primary information services.
Furthermore, the service industries in the SIS
part use the primary information services pro-
duced in the PIS part to generate more cus-
tomized secondary information services (e.g.,
legal and accounting services). The management
department inside each industry (including the
manufacturing industry of the MM part) creates
efficient management services by combining in-
formation goods, primary information services,
and secondary information services. The man-
agement service within each industry eliminates
the waste in various supply chains and greatly
contributes to improving the efficiency of the
entire industrial structure. Furthermore, it creates
new types of services (e.g., sharing services)
which did not exist before the smart society and
contributes to people’s welfare.

Based on the inter-industry relationships in
Fig. 10.11, we rearranged the input–output table
and presented the structure of development
mechanism of a smart society. Here, the contin-
uous final demand for smart services makes it
easier to maintain an economic cycle and avoid
dysfunction.

Finally, using the WIOD, we analyze the
current state of interdependence in the Asian
region regarding the ICT material manufacturing
sector and the ICT use sector. Consequently, it is
shown that Japan is an informatized economy in
the Asian region. Japan’s information manufac-
turing sector has influenced the supply chains of
various sectors in Asian countries. The produc-
tivity improvement of the information service
sector in Japan also affects the supply chains of
Asian countries, but the extent is minor com-
pared to the effect of the information goods
manufacturing sector. However, the range of
production sectors affected by productivity
improvements in the information service sector is
wider.

This chapter analyzes the input–output effects
of the smartening of society through technologi-
cal innovations in ICT directly related to SDG9.

Fig. 10.11 Relationship between information goods manufacturing sector and information service sector
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However, ICT advances have spillover effects
that cannot be discussed under this topic alone.
For example, it is necessary to build smart energy
management systems to more efficiently utilize
renewable energy sources, which are variable and
decentralized. Therefore, this chapter is also
related to SDG7. Similarly, advances in ICT have
made it possible to strengthen the management of
production systems and ensure improvements in
resource efficiency (SDG8). They have also
contributed to the realization of sustainable con-
sumption by making it possible to replace the
consumption of people’s “things” with the con-
sumption of “services” produced by things
(sharing services, etc.) (SDG12). Advanced uti-
lization of renewable energy, improvements in
resource efficiency, and the construction of sus-
tainable production and consumption systems are
indispensable means of reducing greenhouse gas
emissions (SDG13). Advances in ICT are also
useful for solving various other social issues. For
example, they can contribute to community
development that is favorable for the elderly and
people with disabilities through the provision of
appropriate smart transportation services (SDG
11) and will streamline food production and
contribute to addressing the problems of hunger
and poverty through the development of smart
agricultural machinery and precision agriculture
technology (SDG2). Furthermore, it has been
pointed out that improved ICT will increase
employment opportunities for women and
empower them, thereby contributing to gender
equality (SDG5). Thus, this chapter is not only
directly related to SDG9, but also to SDGs 2, 5, 7,
8, 11, 12, and 13.

Appendix

This appendix shows the formula for the analysis
in Sect. 10.5 using the WIOD in 2014. The for-
mula for Table 10.2 is as follows: Eq. (10.4) is
for calculating the amount of production that the
final demand in a specific region r induces in all
regions. This formula calculates all the produc-
tion inducements that individual goods in the

final demand in region r cause worldwide
through the supply chains.

x ¼ I� Að Þ�1Fr ð10:4Þ

x: vector of the production induced in all sectors
in all regions
Fr: vector of final demand in region r(r = 1, …,
k)
A: inter-regional input coefficients matrix of the
WIOD

By using the calculation results of Eq. (10.4),
the value-added (income) induced by the final
demand in region r in all regions is calculated
using Eq. (10.5).

VA ¼ v0x ð10:5Þ

VA: vector of the gross value-added induced in
all sectors in all regions

v0 ¼ vrj

� �0
: vector of the gross value-added ratio

of all sectors in all regions

vrj ¼ VAr
j

.
Xr
j
VAr

j : the gross value-added of sec-

tor j in region r in the WIOD
Xr
j : control total of sector j in region r in the

WIOD
In Sect. 10.5, the case of r = China, Japan is

calculated.
The method of calculating the cost reduction

effect of improving labor productivity in the
information-related sectors of China and Japan
on the production sectors of Asian countries is
presented as follows: The production unit price
p by country/sector is calculated by the following
Eq. (10.6) using the traditional equilibrium price
model of input–output analysis:

p ¼ I� A0ð Þ�1v ð10:6Þ

Here, p is the price vector by country/sector, I is
the identity matrix, A' is the transposed matrix of
the input coefficients matrix of WIOD, and v is
the vector of gross value-added ratio by
country/sector.

We assume that labor costs, which are com-
ponents of value-added, will decrease and the
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value-added coefficient will decrease through the
increase in labor productivity in the information
goods manufacturing sector or information ser-
vice sector in China or Japan. In the text, the
analysis is performed based on the assumption
that the rate of decrease in the value-added
coefficient is 30%. That is, the value-added
coefficient v of the information-related sector in
China or Japan is reduced by 30%, and the
change in manufacturing unit price p by
country/sector is calculated.
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11Trade-Investment Nexus
and Economic Growth in East Asia

Shujiro Urata

Abstract

SDG 8’s goal is to promote sustained, inclu-
sive, and sustainable economic growth; full
and productive employment; and decent work
for all. This chapter examines the experiences
of East Asian developing countries in achiev-
ing rapid and inclusive economic growth by
focusing on the role of international trade and
foreign direct investment nexus created
through global value chains (GVCs) by
multinational corporations (MNCs). GVCs
enabled participating companies and countries
to improve productivity, contributing to eco-
nomic growth. The factors attributable to the
participation in GVCs include high competi-
tiveness of local companies and open business
environment created by the Asian govern-
ment. Moreover, construction and maintaining
well-functioning soft (e.g., education and legal
systems) and hard (e.g., transportation and
communication systems) infrastructure by the
government and international donors con-
tributed to the creation of business-friendly
environment. Faced with growing protection-

ism and the threats of growing US-China
rivalry, infectious diseases, climate change,
etc., maintaining an open and transparent
rules-based business environment is crucially
important to further achieving sustained,
inclusive, and sustainable economic growth.
In the light of absence of effective global
economic order, exemplified by ineffective-
ness of the World Trade Organization in trade
liberalization as well as dispute settlement,
regional economic frameworks such as the
CPTPP and RCEP in the Asia and Pacific
region would be proven to be effective to
achieve the goal.

Keywords

Global value chains � Free trade agreements �
Infrastructure

11.1 Introduction: Asia’s Rapid
Economic Growth

Among the United Nations’ 17 sustainable
development goals (SDGs), the objective of SDG
8 is to “promote sustained, inclusive, and sus-
tainable economic growth; full and productive
employment; and decent work for all.” Among
the world’s developing countries and economies,
those in East Asia have been relatively successful
in achieving some of these objectives. The most

SDG 8: Promote sustained, inclusive and sustainable
economic growth, full and productive employment, and
decent work for all.
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obvious indication of their success is that many
of these countries have achieved high, sustained
economic growth for several decades. This
chapter examines how East Asian countries1 are
achieving the objectives outlined in SDG 8 and
attempts to provide guidance for other countries
that are eager to achieve stronger economic
growth. In our analysis, we focus on the roles of
international trade and foreign direct investment
(FDI), which have contributed significantly to
development in East Asian countries.

We begin by presenting some facts about East
Asia’s rapid economic growth, and in the fol-
lowing sections, we analyze the role of foreign
trade and FDI in achieving that growth.

East Asia has been an engine of economic
growth for the world economy since the end of
World War II although the main drivers of that
growth have changed over time, shifting from
Japan to the Newly Industrializing Economies,
namely South Korea, Taiwan, Hong Kong, and
Singapore, then to China, and the several member
countries of the Association of Southeast Asian

Nations (ASEAN), including Indonesia, Malay-
sia, Thailand, Vietnam, and the Philippines. As
shown in Fig. 11.1, economic growth measured
by the annual growth rate of gross domestic
product (GDP) for East Asia has been higher than
the rest of the world in the post-war period.

Rapid economic growth in developing East
Asian countries has been accompanied by an
improved quality of life. The number of people
in poverty has declined significantly, based on
declines in the percentage of people living below
the poverty line for the East Asian countries for
which data are available: China 66.3% (1990) to
0.5% (2016), Indonesia 68.5% (1984) to 2.7%
(2019), Lao PDR 31.1% (1992) to 10% (2018),
and Vietnam 52.3% (1992) to 1.8% (2018).3

From 1960 to 2020, GDP per capita in current
US dollars for East Asian developing countries
increased approximately 90 times, and the gap in
GDP per capita in USD between East Asian
developing countries and high-income countries
declined sharply from 46 times in 1990 to 5.3
times in 2020. A large number of job opportu-
nities were generated over the period from 1991
to 2019, with the number of employed workers
increasing from 1.22 billion to 1.37 billion before
declining to 1.34 billion in 2020 due to the
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1 In this chapter, the term “East Asian countries” refers to
developing countries in East Asia, specifically China,
South Korea, and the members of the ASEAN: Brunei,
Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, the
Philippines, Singapore, Thailand, and Vietnam. It excludes
Japan unless otherwise noted. Due to data availability, in
some cases countries in the Pacific region are included.
2 East Asia includes developing countries in East Asia and
the Pacific.

3 Data used in this paragraph are obtained from the World
Bank’s World Development Indicators online. Poverty
here is defined as people living on less than US$1.9 a day
in 2011 purchasing power parity USD.
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COVID-19 pandemic. Life expectancy at birth
rose from 45 in 1960 to 75 in 2019, while the
infant mortality rate declined from 45 per 1000
births in 1990 to 12 in 2019.

Various factors have been identified as drivers
of the rapid economic growth in East Asia,4

including high savings and investment, sound
macroeconomic policies, highly educated and
dedicated workers, a well-functioning infras-
tructure, and others. Among these, outward-
oriented development strategies such as import
liberalization and export promotion, which are
discussed later in this chapter, played an impor-
tant role in achieving rapid economic growth.

Despite sharing the common characteristic of
rapid economic development and growth, the East
Asia region is a collection of diverse countries not
only in economic terms but also in noneconomic
aspects. The countries are diverse in size (mea-
sured in terms of GDP, population, and land area),
level of economic development, and endowment
of natural resources. Among East Asian countries,
China has the largest population, GDP, and land
area, while Brunei has the smallest population
(3/10,000th the size of China) and GDP (8/10,000
as large as China), and Singapore is the smallest in
terms of land area (8/100,000th of China). Among
East Asian countries, Singapore has the highest
income per capita and Myanmar has the lowest
(1/50th of Singapore). Similarly, there is diversity
with respect to noneconomic aspects such as
religion, culture, and political system. It should be
noted that the diverse economic characteristics
found in East Asia have led to an interesting and
unique economic development pattern, which we
discuss later in this chapter.

The remainder of this chapter is structured as
follows. Section 11.2 discusses the role of for-
eign trade and FDI in achieving rapid economic
development and growth, with a focus on global
value chains (GVCs) created through FDI by
multinational corporations (MNCs). Section 11.3
examines the changing environment with respect
to trade and investment policy in East Asia,
which has seen an emergence of free trade

agreements (FTAs). Section 11.4 concludes and
provides several policy implications that would
be helpful for other developing countries seeking
to achieve economic development and growth. It
also discusses challenges for East Asia to achieve
inclusive growth.

11.2 Nexus of Trade
and Investment and Global
Value Chains

One of the notable characteristics of the economic
growth pattern in East Asia is the rapid expansion
of trade and FDI during the period of high eco-
nomic growth. According to Fig. 11.2, the ratio
of trade (exports and imports) to GDP rose from
50% in 1980 to a high of 78% in 2006 before
starting to decline, reaching 42% in 2020. This
decline is mainly due to China’s influence, which
expanded domestic production and sales sub-
stantially as a result of its rapid economic growth.
Somewhat in contrast to the pattern observed for
the trade-to-GDP ratio, the ratio of inward FDI
stock to GDP increased throughout the period
1980–2020, with some fluctuations, rising from
3% in 1980 to 26% in 2020. As we discuss more
in detail later, trade and FDI increased more or
less in tandem by interacting with each other.

11.2.1 Expansion of Intra-regional
and Machinery Parts
Trade

International trade in East Asia has experienced
several notable structural changes. First, intra-
regional trade, which refers to trade among East
Asian countries, has expanded rapidly. The ratio
of intra-regional trade to overall trade for East
Asia increased from 25.7% in 1985 to 37.2% in
2012 and then declined slightly to 34.9% in 2019
(Fig. 11.3).5 Within East Asia, China has
become an important source of import and a
significant export destination for many East
Asian countries. For China, the importance of

4 See, for example, the World Bank (1993) and Asian
Development Bank (2020). 5 In Fig. 11.3, East Asia includes Japan.
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countries outside of East Asia, such as the US
and the European Union (EU), has also
increased. This rapid expansion of intra-regional
trade can be explained mainly by the rapid eco-
nomic growth of East Asian countries. It is nat-
ural for a rapidly growing country to increase its
demand for imports and its ability to supply
exports, leading to an expansion of trade. How-
ever, it should also be noted that GVCs in East
Asia, formed through FDI by multinational cor-
porations (MNCs), also contributed to an

expansion of intra-regional trade, as will be dis-
cussed later in this chapter.

Second, the product composition of trade for
East Asian countries changed significantly.
Specifically, the importance of manufactured
products increased significantly for many coun-
tries in the region, which is attributable to suc-
cessful industrialization. Specifically, the share
of manufactured exports to total merchandise
exports for East Asia’s developing countries
increased sharply from 27% in 1985 to 85% in
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2005 and remained at that level through 2020.
Among manufactured exports, exports of
machinery products, particularly electric and
electronic machinery and their parts, expanded
markedly (Fig. 11.3).

These two notable developments regarding
international trade in East Asia, namely increases
in intra-regional trade and parts and components
trade, are the result of regional production net-
works known as GVCs, created by MNCs.

11.2.2 Formation of Global Value
Chains

Japanese MNCs that use a large number of parts
and components began to establish factories in
East Asia, in the early 1980s, undertaking FDI to
take an advantage of low production costs. This
process of internationalizing production was
accelerated by a sharp appreciation in the Japa-
nese yen in the mid-1980s, which increased the
cost of Japanese products in foreign markets.
Many Japanese MNCs implemented a fragmen-
tation strategy, in which an integrated production
system is fragmented into a number of produc-
tion blocks. Each block specializes in producing
one or a few specific parts, and the production
blocks are connected by service links (Fig. 11.4),
creating GVCs. MNCs in South Korea and Tai-
wan followed Japan’s MNCs in implementing a
fragmentation strategy as those countries’

currencies appreciated. In implementing a frag-
mentation strategy, MNCs set up factories for
part production in countries where those parts
can be produced at a low cost. Through these
GVCs, MNCs can achieve efficient production
systems, in which production factors, such as
labor, capital, and technology, are allocated and
used efficiently.

Next, we examine how deeply East Asian
countries are involved in GVCs. There are several
ways to measure the extent of a firm’s or county’s
participation in GVCs. One is to use information
about a firm’s transaction pattern. If a firm imports
inputs and exports outputs, it is considered a par-
ticipant in one ormoreGVCs.Another approach is
to use information on international trade and
production at sector level. More specifically, data
on value-added trade constructed from world
input–output tables are used to measure the extent
of GVC participation by country.6 In this
approach, GVC participation is generally assessed
by two approaches, namely backward and forward
participation. Backward participation refers to the
ratio of the “foreign value-added content of
exports” to the country’s total gross exports.7 This
is the “buyer” perspective or sourcing side of
GVCs, in which a country imports intermediate

PB: production blocks

SL: service links

PB 

PB PB 

PB 

PB 

SL 

SL 

SL 
SL 

SL 

After fragmentation 

Before fragmentation

Large integrated factory

Fig. 11.4 Fragmentation
strategy. Source Kimura et al.
(2010)

6 See, for example, the World Bank (2020) for useful
information about GVCs with respect to economic
development.
7 Adopted from WTO (2016).
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inputs to produce its exports. Forward participa-
tion refers to the ratio of the “domestic value-
added sent to other countries relative to the
country’s total gross exports. It captures the
domestic value-added contained in inputs sent to
other countries for further processing and export-
ing through various value chains. This is the
“seller” perspective or the supply side of GVCs.
Total GVC participation is the sum of backward
and forward participation.

Figure 11.5 shows GVC participation rates for
ASEAN countries, China, Japan, and Korea
(ASEAN+3 countries) in 1980 and 2018. Many
countries increased the level of GVC participa-
tion, although there are some countries that
experienced a decline in GVC participation.
Singapore, Malaysia, and the Philippines show
very high GVC participation rate, while Cambo-
dia, Lao PDR, and Myanmar exhibit low GVC
participation rate. Magnitude of backward and
forward GVC participation rates reveals interest-
ing patterns of GVC participation of a country.
Countries with relatively high share of backward
participation such as Singapore and Malaysia
engage in assembling final products by importing
intermediate goods. We may divide countries
with relatively high share of forward participation
into two groups. One group of countries includes
Brunei, Indonesia, Lao PDR, and Myanmar,
while the other group consists of China and Japan
(1980). Countries in the first group mainly export
raw materials, while those in the second group
mainly export manufactured or processed inter-
mediate goods such as parts and components.
One cannot make judgment a priori as to which
type of participation, high share of backward
participation or forward participation, contributes
more to economic growth. Having said this, one
may observe that countries with high share of
manufacturing tend to grow fast compared to
those with high share of raw materials sector.

11.2.3 Benefits of GVC Participation

In the early stages, GVCs were formed by MNCs
to involve their foreign subsidiaries; over time,
they expanded to include local companies. GVCs

have brought many benefits to their participating
companies and the countries in which they oper-
ate.8 By participating in GVCs, local firms are able
to import high-quality raw materials and compo-
nents, which they use to produce and export their
products. This export expansion not only increa-
ses production and employment, but also
improves production efficiency and strengthens
competitiveness. It is particularly important that
superior technologies and management know-
how owned by MNCs are transferred to the par-
ticipating local companies through these GVCs.
To make this technology transfer possible, it is
essential that local companies that participate in
GVCs have capable employees with technological
knowledge and managers who understand the
importance of technology.

Another benefit of participating in GVCs is
that their robustness and resilience limits damage
to the production system that may be caused by
various factors. Crises caused by natural disas-
ters, such as the Great East Japan Earthquake and
the floods in Thailand in 2011, and the COVID-
19 pandemic in 2020–2021, disrupted GVCs and
suspended the production of parts and final
products, causing economic damage to many
companies and countries. In such situations,
GVCs’ vulnerability and the way in which these
negative effects propagate were considered
problematic. However, experience shows that
most GVCs were not greatly damaged and in fact
are quite robust. Furthermore, when GVCs were
seriously damaged, they recovered rapidly and
rebuilt, and their resilience was recognized. To
contend with the risk of GVC fragmentation,
rather than retreating to integrated production,
system diversification is considered to be an
effective countermeasure. As deepening and
expanding GVCs are seen as important for pro-
moting future economic growth in East Asia and
Japan, this issue will be discussed later.

8 On the benefits of GVC participation, see, for example,
World Bank (2020) and Urata and Baek (2021).
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11.2.4 Factors Leading
to the Formation
of GVCs

The factors that led to the formation of many
GVCs by MNCs in East Asia may be classified
into two groups. The first group consists of
supply-side factors from the perspective of
MNCs, and the other contains demand-side fac-
tors from the standpoint of the East Asian coun-
tries that hosted them. As noted above, a major
realignment in foreign exchange rates encouraged
MNCs to relocate production from their home
countries (e.g., Japan and South Korea) to devel-
oping countries in East Asia, to achieve low-cost
production. Accumulated international business
experience in exporting and importing businesses
contributed to MNCs’ ability to create and man-
age GVCs. In addition, major reductions in the
cost of communication and transportation ser-
vices, attributable to technological innovations
such as the development and the propagation of
the Internet in the telecommunications arena and
the development of large ships for transportation,
as well as deregulation in both of those sectors,
played an important role.

Turning to demand-side factors, we consider two
types: those pertaining to local firms participating in

GVCs and those originating in GVCs’ host coun-
tries. Starting with the factors related to local firms,
the number of local firms with technical and man-
agerial capabilities in East Asia has been increasing.
In their study of GVC participation by firms inAsia,
Urata and Baek (2020) find that competitive local
firms can successfully participate in GVCs. How-
ever,manyfirms are not able to handle the processes
or complete the tasks within the GVC network
needed to produce the products to be exported to
foreign countries. Competitiveness among local
firms reflects various factors such as the high labor
productivity, uniqueness or high quality of their
product or task, low-cost production capabilities,
and others. To possess competitiveness, firms need
educated, trained, and high-skilledworkers; capable
and ambitious managers; high-quality technology;
and imported inputs. Having links to MNCs, access
to technology, capital, and information about for-
eign markets helps firms to improve their competi-
tiveness. Local firms’ competitiveness is reflected
by international certifications such as ISO. As such,
possessing international certifications facilitates
firms’ participation in GVCs.

Regarding the factors concerning the GVCs’
host countries, Urata (2021) found that compared
to other developing countries, many East Asian
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countries have established a business environ-
ment that is open to trade and FDI inflows, with
an abundance of educated and disciplined work-
ers, financial resources, technology and informa-
tion with respect to foreign markets, and a well-
developed infrastructure. Figure 11.6 shows tariff
rates on manufacturers have declined for selected
East Asian countries, reflecting the trade liberal-
ization policies they have adopted. Infrastructure,
which plays an important role in promoting eco-
nomic activity, is a rather broad concept that may
be divided into soft and hard infrastructures. Soft
infrastructure includes educational, regulatory,
and legal systems, while hard infrastructure
includes transportation and communication sys-
tems. Having an efficient public sector refers to
government and business associations that facil-
itate firms’ participation in GVCs.

These findings reinforce the importance of
government policies in promoting GVC partici-
pation. Governments can help local firms par-
ticipate in GVCs in various ways, including
technical and financial support that helps firms
upgrade their technology and marketing support
that disseminates information on foreign markets
to the firms. Governments are also advised to

establish a business-friendly environment, char-
acterized as open, fair, transparent, and rules-
based with respect to trade and FDI. One effec-
tive way for governments to achieve this objec-
tive is to join FTAs, which we discuss in the next
section. Governments can also play an important
role in building soft and hard infrastructure that
can contribute not only to attracting MNCs to
involve local firms in their GVCs, but also to
provide the building blocks that are fundamental
to achieving economic growth. To the extent
possible, governments should leverage economic
assistance provided by foreign donor countries,
international organizations, and other sources to
supplement their own efforts.

11.3 Regional Economic
Integration in East Asia9

East Asia witnessed a rapid expansion of intra-
regional trade during the late 1980s and 1990s,
resulting in de facto regional economic integration.
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9 This section updates and modifies Urata (2019, 2022).
See also Urata (2014) on regional integration in East Asia.
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As discussed in the previous section, the formation
of regional productionnetworks orGVCsbyMNCs
drove this integration. The development of GVCs
contributed to economic growth, which in turn
further liberalized trade and FDI policies, resulting
ingreater anddeeper regional economic integration.
Because of the increased importance of market
forces in forming regional economic integration,
which results from allowing more open trade and
FDI policies, such integration is characterized as
market-driven regional economic integration.10

In the latter half of the 1980s, the movement
toward institutionalized regional economic inte-
gration (institution-driven regional economic
integration) gained momentum in various regions
of the world (Fig. 11.7). In Europe, the move-
ment that started in the 1950s accelerated: The
European Single Market was established in 1992,
the EU in 1993, the European Central Bank in

1998, and the single currency, the euro, was
introduced in 1999. In North America, the US-
Canada Free Trade Agreement came into effect
in 1989, followed by the North American Free
Trade Agreement between the US, Canada, and
Mexico in 1994. One important reason for this
institution-driven economic integration was the
slow progress in trade liberalization negotiations
that were part of the General Agreement on
Tariffs and Trade (GATT) under the so-called
Uruguay Round, which began in 1986.11 Faced
with stalled negotiations for GATT, countries
interested in trade liberalization to promote eco-
nomic growth opted to sign FTA with like-
minded countries, which promoted regional
economic integration.
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10 See Urata (2004) for discussions on market-driven and
institution-driven regional economic integration in East
Asia.

11 The Uruguay Round began in 1986 with the goal of
completing negotiations in four years. However, the
negotiations involved many difficult issues and agreement
was not reached until 1994.
12 Regional trade agreements (RTAs) include FTAs and
customs unions.
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Compared to other regions of the world, East
Asia has been slow to develop institution-driven
regional economic integration.13 The first major
regional economic integration in East Asia was
the ASEAN Free Trade Area (AFTA), created by
the ASEAN member countries (Brunei, Indone-
sia, Malaysia, the Philippines, Singapore, and
Thailand) in 1993. Two external factors promp-
ted AFTA’s formation: the development of
regional economic integration in other parts of
the world and the rise of China. These forces had
reduced ASEAN’s importance as an investment
destination and were negatively impacting its
economic development. The ASEAN countries
sought to improve the region’s attractiveness as
an investment destination by integrating their
markets through AFTA, which was completed by
2015. ASEAN then created the ASEAN Eco-
nomic Community to deepen economic integra-
tion in the region.14

In the latter half of the 1990s, support for
regional economic integration on an institutional
level that would encompass the countries of the
East Asia region emerged. This movement
developed along two tracks: one by the East
Asian countries and the other by the Asia–Pacific
countries. In the remaining sections, we present
an overview of the developments along each
track and examine the possible impacts of
regional economic integration on an institutional
level on economic growth in East Asian
countries.

11.3.1 East Asia Track

In the early 1990s, then Malaysian Prime Min-
ister Mahathir proposed the formation of a
regional economic integration that would
encompass the countries of East Asia. The idea
was inspired by movements toward regional
economic integration in Europe and North

America, but it was not until the beginning of the
twenty-first century that the effort began in
earnest. Here, we review the development of
bilateral or plurilateral FTAs in East Asia and
then analyze the trends in regional FTAs in the
region.

At the start of the twenty-first century, a
number of bilateral FTAs were established by
East Asian countries, starting with the Japan-
Singapore FTA that came into effect in 2002.
Singapore, Japan, and South Korea began to
actively engage in FTAs but China showed no
interest in participating. After China joined the
World Trade Organization (WTO) in 2001 and
secured access to the world market, it began to
use FTAs to advance its regional presence in
Asia. China’s FTA policy was different from
those of other countries. First, while Japan and
South Korea began their FTA participation
through bilateral FTAs, China chose all ASEAN
countries as its first FTA partners. Second, the
China-ASEAN FTA included content that was
not included in other FTAs. For example, China
offered preferential treatment, including eco-
nomic cooperation, to the new member countries
of ASEAN, namely Cambodia, Lao PDR,
Myanmar, and Vietnam, which were lagging in
their economic development compared to the
original AFTA members. China’s FTA strategy
included both economic objectives, such as
expanded trade, and political objectives such as
building friendly relations with neighboring
countries. The China-ASEAN FTA came into
effect in 2005, generating a domino effect; by
2010, Japan, South Korea, Australia, New Zeal-
and, and India had individually ratified FTAs
with ASEAN (the so-called ASEAN+1 FTA).

The movement toward forming regional eco-
nomic integration within the East Asian region
was triggered by the Asian currency crisis that
occurred in 1997 and 1998. East Asian countries
that suffered serious economic consequences
from the currency crisis recognized the need for
regional economic cooperation to recover and to
avoid a recurrence and considered an East Asia
FTA (EAFTA) with ASEAN, China, Japan, and
South Korea (ASEAN+3) as one form of regio-
nal economic cooperation. The idea of regional

12 Regional trade agreements (RTAs) include FTAs and
customs unions.
13 See Urata (2014, 2016) on regional economic integra-
tion in East Asia.
14 See ERIA (2014) for a detailed analysis of ASEAN’s
economic integration.
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economic integration in East Asia was acceler-
ated by the growth of regional economic inte-
gration in the rest of the world. The plans for
EAFTA began in 2005, with China taking the
lead. In 2006, Japan proposed the Comprehen-
sive Economic Partnership in East Asia
(CEPEA), which would consist of ASEAN+6,
namely ASEAN+3 countries, Australia, New
Zealand, and India. It was clear that the backdrop
to EAFTA and CEPEA was the rivalry between
Japan and China for regional economic integra-
tion in East Asia.

The feasibility studies for EAFTA and
CEPEA were conducted in parallel until 2011,
when Japan and China proposed establishing a
joint working group to accelerate the discussions.
Underlying the proposal to establish the joint
working group made by Japan and China, which
had been battling for leadership in establishing a
regional FTA, was China’s desire to create an
East Asian regional FTA that excluded the US
without being bogged down in debates about
EAFTA versus CEPEA while the Trans-Pacific
Partnership (TPP) negotiations, as discussed in
the next section, progressed. The joint proposal
from China and Japan created a sense of crisis for
the ASEAN countries, which had a strong
interest in playing a central role in regional
integration in East Asia. ASEAN proposed the
Regional Comprehensive Economic Partnership
(RCEP) in 2011 to counter the move by Japan
and China. RCEP is an ASEAN-centered
framework, in which any country that has con-
cluded an FTA with ASEAN can participate,
rather than a framework that fixes the member
countries as in EAFTA and CEPEA.

Although ASEAN+6 declared the start of
RCEP negotiations in November 2012, the actual
negotiations did not begin until May 2013.
RCEP members realized the need to start their
negotiations after Japan formally announced it
would join the TPP negotiations in March 2013.
The RCEP negotiations were contentious, and
the target date for agreement was repeatedly
pushed back. India withdrew from the final stage,
and the agreement was reached in November
2020. Several reasons for India’s withdrawal
have been offered. One is that India feared that

trade liberalization through RCEP would not
only increase its trade deficit with China, but it
would also be a major blow to India’s manu-
facturing sector, given the country’s large trade
deficit due to its large volume of Chinese man-
ufactured product imports. Another is the con-
cern about a negative impact on India’s
agriculture sector, as low-priced agricultural
products from Australia and New Zealand would
increase substantially. RCEP is scheduled to
enter into force on January 1, 2022, now that the
requirements for enactment have been fulfilled.
RCEP faces several challenges, including moni-
toring to ensure that the members comply with
the agreement and their commitments. Another is
to improve the quality of the agreement, as dis-
cussed in Sect. 11.3.3.

11.3.2 Asia–Pacific Track

Discussions on the formation of a framework for
economic integration that would encompass the
Asia–Pacific region began in the 1990s with
some countries participating in the Asia–Pacific
Economic Cooperation forum (APEC). Estab-
lished in 1989 by the economies15 located in the
Asia–Pacific region, its main objective is to
achieve economic growth by promoting regional
economic integration through trade and invest-
ment liberalization. Due to differences in the
approaches and priorities of the various econo-
mies involved, movement toward liberalization
of trade and investment did not progress as
hoped. Therefore, Chile, Singapore, New Zeal-
and, and Brunei, all of whom were interested in a
high degree of trade and investment liberaliza-
tion, established the Trans-Pacific Strategic
Economic Partnership Agreement (P4) in 2006.
The purpose of P4 is to create a free and open
business environment and to help realize APEC’s
goal of achieving a free and open environment
for trade and FDI. The founding members hoped

15 The word “economies” is used to describe APEC
members because the APEC cooperative process is
predominantly concerned with trade and economic issues,
with members engaging with one another as economic
entities.
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that by accepting new members, P4 would
become the basis for a larger regional FTA.

In March 2008, the P4 members began
negotiations to expand the scope of the agree-
ment to include financial services. P4 was
described as a living agreement because it was
open to amendments based on the demands and
wishes of businesses in its member countries
even after it entered into force. The US, which
had a strong interest in liberalizing cross-border
activities in the financial services sector, decided
to participate in the expanded P4 negotiations in
September 2009. Following the announcement
by the US, Australia, Peru, and Vietnam also
announced their intention to participate in the
negotiations. During this period, P4 was renamed
as the TPP. It has been said that the US partici-
pated in TPP negotiations to avoid being exclu-
ded from East Asia, whose economies were
projected to grow rapidly and were increasingly
moving toward regional integration on an insti-
tutional level.

In the 2010s, the move toward regional eco-
nomic integration on the institutional level
gained momentum. Negotiations for an expanded
TPP that included eight countries—Brunei,
Chile, New Zealand, Singapore, Australia, Peru,
the US, and Vietnam—began in March 2010.
Four more countries joined after the start of
negotiations: Malaysia (in October 2010),
Canada and Mexico (in 2012), and Japan (in
2013). It is unusual for new countries to join after
negotiations have begun, and this indicated the
importance of the TPP. The negotiations took
five years and seven months, culminating in an
agreement in October 2015. The TPP agreement
was signed by the negotiating parties in February
2016, and the 12 countries involved began the
process of ratifying the agreement. However, the
conditions for the agreement to enter into force
were abrogated when US President Trump took
office in 2017 and withdrew from the TPP. As a
result, the agreement is no longer in effect.

Although the US withdrew from the TPP, the
remaining TPP countries decided to establish
TPP11 without the US. Negotiations were com-
pleted in a short period of time, and the agree-
ment was signed in March 2018. TPP11 entered

into force in December 2018 as the Compre-
hensive and Progressive Agreement for Trans-
Pacific Partnership (CPTPP). To date (December
2021), the agreement has been ratified by all
signatories except Malaysia, Brunei, and Chile.
There are a number of possible reasons the
TPP11 members promoted the agreement. First,
as a continuation of the original TPP (see the
next section), the CPTPP includes comprehen-
sive sectoral rule-building and a high degree of
trade and investment liberalization, and its
members expect it to stimulate economic activity
that will promote economic growth. Second, the
CPTPP is a high-level, comprehensive FTA that
will serve as a model for future FTAs. Third, the
CPTPP is expected to curb and reverse the pro-
tectionism that has emerged since the 2007–2008
global financial crisis. Fourth, as there is a pos-
sibility that the US will seek to return to the TPP
in the future, the CPTPP must be brought into
force to prepare for such a situation. The CPTPP
is attracting considerable attention, as evidenced
by the UK’s application for membership in
February 2021, followed by applications from
China and Taiwan in September 2021.

11.3.3 CPTPP and RCEP

Both the CPTPP and RCEP contain compre-
hensive content aimed at promoting regional
integration and achieving economic growth
through increased trade and investment, with a
particular emphasis on expanding GVCs. An
important benefit of both agreements is that
common rules will be applied to trade and
investment for many of the participating coun-
tries, thereby avoiding the “spaghetti bowl”
effect of restraining trade that results from a mix
of FTAs between two countries that have dif-
ferent rules, or have a small number of partici-
pating countries. This emphasizes that RCEP is
much more than just a combination of four
ASEAN+1 FTAs and ASEAN’s FTAs with
China, Japan, South Korea, and Australia-New
Zealand, in one framework.

While the CPTPP and RCEP share a common
goal of economic growth, there are important
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differences: The RCEP focuses on economic
development, not just economic growth; the
CPTPP emphasizes the importance of active
private sector involvement in achieving eco-
nomic growth, while the RCEP emphasizes the
importance of economic cooperation in achieving
equitable and inclusive economic development.
The RCEP includes countries in the early stages
of development, such as Cambodia, Lao PDR,
and Myanmar, and emphasizes economic coop-
eration because economic development in these
countries is important for the region’s sustainable
development and social stability. Specifically, the
RCEP allows for preferential treatment of coun-
tries in the early stages of development, while the
CPTPP treats all members equally and does not
allow for special treatment.

Both the CPTPP and RCEP are more com-
prehensive than the WTO (Table 11.1); however,
they differ in the items they cover. The agree-
ments cover many common issues, such as mar-
ket access for trade in goods and services, trade
facilitation, and intellectual property rights, but
they differ on important issues. Important items
addressed in the CPTPP but not the RCEP are
state-owned enterprises and designated monopo-
lies, labor, environment, regulatory coherence,
transparency, and anti-corruption. While these
aspects of the CPTPP are important to developed
countries such as Japan and Australia in order to
maintain a level playing field across firms and
achieve sustainable economic growth, developing
countries find them difficult to accept. For
example, the regulations do not allow preferential
policies for state-owned enterprises, which is
difficult for developing countries where govern-
ment involvement in the economy is significant.
Importantly, the CPTPP includes rules that pro-
tect and promote workers’ rights: requiring free-
dom of association and collective bargaining,
forbidding child labor, forced or compulsory
labor, and discrimination in employment and
occupations, helping to achieve some of the goals
of SDG 8, namely to promote productive
employment and decent work.

Some items are common to both agreements
but differ in content and degree of discipline. One

clear example of this is in the liberalization of
trade in goods (market access), where the CPTPP
eliminates almost all tariffs on all products
(100% tariff elimination rate), with a few
exceptions. In the RCEP, tariff elimination varies
among countries and the average rate is roughly
90%, lower than in the CPTPP. There is also a
major difference in the area of e-commerce,
which is attracting attention as it regulates the
international movement of data that is becoming
increasingly important in the global economy.
The CPTPP includes the following three princi-
ples of the TPP: (1) ensuring freedom of cross-
border transfer of information by electronic
means, (2) prohibiting requests to install and/or
use computer-related equipment, and (3) pro-
hibiting the transfer of and requests for access to
source code, with the aim of ensuring the free
movement of data. In contrast, items (1) and (2)
are included in the RCEP, but (3) is excluded. In
addition, the content of (1) and (2) is less rigid in
the RCEP, not only because exceptions are
allowed for national security and other reasons,
but also because they are not subject to dispute
settlement procedures.

Some believe that the CPTPP and RCEP are
competitors because the US took the lead in
negotiating the CPTPP’s predecessor, the TPP,
and showed a strong desire to exclude China,
while the RCEP includes China but not the US.
However, as there are considerable differences
between the two agreements in content and the
degree of discipline, they are considered to be
complementary, rather than conflicting or com-
peting. The two agreements can be viewed as
presenting a phased opportunity for countries
that cannot join the CPTPP due to its high level
of discipline to first join the RCEP and then join
the CPTPP when the higher level of discipline
imposed by the CPTPP becomes acceptable.
Beyond the RCEP and CPTPP, the Free Trade
Area of the Asia–Pacific (FTAAP), which
encompasses the Asia–Pacific region, was agreed
upon at the APEC summit in Yokohama, Japan,
in 2010 as the ultimate goal of regional integra-
tion in the Asia–Pacific region.
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11.3.4 Economic Impacts of Regional
Economic Integration

Regional economic integration in the form of
FTAs affects economic activity for both member
and nonmember countries, mainly through its
impacts on trade and investment. Here, we
examine the economic impacts of FTAs, first
from a theoretical perspective and then based on
empirical analyses.

We can think of the effects of FTAs as static
and dynamic.16 Beginning with static effects,
FTAs promote trade among FTA members (the
trade creation effect), as tariffs on bilateral trade
decline, and tend to reduce trade between mem-
bers and nonmembers (the trade diversion effect),
as some of their bilateral trade activities are likely
to be replaced by trade among FTA members.
FTAs give rise to these trade creation and

Table 11.1 CPTPP,
RCEP, and WTO

CPTPP RCEP WTO

Market access for goods ● ● ●

Rules of origin and origin procedures ● ● ●

Textiles and apparel ● ● ●

Customs administration and trade facilitation ● ● ●

Trade remedies ● ● ●

Sanitary and phytosanitary measures ● ● ●

Technical barriers to trade ● ● ●

Investment ● ● ▲

Cross-border trade in services ● ● ●

Financial services ● ● ●

Temporary entry for business persons ● ● ▲

Telecommunications ● ● ●

Electronic commerce ● ●

Government procurement ● ● ▲

Competition policy ● ●

State-owned enterprises and designated monopolies ●

Intellectual property ● ● ●

Labor ●

Environment ●

Cooperation and capacity building ● ●

Competitiveness and business facilitation ●

Development ●

Small and medium-sized enterprises ● ●

Regulatory coherence ●

Transparency and anti-corruption ●

Administrative and institutional provisions ● ●

Dispute settlement ● ● ●

Note ● indicates the issue is covered, and ▲ is partially covered
Sources CPTPP and RCEP texts

16 For more detailed explanation, see textbooks on
international economics such as Appleyard and Field
(2017).
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diversion effects because they give preferential
access to the FTA partners’ markets. A non-
member’s economic welfare will decline because
of the reduction in exports, while it is not known
a priori whether the member country’s economy
will gain or lose. The member country gains from
an expansion of trade, but loses from the reduc-
tion in tariff revenue. If the gain exceeds the loss,
a member gains overall, but loses otherwise.

Turning to dynamic effects, FTAs may pro-
mote economic growth because expanded trade
is likely to increase productivity through econo-
mies of scale and greater competition. An FTA
member could gain from increased investment
that may occur because the member country’s
future economic prospects are expected to
improve. An FTA member may also expect an
increase in FDI because many FTAs, including
the CPTPP and RCEP, liberalize FDI policies.
Expanded FDI inflows would lead to economic
growth for FDI recipient countries.

With this theoretical understanding of the
economic impacts of FTAs, we turn to an
empirical analysis. Researchers conduct an ex-
ante analysis of FTAs before they are enacted
using a simulation based on economic models.
The most popular model for analyzing FTAs is
the computable general economic (CGE) model,
which mimics a real economy based on market
mechanisms by considering consumers, produc-
ers, and governments. A typical CGE model
covers all sectors of an economy (typically rep-
resented by 15–30 sectors) and the world (gen-
erally represented by 20–50 countries and
regions). An ex-post analysis is conducted after
FTAs are enacted to examine their impact on
trade. A typical approach is to apply the gravity
model, which attempts to explain the magnitude
of bilateral trade using the economic size of two
countries and the geographical distance between
them. The name comes from physics, specifically
Newton’s Law of Gravity, which states that the
gravitational force between two bodies is directly
proportional to the product of their masses and
inversely proportional to the square of the dis-
tance between them. We first consider studies
that examine the economic impacts of the CPTPP
and RCEP using a CGE model and then review

studies that examine the trade creation and
diversion effects of AFTA using a gravity model.

Petri and Plummer (2020) simulate the eco-
nomic impacts of the CPTPP and RCEP by
projecting economic conditions in 2030 that
reflect commitments required by those agree-
ments, such as tariff reductions. The results of
their analysis with respect to national income are
shown in Table 11.2, with the figures for member
countries shown in bold. Consistent with theo-
retical expectations, national income for mem-
bers of the CPTPP and RCEP increases but
declines for many nonmembers. The increases in
national income are mainly due to the trade
creation effect, while decline is primarily caused
by the trade diversion effect. In the case of the
CPTPP, Japan gains the most in absolute terms
and China loses the most. With the RCEP, China
gains the most while India (not shown in the
table) loses the most. These opposite impacts for
China clearly indicate that a country benefits
from being a member of an FTA. Impacts on the
US are very small.

The impacts are quite different when we
consider the percentage change in national
income, rather than the absolute change. With the
CPTPP, Malaysia gains the most, and Japan and
South Korea gain the most with the RCEP. One
important factor that determines the gain for a
given country is the tariff reduction that the
country experiences for its exports, i.e., tariff
reductions in its export destination countries. For
example, the large gain that Japan obtains from
membership in the RCEP is mainly due to a
reduction of tariffs on its exports to China and
South Korea, with whom free trade is established
under the RCEP. For the same reason, ASEAN
members see relatively small gains because they
have already established free trade with other
RCEP members such as China, Japan, and Korea
under the ASEAN+1 FTA frameworks. It should
be noted that the world as a whole gains from
both the CPTPP and RCEP.

Turning to studies on the impacts of FTAs on
trade using the gravity model estimation method,
there are no comparable studies to those
reviewed above that use the CGE model because
the gravity model applies to ex-post data,
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whereas the CGE model is used in ex-ante
studies. The CPTPP entered into force in
December 2018, and the RCEP has yet to be
enacted; therefore, there is not yet sufficient data
for a gravity model analysis of these FTAs. As a
result, our discussion of gravity model studies is
rather general. A large number of studies that use
the gravity model have analyzed the impacts of
FTAs on trade. The results are mixed in that
some studies found positive impacts, i.e., the
trade creation effect, while others did not.

Bair and Bergstrand (2007) conducted a rig-
orous analysis by addressing econometric prob-
lems encountered in earlier studies and found
that on average the bilateral trade between two
members under an FTA approximately doubles
after 10 years. Okabe and Urata (2014) con-
ducted one of the few studies on FTAs in Asia by
analyzing the impact of the AFTA. They found
the trade creation effect for a wide range of
products and that such trade creation effects are
relatively small for the newer ASEAN members

compared to the original members. Based on
these results, they claim that AFTA was suc-
cessful in promoting intra-ASEAN trade. In their
study of the trade creation and trade diversion
effects of FTAs covering 20 products, Urata and
Okabe (2013) found that FTAs among developed
countries generate trade creation effects for many
products, while the trade diversion effect was not
found except for medical and pharmaceutical
products. In contrast, FTAs among developing
countries generate trade creation effects in fewer
products but give rise to trade diversion for many
more products when compared with FTAs
among developed countries. They also found that
plurilateral FTAs give rise to trade creation for
many more products compared to bilateral FTAs.

Empirical studies of the economic impacts of
FTAs have shown that FTA members tend to
benefit in terms of increased trade and economic
growth, while nonmembers are likely to lose in
both respects. These findings indicate that
countries should join FTAs to help them achieve

Table 11.2 Effects on real
income, 2030 (USD billion,
%)

Incremental change Incremental percent
change

CPTPP RCEP CPTPP RCEP

Asia 69 164 0.1 0.3

Brunei 1 0 2.6 0.5

China −10 85 0.0 0.3

Indonesia −1 3 −0.1 0.1

Japan 46 48 0.9 1.0

South Korea −3 23 −0.1 1.0

Malaysia 21 4 3.1 0.6

Philippines 0 2 0.0 0.3

Singapore 13 0 2.7 0.0

Taiwan 0 −3 0.0 −0.4

Thailand −5 4 −0.6 0.5

Vietnam 11 3 2.2 0.5

Oceania 15 1 0.5 0.0

America 49 2 0.1 0.0

United States −2 1 0.0 0.0

Europe 12 13 0.0 0.1

World 147 186 0.1 0.1

Note Figures of the CPTPP/RCEP members are shown in bold letters
Source Petri and Plummer (2020)
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economic growth; however, this is not an optimal
situation for the world economy as a whole,
because FTAs give rise to trade diversion. The
optimal situation would be free trade among all
countries. Since achieving free trade around the
world is unlikely in the current environment
where the WTO is not functioning effectively to
liberalize trade, the second-best policy may be to
expand the membership of existing mega-FTAs
such as the CPTPP and RCEP, with the goal of
eventually covering all countries, thereby
achieving global free trade.

11.4 Conclusions: Achieving
Inclusive Economic Growth

This chapter examined the roles of foreign trade
and FDI in achieving high economic growth in
East Asia, in order to draw lessons for achieving
sustainable economic growth (SDG 8). We noted
the formation of GVCs through FDI by multi-
national corporations (MNCs) as a special char-
acteristic of rapid economic growth in East Asia.
Participation in GVCs has provided opportunities
for East Asian countries to expand their foreign
trade and obtain new technology, helping them to
increase productivity and achieve strong eco-
nomic growth. We emphasized the importance to
East Asian countries of pursuing trade and FDI
liberalization and constructing and managing
hard and soft infrastructure to realize economic
growth based upon participation in GVCs. To
promote further economic growth and achieve
higher levels of economic development, East
Asian countries are advised to participate in
mega-FTAs such as the CPTPP and RCEP to
improve their business environment, which
would expand and intensify GVCs.

Although East Asian countries have been
successful in achieving rapid economic growth
and improving the standard of living for their
people, they face a number of challenges,
including growing inequality, a deteriorating
environment due to climate change, worsening
relations between the US and China, a growing
probability of infectious disease, and others.
Here, we focus on the issue of inequality because

it has been argued that the rapid expansion of
trade and FDI—in other words, the globalization
of economic activity—has significantly increased
inequality. It is important to realize that greater
inequality would deter economic growth as it
would likely lead to political and social
instability.

In discussing globalization and inequality, we
need to differentiate between developed and
developing countries, and this section takes the
perspective of developing countries.17 For many
East Asian countries, growing income/asset
inequality is a rather recent phenomenon.
Indeed, for many decades expanding trade and
FDI helped to reduce inequality in East Asia.
From the 1980s through the early 2000s, East
Asian countries increased exports of unskilled
labor-intensive products such as clothing in large
quantities, which generated a high demand for
unskilled labor. This in turn led to a rise in wages
for these workers, reducing the wage inequality
between unskilled and skilled labor. The situa-
tion changed when MNCs began to undertake
FDI in sectors such as electric and electronic
machinery and transport equipment. MNCs
brought technologies that require skilled labor,
and introducing such technologies increased
demand and therefore raising wages for skilled
labor, widening the wage and income gap in East
Asia.

Large FDI inflows resulted in a different kind
of inequality problem, namely inequality
between large firms and small and medium-sized
enterprises (SMEs). MNCs are typically large
firms that tend to have advantage over SMEs in
terms of financial and human resources. This
resource gap between large firms and SMEs not
only leads to differences in their performance,
but it also increases the wage/income gap
between those working for large firms and those
working for SMEs.

This growing income inequality must be
addressed, and inclusive growth has to be
achieved to realize the political and social sta-
bilities necessary for sustainable economic

17 See, for example, Urata and Narjoko (2017) for a
detailed discussion on this issue.
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growth (SDG 10, reducing inequality). This will
require SMEs to improve the capabilities of their
unskilled workers to stay competitive, which
calls for more education and training. Public
institutions/governments should provide educa-
tion and training with respect to general skills
and knowledge, while specialized skills and
knowledge should be developed by specialized
institutions or through on-the-job training. To
improve SMEs’ competitiveness, public
institutions/governments should provide techni-
cal, financial, and marketing assistance. Further-
more, a policy to promote competitiveness for
SMEs to address the risk of dominance of large
firms over SMEs should be considered, to level
the playing field. We emphasize that govern-
ments, as providers of assistance, must have
capable personnel to identify the need of those
who seek to benefit from that assistance and to
apply appropriate measures so that various forms
of assistance can be effective. It should be noted
that assistance can be effective if it is provided in
cooperation with the private sector. Finally,
governments’ own efforts are of utmost impor-
tance, but they should seek international coop-
eration with donors and international
organizations.

Finally, we would like to reiterate the impor-
tance of constructing, maintaining, and managing
soft and hard infrastructure (SDG 9), not only for
the developing countries to participate in GVCs,
but also for building the foundations for eco-
nomic growth, more specifically, inclusive and
sustainable economic growth.
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12BoP Businesses of Multinational
Corporations and Sustainability

Shinji Hasegawa

Abstract

Pessimism about the effects of official devel-
opment assistance (ODA) on the poorest
countries (base of the pyramid; BoP) has
raised expectations of social business by
multinational corporations (MNCs) since the
end of the twentieth century. First, this chapter
summarizes the historical developments
focused on the role of MNCs in alleviating
poverty at the BoP (Sustainable Development
Goals [SDGs] 1, 3, and 6) through delivery of
affordable products and services, following
activities of non-governmental organizations,
growing awareness of corporate social respon-
sibility, and framing of development goals by
United Nations agencies. Next, it discusses
BoP’s shift from its role as a marketplace to a
production base or source of innovation, as
MNCs have established global production
networks. We argue that this has changed
the BoP business toward contributing to the
achievement of SDGs 5, 8, and 9. Finally,
MNCs are required to address not only social
challenges at the BoP, but also environmental
challenges (SDGs 13) in both emerging and
developed countries. To balance these overall
SDG-related challenges with MNCs’ own

interests, BoP business is further evolving
into SDG business management, and MNCs
will be increasingly required to redefine their
role from a sustainability perspective.

Keywords

Base/bottom of the pyramid (BoP) � Inclusive
business � Multinational corporation (MNC) �
Triple bottom line

12.1 Introduction

This chapter discusses the role that multinational
corporations (MNCs) can play in addressing the
social challenges faced by the poor in developing
countries. Initially, MNCs’ businesses with the
poor started as targeting poverty alleviation by
delivering products and services to them that
they could afford: of the 17 Sustainable Devel-
opment Goals (SDGs), Goals 1 (no poverty), 3
(good health and well-being), and 6 (clean water
and sanitation) were their direct targets. Subse-
quently, however, there was a growing realiza-
tion that other goals were also important social
agendas for the poor, such as Goals 5 (gender
equality), 8 (decent work and economic growth),
and 9 (industry, innovation, and infrastructure),
and that pursuing them would also serve MNCs’
interests. This led to significant changes in
MNCs’ businesses in those countries. More
recently, their businesses have even embraced
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environmental challenges, including Goals 13
(climate action), and are now developing into
ambitious initiatives that encompass the broad
areas of the SDGs on a global scale, including
developed as well as developing countries.

12.2 What is the BoP Business?

The bottom of the pyramid (BoP) refers to those
people who are regarded as the poorest in the
socioeconomic strata, and the business activities
of companies, particularly MNCs, targeting such
people are called BoP businesses. Prahalad and
Hart (1999, 2002) first introduced the term BoP,
which placed the poorest people at the bottom of
a pyramid structure based on socioeconomic
stratification by income. Although the term BoP
itself has not changed, the term “bottom” is
considered to carry discriminatory overtones, and
consequently, “base” is used more frequently
instead. More recently, the United Nations (UN)
and other international organizations have tended
to prefer the term “inclusive business” instead of
BoP business, arguing that using the term “base”
or “bottom” to distinguish a business is not the
way to solve related social problems.1

Specifically, the BoP is defined as a popula-
tion group with an annual per capita consumption
expenditure (or income) of less than $3000 in
purchasing power parity (PPP) in 2002 (Ham-
mond et al. 2007).2 As Fig. 12.1 shows, there are
4 billion people at the BoP, representing 71.7%
of the 5.575 billion people recorded by available
national household surveys worldwide,3 with an

overall market size estimated to reach $5 trillion.
At the middle of the pyramid (MoP), there are
1.4 billion people with income between $3000
and $20,000, representing 25.1% of the survey
population. The top of the pyramid (ToP) com-
prises mature markets, mainly in the developed
countries, with annual per capita income of over
$20,000 and a population of 0.18 billion, or only
3.1% of the total surveyed. The area of each
segment in the figure is shown according to its
actual share, making it easier to understand how
the BoP group accounts for a large part of the
total, whereas the ToP is a tiny part.

Figure 12.2, which presents a bar chart
showing the distribution of the population
arranged according to actual income level
(established from Free data from Gapminder.org:
gapm.io/d_incm_v2), does not have a neat shape
compared to the pyramid in Fig. 12.1. The upper
part of the distribution is narrow due to the
lowest number of high-income earners, and the
lowest part is wide due to the highest number of
low-income earners, with the population
increasing at a non-proportional rate as it
approaches the bottom. The vertical axis could be
set much higher; however, it is limited to $100 a
day in the interest of convenience and clarity.

Typically, a corporate BoP business is regar-
ded as the business activity of a company that
simultaneously satisfies the following three
conditions:

1. People belonging to the BoP segment play one
or more of the following roles: consumer,
supplier, worker, producer, seller, or manager.

2. Business activities improve one or more of
the social or environmental challenges faced
by the BoP.

3. A private company or its subsidiaries carry
out business activities to increase profits.

In other words, the corporate BoP business
represents a form of “creative capitalism”
(Kinsley and Clarke 2008), wherein business is

1 According to UNDP, an inclusive business (model) is
defined as “including the poor into a company’s supply
chains as employees, producers and business owners or
develop affordable goods and services needed by the
poor” (UNDP 2010).
2 PPP is a ratio of currencies calculated so that the
purchasing power (quantity of goods and services that can
be purchased) of each currency is equal. An income of
$3000 in PPP terms in 2002 means people with an income
amount that would allow them to go to the USA in 2002
and make $3000 worth of purchases. This definition was
given in a report prepared jointly by the World Bank
Group's International Finance Corporation (IFC) and the
World Resource Institute.

3 Data are derived from national income and consumption
surveys conducted by national statistics offices in 110
countries. See Appendix A in Hammond et al. (2007).
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conducted with the dual intention of pursuing
economic outcomes by opening up new high-
growth markets and social outcomes by solving
critical social problems in those markets.

As mentioned previously, the most commonly
used quantitative definition of BoP is an annual
income of less than $3000; dividing this number
by 365, we obtain the daily income of people in

Fig. 12.1 Pyramid of the world’s population by income group

Fig. 12.2 Percentage of the
world’s population in
different income groups in
2018 and 1990
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the BoP as less than $8.2. Therefore, in
Fig. 12.2, the bottom nine bars, that is, the area
below the red-dotted line, roughly correspond to
the BoP.4 This shows that in 2018, the BoP
group accounted for 58.6% of the world’s pop-
ulation (yellow bars) compared to 75.6% in 1990
(blue bars) and that the volume zone moved up
slightly from the bottom. In particular, the
number of people living in “extreme poverty”—
those earning less than $1.9 per day (World Bank
2016), or the bottom two bars—has fallen dra-
matically in the three decades since 1990.
Although a large proportion of the population
still belongs to this segment, part of this upward
shift in the volume zone can be considered to be
a result of BoP businesses.

12.3 Birth of the BoP Business

During the post-war period to the 1970s, when
the “Global North and Global South” were
raised, there was criticism that the expansion of
MNCs from developed to developing countries
would lead to the exploitation of the poor.
A growing trend of resource nationalism has
emerged among the newly independent countries
to reclaim for themselves the natural resources
that MNCs had once controlled during the new
imperialist era, which came into conflict with the
interests of MNCs. In 1962, the UN General
Assembly explicitly declared the Permanent
Sovereignty over Natural Resources, which led
to the nationalization of extraction facilities of
MNCs in many developing countries in the
Middle East and South America. In 1964, the UN
Conference on Trade and Development
(UNCTAD) was established to redress the
North–South divide through the promotion of
economic development of developing countries;
at the same time, the Group of 77 (G77), a
coalition to increase the voice of developing

countries, was founded, and various cartels were
formed by producer countries in oil, copper,
bauxite, and other resources. The Declaration for
the Establishment of a New International Eco-
nomic Order (NIEO), adopted in 1974 by the UN
Sixth Special Session of the General Assembly
on Raw Materials and Development, included
the right of host countries to regulate and
supervise the activities of MNCs. In the 1980s,
when it was widely recognized that foreign direct
investment (FDI) could contribute to the eco-
nomic development of developing countries,
many of these countries turned their stance
toward accepting FDI, and shortly afterward,
some emerging countries became even more
welcoming. However, MNCs continued to
operate with an imperialist mindset, viewing
developing countries as places to sell their old
products or squeeze profits out of their sunset
technologies (Prahalad and Lieberthal 2003).

During this period, various social challenges
faced by low-income groups, including poverty,
were addressed through grant aid, preferential
loans, technical assistance, provision of relief
supplies, donations, or volunteer activities by
public bodies such as governments of developed
countries, UN agencies, the World Bank, the
Asian Development Bank (ADB), the African
Development Bank (AfDB), and other non-
governmental organizations (NGOs). In the
1990s, however, after years of official develop-
ment assistance (ODA) failed to produce the
desired results in poverty alleviation while
breeding graft and corruption, developed coun-
tries experienced “aid fatigue,” and key members
of the OECD Development Assistance Commit-
tee (DAC) began to reduce their ODA spending.
Concurrently, the concept of private finance ini-
tiatives (PFI) took root as Western countries
sought to move toward smaller governments,
raising the expectation that the private sector
could finance public services to a greater extent.
This trend was reflected in development aid to
developing countries, wherein the importance of
public–private partnerships (P3) was empha-
sized. Moreover, as the development needs of
developing countries diversify from dealing with
debt crises and structural economic reforms to

4 Since the Gapminder income data set is calculated using
PPP for the benchmark year 2011, there will be some
discrepancies in the definition of BoP when measured in
PPP terms in 2002. This means that the number and share
of people belonging to the BoP group estimated here may
be somewhat underestimated.

204 S. Hasegawa



broader social issues, such as poverty, hunger,
health, the environment, education, and human
rights, it is increasingly recognized that the
administrative approach of governments and
international organizations is limited. In other
words, the prevailing view is that development
projects can be conducted more efficiently by
using private finance and technology, particularly
with the help of MNCs.

Since the late 1990s, there has been growing
momentum for corporate social responsibility
(CSR), which posits that companies have a
responsibility to return profits from their business
to have a positive (or avoid a negative) impact on
the environment and all stakeholders, including
consumers, employees, investors, and local com-
munities. CSR used to be regarded as self-
regulatory and voluntary decisions at the indi-
vidual firm level, although its interpretation and
evaluation varied between countries and regions.
However, CSR has evolved to include mandatory
schemes at national, regional, and international
levels as national governments and international
organizations have pushed companies to develop
sustainable practices, laws, and regulations, and
stakeholders have increasingly demanded it.
Some examples of these programs are the fol-
lowing. First was the ISO 14000 series of envi-
ronmental management standards issued in 1996
in response to the Earth Summit of 1992; second,
the widespread adoption of the concept of the
triple bottom line (TBL) (i.e., the social [people],
environmental [planet], and economic [profit]
bottom lines) in accounting and auditing proce-
dures; and third, the Global Reporting Initiative
(GRI), an NGO launched in 1997 to develop
international standard guidelines for sustainability
reporting by companies and other organizations.

The UN “Global Compact” (UNGC), a non-
binding charter announced by the then-UN
Secretary-General at the World Economic
Forum in 1999 and launched in July 2000 with
the signature of 7,700 companies from 130
countries, required companies to act in a socially,
environmentally, and ethically responsible man-
ner. Signatories were requested to integrate the
ten principles outlined in the UNGC in four
areas, namely human rights, labor, environment,

and anti-corruption.5 Private companies, recog-
nized as an essential force in achieving the
development goals set by the UN for developing
countries, were expected to act as catalysts
through their actions in support of these goals. In
September 2000, with the enactment of the UN
Millennium Development Goals (MDGs), eight
international goals were set with specific targets
to be achieved by 2015 to solve the problems of
developing countries. One of these targets was to
reduce the number of people suffering from
extreme poverty and hunger by half compared to
1990. To achieve these challenging development
goals on time, the traditional approach of relying
on ODA from developed countries or support
and donations from international organizations
and NGOs was insufficient, and expectations of
the role that business activities could play had
become increasingly important. In response,
MNCs and entrepreneurs sought to address
poverty reduction from a business perspective by
providing products and services that meet the
needs of developing countries. This led to the
emergence of BoP businesses.

12.4 First-Generation BoP
Strategies—BoP 1.0

The BoP businesses that emerged in the early
years were essentially attempts by MNCs to
modify existing goods and services and offer
them at lower prices so that people in the BoP
markets could afford them. Poverty was defined
as the deprivation of basic needs such as food
and water, clothing, shelter, sanitation, health,
and electricity. Accordingly, poverty-stricken
people were regarded as suffering from various
disadvantages known as the “BoP penalty”
(Prahalad 2010), which referred to higher costs
of living due to poverty, including transport,
utilities, food, and medicine, among others.

Thus, the role of the BoP business was con-
sidered as elimination of the BoP penalty to

5 As of February 23, 2022, the number of signatories has
grown to 19,616 companies and organizations in 164
countries. For more information, see UNGC (2022).
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enable people to meet their basic needs. To this
end, modifications of existing business models,
such as the small packaging strategy, were sug-
gested to eliminate the BoP penalty and achieve
the 3As—affordability, access, and availability
(Prahalad 2010). The idea is that this will create a
fair market for the poor, improve the standard of
living of the BoP, raise their income, and, con-
sequently, help them move to the next volume
zone (Hammond et al. 2007), opening up new
market opportunities for MNCs. Thus, the BoP
business can be considered a sustainable strategy
for companies. As the “base” part of the pyramid
shifts upward, it may no longer be a pyramid
structure but a diamond-shaped structure with a
thicker mid-layer. This approach to the BoP
market, which seeks to reduce poverty through
consumption, was later coined as BoP 1.0 by
Simanis et al. (2008).

At the time, MNCs from developed countries
did not have much business experience in
developing countries, excluding their former
resource development and procurement activi-
ties. Moreover, MNCs were not accustomed to
doing business in the developing areas of the
world, where markets—a network in which
buyers and sellers interact to exchange goods and
services for money—were essentially nonexis-
tent or poorly functioning compared to those of
developed countries with well-functioning mar-
ket mechanisms. Therefore, MNCs often choose
to work with NGOs and entrepreneurs acting on
the ground. They believed that without partner-
ships with this third sector—the civil sector,
which is neither public nor private—an approach
to the BoP segment, wherein simple aid is inef-
fective, and markets do not function well, would
be infeasible.

Accordingly, BoP 1.0 comprised the follow-
ing three steps:
1. To identify the BoP segment as potential

customers and listen to them deeply to
understand their specific needs and wants.

2. To develop promising solutions for the BoP
by lowering prices, narrowing down features,
redesigning packaging, exploring new distri-
bution channels, and meeting previously
unreachable customers’ needs.

3. To partner with local NGOs/NPOs as medi-
ators in implementing BoP solutions.

One well-known example of BoP 1.0 is the
purified water business of Procter and Gamble
(P&G). As a BoP initiative, P&G launched the
Children's Safe Drinking Water (CSDW) pro-
gram in 2004.6 It provides safe drinking water for
children aged 0–13 years in developing coun-
tries. P&G worked with the US Center for Dis-
ease Control and Prevention (CDC) to invent a
water purification powder and provide sachets of
“Purifier of Water” (PUR) to children in rural
villages and refugee camps. Sachets were used
because the poor could not afford the cost of
buying products in bulk. With just 4 g of pow-
der, a bucket, a spoon, and a cloth, 10 L of dirty
water could be turned into clean drinkable water
in 30 min. P&G did not simply sell the product
through its usual distribution network but worked
with around 70 organizations, including interna-
tional organizations such as the Red Cross and
UNICEF (United Nations International Chil-
dren’s Emergency Fund), as well as local NGOs.

Another example is Unilever’s soap business
in India. In 2002, Hindustan Lever Limited
(HLL), Unilever's subsidiary in India,7 launched
a 5-year health and hygiene education campaign,
“Swasthya Chetna” (‘Health Awakening’), to
promote Unilever's “ Lifebuoy” brand of hygiene
products.8 The program was launched in eight
states of India with the objective of educating
around 200 million people in rural and urban
areas on the importance of health and hygiene

6 See P&G (2022).
7 Unilever set up its first production subsidiary in India,
Hindustan Vanaspati Manufacturing Co., in 1931, a year
after the merger of the British company Lever Brothers
and the Dutch company Margarine Unie to form Unilever.
At the time, India was a British colony before gaining
independence in 1947. This subsidiary changed its name
to Hindustan Lever Limited (HLL) in 1956 and to
Hindustan Unilever Limited (HUL) in 2007.
8 Lifebuoy is a world-leading brand of their hygiene
products launched by Lever Brothers in 1895, which
includes soap, hand wash, body wash, sanitizer, deodor-
ant, and other products. Although it is no longer seen in
developed countries, it is highly recognized in developing
countries, and products produced in India are exported to
the Asian region.
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(Fernando and Purkayastha 2006). Through
demonstrations, interactive visuals, and drama
workshops, mainly in primary schools, HLL
educated children about the effectiveness of
washing hands with soap to prevent diseases.
The children would go home and tell their par-
ents about it, who would, in turn, tell their
neighbors, relatives, and colleagues. Through
this word-of-mouth communication, the concept
of sanitation took root in Indian society. Through
social marketing, Unilever aimed to cause a
behavioral change in two ways: attracting con-
sumers who never used soap and convincing
people to use soap more frequently, thus creating
more users for its brand. Resultingly, Unilever
succeeded in expanding the market for the
company's Lifebuoy products, which had been
introduced in India long ago but had only been
recognized by a small group of wealthy people,
while solving a social problem wherein many
people were suffering from poor health due to
lack of hygiene habits.

12.5 Transformation of BoP
Business

12.5.1 Lack of Success of BoP 1.0

Despite many attempts, BoP 1.0 was not as
successful as expected. Many businesses were
unable to scale or generate satisfactory returns or
failed to address the development challenges of
the poor adequately. Many others continue to
suffer from low profits, small market size, and
slow growth, including Grameen Danone's
nutritious yogurt development in Bangladesh,
Nike’s World Shoe project in China, P&G’s
Nutri Delight (a fortified orange powdered drink)
in the Philippines, and Monsanto's sale of
genetically modified seeds; some of which have
been discontinued. Some assessments suggest
that even P&G's PUR and Unilever's soap busi-
ness, mentioned above, have not performed as
expected (Simanis et al. 2008).

The graph in Fig. 12.3 illustrates the rela-
tionships between business and social agenda
and helps to understand the background of the

poor performance of BoP 1.0 for both companies
and society and provides some hints on how to
address it. It attempts to capture corporate BoP
businesses in a box diagram measured by two
dimensions: corporate profit on the vertical axis
and development impact on the horizontal axis.
Given the trade-off between the two challenges,
the strategy a company can adopt lies in the area
inside (lower left) the frontier curve, shown by
the main diagonal, with the optimal strategy
lying at any point on the frontier. If a company,
located in the top left corner as a profit-seeking
entity, tries to engage in the BoP business, it can
achieve development benefits by sliding down
along the frontier line from the upper left posi-
tion, that is, by sacrificing some of its corporate
profits. When the BoP1.0 venture does not yield
satisfactory profits, it means that the company
has moved below point A at the intersection of
the frontier line with an acceptable profit level
p*. Further, if the BoP business is unsatisfactory
in meeting the development challenge, it means
that it has not moved beyond B at the intersection
with the expected level of development at d*. In
short, unsuccessful BoP businesses are located
somewhere on the line segment AB.

As aforementioned, CSR, UNGC, and the
MDGs are the background factors that have
encouraged MNCs to engage in BoP business;
however, an increase of these exogenous pres-
sures shifts the vertical line set at s* to the right,
such that, ceteris paribus, line segment AB will
become even longer, increasing the likelihood
that BoP businesses will create only unsatisfac-
tory results.

There is a common feature underlying these
unsatisfactory results of many BoP 1.0 ventures:
They were outside-in initiatives to increase con-
sumption in the BoP segment by modifying and
applying existing products and business models
created in developed countries. This was based
on the mindset of approaching the unmet needs
of poorer people. (Simanis et al. 2008; Cañeque
and Hart 2015).

However, several serious problems are asso-
ciated with this approach. First, people in the
BoP segment were viewed as target customers
instead of targets of certain development goals.
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On the MNCs’ side, the BoP business created a
boom at the turn of the twenty-first century, with
the illusion that it would open up unlimited sales
opportunities in markets with huge populations;
however, the civil and public sectors, as well as
the poor themselves, have sometimes criticized
the BoP business as nothing more than a strategy
for selling to the poor.

Second, with no existing product market that
served as a benchmark, neither firms nor
prospective BoP customers had a reference point
from which to assess whether a given product or
service was “needed” (Simanis et al. 2008). This
is why the usual market strategy of understand-
ing potential needs through listening to
prospective customers, identifying the market
segments to play in, and gaining a competitive
advantage could not be applied. While P&G's
PUR business initially saw an enormous poten-
tial need to solve the social challenge of pre-
venting infectious diseases with clean water, the
actual demand generated was so small for the
company that the CSDW project had to shift to a
philanthropic model of health-related social
marketing campaigns in partnership with a global
health NPO (Simanis et al. 2008).

Lastly, outside-in initiatives contain paternal-
istic attitudes and cultural imperialism elements,
which sometimes mean a devaluation of tradition

and culture in the target country. This is likely to
provoke a backlash from non-profit and grass-
roots organizations, as well as from poor people
themselves. In the past, NGOs have often mon-
itored the subsidiaries of MNCs and led boycotts
of their products in protests against environ-
mental degradation and child labor in developing
countries. With such a history of adversarial
relations, the basic needs approach, relying on an
outside-in strategy, does not make it easy to forge
partnerships with NGOs, which are crucial to the
success of the BoP business.

12.5.2 Advent of BoP 2.0

Reflecting on the modest success of BoP 1.0, the
next generation of BoP strategies emerged: BoP
2.0. A key feature of BoP 2.0 is a radically new
approach involving the “co-creation” of products
and value propositions by partnering with people
from underserved communities (London and
Hart 2010). Co-creation refers to working toge-
ther with local companies, low-income commu-
nities, and other actors to create a fortune with
the BoP, which enables a deep process of social
transformation (Nahi 2016). BoP 2.0 not only
aims to focus on markets that previously existed
but were unrecognized and to turn poor people

Fig. 12.3 Relationship
between business and social
agendas
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into customers for its products, as in BoP 1.0 but
also encompasses the following three elements:

1. Involving BoP people in the global value
chain as producers, suppliers, and distributors
and working with them to “co-create” entirely
new markets and business models.

2. Providing employment opportunities for the
poor to increase their consumption through
higher incomes and enhance their human
capital and empower them through labor
participation, training, and education.

3. Engaging BoP people in creative activities
that can generate bottom-up innovation,
enabling the development of environmentally
sustainable technologies with leapfrogging,
and implementing “reverse innovation”
(Govindarajan and Trimble 2012), wherein
innovative products from the BoP flow back
to developed countries.

Thus, theoretically, BoP 2.0 would engender
culturally embedded, socially and environmen-
tally sustainable, profitable, and more “inclusive”
businesses9 which is what the BoP people want.

Thus, BoP 2.0, which seeks to commit the
poor to the supply chains and innovative activi-
ties of MNCs, has been driven by the interna-
tional fragmentation of production—the pursuit
of offshoring strategies by splitting a production
process into different steps—and the establish-
ment of global production networks (Ernst and
Kim 2002; Jones et al. 2005; Coe et al. 2008). As
a result, the role of the BoP has shifted from
being a mere marketplace to a production base
and even a source of innovation.

Unilever’s Indian subsidiary, HLL's project
“Shakti” (meaning empowerment), is often
described as the next-generation BoP initiative
(Prahalad 2010). Although not yet fully successful
in terms of profitability, probably due toUnilever's
heavy financial burden and high turnover, the

project is considered a BoP 2.0 scheme as it
involves “innovation for the last mile”—the pen-
etration of the company's products into tradition-
ally unreachable rural India through direct sales
using local women's channels—while simultane-
ously contributing to society by spreading the
concept of hygiene, and thereby, improving
health, creating employment, improving human
capital, empowering people, and making women
more self-reliant and socially empowered.

HLL set up a sales and distribution organization
that contracts women, called “Shakti Amma,” as
self-employed traders who buy and sell Unilever
products on consignment and receive a success
fee. This enabled Unilever to penetrate rural areas,
where two-thirds of India's population lives, at a
cost more than 10% less than traditional sales
agents, and promote Unilever products through
word of mouth (Rangan and Rajan 2005). In par-
ticular, the expansion of sales of “Annapurna
Salt,” an iodized salt developed by Unilever in
1995, has had a breakthrough effect in preventing
iodine deficiency disorder, which may cause
mental retardation in children, and considerably
contributed to reducing the health problems of
India's low-income population, who do not have
access to a balanced diet. Shakti Amma, now
comprising more than one million women, has
become not only Unilever's favorite customer by
enhancing women’s and their family’s livelihoods
by enabling them to earn the same level of income
as men ($60–150/month), but also an entrepre-
neurial venture that develops women’s skills
through training and on-site practice in product
knowledge, revenue and logistics management,
and contractual concepts, helping women to
become spiritually independent through increased
financial independence and dignity. Additionally,
HLL has played a complementary role in micro-
finance by making Shakti Amma a self-help group
with joint savings and loans among its members,
which, in turn, induces bank loans and new busi-
ness start-ups. In collaboration with local gov-
ernment agencies and NGOs, the project has
effectively recruited and nurtured talented women
with local knowledge and a desire to lift them-
selves out of poverty and become self-reliant.

9 There is no uniform definition of inclusive business, and
people sometimes interpret it differently, but common
features are adopting the principle of nondiscrimination,
to focus on creating new economic opportunities for low-
income populations rather than maximizing corporate
profits. See Likoko and Kini (2017) for more details.
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Figure 12.3 illustrates the logic behind BoP
2.0, which is realized when a company can further
enhance its economic profits or social benefits
without sacrificing either. The social contribu-
tions brought about by Shakti Amma at Unilever's
expense, such as increased employment, poverty
alleviation, spread of market-based economy,
improved health and sanitation, and women's
empowerment, among others, will not necessarily
undermine the company's financial bottom line
because it will lead to a reduction in distributor
commissions, increased productivity through
enhanced human capital of Shakti Amma, and
increased sales through higher incomes for low-
income groups. This means that, as shown in
Fig. 12.3, when starting from BoP 1.0, indicated
by the large circle, and seeking further to increase
the social benefits on the horizontal axis, com-
panies do not need to slide down along the
frontier curve (arrow ①), but can reach BoP 2.0,
while maintaining corporate profit level p* on the
vertical axis (arrow ②). In BoP 2.0, both the
acceptable level, p*, for corporate profit, and the
expected level, s*, of social benefit are met,
making the business sustainable. Therefore, BoP
2.0 is about internalizing the positive production
externalities to create social value through busi-
ness model innovation, rather than relying on

absolute altruism, as in philanthropy, to achieve
the same results.

The transition to BoP 2.0 was driven by not
only companies’ efforts to overcome the flawed
BoP 1.0, but also institutional pressures on MNCs
to put emphasis on social and environmental
aspects. In particular, as Table 12.1 shows, the P3
initiatives in development, successively launched
by various international organizations, acted as a
“focal point” to encourage companies to be more
proactive in fulfilling their social responsibilities
owing to their rational choices. Additionally, they
helped the private sector find solutions to recon-
cile its profitability with social development at a
higher level in difficult market conditions
with high poverty levels by providing specific
policy recommendations and illustrating other
companies’ initiatives as best practices. For
example, the 2004 report of the UN Commission
on the Private Sector and Development,
“Unleashing Entrepreneurship: Making Business
Work for the Poor,” outlined recommendations
for building the capacity of the private sector to
advance the development process set out in the
MDGs, with particular emphasis on providing
opportunities for income generation through
decent work. The growing inclusive markets
(GIM) initiative launched by the United Nations

Table 12.1 Key institutional pressures to engage the private companies in BoP business

1987 UN Brundtland report

Sustainable development was first defined as “development that meets the needs of the
present without compromising the ability of future generations to meet their own needs”

1996 NGO ISO 14000 series

International standards related to environmental management for organizations to
minimize the negative impact of their operations on the environment

1997 NGO/UNEP Global reporting initiative ( GRI)

An international standards organization to support sustainability reporting by companies
and organizations, through developing the GRI guidelines, was first published in 2000 and
updated in 2002, 2006, and 2013

1999 NGO/UN United Nations Global Compact (UNGC)

A non-binding UN pact to encourage companies to adopt sustainable and socially
responsible policies and report on their implementation, calling for compliance with 10
principles on human rights, labor rights, the environment, and anti-corruption

2000 UN Millennium development goals ( MDGs)

Eight international development goals for 2015 that had been established following the
Millennium Summit of the UN in 2000

(continued)
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Table 12.1 (continued)

2004 UN Report: “unleashing entrepreneurship: making business work for the poor”

The UN commission on private sector and development proposed how companies can
create value for the poor in difficult market conditions with high levels of poverty.
Recommendations to enhance the private sector’s ability to advance the development
process outlined in the MDGs

2006 UNDP Growing inclusive markets (GIM) initiative

Presentation of an inclusive business model that brings the poor into the value chain as
consumers, producers, employers, or workers

NGO/UNEP Principles for responsible investment (PRI) initiative

A UN-supported network of institutional investors encouraging signatory investors to
incorporate ESG issues into their investment practices and require their investees to
disclose ESG information based on six non-binding voluntary principles

2007 UNDP Inclusive market development (IMD) approach

Providing support for the development of product and service markets and labor markets to
provide choices and opportunities for poor people as producers, consumers, and workers

2008 UNDP Business call to action (BCtA)

Exploring and promoting business models that can achieve commercial and development
objectives simultaneously through membership networks among relevant players (e.g.,
companies, governments, and development assistance periods)

NGO Global impact investing network (GIIN)

A global network created by the Rockefeller Foundation and other investors to stimulate
impact investing by standardizing the social and environmental impact assessment
indicators

UNDP GIM report: “Creating Value for All: Strategies for Doing Business with the Poor”

The report identifies constraints and solution strategies for inclusive business models based
on 50 case studies

2010 NGO ISO26000

The international standard provides guidance for businesses and organizations committed
to operating in a socially responsible way and comprises seven aspects: organizational
governance, human rights, labor practices, environment, fair business practices, consumer
issues, and community involvement and development

2015 UN Sustainable development goals (SDGs)

Seventeen global goals designed to be a “blueprint to achieve a better and more sustainable
future for all” were set up in 2015 and are intended to be achieved by 2030. The SDGs
were developed to succeed the MDGs, which ended in 2015

NGO/UN SDG compass

A five-step action guideline that provides tools and knowledge for companies to place the
SDGs at the center of their corporate strategy, published by the UNGC GRI and the world
business council for sustainable development (WBCSD)

2016 NPO/UNEP Global reporting initiative (GRI) standards

New sustainability reporting standards to replace the previous GRI guidelines

2022 UNDP SDG impact

Criteria for assessing the extent to which an investment object has an impact on achieving
the SDGs
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Development Programme (UNDP) in 2006, and
its report, Creating Value for All, published in
2008, highlighted the importance of inclusive
business, which involves poor populations in
global value chains as consumers, producers,
employers, and workers, and provided many
different examples of good practices in such
business. Similarly, other UNDP-led strategies,
such as inclusive market development (IMD) in
2007 and business call to action (BCtA) in 2008,
have sought to promote private sector engage-
ment in the BoP development process, with
recommendations on how to build business
models that achieve commercial and development
objectives simultaneously. Similar efforts to get
companies and NGOs to focus more on devel-
opment issues at the BoP can be seen in other UN
agencies, such as Food and Agriculture Organi-
zation (FAO), World Food Programme (WFP),
World Health Organization (WHO), and United
Nations International Children’s Emergency
Fund (UNICEF), with each working in its own
area of expertise. Thus, all these efforts from
international organizations have served as a cat-
alyst for private sector companies to take a more
active role in BoP business while maintaining
their interests.

12.6 Future of the BoP Business

BoP businesses need to and will evolve further to
more effectively address the social challenges
faced by the BoP while concurrently ensuring
corporate profitability. Against this background,
the “BoP 3.0” was recently proposed (Cañeque
and Hart 2015). Although this initiative is still in
an embryonic stage and the real picture has not
yet become clear, some directions can be
discerned.

12.6.1 Open Innovation and Frugal
Innovation

One such direction is to facilitate further “co-
creation,” as implemented in BoP 2.0, and move
toward “open innovation.” As aforementioned,

co-creation involves working with local compa-
nies and other actors to develop new business
models that create value for local communities at
the BoP. Furthermore, open innovation is a dis-
tributed innovation process based on purposively
managed knowledge flows across organizational
boundaries (Chesbrough et al. 2014). In contrast,
traditional “closed innovation,” which is pursued
in-house or through vertical integration, is when
companies seek to build competitive advantages
based on proprietary technology through speed-
ing up new product development. However,
increasing silos of technology have made it
increasingly difficult to create innovation through
in-house research and development (R&D). The
boundaries between a firm and its external
environment have become more permeable due
to lower transaction costs in the marketplace and
advances in information and communication
technology (ICT). Increasing the transfer of
technology and ideas inward and outward
between organizations and individuals can be
expected to stimulate innovation within the
organization, which, in turn, will extend outside
the organization (Chesbrough 2003). Technology
and ideas should not be confined within an
organization but allowed to flow freely to stim-
ulate innovation. Compared to the co-creation
emphasized in BoP 2.0, which was a bottom-up
innovation that was undertaken with the help of
BoP people, open innovation is a more partici-
patory grassroots innovation that harnesses the
knowledge of the “cloud” distributed across dif-
ferent sectors and actors—private, government or
citizens, or formal or informal—to create solu-
tions that were previously unforeseeable (Cañe-
que and Hart 2015).

As an extension of this open innovation,
“frugal innovation” has attracted growing atten-
tion in recent years (Zeschky et al. 2011; Bhatti
and Ventresca 2013). It is called “frugal” as it is a
way of developing products and services that are
more affordable and easily accessible by only
implementing necessary features. It is frugal
because it meets the basic needs of the BoP in a
lean way, thus conserving resources and making
societies and the planet more sustainable. Frugal
innovation is a locally adaptive solution that
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develops and provides products and services that
are “good enough” and affordable to meet the
needs of consumers under severe financial, tech-
nological, material, and other resource constraints
(Bhatti and Ventresca 2013), meeting the needs of
BoP people who would otherwise be unable to
afford existing products and services. Frugal
innovation is a model of the social contribution
that emphasizes the reduction of the global
environmental footprint by providing products
and services in a resource-saving manner. In other
words, frugal innovation reduces public bads
(negative externalities), whereas the conventional
BoP business aimed to contribute to society by
expanding public goods (positive externalities),
that is, by alleviating poverty through delivering
products and services to the poor.

However, this may not be an easy task for
MNCs from developed countries as their busi-
ness models and organizations are traditionally
designed to develop advanced products for the
few affluent people at the ToP. To overcome
such strategic and organizational barriers and
achieve frugal innovation, it is necessary to
provide a substantial degree of autonomy to local
subsidiaries of MNCs to enable them to deploy
open innovation (Zeschky et al. 2011).

12.6.2 Business Ecosystem

The second direction for BoP 3.0 is to use the
business ecosystem. A business ecosystem is an
economic community comprising many loosely
interconnected participants (Clarysse et al. 2014).
These participants, organizations or individuals,
come together in such a community “in a partially
intentional, highly self-organizing, and even
somewhat accidental manner” (Moore 1998,
p.169). These participants include customers,
suppliers, workers, competitors, and other stake-
holders, such as financial institutions, trade asso-
ciations, standards bodies, labor unions, and
governmental and quasi-governmental institu-
tions (Moore 1998). In the context of BoP, human
resource cultivators, supply chain players, tech-
nology and microfinance providers, and even
neighboring residents, are constituents of the

business ecosystem. Their relationships could be
cooperative or competitive, with each participant
specializing in a particular activity and depending
on each other for their mutual performance. In
other words, the collective efforts of many par-
ticipants create value, but individual efforts have
no value outside of the collective effort (Clarysse
et al. 2014). Unlike conventional inter-firm net-
works, which tend to be geographically dense,
business ecosystems form value networks dis-
tributed globally.

BoP 2.0 emphasized the need to engage people
from the BoP community in the local activities of
MNCs to promote bottom-up innovation. How-
ever, since an ecosystem is a network of actors
with many horizontal (Moore 1996) as well as
vertical relationships, many of its members fall
outside the traditional value chain, which is
formed by a linear process from upstream to
downstream (Iansiti and Levien 2004). Thus, the
innovation model of BoP 2.0 will be unable to tap
into the diversity of species inhabiting the
ecosystem. For BoP businesses to evolve further,
it is necessary to incorporate companies as part of
a larger ecosystem (Cañeque and Hart 2015). It is
not about involving the BoP people in their global
value chain but about the MNCs themselves
becoming part of the business ecosystem, locally
embedded and extending beyond regional
boundaries. Therefore, it is essential to view the
business ecosystem as a foundation for innova-
tion to exploit the potential of open innovation
discussed above fully.

Innovation in business ecosystems focuses on
the customer (demand) side rather than on techno-
logical activities; in other words, it aims to generate
value for the customer rather than new knowledge
(Clarysse et al. 2014). Firms can collaborate with
other participants in the business ecosystem to
create solutions and deliver value that customers
alone cannot create (Moore 1993). Such innova-
tions may involve the creation of new markets and
are well suited to the relatively small and poorly
defined commercial opportunities that need to be
pursued (Clarysse et al. 2014); therefore, it is a
suitable model for innovation at the BoP.

At the BoP, the market economy—a network of
buyers and sellers interacting to trade goods and
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services—does not function as it does in developed
countries; the participants in the ecosystem include
not only companies but a wide range of actors,
seamlessly and intricately linked together to form a
single business sphere. It is not based on market
principles but on the dominant principles of a
community—a group whose ties are based on trust
through profound human interactions, such as
bonds, blood relations, geographical ties, cama-
raderie, and ethnic cohesion, which are maintained
through implicit contracts. Many poor people are
engaged in the informal sector and deprived of legal
ownership, property rights, and education rights,
among others, which are largely beyond the reach
of normalmeans of distribution, credit transactions,
and communication.

Therefore, it is essential for MNCs to network
with these non-traditional actors, especially if they
want to create non-economic and social value. The
strength of MNCs is that they can reorganize their
ecosystems in a way that is not solely based on
customary mechanisms, as in the past, by bringing
in transparent market mechanisms. For this pur-
pose, ICT can be used, as it helps to eliminate
opportunistic behavior (Williamson 1985)—selfish
actions, such as cheating or shirking, which will
undermine the potential of the transactions—by
reducing information asymmetries between buyers
and sellers, thus allowing the market mechanism to
function and realize fair trade. Further, ICT can
enable joint tasks between organizations and indi-
viduals within the business ecosystem through
Internet-based technologies in conjunction with
face-to-face interaction (Corallo et al. 2007), thus
connecting companies and individuals in the same
ecosystem across traditional industry sectors and
national boundaries. By evolving business ecosys-
tems into digital business ecosystems, each com-
pany or individual will be able to exchange digital
knowledge with other members and add one or
more aspects of product or service value to the value
created by the ecosystem (Tapscott et al. 2000),
enabling the provision of customized solutions to
people at the BoP.

However, the process of building relation-
ships and creating business ecosystems with
many different stakeholders is lengthy and path
dependent. Moreover, companies need to play a

pivotal role in the ecosystem to orchestrate the
coordination of interests, conceive a business
model that satisfies social needs, and secure their
own profits, which can be a daunting task.
However, this is precisely why it can be a source
of sustained competitive advantage by accumu-
lating resources that are difficult to imitate and
prevent others from entering (Barney 1991).

In this respect, solving social problems and
pursuing economic interests, which were once
thought to be opposites, can now be perfectly
aligned. Reflecting on Fig. 12.3, we understand
that this situation, wherein companies can increase
their economic profits, or rather their sources of
competitive advantage, by addressing these social
challenges, can be illustrated by the shift of the
frontier curve, which shows the feasible combi-
nation of the two trade-offs, to the upper right, and
the corresponding shift of BoP business to BoP 3.0
(arrow③). Such a leap can be made through open
innovation, which leverages thewidely distributed
knowledge across BoP communities; frugal
innovation, which is resource conserving and
genuinely meets the basic needs of BoP people;
and inclusive innovation, which comes from
embedding companies in ecosystems and building
truly inclusive businesses.

12.6.3 Sustainable Development

The third direction for BoP 3.0 is to broaden the
perspective of the challenges faced by the BoP,
from poverty reduction to sustainable develop-
ment. Initially, BoP businesses’ motivation was
focused on alleviating poverty by leveraging the
resources and capabilities of the private sector,
especially MNCs, to deliver products and ser-
vices affordable to the BoP population (BoP 1.0),
and then providing them with the means to earn a
living (BoP 2.0). However, it is becoming
increasingly important to consider TBL and
incorporate other development challenges such
as environmental sustainability.

The SDGs, adopted at the UN Summit in
September 2015, set 169 specific targets in 17
areas of development goals for 2016–2030. They
were introduced as successors to the MDGs,
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which expired in 2015 and comprised eight set
goals. In addition to poverty, hunger, and health,
which were emphasized in the MDGs, the SDGs
encompass a wider range of environmental issues,
including climate change, energy, and ecological
system, as well as other social issues such as
human development, decent work, women's
empowerment, and inequality. The BoP faces all
of these challenges, and overcoming them is
defined as an essential condition for sustainability.
Hence, the SDGs have a high affinity with the BoP
business, and as the SDGs gain ground, compa-
nies are likely to become more proactive about
engaging in “SDG business management” and
incorporating those goals into BoP businesses.

Recently, there has been increasing pressure
from investors to enable companies to adopt SDGs
in their business. Table 12.1 summarizes some of
the major developments. This pressure originally
started as socially responsible investing (SRI), an
investment practice that requires investee com-
panies to manage their businesses in a CSR-
oriented manner. After the manifestation of envi-
ronmental problems on a global scale since the late
1980s and the spread of the TBL concept in the
1990s, SRI has become more active. Companies
have been evaluated in terms of the environment
(environmental impact such as global warming
and resource destruction) and society (impact on
social stakeholders, poverty alleviation, and
reduction of inequality), as well as corporate
profitability, and investors’ decisions have been
made based on these three aspects. In 2006, the
UN announced the principles for responsible
investment (PRI).10 The subsequent increase in
the number of institutional investors signing up to
the PRI accelerated the trend toward incorporating
an assessment of G (governance: appropriateness
of corporate management processes) into their
investment decisions, in addition to those on TBL
(financial, environmental, and social bottom
lines), which has come to be known as “ESG
investing”—prioritizing optimal environmental,
social, and governance factors or outcomes. In the

aftermath of the 2008 financial crisis, ESG
investing expanded rapidly (Global Sustainable
Investment Alliance 2021) in response to the
criticism that excessive capitalism and over-
stressing short-term returns caused instability in
financial markets. More recently, “impact invest-
ing,”which places greater emphasis on the impact
of social and environmental issues (Brest and
Born 2013), has grown even faster than ESG
investing. These ESGs and impact investment
decisions require investee companies, particularly
MNCs, to internalize the positive and negative
social externalities they generate as a cost of
capital. Concurrently, they are known to place
high demands on the financial profitability of
investees.11 In Fig. 12.3, such changes in inves-
tors’ behavior mean that while maintaining (or
even shifting upward) the acceptable level of
profitability, p*, the expected level of develop-
ment impact, s*, will shift further to the right.
Unless the BoP business model is further evolved
by integrating it with SDG business management,
it will be difficult to achieve a balance between
corporate profits and social contribution.

12.7 Concluding Remarks:
Sustainable Societies
and MNCs

The development challenges contained in the SDGs
are not just for the poor, butmanyof themneed to be
addressed by the international community as a
whole, including those belonging to the ToP and
MoP in developed and emerging countries. As
SDGs emphasize the importance of multi-
stakeholder partnerships, the resources and capa-
bilities of the private sector, especially those of
MNCs, are expected to play a major role in
addressing these challenges. In SDG business

10 As of the end of 2021, the PRI has 4679 signatories in
more than 80 countries around the world, up from 81
signatories in 2006. For more information, see PRI (2022).

11 In 2018, in an effort to attract more private capital into
the SDGs, UNDP began developing the SDG impact, a
set of criteria for assessing the extent to which an
investment object has an impact on achieving the SDGs,
which is expected to be operational by the end of 2022.
Additionally, in 2020, UNEP FI (UN Environment
Programme Finance Initiative) launched a tool for banks
to measure the impact of their loan portfolios.

12 BoP Businesses of Multinational Corporations and Sustainability 215



management, as in BoP business, the essential
question is how to reconcile social and economic
interests. Therefore, an effective approach to SDG
business management is to advance the “analytic
generalization” (Yin 2017), which describes the
logic of the BoP business as a relationship between
abstracted key variables and to increase the gener-
alizability of the model in SDG business manage-
ment. Additionally, it will be possible to provide
valuable implications for the BoP business based
on the findings of the SDG management analyses.

For example, frugal innovation, which was
initially focused on BoP customers, could be
applied as a concept to address issues, such as
environmental (e.g., global warming, ocean pol-
lution, deforestation), demographic (e.g., aging
population, population decline, and explosion),
and socioeconomic changes (e.g., widening
inequality, increasing cross-border migrations), on
a global level (Agarwal and Brem 2017). More-
over, the growing interest in resource-conscious
and minimalist consumption in developed coun-
tries suggests that the concept of “frugality” may
also be applied in these markets. Such application
to markets other than BoP may enable the gener-
alization of the theory of frugal innovation beyond
just “cheap” innovations to the creation of sus-
tainable innovations that are more “resource effi-
cient” (minimizing the use of resources such as
water, electricity, and time) and have a higher value
proposition (i.e., better quality, ease of availabil-
ity). The same holds true for reverse innovation as
well. Reverse innovation, which initially emerged
as a product of BoP business practices, served as a
useful business model in the recovery process in
Japan, where the tsunami caused by the Great East
Japan Earthquake in March 2011 devastated life-
lines (Cañeque and Hart 2015).

A report released by the UN in 2019 warns that
while progress toward SDGs has been made in
some areas, overall, countries are significantly off
track with respect to achieving the goals within the
target timeframe (UN 2019). The COVID-19
pandemic, which began in early 2020, has further
delayed these efforts, and progress toward these
goals has stalled or even regressed in many areas,
including poverty, hunger, health care, education,
and inequality. However, the pandemic has pro-
vided a great opportunity for countries to change

the course of this current trend and build recovery
plans to change consumption and production pat-
terns for a more sustainable future. In other words,
countries should avoid returning to the ways of the
pre-pandemic world and redesign their economies
and societies to bemore sustainable and resilient to
build a better world. In the “with COVID-19”
period, or toward the “after COVID-19” era, how
can we balance business with social challenges
such as ensuring public health, establishing a new
normal in response to workplace and lifestyle
changes, and ensuring equitable distribution
among stakeholders? How are we to restore global
supply chains disrupted by border blockades and
the contagion of economic shocks? (Baldwin and
Freeman2020;Hasegawa2021) Furthermore, how
shouldwe go about developing business continuity
planning (BCP)? These are pressing issues for
companies globally, and MNCs need to redefine
their role in rebuilding their global production
network from SDG perspectives.

Shortly after BoP businesses garnered atten-
tion, the concept of “creating shared value” (CSV)
was proposed as a way for companies to combine
the pursuit of economic profit with social contri-
bution (Porter and Kramer 2011). CSV implies
that when a company creates social value by
addressing social issues and problems, it also
creates economic value. Unlike CSR, which is
based on the premise that solving social problems
and pursuing economic profit are incompatible,
and companies must sacrifice profits in the spirit
of philanthropy, CSV aims to integrate social
contribution and business. According to Porter,
CSV is a strategy that allows companies to gain a
competitive advantage over their rivals in a dif-
ferentiated way (Porter and Kramer 2011). By
boldly challenging social needs, which were
previously left to public bodies or the not-for-
profit sector, or abandoned altogether, and meet-
ing those needs in themarketplace, companies can
create economic value that their competitors never
could. Thus, rather than looking for a compromise
between economic and social interests, CSV
focuses on creating synergies between the two in a
mutually enhancing relationship, which is quite
similar to the BoP 3.0 concept.

If the seeds of CSV business lie in unmet social
needs (Kramer and Pfitzer 2016), such needs are
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inexhaustible at the BoP of developing countries
and in other regions, including developed coun-
tries and emerging economies. Many developed
countries are facing social problems such as aging
population with declining birthrate, population
decline, and increases in cross-border migrations.
Issues such as gender inequalities, social dispari-
ties, human capital degradation, and lack of decent
living are common challenges globally, not just in
the BoP market. On a planetary scale, meeting the
needs of the world's population, which is expected
to reach 9 billion by 2050, while achieving growth
without exceeding the available resources (e.g.,
food, water, and energy) or causing environmental
devastation, is an extremely difficult agenda for
humanity. CSV,BoP 3.0, and SDGbusinesses aim
to make this possible.

Companies must take the initiative to solve
social challenges and gain a competitive advantage.
This is what the “new capitalism” based on CSV is
all about, and the same is true for BoP 3.0 and SDG
business management. If realized, new capitalism
will be far more powerful and effective than tradi-
tional capitalism, comprising profit-maximizing
businesses and wealth-redistributing govern-
ments, and will be the engine that drives social
change toward sustainability. The question of how
to reconcile economic and social interests by inte-
grating findings and insights that have been con-
ceived under different terms and concepts, such as
BoP business, SDG business management, CSV,
social businesses, and inclusive businesses, among
others, is a key issue for business practitioners,
scholars, and policymakers and will become
increasingly relevant in the coming years.
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13Global Food Security, and Economic
and Agricultural Development

Masahiko Gemma

Abstract

This chapter aims to present factors affecting
global food demand and supply conditions
and to find potential solutions to global food
security problems. First, the factors determin-
ing the supply and demand conditions of food
are detailed in relation to the linkages among
food, agriculture, and rural development.
Second, Japan's success in securing food in
the early stage of economic growth as a
developing country is presented as example.
Discussions on supply and demand determi-
nants in the first part are needed to understand
the reasons for success in achieving Japan’s
food security objectives. Policy implications
are derived for developing countries that
struggle to ensure global food security. Read-
ing this chapter will assist the readers in
discussing potential solutions to global food
security problems. Climate change issues are
also discussed in relation to global food and
energy security. We examine the effectiveness
of crop-based energy production and potential
conflicts with food production using examples
from Japan and the United States of America.

Keywords

Global food security � Developing countries �
Agricultural and economic development �
Food problem

Global food security issues are discussed in
relation to economic and agricultural develop-
ment in this chapter.

13.1 Introduction

Zero hunger of Goal 2 in SDGs aims to end
hunger and to achieve food security and improved
nutrition and promote sustainable agriculture.
This chapter directly considers the means to avoid
hunger and malnutrition and to foster sustainable
agriculture in both developing and developed
countries.

This chapter is also related to other SDGs. No
poverty of Goal 1 can be debated in terms of the
changes in social welfare. Social welfare is
defined as the sum of consumer surplus, producer
surplus, and government surplus in welfare eco-
nomics. The process of economic development is
considered as the procedure of the enhancement
of these three surpluses. Income distribution is
considered as divisions of social welfare among
consumers, producers, and the government.

Goal 7 of access to affordable, reliable, sus-
tainable, and modern energy for all can be also
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discussed using an example of biomass-based
renewable energy generation by the agricultural
and food sector.

Sustainable consumption and production pat-
terns of agricultural and food products are dis-
cussed in this chapter for Goal 12. This chapter
also talks about multi-functionality of agricul-
ture. Agriculture is the only industry that can
positively contribute to climate change chal-
lenges (Goal 13) through photosynthesis in crop
production. Greenhouse gases are emitted in
animal production. Life on land is also consid-
ered important in agriculture related to Goal 15
within the framework of multi-functionality of
agricultural land and rural areas.

We start with what we should know about
food security. On the occasion of “World Food
Summit” in 2006, it was confirmed that “food
security exists when all people, at all times, have
physical and economic access to sufficient, safe,
and nutritious food that meets their dietary needs
and food preferences for an active and healthy
life.” Food security has four interrelated elements:
availability, access, utilization, and stability as
summarized by Australian International Food
Security Research Centre (2014) in the below.

Availability is about food supply and trade,
not just quantity but also the quality and diversity
of food. Improving availability requires sustain-
able productive farming systems, well-managed
natural resources, and policies to enhance
productivity.

Access covers economic and physical access
to food. Improving access requires better market
access for smallholders allowing them to gen-
erate more income from cash crops, livestock
products, and other enterprises.

Utilization is about how the body uses the var-
ious nutrients in food. A person’s health, feeding
practices, food preparation, and diversity of their
diet and intra-household distribution of food all
affect a person’s nutrition status. Improving uti-
lization requires improving nutrition and food
safety, increasing diversity in diets, reducing post-
harvest loss, and adding value to food.

Stability is about being food secure at all
times. Food insecurity can be transitory with
short term shocks as a result of a bad season, a
change in employment status, or a rise in food
prices. When prices rise, it is the poor who are
most at risk because they spend a much higher
portion of their income on food. Social nets can
play an important role in supporting people
through transitory food insecurity.

Food security is still at risk even in the
globalized world. According to FAO et al.
(2000), “prior to the COVID-19 pandemic,
almost 690 million people, or 8.9% of the global
population, were undernourished.” This number
is in increase. The number of undernourished
people is expected to exceed 840 million by
2030 if the current trend continues. Achieving
Goal 2 of zero hunger in SDGs is not feasible
without improved actions.

We would like to understand demand and
supply determinants for food in Sect. 13.2 before
discussing food problem in developing countries
in Sect. 13.3. Shortage of agricultural products
not only dangers food security, but also jeopar-
dizes the process of economic development in
developing countries. This is understood as food
problem. Lessons learned from the Japanese
experiences in overcoming food problem are
discussed in Sect. 13.4. Policy implications are
derived in Sect. 13.5.

13.2 Demand and Supply
Determinants for Food
and Agricultural Products

In microeconomics, demand is considered as a
function of income and prices. Changes in per
capita demand on food and agricultural products
are determined by the sum of the changes com-
ing from income and the changes originating
from prices. The national-level demand can be
also influenced by the changes in national pop-
ulation. The relations can be summarized in the
below.
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National Level

Demand on Food ¼ Population� per capita demand

Change in demand = Change in Population

+ Change in per capita Demand

Determinants
1: IncomeChange

2: Price Change

�

¼ Change in Population

þðgI � Change in per capita Income)

þðgp � Change in Price)

ηI Income elasticity of demandChange in per
capita demand (%) when per capita income
increases by 1%.

ηp Price elasticity of demandChange in per
capita demand (%) when price increases by
1%.

Since income elasticity of demand is larger in
the absolute value than price elasticity for agri-
cultural and food products, per capita income and
population are the critical determinants for the
national-level demand in developing countries.
When income elasticity of demand is negative,
the item is called as inferior good. For the esti-
mation of the future changes in demand, an
important macroeconomic indicator of economic
growth rate is typically utilized as proxy for the
rate of change in per capita income. The infor-
mation on per capita income is not easy to obtain
even from the household survey. It is not often
accurate as respondents tend to keep the private
information such as revenue information secrete.
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D
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zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{Change in per capita food demand ð%Þ

N Population.
I National income.
P Price.
ηI Income elasticity of demand (% change in

demand divided by 1% change in income)
Change in per capita demand (%) when per
capita income increases by 1%.

ηp Price elasticity of demand (% Change in
demand divided by 1% change in price)
Change in per capita demand (%) when
price increases by 1%.

Let me explain how the demand estimate can
be made using a numerical example.

Example of demand predictions
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¼ 0:8%þ �1:8ð Þ � �1%ð Þþ �1%ð Þþ �0:1ð Þ � �1%ð Þ
¼ 2:7%

) ¼ 0:027ð � Ratio taking 1 as baseÞ
D2021 ¼ 1:50 ðmillion tons)

D2022 ¼ D2021 � 1þ 0:027ð Þ ¼ 1:50� 1:027

¼ 1:54 1:5405ð Þ ðmillion tons)

D2023 ¼ D2021 � 1þ 0:027ð Þ2¼ 1:50� 1:027ð Þ2
¼ 1:58 1:5821ð Þ ðmillion tons)

The following is a set of assumptions to char-
acterize the rice economy in Taiwan. Assuming
the rice demand in 2021 was 1.50 million metric
tons, we attempt to predict the rice demand for
the following two years (2022 and 2023).

Population growth rate: ΔN/N � 100 = 0.8%
Change in national income: D(I/N)/((I/N))

100 = −1% (Economic growth rate is often used
as proxy).

Rate of price change: DP/P � 100 = −1%
(With advancement in trade liberalization,
domestic prices tend to decline.)

ηI: Income elasticity of demand (% change in
demand divided by the % change in per capita
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income) = −1.8 (This food item is considered as
inferior good).

ηp: Price elasticity of demand (% change in
demand divided by the % change in price) =
−0.1 (All the food items are normal goods.
Every ηp is negative).

As for supply determinants, there are two
ways to increase agricultural production (supply
of products): ① increase in input use and ②
improvement in total factor productivity (TFP).
TFP can be improved through (a) technical
change and (b) improvement in production effi-
ciency. This analytical framework can apply to
all products including agricultural and food
products.

How does (b) work? If incentives to work
hard function, or education and training are
implemented, production efficiency improves
relative to the peer producers with best practice.
TFP will be improved, then production goes up.

Assuming Y is output and I is total input
(aggregated figure for all the inputs),

Y: Output DY : Output change DY
Y : Rate of

change in output.
I: Total input.
Y
I : Total factor productivity (TFP).
We can derive the relationship among the

change in output, the change in total input and
the change in TFP on the right-hand side from
the numerical relations among output, total input,
and TFP on the left side.

Y ¼ I � Y
I
) DY

Y
� 100

¼ DI
I
� 100þ D Y

I

� �
Y
I

� 100

We utilize the equation on the right-hand side in
the above to conduct growth accounting studies
to examine the sources of output growth.

Why do we use rates of change for empirical
analyses? This is because we can be free from
problems with aggregation of inputs measured in
different units by using rates of changes in
showing the relationship between output and the
sources to influence the output (inputs and
productivity).

The rate of change in total input can be
measured by the following equation.

DI=I � 100 ¼ 0:6 � DL=L � 100þ 0:4 � DK=K
� 100

0.6 and 0.4 are the weights measured in cost
shares. Cost shares become the weights in the
calculation of total input for a Cobb–Douglas
type production function. We assume that the
production function is a Cobb–Douglas type of
Y ¼ a0 La1Ka2, where a1 = wL/PY and a2 = rK/
PY under the profit maximization principle for
the behavior of producer.

Which approach is preferred to increase
output?

① increases in input use or ② improvement
in total factor productivity (TFP)?

② is preferred to ①. This is because ② can
save costs and maximizes profit. ② is also a
sustainable approach. This leads to environmen-
tal conservation.

Historically speaking, ② improvement in
total factor productivity (TFP) explains approxi-
mately 70% of output growth for Japanese agri-
culture over the past 120 years.

For most developing countries, because of
lack of (a) “technical change” and (b) “improve-
ment in production efficiency”, ① “increasing
use of total input” is the dominant determinant
for output increase. Developing countries need to
move to Approach ②. We will discuss the
approach by Japanese agriculture in Sect. 13.4
and policy implications in Sect. 13.6.

13.3 Food Problem in Developing
Countries

In the process of economic development, the
speed of increase in demand on agricultural
products exceeds the speed of increase in the
supply of agricultural products. This results in
increase in the prices of agricultural products.
The nominal wages in non-agricultural sectors
need to be raised. This slows down the speed of
economic development (through slowdown of
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enlargement of non-agricultural sector activities
mainly in the manufacturing sector). We call this
challenge in economic development as food
problem. We would like to discuss how food
problem happens first. We will then consider the
short-run and long-run solutions to food problem
using Fig. 13.1.

In our economic development model for devel-
oping countries, we assume the following in the
agricultural product market and the labor market in
the non-agricultural (manufacturing) sector.

①Industrial development is a key for eco-
nomic development. In the history of economic
development in Japan, the manufacturing sector
developed about 15 times faster than the agri-
cultural sector for 1880–1980. Other industrial-
ized countries followed the same path as Japan.

②The wage is set at the lowest for survival
(in the subsistence level) in the non- agricultural
sector. We assume that labor supply exceeds
labor demand. (A large proportion of the workers
is under unemployment.)

③Food (agricultural products) is a wage
good. (The share in the total expenditure is high
so that the nominal wage is influenced by the
price level of food (agricultural products).) The
food price is an important determinant of the

nominal wage in the non-agricultural sector.
Even powerful employers need to agree to a pay
raise in the nominal term to avoid a decline in
labor productivity.

Here is the explanation of the labor market in
the manufacturing sector shown in (b) of
Fig. 13.1.

1. We assume that the manufacturing sector is
labor intensive.

2. Supply curve of labor (SL0) is flat in devel-
oping countries. The wage level is constant.

3. W0 is the subsistence level of wage, which is
the minimum level of wage for survival. This
is the minimum level of wage to keep workers’
basic health conditions to continue working.

4. Since SL0 is flat, even if demand for labor
(DL0) shifts to a higher level of (DL1), the
minimum or subsistence wage stays at the
same level of W0.

5. The blue and black line areas (the shaded
areas) are the total revenue, which is equiv-
alent to the producer’s willingness to pay for
wages (value marginal product of labor
(MPL * P).

6. The black area is the total wages paid to the
workers.

Fig. 13.1 Dual-sector model in economic development.
Note The author has been benefitted from Hayami and
Goda (2002) and Hayami (1986) regarding their debates

on agricultural development using the dual-sector model
of economic development developed by Lewis (1954)
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7. The difference between the producer’s will-
ingness to pay (revenue) and the wages they
pay is the producer’s surplus (profit) which
can be used for reinvestment in the next year.

8. Reinvestment can shift DL0 to the right (like
to the location of DL1) to make the surplus
even larger in the next year. This reinvest-
ment cycle in the manufacturing sector can
lead to economic development. (The GDP
share in production is large for the manufac-
turing sector.)

9. Land is not such a limiting constraint for the
manufacturing sector as the agriculture sector.

When increase in agricultural product prices
happens, the following will be observed in
developing countries.

1. The Engel Index of 60–70% is a typical range
of the share for food and beverages in the
total household expenditure in developing
countries.

2. The engine for economic growth is not the
agriculture sector, but the manufacturing
sector. Land is not such a limiting constraint
for the manufacturing sector as for the agri-
culture sector.

3. The increase in agricultural products (food)
prices has a negative impact on the manufac-
turing sector's growth because it would
necessitate an increase in nominal wages to at
least keep real wages constant. Nominal wage
raise would become necessary by employers in
the manufacturing sector because the nominal
wages were in the subsistence (minimum)
level. Labor productivity would decline if
employers do not raise nominal wages.

4. The surplus (profit) that the producer in the
manufacturing sector enjoys becomes smal-
ler. The speed of the growth in the national
economy as well as the manufacturing sector
will slow down.

The solution to food problem in the long run
is to shift the supply curve to the right by
reducing the cost of production through technical
change. This can be achieved through technology
transfer from developed countries.

Since successful technology transfer requires
human resource development and improvement
in agriculture and rural infrastructure, it is a time-
consuming process to overcome food problem in
developing countries. In the short run, the
country can, assuming lower international prices,
choose to import the difference between Q1’ and
Q0. However, the import necessitates domestic
reserve in foreign currencies to import.

Alternatively, food aid from bilateral and mul-
tilateral donors can be another shot-run solution for
the developing countries. What we observemost is
cheap food policy. The governments often inter-
vene to the agricultural product market to keep the
prices low.The governments exclusively buy at the
price of P1 and sell at P0 where P0 < P1. < P1*.
Food rationing is frequently present. Many relied
on this third option in Africa. However, this
approach called “cheap food policy” has a struc-
tural problem. Incentives for agricultural producers
to producemore remain low. The supply curvewill
not significantly shift to the right.

13.4 Japanese Experiences
for Overcoming Food Problem

Japan overcame food problem by shifting the
supply curve of agricultural products to the right.
We would like to learn lessons from the experi-
ences of Japan. Agricultural product prices were
kept low to avoid the hike in real wages in non-
agriculture. We study the history of agricultural
development in Japan in relation to economic
development to understand what is needed to
shift the supply curve. Policy implications are
derived for the countries which are still strug-
gling for food problem.

The agriculture sector subsidized the manu-
facturing sector in the early stage of economic
development in the Meiji period. A new land tax
scheme was introduced. Feudal tax (in kind)
levied in proportion to quantities was replaced by
a cash tax system. This (land tax) source of
revenue accounted for 70% of the Meiji gov-
ernment revenue. Modernization of the Japanese
economy was made possible using the govern-
ment revenue from land tax.
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The tax rates were determined in relation to
the land value. 3% of land value was annually
imposed as land tax. Many small-scale farmers
failed to pay for the land tax and had to give up
land ownership. Disparities in land asset owner-
ship and income enhanced among rural house-
holds as a result.

Technologies imported from Europe and
North America did not work for agriculture. The
agricultural technology suited for large-scale
production in dry areas was not useful for Japa-
nese agriculture in wet areas. Instead, improve-
ment of indigenous rono (veteran farmers)
techniques through the application of modern
science was set as means for agricultural devel-
opment. Technology developed was intended to
increase land productivity and was biased toward
land saving. Scarcity of agricultural land repre-
sented the major constrain on agricultural
development in Japan. New technology has been
induced to develop for saving a scarce factor of
production following the induced innovation
hypothesis (Hayami and Ruttan 1985).

In terms of sources of growth (supply deter-
minants), the contribution of total factor pro-
ductivity (TFP) has been dominant in Japanese
agriculture. When Japanese agriculture was
rapidly expanding its production in 1880–1920
in order to conquer food problem, the growth in
TFP accounted for 67% of the output growth as
shown in Table 13.1. Domestic technology
transfer of land saving technology was encour-
aged by the government to localize high yielding
rice varieties from Southern and Western Japan
in Northern and Eastern Japan.

The Japanese government helped the process
of domestic technology transfer with the policies
listed in Table 13.2. Rice yields (land produc-
tivity) increased significantly because of (1) de-
velopment of a nationwide network of research,
experimental, and extension stations, (2) im-
provement in land infrastructure, and (3) increase
in availability of chemical fertilizer. High yield-
ing rice varieties are heavy in grains. The height
of rice plants should be short to stand firm even
in rainstorms. Better water control became
required for the high yielding rice varieties. Land

improvement efforts to install irrigation and
drainage facilities in rural areas have been made.
The government assisted the efforts by local land
improvement associations with easier decision-
making rules and formal legal status of the land
improvement associations and financial supports
through the newly created public financial insti-
tution which was able to provide long-term soft
loans.

13.5 Conflicts Between Energy
Security and Food Security
Goals

Securing natural resources for energy use has
been always a challenge for natural resourceless
countries like Japan. The use of biomass
resources was thought to be a good idea when
crude oil and other natural resource prices were
record high in the 2000s before the economic
crisis happened in 2008.

In the USA, a promotional policy to produce
bioethanol from maize started. This created a
conflict between energy crop and food crop in
land use. The agricultural product prices as well
as land prices soared. Biofuels came out from
agricultural land, competed with food and thus
endangered food security.

Table 13.1 Sources of growth in Japanese agriculture

Annual
growth
rate in
output
(%)

Annual
growth rate
in total
input (%)

Annual
growth
rate in
TFP (%)

1880–1900 1.5 0.3 1.2

1900–1920 1.8 0.8 1.0

1920–1935 0.9 0.5 0.4

1935–1945 −1.8 -1.1 -0.8

1945–1955 3,3 2.2 1.1

1955–1965 3.2 0.4 2.8

1965–1980 0.3 -1.1 1.4

1980–1995 −0.6 -2.1 1.5

Source Adapted from Hayami and Godo (2002),
Table 4.4 on Page 99
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As land stays scarce in Japan, promotion of
energy crop production is not desirable. Use of
the second-generation (more efficient) technol-
ogy is an option. High cost of production is a
problem. Direct use of local forest resources such
as wood chips is becoming popular in the local
level in Japan. There is no significant develop-
ment of bioethanol production beyond pilot
cases.

Problems exist related to bioethanol produc-
tion and use in the local communities in Japan.
First, legal problems occurred in getting per-
missions to sell biofuels to others, getting per-
missions to blend bioethanol with gasoline, and
getting permissions to modify vehicles to use
blended gasoline. Technical problems are high
cost of production and low-energy efficiency.
Biofuels use renewable resources when pro-
duced, but still emit greenhouse gasses when
used. If more energy is used to produce and emit
lots of greenhouse gasses, it would not be sus-
tainable to utilize biofuels.

Promotional policy of bioethanol production
has implications on alternative energy produc-
tion, food security, climate change problems,
agricultural and industrial development, and rural

and community development. Political decisions
need to be made.

Unless we use by-products from agricultural
and forest production or use marginal land for
energy crop production, we will face conflict
with food security. Improvement in energy effi-
ciency is another technological challenge.

13.6 Concluding Remarks

Policy implications for developing countries are
discussed related to global food security and
related to SDGs.

Production increase in agriculture has come
from the improvement in productivity in Japan.
Increasing use of inputs has been playing a minor
role with the exception of the food shortage
period of the late 1940s and the 1950s. Zero
hunger (Goal 2 of SDGs) and zero poverty (Goal
1 of SDGs) were achieved in Japan thanks to the
efforts for technical change over time.

Production increase in agriculture for the rest
of Asia had been observed based on the
increasing use of inputs. However, in recent
decades, productivity improvement has become

Table 13.2 Government policies for agricultural development in Japan

• 1887—Japan Hypothec Bank was established

This bank aimed to extend long-term credit for land infrastructure investments

• 1888—Establishment of the Tokyo Artificial Fertilizer Company

Commercial production of superphosphate began

• 1893—National Agricultural Experiment Station

This was created to counteract the request to reduce land tax

Despite its meager (insubstantial) resources, it was able to work on indigenous technological potential

• 1894—National Agricultural Association

A larger and more systematic organization was required for promoting agricultural interests, one that could exercise
political influence

• 1899—Fertilizer Control Law

This ensured quality of fertilizer being sold to the farmers

• 1899—Arable Land Reallotment Law

With this law, the participation in a land improvement project became compulsory upon the consent of more than 2/3
of the landowners in the region concerned owning more than 2/3 of the arable land

Legal person status was given to the land improvement associations so they can receive credit from financial
institutions such as Japan Hypothec Bank

Source Chapter 2, Hayami and Yamada (1991)
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important, especially in Korea, China, and
ASEAN countries.

Governments can play significant roles for
promoting productivity growth-based output
growth for securing the availability for food se-
curity in developing countries. Like Japanese
agriculture was helped, the governments can
develop research and extension networks.
Direction of technical change should be the
direction to save a scarce factor of production for
economic and sustainability reasons. The scarce
factor in Japanese agriculture was initially land in
the Meiji period. Later, in the post-World War II
period, labor has become scarcer than land.
Biological technology of high yielding rice
variety was developed with scarcity in land.
Mechanical technology has been developed in
recent years. Researchers and policy decision
makers might have to carefully observe the
scarcity of individual inputs. Improvement in
agricultural and rural infrastructure such as irri-
gation and drainage systems would be quite
critical. High yielding rice varieties have been
more effectively adapted to the new agricultural
and rural environment in the new locations with
better control on water in the paddy field in
Japan.

As for other functions of agricultural and rural
development like energy security and mitigation
of climate change, many governments are still
struggling with what to do locally. The national-
level global goals including SDGs have been set
by the governments in developed as well as

developing countries. There exist conflicts
between different SDGs as we discussed the
example of energy security and food security in
this chapter. We hope to collect the cases of good
practice from local stakeholders and widely share
the lessons learned from them for the globalized
world.
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Part V

For Peace (SDG 16)



14Designing Allocation Rules
in Economic Problems

Yoichi Kasajima

Abstract

How should we divide a resource among a
group of agents who have conflicting claims
for it? A typical example is the bankruptcy
problem: The liquidation value of a bankrupt
firm must be divided among creditors. An
alternative example with the same mathemat-
ical structure is the taxation problem: The cost
of some public projects must be collected by a
government through taxing incomes. An
awards vector determines the division of the
resource among the agents. An allocation rule,
or simply a rule, is a function that associates
an awards vector to each problem of this kind.
Our goal is to construct “good” rules. By that,
we intend to learn how to achieve one of the
Sustainable Development Goals (SDGs) (Goal
16: Peace, Justice and Strong Institutions). In
our study of rules, we follow the axiomatic
approach. That is, we (i) formulate rules
(mathematically), (ii) introduce “desirable”
properties of rules (called axioms), and
(iii) study those implications (e.g., identify
rules that satisfy those properties). We present
some well-known characterization results
based on the properties analyzed.

Keywords

Economic problems � Claims problems �
Allocation rules � Axiomatic approach

14.1 Introduction

The problem of allocating scarce resources
among agents is called an “economic problem.”
The resource could be a variety of goods,
including natural resources, foods, clothes,
houses, etc. It could also be economic services,
money, time, or human resources. An “allocation
rule,” or simply a rule, is a systematic way to
determine an answer (or a recommendation) to
such an economic problem. More precisely, it is
a mapping that associates an allocation with each
economic problem. Our goal is to study how to
design “good” rules. By that, we intend to learn
how to achieve Goal 16 (Peace, Justice and
Strong Institutions) of the Sustainable Develop-
ment Goals (SDGs). Designing good rules for
economic problems makes each nation wealthy
and achieves world peace. Fairness (equity) is the
key to designing good rules in this chapter.
However, how can we construct a fair rule? How
can we evaluate whether a rule is fair? We adopt
an axiomatic approach. That is, we (i) formulate
rules (mathematically), (ii) introduce “desirable”
properties of rules (called axioms), and (iii) studyY. Kasajima (&)

Waseda University, Tokyo, Japan
e-mail: kasajima@waseda.jp

© The Author(s) 2023
S. Urata et al. (eds.), Sustainable Development Disciplines for Society,
Sustainable Development Goals Series, https://doi.org/10.1007/978-981-19-5145-9_14

233

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-5145-9_14&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-5145-9_14&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-5145-9_14&amp;domain=pdf
mailto:kasajima@waseda.jp
https://doi.org/10.1007/978-981-19-5145-9_14


those implications (e.g., identify rules that satisfy
those properties).

The value of the designed rule depends on the
types of economic problems that we face.
Among the many economic problems, we con-
sider one of the simplest economic problems
called the “claims problem” (O’Neill 1982),
described as follows.1 There are a set of agents
and a resource to divide among them. Each agent
has a claim over the resource, but the quantity of
the resource is not sufficient to cover all claims.
We assume that the resource and each agent’s
claim are non-negative real numbers. The ques-
tion is how to allocate the resource to the agents.
For instance, suppose that there are three agents:
agents 1, 2, and 3. Let c1 ¼ 100, c2 ¼ 200, c3 ¼
300 be the claims of agent 1, agent 2, and agent
3, respectively, and E ¼ 250 be a resource to
divide. As c1 þ c2 þ c3 [E, the resource is
clearly not sufficient to cover all claims. How-
ever, we still have to divide E ¼ 250 among the
agents. A typical example of this is bankruptcy:
The liquidation value of a bankrupt firm has to be
divided among creditors. Another example with
the same mathematical structure is taxation,
where the cost of some public projects must be
collected by a government through taxing
incomes. Here, each agent’s claim is considered
the agent’s pre-tax income, while the resource
corresponds to the amount of money needed to
implement the project. However, we will use
language based on the bankruptcy interpretation.

When we allocate a resource to the agents, we
require that each agent receives a non-negative
amount that is at most as large as their claim.
Additionally, the resource is entirely divided
among the agents (i.e., the total amount that
agents receive is equal to the resource). In our
previous three-agent example, let x1, x2, and x3
be the amounts agents 1, 2, and 3 receive,
respectively. Then, the above requirements can
be expressed as 0� x1 � c1; 0� x2 � c2;
0� x3 � c3 and x1 þ x2 þ x3 ¼ E. We call such
x1; x2; x3ð Þ an awards vector. A rule is a function
that associates with each claims problem an

awards vector. As mentioned before, we adopt an
axiomatic approach to analyze the rules. We
study the implications of several important
properties of rules and present some well-known
characterization results based on these properties.

14.2 Model

Here, we introduce a formal model. There is an
infinite set of “potential” agents indexed by the
natural numbers N. For each case, a finite num-
ber of them are present. Let N be a set of finite
subsets of N. The set N 2 N is called the set of
agents. For instance, N ¼ 1; 2; 3; 4f g. There is a
resource E 2 Rþ that needs to be divided
among agents.2 Each agent i 2 N has a claim
over the resource. Let ci 2 Rþ be the claim of
agent i. Let c ¼ cið Þi2N be the claims vector. If
N ¼ 1; 2; 3; 4f g, c ¼ c1; c2; c3; c4ð Þ. We assume
that the resource is not sufficient to honor all
claims, that is,

P
i2N

ci �E.3 We allow the equalityP
i2N

ci ¼ E for convenience. A claims problem, or

simply a problem, with agent set N 2 N is a pair
c;Eð Þ 2 R

N
þ � Rþ such that

P
i2N

ci �E.4 Let CN

be the set of all claims problems. If
N ¼ 1; 2; 3; 4f g, c ¼ 5; 10; 20; 30ð Þ, and E ¼ 50,
then c;Eð Þ ¼ 5; 10; 20; 30; 50ð Þ 2 CN sinceP
i2N

ci �E. On the other hand, given the same N

and c, if E ¼ 70, then c;Eð Þ ¼
5; 10; 20; 30; 70ð Þ 62 CN since

P
i2N

ci\E.

We impose the following restrictions on the
amount that the agents can receive: Each agent
should not receive a negative amount; each agent
should not receive more than their claim; and the
total amount that agents receive should be equal
to the resource. A list of amounts satisfying these
requirements is called an awards vector. For-
mally, an awards vector for c;Eð Þ 2 CN is a

1 See Thomson (2003, 2015, 2019) for an extensive
survey on this subject.

2 By Rþ , we mean the set of non-negative real numbers.
3 If N ¼ 1; 2; 3; 4f g, P

i2N
ci ¼ c1 þ c2 þ c3 þ c4.

4 By R
N
þ , we mean the Cartesian product of Nj j copies

of Rþ indexed by the members of N.
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vector x ¼ xið Þi2N2 R
N such that (i) for each

i 2 N, 0� xi � ci and (ii)
P
i2N

xi ¼ E.5 Let X c;Eð Þ
be the set of awards vectors for c;Eð Þ 2 CN . If
N ¼ 1; 2; 3; 4f g, c ¼ 5; 10; 20; 30ð Þ, E ¼ 50, and
x ¼ 3; 7; 13; 27ð Þ, then x 2 X c;Eð Þ. On the other
hand, under the same N, c, and E, if
x ¼ 3; 12; 15; 20ð Þ, then x 62 X c;Eð Þ since agent
2 receives more than her claim (x2 [ c2). Again,
under the same N, c, and E, if x ¼ 3; 7; 10; 15ð Þ,
then x 62 X c;Eð Þ since the resource is not entirely
allocated (

P
i2N

xi\E). A rule, denoted generically

u, is a function defined on
S

N2N
CN ; which asso-

ciates with each N 2 N and each c;Eð Þ 2 CN a
vector x 2 X c;Eð Þ. We introduce several exam-
ples of these rules in the next section.

The bankruptcy problem is a typical appli-
cation of the situation we have considered.
Suppose that a firm goes bankrupt. Let N be the
set of creditors of that firm, ci be creditor i’s
amount of claim, and E be the liquidation value
of the firm. Naturally,

P
i2N

ci �E. Then, a rule

determines how to allocate the liquidation value
to the creditors. Another application with the
same mathematical structure is the taxation
problem. Consider the case in which a govern-
ment has to collect money from the people in the
nation by taxing their incomes. Let N be the set
of people in the nation, ci be the person i’s pre-
tax income, and E be the amount of money the
government has to collect. Since the government
cannot ask for more than the total pre-tax
income, it is natural to assume that

P
i2N

ci �E.

Then, a rule determines how to tax income.
We also refer to two problems that appear in

the Talmud. One is the marriage contract
problem (Thomson 2019). This is described as
follows:

If a man who was married to three wives died and
the kethubah of one was a maneh (100 zuz), of the
other two hundred zuz, and of the third three
hundred zuz, and the estate (was worth) only one
maneh (one hundred zuz), the (the sum) is divided

equally. If the estate (was worth) two hundred zuz
(the claimant) of the maneh (one hundred zuz)
receives fifty zuz (and the claimants respectively)
of the two hundred and the three hundred zuz
(receive each) three gold denarii (seventy-five
zuz). If the estate (was worth) three hundred zuz
(the claimant) of the maneh receives fifty zuz and
(the claimant) of the two hundred zuz (receives) a
maneh (one hundred zuz) while (the claimant) of
the three hundred zuz (receives) six gold denarii
(one hundred and fifty zuz). Similarly if three
persons contributed to a joint fund and they had
made a loss or a profit they share in the same
manner.

(O’Neill 1982, p. 370)

The above problem can be described using
our notations as follows. Let N be the set of
wives, ci be the claim of each wife i 2 N, and E
be the worth of the estate. In addition, let xi be
the amount that wife i 2 N receives. This prob-
lem comprises three situations. For each situa-
tion, N ¼ 1; 2; 3f g, c1 ¼ 100, c2 ¼ 200, and
c3 ¼ 300. For the first situation, E ¼ 100, and
the Talmud suggests x1 ¼ x2 ¼ x3 ¼ 33 1

3. For
the second situation, E ¼ 200, and the recom-
mendation is x1 ¼ 50 and x2 ¼ x3 ¼ 75. For the
third situation, E ¼ 300, x1 ¼ 50, x2 ¼ 100, and
x3 ¼ 150.

The other problem is called the contested
garment problem (Thomson 2019), which is
described as follows:

Two hold a garment… if one of them says, “It is
all mine” and the other says, “Half of it is mine”,…
the former then receives three quarters and the
latter receives one quarter.

(O’Neill 1982, page 346)

Let the worth of the garment be 100. Then, we
can describe the above problem by N ¼ 1; 2f g,
c1 ¼ 50, c2 ¼ 100, and E ¼ 100. The Talmud
suggests x1 ¼ 25 and x2 ¼ 75, where xi denotes
the amount that agent i 2 N receives.

Table 14.1 summarizes examples that appear
in the marriage contract and contested garment
problems. What kind of rule will generate num-
bers that the Talmud recommends for each
problem in Table 14.1? The answer does not
seem to be straightforward. For instance, in (A),
the Talmud seems to suggest “equal division,”
while in (C), it seems to insist on “proportional
division.” In the next section, we answer the

5 By R, we mean the set of real numbers. We define RN

similar to footnote 4.
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above question by exploring examples of rules.
Hereafter, unless specified, we use language
based on bankruptcy application.

14.3 Rules

14.3.1 CEA Rule

We introduce four central rules proposed in the
literature. In our first rule, we try to divide a
resource equally among the agents. However, if
we simply divide the resource equally, some
agents may receive more than their claims. Thus,
we divide the resource equally, subject to no
agent receiving more than their claim. For
instance, let N ¼ 1; 2; 3; 4f g,
c ¼ 20; 30; 50; 60ð Þ, and E ¼ 140. If we divide E
equally among the four agents, agents 1 and 2
will receive more than their claims. In that case,
we first determine that agent 1 (who has the
smallest claim) receives 20. Next, we divide the
rest 140� 20 ¼ 120 to agents 2, 3, and 4. Now,
if we divide the rest equally among them, agent 2
will receive more than her claim. Thus, we
decide to give 30 to agent 2. The rest is
120� 30 ¼ 90. We can divide this amount
equally to agents 3 and 4 because neither of them
receives more than their claim. Thus, each agent
obtains 45. The formal definition is as follows:

Constrained Equal Awards rule (CEA
rule): For each N 2 N , each c;Eð Þ 2 CN , and
each i 2 N, CEAi c;Eð Þ ¼ min ci; kf g, where k 2
R is chosen such that

P
i2N

min ci; kf g ¼ E.

Example 14.1 Let N ¼ 1; 2; 3f g,
c ¼ 50; 80; 100ð Þ, and E ¼ 170. Then,
CEA c;Eð Þ ¼ 50; 60; 60ð Þ. b

Example 14.2 Let N ¼ 1; 2; 3; 4; 5f g,
c ¼ 20; 40; 40; 70; 90ð Þ, and E ¼ 200. Then,
CEA c;Eð Þ ¼ 20; 40; 40; 50; 50ð Þ. b

The reader can check that k ¼ 60 and k ¼ 50
in Examples 14.1 and 14.2, respectively. In
Table 14.1, the CEA rule generates the numbers
recommended by the Talmud only in problem

(A). Under the CEA rule, even an agent with a
small claim can receive some amount. In this
sense, smaller claimants favor this rule.

14.3.2 CEL Rule

The next rule focuses on the losses that agents
face and the total loss (the difference

P
i2N

ci � E).

We try to divide the total loss equally among
agents so that each agent bears the same loss.
However, some agents may receive a negative
amount if we do so. Thus, we divide the total loss
equally, subject to no agent receiving a negative
amount. For instance, let N ¼ 1; 2; 3; 4f g,
c ¼ 20; 35; 55; 60ð Þ, and E ¼ 40. Then, the total
loss is 20þ 35þ 55þ 60ð Þ � 40 ¼ 130. If we
divide this amount equally among the four agents
(130=4 ¼ 32:5) and ask each agent to give up
that amount, agent 1 ends up receiving a negative
amount. Then, we determine that agent 1
receives 0 (we ask agent 1 only to give up 20).
Note that the final awards vector is not
0; 35� 32:5; 55� 32:5; 60� 32:5ð Þ ¼ 0; 2:5;ð
22:5; 27:5Þ because the total award is not equal to
E ¼ 40. Thus, the total loss must be revised.
Since agent 1 only gave up 20, the revised total
loss among the remaining agents 2, 3, and 4 is
130� 20 ¼ 110. If we divide this amount
equally among them, agent 2 receives a negative
amount. Thus, we set agent 2 to receive 0 (agent
2 only gives up 35). The revised total loss among
agents 3 and 4 is now 110� 35 ¼ 75. We can
ask each of them to give up 75=2 ¼ 37:5 since
neither of them ends up receiving a negative
amount. This results in agents 3 and 4 receiving
17:5 and 22:5, respectively. Thus, the formal
definition is as follows:

Constrained Equal Losses rule (CEL rule):
For each N 2 N , each c;Eð Þ 2 CN , and each
i 2 N, CELi c;Eð Þ ¼ max 0; ci � kf g, where k 2
R is chosen such that

P
i2N

max 0; ci � kf g ¼ E.

Example 14.3 Let N ¼ 1; 2; 3f g,
c ¼ 50; 80; 100ð Þ, and E ¼ 50. Then,
CEL c;Eð Þ ¼ 0; 15; 35ð Þ. b
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Example 14.4 Let N ¼ 1; 2; 3; 4; 5f g,
c ¼ 20; 40; 40; 70; 90ð Þ, and E ¼ 70. Then,
CEL c;Eð Þ ¼ 0; 0; 0; 25; 45ð Þ. b

The reader can verify that k ¼ 65 in Example
14.3. Thus, all agents either give up “their entire
claim” (if their individual claim is less than k) or
“k” (if their individual claim is at least as large as
k). Similarly, k ¼ 45 in Example 14.4. In
Table 14.1, the CEL rule generates recommen-
dations by the Talmud only in problem (D).
Under the CEL rule, an agent with a small claim
can easily receive nothing. Since each agent,
regardless of the claim size, is asked to give up
the same amount (or the entire claim), an agent
with a larger claim gives up a relatively small
part of their claim. In this sense, larger claimants
are more likely to favor this rule.6

14.3.3 Proportional Rule

The next rule divides the resource proportional to
the claims. Let N ¼ 1; 2; 3; 4f g,
c ¼ 10; 30; 50; 60ð Þ, and E ¼ 120. Then, for
instance, agents 1 and 2 receive 10

10þ 30þ 50þ 60 �
120 ¼ 8 and 30

10þ 30þ 50þ 60 � 120 ¼ 24, respec-
tively. Note that

10
10þ 30þ 50þ 60

� 120 ¼ 10� 120
10þ 30þ 50þ 60

¼ 10� 4
5
¼ 8 and

30
10þ 30þ 50þ 60

� 120 ¼ 30� 120
10þ 30þ 50þ 60

¼ 30� 4
5
¼ 24:

Thus, agents 1 and 2 receive 4
5 of their individual

claims. A similar calculation can also be per-
formed for agents 3 and 4. Therefore, we can
claim that each agent obtains the same “ratio” of
their claim under this rule. This is denoted by k
in the following formal definition:

Proportional rule: For each N 2 N , each
c;Eð Þ 2 CN , and each i 2 N, Pi c;Eð Þ ¼ kci,
where k 2 R is chosen such that

P
i2N

kci ¼ E.

Example 14.5 Let N ¼ 1; 2; 3f g,
c ¼ 20; 40; 60ð Þ, and E ¼ 90. Then,
P c;Eð Þ ¼ 15; 30; 45ð Þ. b

Example 14.6 Let N ¼ 1; 2; 3; 4; 5f g,
c ¼ 20; 40; 40; 70; 70ð Þ, and E ¼ 60. Then,
P c;Eð Þ ¼ 5; 10; 10; 17:5; 17:5ð Þ. b

The reader can check that k ¼ 3
4 and k ¼ 1

4 in
Examples 14.5 and 14.6, respectively. In
Table 14.1, the proportional rule gives the same
recommendation as the Talmud only in problem
(C).

14.3.4 Talmud Rule

The final rule generates numbers recommended
by the Talmud for each problem in Table 14.1
(Aumann and Maschler 1985). The rule is
described as follows. We distinguish two cases:
when the quantity of the resource is less than or
equal to the half-sum of the claims (

P
i2N

ci
2 �E);

and when the resource is more than the half-sum
of the claims (

P
i2N

ci
2 \E). In the first case, we

apply the CEA rule to the problem c
2 ;E
� �

. We
reduce each agent’s claim by half since even if
each agent only claims half of their claim, the

Table 14.1 Examples in
the Talmud

Problem in the Talmud Recommendation by the Talmud

(A) c1 ¼ 100; c2 ¼ 200; c3 ¼ 300;E ¼ 100 x1 ¼ 33 1
3 ; x2 ¼ 33 1

3 ; x3 ¼ 33 1
3

(B) c1 ¼ 100; c2 ¼ 200; c3 ¼ 300;E ¼ 200 x1 ¼ 50; x2 ¼ 75; x3 ¼ 75

(C) c1 ¼ 100; c2 ¼ 200; c3 ¼ 300;E ¼ 300 x1 ¼ 50; x2 ¼ 100; x3 ¼ 150

(D) c1 ¼ 50; c2 ¼ 100;E ¼ 100 x1 ¼ 25; x2 ¼ 75

6 The CEA and CEL rules are called “dual” rules. See
Aumann and Maschler (1985), Herrero (2003), and
Thomson and Yeh (2008) for details regarding the notion
of duality in this context.
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resource is not sufficient (except for the case
when

P
i2N

ci
2 ¼ E). In the second case, we first give

each agent half of their individual claim. After
that, we still have the amount E �P

i2N
ci
2 left to

divide. We then apply the CEL rule to divide this
amount. Since the agents have already given half
of their claims, we let them assert only half of
their claims when applying the CEL rule. To
summarize, after giving each agent half of their
claim, we use the CEL rule to the problem

c
2 ;E �P

i2N
ci
2

� �
. For example, let

N ¼ 1; 2; 3; 4f g, c ¼ 20; 30; 40; 60ð Þ, and
E ¼ 65. SinceP
i2N

ci
2 ¼ 1

2 20þ 30þ 40þ 60ð Þ ¼ 75[E ¼ 65,

we apply the CEA rule to the problem c
2 ;E
� �

.

Thus, the awards vector is CEA c
2 ;E
� � ¼

CEA 10; 15;ð 20; 30; 65Þ ¼ 10; 15; 20; 20ð Þ.
Next, under the same N and c, let E ¼ 90. SinceP
i2N

ci
2 ¼ 1

2 20þ 30þ 40þ 60ð Þ ¼ 75\E ¼ 90,

we give each agent half of their claim and apply
the CEL rule to divide the rest E �P

i2N
ci
2 ¼

90� 75 ¼ 15 under the claims vector
c
2 ¼ 10; 15; 20; 30ð Þ. Thus, the awards vector is

c
2 þCEL c

2 ;E �P
i2N

ci
2

� �
¼ 10; 15; 20; 30ð Þ

þCEL 10; 15; 20; 30; 15ð Þ ¼
10; 15; 20; 30ð Þþ 0; 0; 2:5; 12:5ð Þ
¼ 10; 15; 22:5; 42:5ð Þ. One can say that this rule
is a “well-balanced” rule in the sense that it
mixes the CEA rule (favored by smaller clai-
mants) and the CEL rule (favored by larger
claimants). The formal definition of this rule is as
follows:

Talmud rule: For each N 2 N and
c;Eð Þ 2 CN ,

Tal c;Eð Þ ¼
CEA c

2 ;E
� �

if
P
i2N

ci
2 �E

c
2 þCEL c

2 ;E �P
i2N

ci
2

� �
if
P
i2N

ci
2 \E:

8><
>:

Example 14.7 Let N ¼ 1; 2; 3; 4; 5f g,
c ¼ 10; 30; 40; 80; 100ð Þ, and E ¼ 100. Note thatP
i2N

ci
2 ¼ 1

2 10þ 30þ 40þ 80þ 100ð Þ ¼ 130[

E ¼ 100. Thus, we have Tal c;Eð Þ ¼
CEA c

2 ;E
� � ¼ CEA 5; 15; 20; 40; 50; 100ð Þ ¼

5; 15; 20; 30; 30ð Þ. b

Example 14.8 Let N ¼ 1; 2; 3; 4; 5f g,
c ¼ 10; 30; 40; 80; 100ð Þ, and E ¼ 170. Note thatP
i2N

ci
2 ¼ 1

2 10þ 30þ 40þ 80þ 100ð Þ ¼ 130\E

¼ 170. Thus, we have

Tal c;Eð Þ ¼ c

2
þCEL

c

2
;E �

X
i2N

ci
2

 !

¼ 5; 15; 20; 40; 50ð ÞþCEL 5; 15; 20; 40; 50; 170� 130ð Þ
¼ 5; 15; 20; 40; 50ð Þþ 0; 0; 0; 15; 25ð Þ
¼ 5; 15; 20; 55; 75ð Þ:

b

Example 14.9 (Examples in Table 14.1):
(A) Note,P
i2N

ci
2 ¼ 1

2 100þ 200þ 300ð Þ ¼ 300[E ¼ 100.

Thus, Tal c;Eð Þ ¼ CEA c
2 ;E
� � ¼ CEA 50; 100;ð

150; 100Þ ¼ 33 1
3 ; 33

1
3 ; 33

1
3

� �
.

(B) Note,
P
i2N

ci
2 ¼ 1

2 100þ 200þ 300ð Þ ¼
300[E ¼ 200. Thus, Tal c;Eð Þ ¼ CEA c

2 ;E
� �

¼ CEA 50; 100; 150; 200ð Þ ¼ 50; 75; 75ð Þ.
(C) Note,

P
i2N

ci
2 ¼ 1

2 100þ 200þ 300ð Þ ¼
300�E ¼ 300. Thus, Tal c;Eð Þ ¼ CEA c

2 ;E
� � ¼

CEA 50; 100; 150; 300ð Þ ¼ 50; 100; 150ð Þ.
(D) Note,P

i2N
ci
2 ¼ 1

2 50þ 100ð Þ ¼ 75\E ¼ 100. Thus,

Tal c;Eð Þ ¼ c

2
þCEL

c

2
;E �

X
i2N

ci
2

 !

¼ 25; 50ð ÞþCEL 25; 50; 100� 75ð Þ
¼ 25; 50ð Þþ 0; 25ð Þ ¼ 25; 75ð Þ:

b
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14.4 Axioms (Properties of Rules)

14.4.1 Equal Treatment of Equals

As previously mentioned, we adopt an axiomatic
approach to evaluate the rules. We introduce the
properties of rules, called axioms, and see whe-
ther the rules defined in the previous section
satisfy those properties. Our first axiom is basic.
We require agents with the same claim to receive
the same amount. More precisely, given N 2 N
and c;Eð Þ 2 CN , if two agents i; jf g�N have the
same claim (ci ¼ cj), then, this axiom states that
awards given to agents i and j under the rule u
(ui c;Eð Þ and uj c;Eð Þ, respectively) should be
the same. Thus, the formal definition is as
follows:

Equal treatment of equals (ete): For each
N 2 N , c;Eð Þ 2 CN , and each i; jf g�N, if
ci ¼ cj, then ui c;Eð Þ ¼ uj c;Eð Þ.

All four rules that have appeared in the pre-
vious section satisfy this axiom.

14.4.2 Minimal Rights First

Our next axiom is more demanding. First, we
consider the minimal amount that each agent
should receive. Let N ¼ 1; 2; 3f g,
c ¼ 10; 30; 40ð Þ, and E ¼ 60. In the case of
agent 2, even if agents 1 and 3 are fully com-
pensated, there is an amount of E � c1 þ c3ð Þ ¼
60� 10þ 40ð Þ ¼ 10 left to divide. Thus, we can
say that agent 2 should receive at least 10.
Similarly, as
E � c1 þ c2ð Þ ¼ 60� 10þ 30ð Þ ¼ 20, agent 3
should receive at least 20. However, if agents 2
and 3 are fully compensated, agent 1 receives a
negative amount
(E � c2 þ c3ð Þ ¼ 60� 30þ 40ð Þ ¼ �10). In that
case, agent 1’s minimal amount is 0 (recall that
each agent should end up receiving a non-
negative amount). Thus, this is formally descri-
bed as follows:

For each N 2 N , each c;Eð Þ 2 CN , and each

i 2 N, let mi c;Eð Þ ¼ max E � P
j2Nn if g

cj; 0

( )
be

agent i’s minimal right (minimal amount).
Further, let m c;Eð Þ ¼ mi c;Eð Þð Þi2N be the min-
imal rights vector.

In our previous example, m1 c;Eð Þ ¼ 0,
m2 c;Eð Þ ¼ 10, m3 c;Eð Þ ¼ 20, and
m c;Eð Þ ¼ 0; 10; 20ð Þ. Now we identify each
agent’s minimal right in c;Eð Þ 2 CN . Next, con-
sider dividing the resource E in two steps: first,
give each agent their minimal right; second,
divide the rest E �P

i2N
mi c;Eð Þ under the claims

vector c� m c;Eð Þ. We use the claims vector c�
m c;Eð Þ in the second step because the agents
have been given their minimal rights in the first
step. The next axiom requires that the awards
vector chosen by the rule for c;Eð Þ 2 CN is the
same as that obtained by dividing E in the two
steps described above. Thus, the formal defini-
tion is as follows:

Minimal rights first (mrf): For each N 2 N
and each c;Eð Þ 2 CN , u c;Eð Þ ¼ m c;Eð Þþ
uðc� m c;Eð Þ;E �P

i2N
mi c;Eð ÞÞ.

TheCELandTalmud rules satisfyminimal rights
first. For instance, consider the CEL rule. Let
N ¼ 1; 2; 3f g, c ¼ 5; 20; 35ð Þ, and E ¼ 40. Then,
CEL c;Eð Þ ¼ 0; 12:5; 27:5ð Þ (we choose
“k ¼ 7:5” to calculate CEL c;Eð Þ). Note that
m1 c;Eð Þ ¼ max 40� 20þ 35ð Þ; 0f g ¼ 0,
m2 c;Eð Þ ¼ max 40� 5þ 35ð Þ; 0f g ¼ 0, and
m3 c;Eð Þ ¼ max 40� 5þ 20ð Þ; 0f g ¼ 15. Thus,
m c;Eð Þ ¼ 0; 0; 15ð Þ. If we first assign agents their
minimal rights and apply the CEL rule to the
remaining problem, the awards vector becomes

m c;Eð ÞþCEL c� m c;Eð Þ;E �
X
i2N

mi c;Eð Þ
 !

¼ 0; 0; 15ð ÞþCEL 5� 0; 20� 0; 35� 15; 40� 0þ 0þ 15ð Þð Þ
¼ 0; 0; 15ð Þþ 0; 12:5; 12:5ð Þ ¼ 0; 12:5; 27:5ð Þ:

(Note that we choose “k ¼ 7:5” again when we
calculate CELðc� m c;Eð Þ;E �P

i2N
mi c;Eð ÞÞ.)

Thus, CEL c;Eð Þ ¼ m c;Eð ÞþCELðc�
m c;Eð Þ;E �P

i2N
mi c;Eð ÞÞ under this example. In

fact, this equality holds for each N 2 N and each
c;Eð Þ 2 CN .
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However, neither the CEA rule nor the pro-
portional rule satisfies this axiom, as shown
below.

Proposition 14.1 The CEA rule does not sat-
isfy minimal rights first.

Proof Let N ¼ 1; 2; 3f g, c ¼ 10; 30; 40ð Þ, and
E ¼ 60. Then, CEA c;Eð Þ ¼ 10; 25; 25ð Þ. On the
other hand,

m c;Eð ÞþCEA c� m c;Eð Þ;E �
X
i2N

mi c;Eð Þ
 !

¼ 0; 10; 20ð ÞþCEA

10� 0; 30� 10; 40� 20; 60� 0þ 10þ 20ð Þð Þ
¼ 0; 10; 20ð Þþ 10; 10; 10ð Þ ¼ 10; 20; 30ð Þ:

Thus, CEA c;Eð Þ 6¼ m c;Eð ÞþCEA c� m c;Eð Þ;ð
E �P

i2N
mi c;Eð ÞÞ, in violation of minimal rights

first. ∎

Proposition 14.2 The proportional rule does
not satisfy minimal rights first.

Proof Let N ¼ 1; 2f g, c ¼ 40; 60ð Þ, and
E ¼ 50. Then, P c;Eð Þ ¼ 20; 30ð Þ. Also,

m c;Eð ÞþP c� m c;Eð Þ;E �
X
i2N

mi c;Eð Þ
 !

¼ 0; 10ð ÞþP 40� 0; 60� 10; 50� 0þ 10ð Þð Þ

¼ 0; 10ð Þþ 160
9

;
200
9

� �
¼ 160

9
;
290
9

� �
:

Thus, P c;Eð Þ 6¼ m c;Eð ÞþP c� m c;Eð Þ;ð
E �P

i2N
mi c;Eð ÞÞ, in violation of minimal rights

first. ∎

14.4.3 Claims Truncation Invariance

Next, we consider truncating some claims. For
example, let N ¼ 1; 2; 3f g, c ¼ 10; 30; 40ð Þ, and
E ¼ 25. For agent 2, the claim is greater than the

resource (c2 ¼ 30[ 25 ¼ E). In this case, we
truncate agent 2’s claim by the resource amount
(implying that agent 2’s “relevant” claim is 25).
Similarly, since agent 3’s claim is also greater
than the resource (c3 ¼ 40[ 25 ¼ E), we trun-
cate this claim by the resource amount too (agent
3’s relevant claim is 25). Since agent 1’s claim
does not exceed the resource quantity
(c1 ¼ 10\25 ¼ E), there is no need to truncate
the claim (agent 1’s relevant claim is 10). Thus,
this is formally described as follows.

For each N 2 N , each c;Eð Þ 2 CN , and each
i 2 N, let ti c;Eð Þ ¼ min ci;Ef g be agent i’s
truncated claim. Further, let t c;Eð Þ ¼
ti c;Eð Þð Þi2N be the truncated claims vector.
In our previous example, t1 c;Eð Þ ¼ 10,

t2 c;Eð Þ ¼ 25, t3 c;Eð Þ ¼ 25, and
t c;Eð Þ ¼ 10; 25; 25ð Þ. The following axiom
requires that the awards vector given by applying
the rule to c;Eð Þ 2 CN is the same as that
obtained by using the truncated claims vector.
Thus, the formal definition is as follows:

Claims truncation invariance (ctinv):
For each N 2 N and each c;Eð Þ 2 CN ,

u c;Eð Þ ¼ u t c;Eð Þ;Eð Þ.
The CEA and Talmud rules satisfy claims

truncation invariance. For instance, consider the
CEA rule. Let N ¼ 1; 2; 3f g, c ¼ 5; 20; 35ð Þ, and
E ¼ 25. Then, CEA c;Eð Þ ¼ 5; 10; 10ð Þ (we
choose “k ¼ 10” to calculate CEA c;Eð Þ). Note
that t1 c;Eð Þ ¼ min 5; 25f g ¼ 5, t2 c;Eð Þ ¼
min 20; 25f g ¼ 20, t3 c;Eð Þ ¼ min 35; 25f g ¼ 25,
and t c;Eð Þ ¼ 5; 20; 25ð Þ. If we apply the CEA
rule under the truncated claims vector to divide
E ¼ 25, the awards vector becomes
CEA t c;Eð Þ;Eð Þ ¼ CEA 5; 20; 25; 25ð Þ ¼ 5; 10; 10ð Þ (we
choose “k ¼ 10” again when we calculate
CEA t c;Eð Þ;Eð Þ). Thus, CEA c;Eð Þ ¼
CEA t c;Eð Þ;Eð Þ under this example. In fact, this
equality holds for each N 2 N and c;Eð Þ 2 CN .

However, the CEL and proportional rules do
not satisfy this axiom, as shown below.

Proposition 14.3 The CEL rule does not sat-
isfy claims truncation invariance.

Proof Let N ¼ 1; 2; 3f g, c ¼ 10; 30; 40ð Þ, and
E ¼ 25. Then, CEL c;Eð Þ ¼ 0; 7:5; 17:5ð Þ and
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CEL t c;Eð Þ;Eð Þ ¼ CEL 10; 25; 25; 25ð Þ ¼ 0; 12:5;ð
12:5Þ. Thus, CEL c;Eð Þ 6¼ CEL t c;Eð Þ;Eð Þ, in
violation of claims truncation invariance. ∎

Proposition 14.4 The proportional rule does
not satisfy claims truncation invariance.

Proof Let N ¼ 1; 2; 3f g, c ¼ 20; 30ð Þ, and
E ¼ 25. Then, P c;Eð Þ ¼ 10; 15ð Þ and
P t c;Eð Þ;Eð Þ ¼ P 20; 25; 25ð Þ ¼ 100

9 ; 1259
� �

, in
violation of claims truncation invariance. ∎

14.4.4 Consistency

Next, we introduce an axiom broadly used in the
context of resource allocation. Given N 2 N ,
c;Eð Þ 2 CN , and the awards vector x ¼ u c;Eð Þ
chosen by the rule u, suppose that some agents
leave the scene with their awards. The reduced
problem consists of the remaining agents
N 0 � N, their claims cN0 , and the resource
reduced by the awards given to the leaving
agents, E � P

i2NnN0
xi.

7 For instance, let

N ¼ 1; 2; 3; 4; 5f g. Suppose that agents 2 and 4
leave with their awards x2 and x4, respectively.
Then, the reduced problem consists of agents
N 0 ¼ 1; 3; 5f g, claims vector cN 0 ¼ c1; c3; c5ð Þ,
and the resource E � x2 þ x4ð Þ. The axiom
requires that starting with the awards vector
chosen by the rule, if some agents leave the sit-
uation with their awards and apply the rule to the
reduced problem, each remaining agent still
receives the same amount as before. In our pre-
vious example, this means that
x1; x3; x5ð Þ ¼ u c1; c3; c5;E � x2 þ x4ð Þð Þ. The
formal definition is as follows8:

Consistency (cons): For each N 2 N , each
c;Eð Þ 2 CN , and each N 0 � N, if x ¼ u c;Eð Þ,

then xN 0 ¼ u cN 0 ;E � P
i2NnN0

xi

 !
.9

All four rules defined in the previous section
satisfy consistency.10 In fact, for each of the four
rules, the same “k” (appearing in their definition)
is chosen in both the initial and reduced prob-
lems.11 For example, let N ¼ 1; 2; 3; 4; 5f g,
c ¼ 10; 20; 40; 60; 70ð Þ, and E ¼ 120. Let us
consider the CEA rule. Then, we choose k ¼ 30
to obtain CEA c;Eð Þ ¼ 10; 20; 30; 30; 30ð Þ. Now
suppose that agents 2 and 4 leave with their
awards. Let N 0 ¼ 1; 3; 5f g. Then, the reduced

problem is cN0 ;E � P
i2NnN 0

xi

 !
¼

10; 40; 70; 120� 20� 30ð Þ. If we apply the
CEA rule to this reduced problem, we again
choose k ¼ 30 to obtain
CEA 10; 40; 70; 70ð Þ ¼ 10; 30; 30ð Þ. Since we
choose the same k in both initial and reduced
problems, the awards given to the remaining
agents do not change.

Table 14.2 summarizes the findings from this
section. This also includes other results that we
study in Sect. 14.5.2. The abbreviations “ete,”
“mrf,” “ctinv,” “cons,” “cp-up,” “cp-down,” and
“nat” stand for “equal treatment of equals,”
“minimal rights first,” “claims truncation
invariance,” “consistency,” “composition up,”
“composition down,” and “no advantageous
transfer,” respectively. The symbol “+” (respec-
tively, “−”) means the corresponding rule satis-
fies (respectively, does not satisfy) the
corresponding axiom.

14.5 Characterizations

14.5.1 Characterization
of the Talmud Rule

We provide characterizations of the rules based
on the properties (axioms) studied in the previous
section. Before that, we introduce the following

7 We denote by cN 0 the restriction of c to N 0.
8 See Thomson (2011a) for a survey regarding this
axiom. Also, see Thomson (2012) for interpreting this
axiom.
9 The notation xN 0 means the restriction of x to N 0.

10 See Young (1987) for a wide family of rules
satisfying consistency.
11 For the Talmud rule, we chose k when we calculate

CEA c
2 ;E
� �

or CEL c
2 ;E �P

i2N
ci
2

� �
.
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lemma that describes the awards vector given by
the Talmud rule for the two-agent case.

Lemma 14.1 Let N ¼ 1; 2f g and c;Eð Þ 2 CN
be such that c1\c2. Then,

Tal c;Eð Þ ¼
E
2 ;

E
2

� �
if 0�E� c1

c1
2 ;E � c1

2

� �
if c1\E\c2

c1�c2 þE
2 ; �c1 þ c2 þE

2

� �
if c2�E� c1 þ c2:

8<
:

The reader can verify this lemma by applying
the definition of the Talmud rule provided in
Sect. 14.3.4. For instance, if c2 �E� c1 þ c2,
since c1\c2, we have c1

2 þ c2
2 \

c2
2 þ c2

2 ¼
c2 �E. Thus, the awards vector is given by
c1
2 ;

c2
2

� �þCEL c1
2 ;

c2
2 ;E � c1

2 � c2
2

� �
. The total loss

in the problem c1
2 ;

c2
2 ;E � c1

2 � c2
2

� �
is

c1
2 þ c2

2 � E � c1
2 � c2

2

� � ¼ c1 þ c2 � E. Half of

the total loss is c1 þ c2�E
2 � c1

2 (where the
inequality holds by c2 �E). Thus, CEL c1

2 ;
c2
2 ;

�
E � c1

2 � c2
2 Þ ¼ c1

2 � c1 þ c2�E
2 ; c22 � c1 þ c2�E

2

� �
. This

leads to the desired conclusion.
Suppose we want a rule to satisfy equal

treatment of equals, minimal rights first, and
claims truncation invariance. Among the four
rules studied in the previous section, only the
Talmud rule satisfies all of them. The following
theorem states that, among any rules, the Talmud
rule is the only one that satisfies the three axioms
for the two-agent case.

Theorem 14.1 (Dagan 1996): Let N 2 N with
Nj j ¼ 2. The Talmud rule is the only rule satis-
fying equal treatment of equals, minimal rights
first, and claims truncation invariance.

Proof We prove only the uniqueness. Let N ¼
1; 2f g and c;Eð Þ 2 CN . Let u be a rule that sat-

isfies the three axioms listed in the theorem. We
want to show that u c;Eð Þ ¼ Tal c;Eð Þ. If
c1 ¼ c2, because both u and the Talmud rule
satisfy equal treatment of equals, u c;Eð Þ ¼
Tal c;Eð Þ ¼ E

2 ;
E
2

� �
. Without loss of generality, let

c1\c2. We distinguish the three cases.

Case 1: 0�E� c1.
Note that t c;Eð Þ ¼ E;Eð Þ. Since u satisfies

claims truncation invariance,

u c;Eð Þ ¼ u t c;Eð Þ;Eð Þ ¼ u E;E;Eð Þ: ð14:1Þ

Since u satisfies equal treatment of equals,

u E;E;Eð Þ ¼ E

2
;
E

2

� �
: ð14:2Þ

By (14.1) and (14.2), u c;Eð Þ ¼ E
2 ;

E
2

� �
.

Case 2: c1\E\c2.
Note that m c;Eð Þ ¼ 0;E � c1ð Þ. Since u sat-

isfies minimal rights first,

u c;Eð Þ ¼ m c;Eð Þþu c� m c;Eð Þ;E �
X
i2N

mi c;Eð Þ
 !

¼ 0;E � c1ð Þþu c1 � 0; c2 � E � c1ð Þ;E � 0� E � c1ð Þð Þ
¼ 0;E � c1ð Þþu c1; c1þ c2 � E; c1ð Þ:

ð14:3Þ

Since c2 � E[ 0, c1 þ c2 � E[ c1. In addition,
because u satisfies claims truncation invariance
(corresponding to the first equality below) and
equal treatment of equals (corresponding to the
second equality below),

Table 14.2 Rules which
satisfy the axioms

Rules Axioms

ete mrf ctinv cons cp-up cp-down nat

CEA + − + + + + −

CEL + + − + + + −

Proportional + − − + + + +

Talmud + + + + − − −

242 Y. Kasajima



u c1; c1 þ c2 � E; c1ð Þ ¼ u c1; c1; c1ð Þ
¼ c1

2
;
c1
2

� �
: ð14:4Þ

By (14.3) and (14.4),
u c;Eð Þ ¼ 0;E � c1ð Þþ c1

2 ;
c1
2

� � ¼ c1
2 ;E � c1

2

� �
.

Case 3: c2 �E� c1 þ c2.
Note that m c;Eð Þ ¼ E � c2;E � c1ð Þ. Since u

satisfies minimal rights first,

u c;Eð Þ ¼ E � c2;E � c1ð Þ
þu c1 � E � c2ð Þ; c2 � E � c1ð Þ;ð
E � E � c2ð Þ � E � c1ð ÞÞ

¼ E � c2;E � c1ð Þþu c1 þ c2 � E;ð
c1 þ c2 � E; c1 þ c2 � EÞ

ð14:5Þ

Since u satisfies equal treatment of equals,

u c1 þ c2 � E; c1 þ c2 � E; c1 þ c2 � Eð Þ

¼ c1 þ c2 � E

2
;
c1 þ c2 � E

2

� �
ð14:6Þ

By (14.5) and (14.6),

u c;Eð Þ ¼ E � c2;E � c1ð Þ

þ c1 þ c2 � E

2
;
c1 þ c2 � E

2

� �

¼ c1 � c2 þE

2
;
�c1 þ c2 þE

2

� �
:

In each cases, by Lemma 14.1, we have
u c;Eð Þ ¼ Tal c;Eð Þ. ∎

For more than two agents, the Talmud rule is
not the only the rule satisfying equal treatment of
equals, minimal rights first, and claims trunca-
tion invariance. However, if we additionally
require a rule to be consistent, then the Talmud
rule becomes the only one.

Theorem 14.2 (Aumann and Maschler 1985;
Dagan 1996): The Talmud rule is the only rule
satisfying equal treatment of equals, minimal
rights first, claims truncation invariance, and
consistency.

We provide a sketch of the proof of Theo-
rem 14.2. Before doing so, we introduce two
lemmata. The first lemma, known as the “Ele-
vator Lemma,” relates the result obtained in the
two-agent case to more than two agents by
applying two axioms: consistency and “converse
consistency.”12

Lemma 14.2 (The Elevator Lemma) (Thomson
2011a): Let u and u be two rules. If ið Þ u
coincides with u in the two-agent cases, iið Þ u is
consistent, and iiið Þ u is conversely consistent,
then u coincides with u for any number of
agents.13

The second lemma states that if a rule is
consistent and satisfies a fundamental require-
ment called “resource monotonicity,” the rule is
conversely consistent.14

Lemma 14.3 (Chun 1999): Resource mono-
tonicity and consistency together imply converse
consistency.

Now, we explain a sketch of the proof of
Theorem 14.2. We show only the uniqueness
part. Let rule u satisfy equal treatment of equals,

12 A rule u satisfies converse consistency if for each
N 2 N with Nj j � 3, each c;Eð Þ 2 CN , and each x 2
R

N
þ such that

P
i2N

xi ¼ E, if for each N 0 � N with

N 0j j ¼ 2, we have xN 0 ¼ uðcN 0 ;
P
i2N 0

xiÞ, then x ¼ u c;Eð Þ.
In words, converse consistency requires the following.
Let N 2 N with Nj j � 3 and c;Eð Þ 2 CN be given.
Suppose that there is an awards vector x ¼ xið Þi2N for
c;Eð Þ such that for each two-agent group N 0 � N, the
restriction of x to the group N 0 is chosen by the rule u for
the problem of dividing

P
i2N 0

xi (the total awards of the

group N 0) under the claims vector cN 0 ¼ cið Þi2N 0 (claims

of agents in the group N 0), that is, xN 0 ¼ u cN 0 ;
P
i2N 0

xi

� �
.

Then, x should be chosen by u for c;Eð Þ.
13 In fact, the Elevator Lemma holds in many other
economic problems. See Thomson (2011a) for details.
14 A rule u satisfies resource monotonicity if for each
N 2 N , each c;Eð Þ 2 CN , each i 2 N, and each E0 [E
such that

P
i2N

ci �E0, we have ui c;E
0ð Þ�ui c;Eð Þ. In

words, resource monotonicity requires that if the amount
to divide increases, no agent receives less than before.
Thus, each agent becomes at least as well off as before
by the increment of the resource (if each agent prefers to
receive more).
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minimal rights first, claims truncation invari-
ance, and consistency. Let rule u be the Talmud
rule. We want to show that u coincides with u
for any number of agents. According to Theo-
rem 14.1, u coincides with u in the two-agent
cases. Based on the assumption, u is consistent.
It is easy to see that the Talmud rule satisfies
resource monotonicity. Then, u is resource
monotonic and consistent. By Lemma 14.3, u is
conversely consistent. Therefore, by Lemma
14.2, we obtain the desired conclusion.

14.5.2 Other Characterizations

14.5.2.1 Characterization of the CEA
Rule

We introduce other axioms and provide other
characterizations. Consider the following situa-
tion. Given N 2 N and c;Eð Þ 2 CN , suppose, we
initially obtain the awards vector u c;Eð Þ by
applying rule u. However, following this, we
found that there is more of the resource to divide.
In our bankruptcy application, this could happen
after re-evaluating the bankrupt firm’s assets. Let
E0 2 Rþ be the new resource (E0 [E). We
assume that

P
i2N

ci �E0. Now we have to divide

E0 among the agents. There may be two ways to
achieve this. One way is to forget about the ini-
tial awards given to the agents and apply rule u
directly to the new problem c;E0ð Þ. Thus, the
resulting awards vector becomes u c;E0ð Þ.
Another way is to give each agent their initial
award and divide the increment E0 � E under the
claims vector c� u c;Eð Þ (we reduce each
agent’s claim by their initial award). The result-
ing awards vector is
u c;Eð Þþu c� u c;Eð Þ;E0 � Eð Þ. The reader
can verify that

P
i2N

ci �
P
i N

ui c;Eð Þ�E0 � E.

Thus, the problem c� u c;Eð Þ;E0 � Eð Þ is well
defined. The following axiom requires that both
methods yield the same awards vector. This
solves any disagreement among agents regarding
the way to choose. The formal definition is as
follows:

Composition up (cp-up): For each N 2 N ,
each c;Eð Þ 2 CN , and each E0 [E such thatP
i2N

ci �E0, we have

u c;E0ð Þ ¼ u c;Eð Þþu c� u c;Eð Þ;E0 � Eð Þ.
The CEA, CEL, and proportional rules satisfy

composition up. For instance, consider the CEL
rule. Let N ¼ 1; 2; 3f g, c ¼ 5; 20; 35ð Þ, and
E ¼ 40. Then, CEL c;Eð Þ ¼ 0; 12:5; 27:5ð Þ.
Suppose, after re-evaluating the resource, the
resource becomes larger. Let the new resource be
E0 ¼ 51. If we forget about the initial awards and
apply the CEL rule to the new problem, we have
CEL c;E0ð Þ ¼ CEL 5; 20; 35; 51ð Þ ¼ 2; 17; 32ð Þ
(note that we choose “k ¼ 3” to calculate
CEL c;E

0� �
). On the other hand, if we first assign

agents their initial awards for E ¼ 40 and divide
the remaining E0 � E ¼ 51� 40 ¼ 11 under the
claims vector where each agent’s claim is
reduced by their initial award, we have

CEL c;Eð ÞþCEL c� CEL c;Eð Þ;E0 � Eð Þ
¼ CEL 5; 20; 35; 40ð Þ
þCEL 5; 20; 35ð Þ � CEL 5; 20; 35; 40ð Þ; 51� 40ð Þ

¼ 0; 12:5; 27:5ð ÞþCEL 5; 7:5; 7:5ð Þ; 11ð Þ
¼ 0; 12:5; 27:5ð Þþ 2; 4:5; 4:5ð Þ ¼ 2; 17; 32ð Þ:

(Note that we choose “k ¼ 3” again to calculate
CEL c� CELðC;Eð Þ;E0 � EÞ). Thus, CEL c;E0ð Þ
¼ CEL c;Eð ÞþCEL c� CEL c;Eð Þ;E0 � Eð Þ for
this example. In fact, for each N 2 N , each
c;Eð Þ 2 CN , and each E0 [E such thatP

i2N
ci �E0, we obtain the above equality.

However, the Talmud rule does not satisfy
composition up, as shown below.

Proposition 14.5 The Talmud rule does not
satisfy composition up.

Proof Let N ¼ 1; 2f g, c ¼ 20; 30ð Þ, E ¼ 20,
and E0 ¼ 30. Then, Tal c;E0ð Þ ¼ 10; 15ð Þþ
CEL 10; 15; 30� 25ð Þ ¼ 10; 15ð Þþ 0; 5ð Þ ¼ 10;ð
20Þ. Note that Tal c;Eð Þ ¼ CEA 10; 15; 20ð Þ
¼ 10; 10ð Þ. Thus, Tal c;Eð ÞþTal c� Talð
c;Eð Þ;E0 � EÞ ¼ 10; 10ð ÞþTal 20� 10; 30� 10;ð
10Þ ¼ 10; 10ð ÞþCEA 5; 10; 10ð Þ ¼ 10; 10ð Þþ
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5; 5ð Þ ¼ 15; 15ð Þ. Therefore, Tal c;E0ð Þ 6¼
Tal c;Eð Þþ Tal c� Tal c;Eð Þ;E0 � Eð Þ, in vio-
lation of composition up. ∎

If we want a rule to satisfy equal treatment of
equal, claims truncation invariance, and com-
position up, the next theorem states that there is
only one rule that does so.

Theorem 14.3 (Dagan 1996): The CEA rule is
the only rule satisfying equal treatment of
equals, claims truncation invariance, and com-
position up.

We will not prove Theorem 14.3, but see how
the three axioms listed in the theorem identify the
awards vector for some problem. Let
N ¼ 1; 2; 3f g, c ¼ 36; 44; 50ð Þ, and E ¼ 75. Let
a rule u satisfy equal treatment of equals, claims
truncation invariance, and composition up. We
cannot identify u c;Eð Þ by directly applying these
three axioms. However, as u satisfies equal
treatment of equals and claims truncation
invariance, we know how to divide Ê ¼ 36

(¼ min c1; c2; c3f g) under c, that is, u c; Ê
� � ¼

u 36; 44; 50; 36ð Þ ¼ u 36; 36; 36; 36ð Þ ¼ 12; 12;ð
12Þ. Suppose that initially, the resource was
Ê ¼ 36, but after re-evaluating the resource, the
resource becomes E ¼ 75. Since u satisfies
composition up,

u c;Eð Þ ¼ u c; Ê
� �þu c� u c; Ê

� �
;E � Ê

� �
¼ u 36; 44; 50; 36ð Þ
þu 36; 44; 50ð Þ � u 36; 44; 50; 36ð Þ; 75� 36ð Þ

¼ 12; 12; 12ð Þþu 24; 32; 38; 39ð Þ:

Again, we cannot identify u 24; 32; 38; 39ð Þ
directly, but as u satisfies equal treatment of
equals and claims truncation invariance, we
know how to divide ~E ¼ 24 (¼ min 24; 32; 38f g)
under the claims vector 24; 32; 38ð Þ, that is,
u 24; 32; 38; 24ð Þ ¼ u 24; 24; 24; 24ð Þ ¼ 8; 8; 8ð Þ.
Now suppose that after re-evaluating the
resource, the resource increases from ~E ¼ 24 to
E � Ê ¼ 39. As u satisfies composition up,

u 24; 32; 38; 39ð Þ ¼ u 24; 32; 38; 24ð Þ
þu 24; 32; 38ð Þ � u 24; 32; 38; 24ð Þ;ð
39� 24Þ

¼ 8; 8; 8ð Þþu 16; 24; 30; 15ð Þ:

As u satisfies equal treatment of equals and
claims truncation invariance, u 16; 24;ð
30; 15Þ ¼ u 15; 15; 15; 15ð Þ ¼ 5; 5; 5ð Þ. Overall,
u c;Eð Þ ¼ 12; 12; 12ð Þþ 8; 8; 8ð Þþ 5; 5; 5ð Þ ¼
25; 25; 25ð Þ. Thus, u c;Eð Þ ¼ CEA c;Eð Þ under
this example.

14.5.2.2 Characterization of the CEL
Rule

Let N 2 N , c;Eð Þ 2 CN , and the awards vector
u c;Eð Þ obtained by applying rule u be given.
Suppose that, in contrast to the situation in the
previous axiom, after re-evaluating E, we find
that there is less of the resource to divide. Let
E0 2 Rþ be the new resource (E0\E). There
may be two ways to divide E0. One way is to
forget about the initial awards given to the agents
and apply rule u to the new problem c;E0ð Þ.
Thus, the resulting awards vector is u c;E0ð Þ.
Another way is to think that each agent claims
the initial award and apply rule u to divide E0.
The resulting awards vector is u u c;Eð Þ;E0ð Þ.
Since

P
i2N

ui c;Eð Þ[E0, the problem

u c;Eð Þ;E0ð Þ is well defined. The following
axiom requires (as with the previous axiom) that
each agent receives the same amount in both
ways. The formal definition is as follows:

Composition down (cp-down): For each
N 2 N , each c;Eð Þ 2 CN , and each E0\E such
that 0�E0, we have u c;E0ð Þ ¼ u u c;Eð Þ;E0ð Þ.

The CEA, CEL, and proportional rules satisfy
composition down. For instance, consider the
CEA rule. Let N ¼ 1; 2; 3f g, c ¼ 5; 20; 35ð Þ, and
E ¼ 40. Then, CEA c;Eð Þ ¼ 5; 17:5; 17:5ð Þ.
Suppose, after re-evaluating the resource, it
becomes E0 ¼ 30. If we apply the CEA rule to
c;E0ð Þ, we have CEA c;E0ð Þ ¼ CEA 5; 20;ð
35; 30Þ ¼ 5; 12:5; 12:5ð Þ (note that we choose

14 Designing Allocation Rules in Economic Problems 245



k ¼ 12:5 to calculate CEA c;E0ð Þ). On the other
hand, if we think that each agent’s claim is their
initial award and apply the CEA rule to divide E0,
we have CEA CEA c;Eð Þ;E0ð Þ ¼ CEA 5; 17:5;ð
17; 5; 30Þ ¼ 5; 12:5; 12:5ð Þ (note that we
choose k ¼ 12:5 again to calculate CEA
CEA c;Eð Þ;E0ð Þ). Thus, CEA c;E0ð Þ ¼
CEA CEAð c;Eð Þ;E0Þ under this example. In
fact, this equality holds for each N 2 N , each
c;Eð Þ 2 CN , and each E0\E such that 0�E0.
The Talmud rule, however, violates compo-

sition down, as shown below.

Proposition 14.6 The Talmud rule does not
satisfy composition down.

Proof Let N ¼ 1; 2f g, c ¼ 20; 30ð Þ, E ¼ 30 and
E0 ¼ 20. Then, Tal c;E0ð Þ ¼ CEA 10; 15;ð
20Þ ¼ 10; 10ð Þ. Note that Tal c;Eð Þ ¼ 10; 15ð Þþ
CEL 10; 15; 30� 25ð Þ ¼ 10; 15ð Þþ 0; 5ð Þ ¼ 10; 20ð Þ.
Thus, Tal Tal c;Eð Þ;E0ð Þ ¼ Tal Tal 20; 30; 30ð Þ;ð
20Þ ¼ Tal 10; 20; 20ð Þ ¼ 5; 10ð ÞþCEL 5; 10; 20ð
�15Þ ¼ 5; 10ð Þþ 0; 5ð Þ ¼ 5; 15ð Þ. Thus, Tal
c;E0ð Þ 6¼ Tal Tal c;Eð Þ;E0ð Þ, in violation of com-
position down. ∎

The following theorem states that only one
rule satisfies equal treatment of equals, minimal
rights first, and composition down.

Theorem 14.4 (Herrero 2003): The CEL rule is
the only rule satisfying equal treatment of
equals, minimal rights first, and composition
down.

As for the previous theorem, we will not
prove Theorem 14.4 but explain how the axioms
listed in the theorem determine the awards vector
for some problem. Let N ¼ 1; 2; 3f g,
c ¼ 36; 44; 50ð Þ, and E ¼ 55. Let u be a rule that
satisfies equal treatment of equals, minimal
rights first, and composition down. Note that
m c;Eð Þ ¼ 0; 0; 0ð Þ. Thus, we cannot identify
u c;Eð Þ directly by applying the above three
axioms. However, if we consider dividing Ê ¼
94 (¼ c2 þ c3) under c, the minimal rights vector

is m c; Ê
� � ¼ 0; 8; 14ð Þ. As u satisfies equal

treatment of equals and minimal rights first,

u c; Ê
� � ¼m c; Ê

� �þu c� m c; Ê
� �

; Ê �
X
i2N

mi c; Ê
� � !

¼ 0; 8; 14ð Þþu 36; 36; 36; 72ð Þ
¼ 0; 8; 14ð Þþ 24; 24; 24ð Þ ¼ 24; 32; 38ð Þ:

Suppose that initially, the resource was Ê ¼ 94,
but after re-evaluating the resource, it becomes
E ¼ 55. As u satisfies composition down,

u c;Eð Þ ¼ u u c; Ê
� �

;E
� � ¼ u 24; 32; 38; 55ð Þ:

Note that m 24; 32; 38; 55ð Þ ¼ 0; 0; 0ð Þ. Thus, we
cannot identify u 24; 32; 38; 55ð Þ directly by
applying the three axioms. But if we consider
dividing ~E ¼ 70 (¼ 32þ 38) under the claims
vector 24; 32; 38ð Þ, we have m 24; 32;ð
38; 70Þ ¼ 0; 8; 14ð Þ. As u satisfies equal treat-
ment of equals and minimal rights first,

u 24; 32; 38; 70ð Þ ¼ 0; 8; 14ð Þþu 24; 24; 24; 48ð Þ
¼ 0; 8; 14ð Þþ 16; 16; 16ð Þ
¼ 16; 24; 30ð Þ:

Now, suppose that after re-evaluating the
resource, it decreases from ~E ¼ 70 to E ¼ 55. As
u satisfies composition down,

u 24; 32; 38; 55ð Þ ¼ u u 24; 32; 38; 70ð Þ; 55ð Þ
¼ u 16; 24; 30; 55ð Þ:

Note that m 16; 24; 30; 55ð Þ ¼ 1; 9; 15ð Þ. As u
satisfies equal treatment of equals and minimal
rights first,

u 16; 24; 30; 55ð Þ ¼ 1; 9; 15ð Þþu 15; 15; 15; 30ð Þ
¼ 1; 9; 15ð Þþ 10; 10; 10ð Þ
¼ 11; 19; 25ð Þ:

Overall, u c;Eð Þ ¼ u 24; 32; 38; 55ð Þ ¼ u 16;ð
24; 30; 55Þ ¼ 11; 19; 25ð Þ. Thus, u c;Eð Þ ¼
CEL c;Eð Þ under this example.
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14.5.2.3 Characterization
of the Proportional Rule

Suppose that some agents transfer their claims
among group members. For instance, let
N ¼ 1; 2; 3; 4; 5f g, c ¼ 10; 20; 50; 60; 80ð Þ, and
E ¼ 160. Consider the group
M ¼ 2; 3; 5f g � N. Suppose, agent 3 transfers
10 units of her claim to agent 2 and 5 units of her
claim to agent 5. Then, the new claims vector is
c0 ¼ 10; 30; 35; 60; 85ð Þ. Note that

P
i2M

ci ¼
20þ 50þ 80 ¼ P

i2M
c
0
i ¼ 30þ 35þ 85 ¼ 150.

Thus, the claims are transferred among agents in
M. The next axiom requires no group of agents to
benefit from transferring their claims. More pre-
cisely, it says that the total amount given to
agents who transfer the claims among themselves
does not change. Thus, it intends to avoid this
kind of strategic behavior caused by a group of
agents. In our previous example, under the rule
u, it means that

P
i2M

ui c;Eð Þ ¼ P
i2M

ui c
0;Eð Þ, or

u2 c;Eð Þþu3 c;Eð Þþu5 c;Eð Þ ¼ u2 c0;Eð Þþ
u3 c0;Eð Þþu5 c0;Eð Þ. The formal definition is as
follows:

No advantageous transfer (nat): For each
N 2 N , each c;Eð Þ 2 CN , each M � N, and each
c
0
i

� �
i2M2 R

M
þ , if

P
i2M

ci ¼
P
i2M

c
0
i, then

P
i2M

ui c;Eð Þ ¼ P
i2M

uiðc0;EÞ where c0 ¼ c
0
i

� �
i2M;

�
cNnMÞ.

As shown below, none of the CEA, CEL, and
Talmud rules satisfy this property.

Proposition 14.7 The CEA rule does not sat-
isfy no advantageous transfer.

Proof Let N ¼ 1; 2; 3f g, c ¼ 10; 30; 40ð Þ, and
E ¼ 36. Then, CEA c;Eð Þ ¼ 10; 13; 13ð Þ. Con-
sider the group M ¼ 1; 2f g � N. If agent 2
transfers 10 units of her claim to agent 1, the new
claims vector will be c0 ¼ 20; 20; 40ð Þ. Note that
c1 þ c2 ¼ c

0
1 þ c

0
2 ¼ 40. Since CEA c0;Eð Þ ¼

12; 12; 12ð Þ, group M benefits by transferring
their claims, that is, CEA1 c;Eð ÞþCEA2 c;Eð Þ
¼ 23\CEA1 c0;Eð ÞþCEA2 c0;Eð Þ ¼ 24. ∎

Proposition 14.8 The CEL rule does not sat-
isfy no advantageous transfer.

Proof Let N ¼ 1; 2; 3f g, c ¼ 10; 30; 40ð Þ, and
E ¼ 30. Then, CEL c;Eð Þ ¼ 0; 10; 20ð Þ. Con-
sider the group M ¼ 1; 2f g � N. If agent 1
transfers 10 units of her claim to agent 2, the new
claims vector will be c0 ¼ 0; 40; 40ð Þ. Note that
c1 þ c2 ¼ c

0
1 þ c

0
2 ¼ 40. Since CEL c0;Eð Þ ¼

0; 15; 15ð Þ, the group M benefits by transferring
their claims, that is, CEL1 c;Eð ÞþCEL2 c;Eð Þ ¼
10\CEL1 c0;Eð ÞþCEL2 c0;Eð Þ ¼ 15. ∎

Proposition 14.9 The Talmud rule does not
satisfy no advantageous transfer.

Proof Let N ¼ 1; 2; 3f g, c ¼ 10; 50; 70ð Þ, and
E ¼ 45. Then, Tal c;Eð Þ ¼ 5; 20; 20ð Þ. Let M ¼
1; 2f g � N and c0 ¼ 30; 30; 70ð Þ. Note that

c1 þ c2 ¼ c
0
1 þ c

0
2 ¼ 60. Since Tal c0;Eð Þ ¼

15; 15; 15ð Þ, the group M benefits by transferring
their claims, that is, Tal1 c;Eð ÞþTal2 c;Eð Þ ¼
25\Tal1 c0;Eð ÞþTal2 c0;Eð Þ ¼ 30. ∎

However, the proportional rule satisfies no
advantageous transfer. For instance, let
N ¼ 1; 2; 3; 4; 5f g, c ¼ c1; c2; c3; c4; c5ð Þ 2 R

5
þ ,

and E 2 Rþ with
P
i2N

ci �E. Consider the group

M ¼ 2; 3; 5f g. Under the proportional rule, this
group in total receives

P2 c;Eð ÞþP3 c;Eð ÞþP5 c;Eð Þ
¼ c2P

i2N ci
� Eþ c3P

i2N ci
� Eþ c5P

i2N ci
� E

¼ c2 þ c3 þ c5P
i2N ci

� E:

Now suppose that agents in the group M transfer
claims among themselves. Let c

0
M ¼

c
0
2; c

0
3; c

0
5

� � 2 R
3
þ be their claims. Note that

c2 þ c3 þ c5 ¼ c
0
2 þ c

0
3 þ c

0
5. Let c0 ¼ c1; c

0
2; c

0
3;

�
c4; c

0
5Þ. Then, after agents in the group M transfer

their claims, this group in total receives
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P2 c0;Eð ÞþP3 c0;Eð ÞþP5 c0;Eð Þ

¼ c
0
2P

i2N c
0
i

� Eþ c
0
3P

i2N c
0
i

� Eþ c
0
5P

i2N c
0
i

� E

¼ c
0
2 þ c

0
3 þ c

0
5P

i2N c
0
i

� E:

Since c2 þ c3 þ c5 ¼ c
0
2 þ c

0
3 þ c

0
5 and

P
i2N

ci ¼P
i2N

c
0
i, P2 c;Eð ÞþP3 c;Eð ÞþP5 c;Eð Þ ¼ P2 c0;Eð Þþ

P3 c0;Eð ÞþP5 c0;Eð Þ. Thus, the group M cannot
receive more by transferring their claims under
the proportional rule. A similar analysis can be
made for each N 2 N , each c;Eð Þ 2 CN , each
M � N, and each c

0
i

� �
i2M2 R

M
þ such thatP

i2M
ci ¼

P
i2M

c
0
i (unless

P
i2N

ci ¼ 0). Thus, the pro-

portional rule satisfies no advantageous transfer.
The following theorem states that the pro-

portional rule is the only one that satisfies this
axiom for more than two agents.

Theorem 14.5 (Moulin 1985a, b; Chun 1988;
Ju et al. 2007): The proportional rule is the only
rule satisfying no advantageous transfer for
more than two agents.

14.6 Concluding Remarks

This chapter studies the basics of designing a
good (fair) allocation rule in economic problems
by analyzing the so-called claims problems. In
Sect. 14.5.1, we learn that the Talmud rule is the
only rule satisfying equal treatment of equals,
minimal rights first, claims truncation invari-
ance, and consistency. Thus, if society agrees
with the above four properties of rules (axioms),
we can recommend adopting the Talmud rule.
However, some other societies may disagree with
one or more of these properties. Alternatively,
these properties may be deemed acceptable or
not depending on the situation (application) they
face. Thus, providing other characterizations as
in Sect. 14.5.2 would be very meaningful for
selecting a good rule. This logic applies not only

to claims problems but also to other economic
problems. In fact, extensive studies (providing
characterizations) have been conducted in the
literature.15

To achieve Goal 16 (Peace, Justice and Strong
Institutions) of the SDGs, especially when
designing rules for economic problems, it
becomes necessary to have this kind of precise
analysis (mathematical analysis). As mentioned
in Sect. 14.2, the problem studied in this chapter
can also be interpreted as a taxation problem. In
view of constructing a desirable tax system or
correcting inequalities among people in other
economic systems, our analysis in this chapter is
related to Goal 10 (Reduced Inequalities) of the
SDGs. Further, since our focus is on economic
problems, our analysis is also closely related to
Goal 8 (Decent Work and Economic Growth) of
the SDGs. When we try to design good rules in
economic problems, it is crucial to take into
account a variety of strategic behaviors carried
out by people. We studied one such behavior in
Sect. 14.5.2 (recall the axiom of no advanta-
geous transfer). In fact, extensive analyses have
been performed in the literature.16 If we suc-
cessfully design an economic system that is
immune to strategic behavior, such a system
would motivate people to work and promote the
nation’s economic growth.

When constructing a building, we draw a plan
in detail. The same thing must be done when
designing a rule for economic problems (as we
did for the claims problem in this chapter). By
doing so, we may achieve several goals in the
SDGs and make the world better in the future.
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