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Preface

This book forms part of a series on sustainability science. Sustainability 
science is a newly emerging academic field that seeks to understand the 
dynamic linkages between global, social and human systems, and to pro-
vide a holistic perspective on the concerns and issues between and within 
these systems. It is a problem-oriented discipline encompassing visions 
and methods for examining and repairing these systems and linkages.

The Integrated Research System for Sustainability Science (IR3S) was 
launched in 2005 at The University of Tokyo with the aim of serving as a 
global research and educational platform for sustainability scientists. In 
2006 IR3S expanded, becoming a university network including Kyoto, 
Osaka, Hokkaido and Ibaraki Univer sities. In addition, Tohoku Univer-
sity, the National Institute for Environmental Studies, Toyo, Chiba, Waseda 
and Ritsumeikan Universities and the United Nations University joined 
as associate members. Since the establishment of the IR3S network, 
member universities have launched sustainability science programmes 
at their institutions and collaborated on related research projects. The 
 results of these projects have been published in prestigious research 
 journals and presented at various academic, governmental and social 
meetings.

The Sustainability Science book series is based on the results of IR3S 
members’ joint research activities over the past five years. The series pro-
vides directions on sustainability for society. These books are expected 
to be of interest to graduate students, educators teaching sustainability-
related courses and those keen to start up similar programmes, active 
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members of NGOs, government officials and people working in industry. 
We hope this series of books will provide readers with useful information 
on sustainability issues and present them with novel ways of thinking and 
solutions to the complex problems faced by people throughout the world.

Integrated Research System for Sustainability Science
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Introduction: From climate change 
to global sustainability
Akimasa Sumi and Nobuo Mimura

1-1 Global warming: What kind of problem is it?

In 2007 the Intergovernmental Panel on Climate Change (IPCC) Work-
ing Group I AR4 (Fourth Assessment Report) clearly declared that the 
contribution of human activities to recent global warming is certainly 
more than 90 per cent (IPCC, 2007). This view is widely accepted by 
global scientific and political communities, which means that we have 
entered into an important stage of the global warming issue: the age of 
action. However, various questions will arise on entering this decision-
making stage, and there may be increased levels of scepticism. It is there-
fore necessary to reconsider what the global warming issue means for our 
future and evaluate the available courses of action.

1-1-1 Perturbation to the radiative energy balance

The Earth’s climate system is determined by radiative energy and mate-
rial balances. With regard to energy, Earth’s climate can be considered an 
open system; however, it is a closed system as far as most materials are 
concerned. Energy is measured by temperature, while a typical example 
of material is water (precipitation), which is a reason why traditional cli-
mate classification is based on temperature and precipitation. Tempera-
ture in the Earth’s climate system is determined by the budget between 
incoming and outgoing energy. If the former is larger, the temperature 
will increase, although its distribution in the system is determined by 
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processes within the system. In reality, the Earth’s climate consists of 
many interacting subsystems that influence the distribution of energy. 
Precipitation also results from interactions between many processes in 
the climate system. At the same time, it should be noted that the Earth’s 
climate is dynamic rather than static. The Earth has experienced many 
dramatic climate changes, including several ice ages.

Following the Industrial Revolution, human beings have become a 
component in the Earth’s climate system. Through modification of the 
environment, we possess the power to reduce environmental constraints 
around us. By changing land cover and land use, we have increased our 
food supply. Furthermore, car use has amplified our ability to move. 
Emission of global warming gases associated with these human activities 
has resulted in changes in the minor constituent concentration in the 
atmo s phere. This disturbs the Earth’s radiative energy balance, resulting 
in a warmer climate.

However, perturbation induced by humankind does not only affect the 
radiational energy balance, but happens in many other fields as well. Thus 
it is concluded that the environment around us consists of interaction be-
tween various subsystems. To summarize these interactions, Komiyama 
and Takeuchi (2006) introduce three subsystems – the global (natural), 
social and human – and the various problems around us (the Earth’s en-
vironmental issues) that result from the imbalance between these subsys-
tems (see Figure 1.1). Of course it is true that there are many other 

Figure 1.1 Relationship between three systems
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subsystems, but these three represent the three dimensions in a frame of 
thinking towards a sustainable society when each issue is considered.

The three societies, i.e. the low-carbon society, the resource-circulating 
society and the nature-friendly society, should be realized simultaneously, 
and an integration of each is proposed by Masui in Chapter 7. But even 
when action is taken to attain a low-carbon society, attention must be 
paid to these three interactions (Figure 1.2).

For example, the global warming issue is caused by the imbalance be-
tween the global (natural) and social systems. Greenhouse gases emitted 
by human activity have changed the concentration of the atmosphere, 
which perturbs the radiation balance in the Earth’s climate system. Here 
it should be noted that the present climate is not the most ideal climate. 
The environment has evolved by adapting to climatic conditions. In other 
words, our society, natural resources and ecosystem services are under 
these climatic conditions – thus it is easy to understand that changes in 
the present climatic conditions will impact on our society. One result of 
the imbalance between the social and human systems is material circu-
lation. Through production and consumption, we have produced many 
artefacts that have changed natural resources into waste. This waste pro-
duction cannot continue indefinitely without consequences, and therefore 
a circulation of materials (recycling) is necessary.

Examples of the imbalance between the global (natural) and human 
systems are natural hazards such as earthquakes, tsunamis, typhoons and 
hurricanes. In addition to these hazards, we have to pay attention to is-
sues in social and human systems, such as loneliness and the pursuit of a 
life worth living. Traditionally, issues relating to the human heart have 
been discussed separately from energy and material issues. However, 

Figure 1.2 Integration of three societies
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when we introduce mitigation and adaptation measures into a society, we 
have to make a value judgement about the people. In other words, if it is 
acceptable to make many people unhappy, we can easily reduce energy 
consumption. It is certain that shrinking of an economy contributes to 
the reduction of energy consumption; but it produces many drawbacks in 
the society, such as increased numbers of poor people. Therefore we have 
to pay attention to the well-being of individuals when we take an action.

We thus propose a low-carbon society to recover the balance between 
the global (natural) and social systems. Similarly, a material-circulating 
society is proposed to recover the imbalance between the social and 
human systems. Finally, creation of a society in harmony with nature is 
proposed to recover the balance between the global (natural) and human 
systems.

1-1-2 Equity between generations

Besides the natural phenomena outlined above, global warming exerts a 
strong influence on society, with one important issue being the resulting 
inequity between generations. The problems brought about by global 
warming are not currently urgent but will emerge in the future, suggest-
ing that forecasting and backcasting are critical. Climate change is evalu-
ated through climate model simulations. It should be noted that climate 
models depend on the scientific knowledge of the time, but uncertainties 
in future climate predictions are inevitable. Our climate system has a cha-
otic nature, and deterministic prediction for the future is, in principle, 
impossible. There are also interactions between human activities and the 
natural system which are difficult to quantify. For example, future energy 
use is strongly dependent on future socio-economic situations and tech-
nology development, which to some extent depend on taste and prefer-
ence; people do not always base their decisions on economic factors. 
Human behaviour and social development involve many unpredictable 
aspects. However, we should not be caught in a trap of pessimism. The 
future is unpredictable, but there are areas in which consequences can be 
calculated. For example, it is certain that increased levels of carbon diox-
ide (CO2) result in a warmer climate. Therefore, we have to take action 
based on reliable predictions and impact assessments.

1-1-3 Science and politics

It is often said that global warming is the first problem where science and 
policy sit at the same table. This does not mean that science has been out 
of politics; rather, in the past politics was the master and science the fol-
lower. This is best illustrated by the Manhattan Project in which the 
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world’s first atomic bomb was developed during the Second World War. 
All scientific knowledge was mobilized to achieve a political goal. At 
present it is vital for politics to listen to the voice of science, but there 
remains a significant gap between the two fields. Politicians need all nec-
essary knowledge, but policy usually requests more than science can pro-
vide. This provokes questions about the suitability of science for political 
decision-making, but it is clear that science is crucial. The present issues 
could not be addressed without scientific and technological knowledge. 
However, convincing politicians of scientific suggestions remains difficult 
because science relates the conclusions that follow logically from data 
and established theories. In contrast, politics has to pay attention to dif-
ferent aspects of human beings, such as desire, lust and economic values. 
The value system and mental situation of each individual must also be 
considered.

1-1-4 Understanding is critical, but action is also necessary

When issues emerge, scientists believe that we should attempt to gain a 
full understanding of each aspect and how it might interact with what is 
already known. While this is true, there are many problems that require 
action before complete understanding can be gained. Global warming is 
just such a problem.

When we take action before complete understanding, analysis of the 
criteria for action should be undertaken. It is easy to say that the present 
generation should take action on behalf of future generations, but full 
consideration of why and how we should act is imperative.

1-1-5 Freedom versus limitation

“Freedom, equality and fraternity” is a slogan from the French Revolu-
tion. However, these values cannot always be completely achieved simul-
taneously. Mankind is surrounded by many difficulties, and the conquest 
of nature has always been considered a victory. We now realize that hu-
man activity exerts a strong influence over our environment. Therefore, 
to adapt to the problems caused by global warming, we will have to intro-
duce limits to our freedom. An example of this can be seen in the arms-
reduction negotiations. To limit nuclear weapons, each country has to 
limit its freedom to increase its military power. To combat the problems 
caused by global warming, each society has to limit the freedom of maxi-
mizing its own economic interest.

People may insist upon their rights to pursue their own interests, but in 
some cases these may have to be forfeited. In brief, global warming cre-
ates a constraint to global politics and economics. The actions induced by 
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these issues need international diplomacy. The Nuclear Non-Proliferation 
Treaty has been created for reduction of nuclear weapons. For global 
warming, long-lasting international diplomacy is being procured through 
the activities of the UNFCCC Conference of Parties (COP)/Meeting of 
Parties (MOP), which has resulted in negotiation about future action fol-
lowing the Kyoto Protocol.

1-2 Now is the time for action

Social concern about global warming has now shifted from the scientific 
question of whether or not human activity contributes to climate change 
to real action such as adaptation and mitigation. However, on entering 
the stage of concrete action, we have to consider various aspects of 
society. In particular, there are distinct differences in position between 
developed and developing countries. We have to admit that developing 
countries have a right to develop, and the concept of “co-benefit” must 
be presented so that policies will be acceptable to nations at different 
levels of development. In the case of Japan, it is needless to say that the 
society is confronted with many issues, including resource scarcity, an 
aged society, poverty, public health and so on. It should be noted that all 
these issues require a solution. Each stakeholder has its own value crite-
ria, and all are eager to have resources allocated to their own topic. 
Concrete action entails allocation of financial and human resources and 
numerous other assets, suggesting that time-consuming processes are re-
quired to reach a consensus on resource allocation among stakeholders. 
To reach this consensus, it is necessary for us to build a framework to 
tackle these problems.

1-3 Reliable tools are necessary for agreement

All action taken should be based on reliable estimates of future impacts 
and the probable effectiveness of any action. A reliable tool is needed for 
this purpose, because stakeholders naturally prioritize their own interests 
and profits. An objective framework is therefore necessary before a con-
sensus can be reached, and one candidate for this is a reliable climate 
model combined with an integrated assessment model, as discussed by 
Sumi (2007). For example, recent advances in the technology of high-end 
super-computers are remarkable, and it is rumoured that the Exa (1013) 
FLOPS super-computer will be available in the mid-2010s. This high-end 
computer will open a new era for climate modelling and increase the 
reliability of integrated assessment models. Many processes that are now 
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treated in a parameterization scheme in modelling will be given more ad-
vanced treatments. For example, clouds will be treated explicitly, which 
will reduce the uncertainty of climate sensitivity. Horizontal resolution 
will be increased, and there will be impacts at the local scale. In impact 
assessment modelling, various new factors including human behaviour 
and economics based on the tastes and actions of individual people will 
be added to the existing model. More reliable assessment may be p ossible.

Besides the advances in super-computing capability, significant ad-
vances in information network technology are expected. The success of 
the internet has increased the ease with which knowledge is accessed, 
which means that people all over the world can now easily access data 
describing the present status of our climate and environment. These IT 
contributions shape public opinion about the environment. Here, the role 
of the view from space via satellite remote sensing is particularly empha-
sized because this provides mankind with a platform to view the Earth 
from outside. It is also important that this view is transported to the pub-
lic through the media. For example, deforestation in the Amazon, the 
hole in the ozone layer and the recent decrease of sea ice in the Arctic 
Ocean are all clearly demonstrated by satellite pictures and have thus 
become well known.

1-4 Structuring of knowledge

There are numerous issues resulting from global warming, and a huge 
volume of knowledge is produced every day. This knowledge must be 
structured properly to make maximum use of it. In the IPCC process, 
policy-relevant, rather than policy perspective, results are pursued, which 
is one example of an effort to structure knowledge. In this process, avail-
able peer-reviewed papers are collected and arranged by selected lead 
authors. Through the production process, manuscripts are reviewed by 
peers and governments. Finally, a summary for policy-makers is made 
line by line by government officials.

Another method of structuring knowledge is mapping the issues. For 
example, Hiramatsu, Mimura and Sumi (2008) have proposed a type of 
global warming mapping that provides a framework to arrange the exist-
ing knowledge.

These topics will be described in the following chapters.

1-5 Structure of this book

In this Introduction it is emphasized that global warming is a complicated 
issue where many factors interact with each other. In order to understand 
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the totality of the issue and find the weak points in our knowledge to 
overcome the issue, the structuring of knowledge is stressed. Our efforts 
to structure the knowledge of the global warming issue are described in 
Chapter 2, where a mapping of the global warming issue is proposed. It 
has a cycle with seven phases.
• Greenhouse gases are emitted due to anthropogenic socio-economic 

activities.
• Greenhouse gas concentration is determined through the natural car-

bon cycle.
• Climate change due to the change of the greenhouse gas concentration 

is estimated.
• Impacts due to climate change are estimated.
• Adaptation should be considered for the impacts.
• Mitigation should be considered for the impacts.
• These adaptation and mitigation options contribute to establishment of 

a new social structure.
This map describes a dynamic where the present structure of our soci-

ety will be changed to a new structure of future society through mitiga-
tion and adaptation options relating to the global warming issue. Through 
this study, it is pointed out that research on adaptation and restructuring 
of society is weak and there are few definite images of the future society.

When we discuss the future, it should be given a time-horizon. Usually, 
this issue is handled in future simulation in models. There are many dif-
ferent types of models, from simple to complex, and it is very important 
to consider whether the model deserves future simulation. Regardless of 
the kind of model used, a degree of uncertainty is inevitable. When we 
consider an action for the future, we have to make a decision on criteria. 
Cost-benefit analysis is often used as a criterion. Then we have to e stimate 
costs due to climate change resulting from global warming, where there 
are two different processes: estimate of the climate change and estimate 
of cost of impacts due to the climate change. Usually, climate change is 
estimated using a numerical simulation in a climate model. Here, accu-
racy of the estimate of climate change becomes important. As a final de-
cision is made by society, it is very important to know the reliability of 
the estimate of climate change due to global warming. In other words, 
one must let society know the risk of global warming. With incomplete or 
imperfect information, exactly how to communicate this is very impor-
tant. This aspect is discussed in Chapter 3.

As is described before, impacts of climate change due to global warm-
ing are a very difficult research theme, because there are many different 
topics and stakeholders. It often happens that a certain impact which is 
negative to one stakeholder is positive to another stakeholder. Then 
there is the question of the practical way to present estimates of impacts 
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to society. Various kind of impacts are discussed in different horizontal 
scales – Japanese, regional and global – in Chapter 4. Finally, optimiza-
tion of adaptation and mitigation strategy is discussed.

In Chapter 5 we discuss several policy-related issues. When we take ac-
tion, policy issues are inevitable. Various policy options within domestic 
legislation and an international framework are necessary. However, pol-
icy options alone are not sufficient. We need collaborations of many 
stakeholders, and among these the behaviour of private companies is im-
portant. As an example, the Shell energy scenario is presented to show 
how this private company is thinking about the future. Finally, the rela-
tionship between developed and developing countries becomes impor-
tant. In other words, international development aid policy should be 
consistent with the climate change adaptation/mitigation policy.

Following policy options, we should take concrete action to transform 
our society. This issue is discussed in Chapter 6. It covers diverse topics, 
from the social system and life cycle to the role of journalism and eco-
philosophy. This is inevitable when we think about reorganizing our soci-
ety, because society consists of many levels with different characterizations.

Our future vision is presented in Chapter 7. It is often said that a low-
carbon society should be established to overcome the global warming 
issue. However, we think this is not enough. As there are so many issues 
around us, it is not enough to pay attention to just one aspect. Given that 
the present situation resulted from an imbalance between the three 
societies – the global (natural), social and human systems – in order to 
realize a sustainable society we have to restore balances between these 
societies. You may ask why? One tentative approach is presented in 
Chapter 7, as the first step in this issue. This can be considered to be one 
of our conclusions regarding the future society, although its formulation 
is simple and more work will be necessary. In Chapter 8, a summary is 
given.
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2

Structuring knowledge 
of climate change
Ai Hiramatsu

2-1 Introduction

Sustainability science has emerged as a new academic field that seeks to 
link and integrate conventional disciplines to solve today’s complicated 
problems in international societies and achieve a sustainable society. It is 
a problem-oriented discipline method and is expected to articulate vi-
sions for future society.

Climate change has become one of the most prioritized issues in both 
national and international arenas today. Climate change issues cover a 
broad range of disciplines and are a typical example of the advantages of 
sustainability science. So far, conventional disciplines and individual re-
search have addressed these problems from specific viewpoints in a spe-
cific field. However, climate change cannot be solved by a single measure. 
It has been difficult to understand the whole picture of climate issues, 
and moreover it is very difficult to know what is happening in each re-
gion, what research and measures are implemented in each field and how 
they are related to each other.

To organize the enormous volume of knowledge, just listing keywords 
and showing causal connections or relationships among them is cumber-
some and can result in confusion.

To get a comprehensive view of climate-related issues and design sus-
tainable countermeasures for addressing climate change, a new method 
and approach are required, which are expected to be developed in sus-
tainability science. The approach should unify the various aspects of 
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climate change, including natural and social sciences such as climate pre-
diction, impact assessment, mitigation and adaptation technologies, eco-
nomics, policies and social issues. The problem must be tackled from a 
wide range of viewpoints from different academic fields.

Since the early twentieth century, brainstorming has been a popular 
technique designed to let people generate creative ideas among large 
amounts of knowledge as a first step in the solution of a problem. How-
ever, brainstorming itself does not always lead to a solution, although it 
engages people to cooperate and improve teamwork. Around the end of 
the twentieth century new methods were developed which lead people to 
organize and reconstruct broad knowledge to understand the objects bet-
ter. The KJ method, also known as the affinity diagram, was proposed by 
Kawakita (1991) to make brainstorming more effective. Its process con-
sists of three steps: first, record data and ideas on labels in a brainstorm-
ing meeting; then group those labels and make teams with identified titles 
or concepts; thirdly, make a chart with these teams adding arrows to indi-
cate their relationship, then discuss and conduct analysis. The KJ method 
has been widely used in Japanese business and administrative circles 
(Scupin, 1997). Mind maps, concept maps and other models have also 
been developed to activate people’s brains and organize complex ideas. 
In mind maps, people draw their ideas and knowledge freely from a cen-
tral idea. They are utilized in business, education and self-analysis (Buzan 
and Buzan, 1996). Concept maps focus more on the connection of con-
cepts and try to capture knowledge more systematically and hierarchi-
cally (Novak and Cañas, 2008).

Here, as a tool of structuring knowledge, a mapping approach will be 
introduced. As mentioned above, mapping approaches are sometimes 
used to gain a systematic understanding of complex problems involving 
many diverse elements. There are some mapping approaches on sustain-
ability. Kajikawa et al. (2007) drew a research overview map by analysing 
the citation network of papers published in academic journals which are 
related to sustainability science and detecting their research domains. 
Choucri et al. (2007) proposed a conceptual framework to guide the 
understanding of the elements of sustainability. They use a three- 
dimensional (3D) pillar map with an integrated frame system comprising 
slice (domain of core concept), ring (dimension of problem and solution) 
and cell (granular manifestation).

Climate issues can also be structured and visualized by mapping, so 
that people comprehensively recognize problems and implement well-
designed policies and countermeasures. Framing examples on climate 
change are represented in the Intergovernmental Panel on Climate 
Change (IPCC) assessment reports, and in the reports of the Council for 
Science and Technology Promotion (Ichikawa, 2004; Koike, 2006). As well 
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as the integration of research disciplines, active communication and shar-
ing of knowledge and experience among experts and organizations in 
different fields are important. In this chapter, a mapping framework of 
global warming issues is introduced: it is used to restructure our present 
knowledge by several universities and institutes in Japan participating in 
a project entitled Integrated Research Systems for Sustainability Science 
(IR3S). The map has seven phases in the global warming process, based 
on the interaction between human society and nature. The objective of 
this study is to reorganize current research results and clarify problems 
and solutions. It also aims to clarify certainties and uncertainties of scien-
tific knowledge and identify higher and lower priority areas for future 
research (Hiramatsu, Mimura and Sumi, 2008).

2-2 Mapping framework for structuring global warming

2-2-1 Phase classification

To make it easier to understand the complex and wide-ranging elements 
related to global warming, an organizational mapping framework is used. 
The map is classified into seven phases; the sequence from phase 1 to 
phase 7 naturally follows the process of global warming and is easy to 
understand (Table 2.1). This cycle of phases is not at equilibrium but will 
continually change based on the dynamic interaction between nature and 
human society. Interactions between human society and natural systems 
will continue, and the issues raised in the process of global warming will 
be repeated. The change of social structure in phase 7 has the possibility 
of producing new problems, which means that we will have to tackle 
those problems again and again. The important thing is that we have to 
consider problems with the whole cycle continuously and the sequence of 
the phases is expected to repeat towards a low-carbon society, in which 
the CO2 concentration is stabilized at a level that is not dangerous.

Based on this dynamic structure of seven phases, the mapping frame-
work of global warming issues is created (Figure 2.1). This is conceptually 
clear and easy to understand, yet it is also comprehensive, encompasses a 
broad range of global warming elements and applies to various c hallenges 
and problems.

2-2-2 Identification of key questions

To catch the whole structure and core problem for seeking compatible 
countermeasures, it is useful to set key questions in each phase. Table 2.2 
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shows representative key questions for each phase, which can be the 
highest on the list of concerns regarding climate change for that phase. 
There are many underlying issues and more detailed questions in each 
phase, and users can set the necessary level of questions depending on 
their needs.

In this chapter, these key questions and mapping classifications are 
used to measure the extent to which current scientific knowledge and re-
search has provided answers to society.

2-2-3 Setting keywords

Users can divide each phase into several categories and put major key-
words of climate issues into those categories. In Figure 2.1, two to four 

Table 2.1 Phase classification

Phase Explanation

1  Socio-economic activity 
and GHG emissions

GHGs and aerosols are emitted and natural 
environments are changed by the economic 
activities of human society

2  Carbon cycle and 
carbon concentration

In the natural system, carbon circulates in the 
atmosphere, in the ocean and on land through 
photosynthesis, respiration, decomposition and 
other processes
Emitted GHGs enter these circulation processes 
and finally determine the GHG concentration in 
the atmosphere

3  Climate change and 
global warming

GHGs in the atmosphere cause climate change, 
such as increases in air temperature and sea level

4  Impacts on ecosystems 
and human society

Climate change induces various effects on 
ecosystems and human society, such as 
submerging of low-lying areas, extinction of 
species and changing food production and water 
resources

5  Adaptation To address the impacts of climate change, human 
society must promote policies and technologies to 
adapt to a warmer world

6  Mitigation In addition to adapting to a warmer world, human 
society must reduce GHG emissions to decrease 
GHG concentrations in the atmosphere, and must 
therefore introduce various mitigating policies 
and technologies

7  Social systems New social systems should be developed
There must be changes in social values, lifestyles 
and education, and voluntary actions taken by 
society
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categories are created in the phases and major keywords of current re-
search programmes in the world are input in the map. The category 
names are shown in the circle around the map.

Phase 1 incorporates the industrial structure and basic social structure 
that determine GHG emissions and relate to the emission inventory, in-
cluding population and society’s energy demands. In phase 2 the carbon 
cycle was divided into the atmosphere, hydrosphere, geosphere and bio-
sphere. The behaviours of GHGs and aerosols, mechanisms of the carbon 
cycle and other environmental elements affecting the carbon cycle are 
included. Phase 3 was divided into observation and prediction of climate 
change, as well as the related uncertainties. Observed global warming 
items and models predicting the future climate are included here. Phase 4 
contains the categories of impacts and risk assessment. Impacts include 
the direct effects of global warming as well as the indirect or multiple ef-
fects associated with other causes. Categories for technology and policy 
for mitigation and adaptation are included in phases 5 and 6. In phase 5, 
adaptation technologies such as revetments against high storm surges or 

Table 2.2 Key questions for each phase

Phase Key question

1  Socio-economic activity 
and GHG emissions

How will the amount of anthropogenic GHG 
emissions and their emission sources change?

2  Carbon cycle and carbon 
concentration

How do GHG concentrations change?
What is the mechanism of the carbon cycle and 
what are the environmental variation factors 
relating to climate change? 

3  Climate change and global 
warming

Does global warming occur?
How will the climate change in the future?

4  Impacts on ecosystems 
and human society

What are the impacts of climate change?
What level of climate change will put humans 
and ecosystems at risk?

5  Adaptation What kinds of adaptation policies and 
technologies are required?
By how much will adaptation measures reduce 
the risk?

6  Mitigation What kinds of mitigation policies and 
technologies are required for reductions in 
GHG emissions?
How much GHG emission reduction will be 
possible?

7  Social systems How can human society change social systems 
to create a low-carbon society?
Do the changes contribute to a sustainable 
society?

Source: Hiramatsu, Mimura and Sumi (2008).
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flooding and improvement or introduction of genetically modified organ-
isms (GMOs) to ensure crop yields in a warmer climate are posted. Ad-
aptation policies include insurance schemes and other types of risk 
management. In phase 6, as mitigation technologies, energy saving, re-
newable energy and carbon capture and storage as well as forest manage-
ment techniques are posted. Mitigation policies include creation of an 
international/national regime to reduce GHG emissions and economic 
measures, such as emissions trading and the clean development mech-
anism (CDM). There are some policies and technologies that relate to 
both phases 5 and 6. Although the energy sector has strong ties to cli-
mate change and plays an important role in mitigation, there are too 
many studies in this sector and the types of energy represented here are 
minimized. It mainly includes those that deal with climate change, energy 
saving, renewable energy and other related issues. Phase 7 includes philo-
sophical aspects and the governance of society, such as the decision- 
making process, education system, social values and the behaviour of 
businesses and individuals.

As for keywords, items located closer to the centre represent more 
fundamental issues and items located further out are more applied, in 
general. The items closest to the centre of the map represent the most 
fundamental issues in phases 1, 2 and 7; the more serious phenomena 
and effects in phases 3 and 4; and the highest-priority options in phases 5 
and 6. The items listed further from the centre are the more practical 
challenges on which society needs to work, especially in phases 1 and 7. 
These key questions and keywords are arbitrarily defined by experts and 
should be evaluated further or can be changed by users. But by using 
this mapping framework and considering the issues in each phase holisti-
cally, well-balanced countermeasures against global warming can be de-
veloped.

2-3 Application of IPCC findings

2-3-1 Classification of research findings

In this section, an application of this mapping framework for IPCC re-
search findings is shown. The IPCC has provided detailed information 
to decision-makers and others interested in climate change at regular in-
tervals, and the reports are a good source of comprehensive information 
to help understand current research findings. The latest report, the IPCC 
Fourth Assessment Report (AR4), was released in 2007, and this is used 
for organizing and restructuring the knowledge on global warming in this 
section (IPCC, 2007a, 2007b, 2007c).
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The findings summarized by the bullets in the summaries for policy-
makers (SPMs) of AR4, which are summaries of Working Groups (WG) 
I–III, are assumed to represent the essence of the current state of sci-
entific knowledge. They are classified into the seven phases according the 
type of research findings to be applied to the mapping framework of 
Figure 2.1. The application of those results into each phase is shown in 
Figure 2.2. By this visual map, it becomes easy to grasp the distribution of 
research and which working group has strength in each phase. This first 
step can help to examine the current policies and develop the appropri-
ate climate policies for the future.

To show the amount of findings in each phase in detail, the number of 
scientific findings obtained by each WG have been calculated and dis-
played in Figure 2.3. WGI research deals primarily with phases 2 and 3, 
WGII research with phases 4 and 5 and WGIII research deals with phases 
1, 6 and 7.

The largest number of findings for WGI on a single phase (phase 3) 
was 48 (out of a total of 52 for the phase). These research findings are 
observations of global and regional climate change in the atmosphere, 
ocean and snow-covered areas, as well as future projections by climate 
models, primarily on the global level. The number of research findings 
obtained by WGI in phase 2 was 21. Most of these deal with radiative 
forcing of GHGs and aerosols and investigations of the causes of climate 
change, including mechanisms.

WGII mainly provided findings of impact research; its largest number 
of findings was 75 in phase 4. Most of the findings in phase 4 are related 
to the observed impacts of global warming and predictions of future im-
pacts in regions and sectors, while a few cover risk assessment. The other 
topic of WGII is adaptation. In phase 5 there are only 10 research find-
ings: the necessity of adaptation has been recognized and practical uses 
of adaptation have been introduced, but there are almost no practical 
findings on adaptation policy.

Phase 6 has the largest number of findings, 82, all of which are from 
WGIII which has mitigation as its main research focus. Findings in phase 
6 mainly deal with various short- and medium-term mitigating technolo-
gies, policies, measures and methods and their economic costs, whereas 
fewer focus on long-term mitigation. Although it is also an important is-
sue, there are only 15 findings dealing with emission sources and emission 
pathways for stabilization of GHG concentrations in phase 1. Even fewer 
research findings have been obtained in the social system – eight findings 
in phase 7.

The IPCC works are assumed to be policy relevant and the research 
was principally selected from the point of view of scientific and policy 
needs. The difference in the numbers of findings seems to represent these 
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characteristics. From the SPM analysis, it is found that a focus was placed 
on research such as acquiring scientific evidence of global warming and 
its causes, identifying the effects of climate change and backing up miti-
gation options argued by various nations. Therefore, the numbers of sci-
entific findings for phases 2, 3, 4 and 6 are much higher than those of 
other phases.

2-3-2 Certainty of research findings to the key questions

Not only can the amount of research be compared, but the certainty of 
research findings can be evaluated. Among the research findings of IPCC 
AR4, those which can be scientific answers to the key questions in the 
seven phases in Table 2.2 were extracted and summarized (see the appen-
dix in Hiramatsu, Mimura and Sumi, 2008, for detail). The answers were 
classified into the seven phases in the mapping framework and analysed 
for certainty (Figure 2.4). Considering the level of reliability placed by 
the IPCC on the findings, with the cooperation of two to three coordinat-
ing lead authors or lead authors from each WG, answers are ranked on 
the basis of expert judgement as follows.
• A: Answered with high certainty.
• B: Partly answered (incomplete).
• C: No answer or still uncertain.

Figure 2.3 Number of scientific findings listed in IPCC AR4 for each phase
Source: Hiramatsu, Mimura and Sumi (2008).
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For the measurement of certainty, research findings described as “virtu-
ally certain”, “very likely” and “high confidence” in the SPMs were al-
most always ranked A. If there was difficulty in deciding between A/ B 
and B/C or the judgement of coordinating lead authors or lead authors 
was divided, the lower rank was chosen.

In phase 1 the answers clearly indicate that so far CO2 emissions de-
rived from fossil fuels have increased, from an average of 23.5 GtCO2 per 
year in the 1990s to 26.4 GtCO2 per year in 2000–2005. For the future, 
CO2 emission scenarios for six alternative categories of stabilization
levels (from 445–490 to 855–1,130 ppm CO2 equivalent) have been pro-
posed as emission pathways, and findings indicate that the lower the sta-
bilization level, the sooner this peak and decline would need to occur. 
However, it is still uncertain which pathway to take because outcomes 
depend on action taken by the world and by individual nations. Therefore 
there is only one A in phase 1; to improve the certainty, more concrete 

Figure 2.4 Certainty rankings for answers to the key questions in each phase
Note: The number of IPCC findings in each ranking category is shown for each 
phase. 
Source: Hiramatsu, Mimura and Sumi (2008).
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future scenarios for energy structure, industrial changes and other emis-
sion sources are required.

In phase 2 half the answers are fairly certain, although there are only a 
few answers in this phase. Answers to questions about the mechanism of 
climate change have become much clearer. New observational data, re-
search on radiative forcing and model calculations have clarified the view 
that recent global warming can only be explained by combining natural 
changes with the increase in anthropogenic GHGs, leading to the con-
clusion that recent human activities have caused global warming. An-
swers to questions concerning changes in thermohaline circulation, other 
drivers and feedback systems have higher levels of uncertainty.

In phase 3 the proportion of answers with a high degree of certainty is 
more than 50 per cent. The question of whether global warming has oc-
curred has been clearly answered. The climate has been getting warmer 
– the global average temperature has increased by 0.74°C in the past 100 
years (1904–2005). Looking at the future climate, the estimated tempera-
ture increase ranges from 2.0 to 6.1°C, and an increased number of ex-
treme events and other climatic changes have also been predicted. 
Predictions provide clear answers for the near-future climate, but are less 
clear for the long-term future climate.

In phase 4 the answers indicate the impacts of climate change on eco-
systems and human society have already become apparent, most obvi-
ously changes in snow- and ice-covered areas and biological systems. 
Polar regions, high-latitude areas and coastal zones have been identified 
as being vulnerable to climate change in the future. Although the amount 
of research in this area has increased, impacts vary by sector and region, 
and there is still uncertainty in the answers. More studies are required for 
the detection of dangerous levels of impacts and the multiple effects of 
other drivers.

In phase 5 there are few research findings and few certain answers. 
Adaptation is recognized as a necessary measure and has begun with ex-
isting technology, such as coastal revetment and agricultural adaptation. 
Options for adaptation are being studied, but the practical effectiveness 
and costs are not yet clear. Although there is a need for more integrated 
study of adaptation to address the unavoidable impacts resulting from 
warming due to past emissions, a portfolio of adaptation and mitigation 
measures is also required to diminish the risks associated with climate 
change. The design of such a portfolio remains as a future challenge.

In phase 6 research findings show various mitigation measures have 
been studied and discussed. There is a good deal of potential for a reduc-
tion in emissions in each sector through the use of available technologies 
for mitigation in the near future, especially in the energy infrastructure 
and forest management sectors, with high reliability. Technology transfer 
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is also effective. However, there is still a good deal of uncertainty about 
cost-effectiveness, carbon pricing, emissions reduction by sector and poli-
cies for long-term mitigation. As a whole, in the absence of a clear global 
direction, the answers in this phase remain ambiguous despite the many 
suggestions.

In phase 7 the current answers on social systems provide low levels of 
certainty. To reduce GHG emissions drastically, a change in the structure 
of society itself is required and more cooperation and consensus-building 
among nations are needed to reach agreements; appropriate measures 
are necessary to penetrate down to the local level to guarantee effective 
policy implementation. However, even though there is solid potential and 
a demand for such research, findings are quite limited in this phase. To 
date, research has been conducted on contributions from businesses (e.g. 
voluntary actions resulting from voluntary agreements) and behavioural 
change.

2-3-3 Analysis of mapping IPCC findings

The research findings presented in IPCC AR4 represent a marked im-
provement and answer key questions to some extent, especially on the 
physical aspect of climate change. However, there still remains a need to 
improve the more practical studies and social science research if success-
ful action is to be taken to address climate change. There is a need for 
the appropriate implementation of a portfolio of adaptation and mitiga-
tion strategies, and more concrete societal assumptions for stabilization. 
Research in the field of social systems has also been weak. There have 
been no systematic studies, and few certain scientific findings in relation 
to the social system have been reported throughout the WGs. Studies 
on improving the participatory process of citizens, the effects of culture, 
ethics and religion, and the cooperation of various actors are also re-
quired.

2-4 Application of governmental research programmes

2-4-1 Japan

In this section, the number and budgets of governmental research pro-
grammes on climate change are classified into the seven phases in the 
map and analysed.

Governmental research programmes can be divided into two types, 
bottom-up research and top-down research. In Japan, for bottom-up re-
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search, researchers apply with their individual topics to Grants-in-Aid for 
Scientific Research (GASR).

To know how many studies on climate change are registered with 
GASR, around 30 keywords related to climate change were used to ana-
lyse the titles of all research in the database. Keywords are listed in Table 
2.3. Research which is assumed to contribute directly to addressing cli-
mate change was selected. As shown in Table 2.4, the number of studies 
on climate change seems stable until 2007. However, the budget has been 
increasing year by year: in 2008 it had doubled since 2004. Next the 
studies were classified into the seven phases of the mapping framework 
(Figure 2.5). There are many studies in the carbon cycle, impact assess-
ment and mitigation. The budget for carbon cycle research is by far the 
largest; the budget in mitigation, especially in energy-related research, is 
the next largest. Recently impact assessment research is rapidly increas-
ing. On the other hand, research in future social structure, adaptation and 
social systems is very limited. Sometimes adaption studies are included in 
other fundamental research as an extension of existing work, but such 
research is not extracted in this analysis.

Research Programs by Ministries (RPM) is funded by the Japanese 
government as top-down research: the government puts more priority on 

Table 2.3 Keywords to extract research on climate change

Global warming Greenhouse gas (GHG) Kyoto initiative
Climate change Carbon cycle Kyoto mechanism
Climate change Carbon capture and storage 

(CCS)
Clean development 
mechanism (CDM)

Climate prediction Aerosol Joint symposium (JI)
Climate model UN Framework Convention on 

Climate Change (UNFCCC)
Emissions trading (ET)

Carbon circulation 
model

Intergovernmental Panel on 
Climate Change (IPCC)

Carbon tax

Climate scenario Conference of Parties (COP) Carbon sequestration
Greenhouse effect Kyoto Protocol (Carbon) sink

Table 2.4 Research on climate change in Grants-in-Aid for Scientific Research

Year Number Budget ($1,000) % of total budget

FY 2004
FY 2005
FY 2006
FY 2007
FY 2008

147
151
137
140
166

 5,176
 6,953
 7,108
 7,604
10,783

3.78
4.58
4.60
5.15
7.64

Note: $1 = 94 yen (August 2009).
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the specific field and allocates a budget to it. RPM data are obtained 
from the Council for Science and Technology Policy, Cabinet Office and 
the websites of the ministries. Figure 2.6 shows the number of research 
projects and budget of each ministry in 2006 (energy research data of the 
New Energy and Industrial Technology Development Organization are 
excluded).

The RPM budget is almost 100 times as much as that of GASR. The 
fields the Japanese government currently focuses on are observation, cli-

Figure 2.5 Number (a) and budget (b) of research on climate change in Grants-in-Aid 
for Scientific Research (bottom-up research)
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Figure 2.6 Number (a) and budget (b) of research on climate change in research 
programmes of Japanese government (top-down research), 2006
Note:
MEXT: Ministry of Education, Culture, Sports, Science and Technology
MAFF: Ministry of Agriculture, Forestry and Fisheries
MLIT: Ministry of Land, Infrastructure, Transport and Tourism
METI: Ministry of Economy, Trade and Industry
MOE: Ministry of the Environment
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mate modelling and mitigating options, while there are few research re-
sources distributed in adaptation and social systems.

2-4-2 United States

The US government has sponsored substantial coordinated research on 
global climate and related environmental change for more than 15 years, 
initially under the US Global Change Research Program (USGCRP) and 
currently under the Climate Change Science Program (CCSP), which in-
tegrated the USGCRP and the Climate Change Research Initiative in 
2002. The National Research Council proposed metrics to measure pro-
gress of the CCSP in 2005, and evaluated its progress in 2007 (National 
Research Council, 2007).

Thirteen agencies participate in the CCSP, which has an annual budget 
of about $1.7 billion. Most of the budget is from NASA, the NSF, NOAA 
and the DOE. It is difficult to get details of the budget and management 
conditions in each agency, so evaluation was based on the knowledge and 
opinions of reviewers and interviews with agencies (ibid.). The CCSP is 
divided into three major components – overarching goals, research ele-
ments and cross-cutting issues – and is difficult to compare with the exact 
same elements in Japan. In Figure 2.7 the budget for research on climate 
change is classified into the research element of the CCSP.

A large part of the budget goes to research on the carbon cycle, atmo-
spheric composition and climate variability and change, which almost 

Figure 2.7 Budget of US governmental climate research, 2006
Source: National Research Council (2007).
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correspond to observation and projection of climate change in Japan. 
Secondly, there is a large budget for research on water cycles and ecosys-
tems related to climate impacts. The budget for human and social dimen-
sions is small in both the United States and Japan. Mitigation (energy 
measures) is mainly covered by the US Climate Change Technology Pro-
gram and cannot be analysed here.

2-4-3 Comparison of national research budgets on climate change

Japan mainly contributes to carbon cycle, observation and projection, 
mitigation and energy technology. In the United States understanding of 
climate systems has increased and climate projection has improved, too. 
On the other hand, there is little research in adaptation, social systems 
and future visions of society in Japan and little work on impacts on hu-
man and social systems, social science and support for policy decisions in 
the United States. It is pointed out that most of the US government’s glo-
bal change budget has focused on upstream uncertainties in the natural 
sciences, and little has been budgeted for social and behavioural sciences 
(Pielke, 1995; Nordhaus and Popp, 1997). The supply of and demand for 
science in decision-making have not been in alignment (Sarewitz and 
Pielke, 2007). Climate research in the European Union and other coun-
tries is not analysed here, but the same trend is seen in the IPCC AR4 
results. There is deeper understanding of the carbon cycle, observation 
and projection of climate change, and impacts and mitigation options, but 
less research on social systems, socio-economic activity and future sce-
narios. It is important that scientific knowledge is c ommunicated effec-
tively within society, so that science can be utilized effectively and new 
technologies and policies that address climate change are accepted; this 
remains a challenge for us.

2-5 Conclusions

To get a complete picture of the current state of scientific knowledge re-
garding climate change, a mapping framework for climate change issues 
has been introduced. Mapping research findings in such a way has made 
it possible for us to understand better the overall state of current scien-
tific knowledge regarding climate change. With the application of this 
type of mapping framework, we can identify which areas of research have 
progressed and which are lagging behind with regard to global warming. 
This is important when society decides future directions of research. The 
mapping approach also provides a framework that will be useful in or-
ganizing the various needs of society. Moreover, with this holistic m apping 
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framework, as well as taking effective measures against climate change, it 
is possible to assess whether these measures are compatible with other 
problems and contribute to the larger goal of achieving a sustainable 
 society.
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Climate change risk communication
Seita Emori

From the standpoint of an expert on climate change projections, this 
chapter proposes a framework of “climate change risk communication” 
in which various stakeholders, including citizens, experts, industries and 
governments, communicate with each other on climate change risks. For 
communication to support adaptation policy-making, specific risk infor-
mation for a particular region and sector is required. It is critical for 
stakeholders to have a proper understanding of the uncertainties in nat-
ural climate variability and scientific projections. For communication to 
support developing public opinion on mitigation policies and motivations 
for individual actions, comprehensive risk information is required for 
many sectors and aspects at the global scale. It is important for experts to 
provide unbiased information from a value-neutral standpoint, overcom-
ing exaggerations seen in mass media as well as scepticism. Overall, it 
is important to distinguish supporting decision-making from decision-
making itself, and to develop mutual trust among stakeholders through 
communication.

3-1 Introduction

It seems that awareness of climate change among the Japanese public 
has rapidly increased, thanks to the release of the 2007 film An Incon-
venient Truth, the publication of the Intergovernmental Panel on Climate 
Change’s (IPCC) Fourth Assessment Report and the 2008 Toyako G8 
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Summit. During that time the author, as a climate scientist, was respon-
sible for media presentations of the latest climate change projections 
from the Earth Simulator, which in 2004 was the world’s fastest super-
computer; this brought about a deepening involvement in the arena of 
communicating facts about climate change and growing personal aware-
ness of the communication gap over climate change between experts 
and non-experts, and of the difficulty and importance of closing that 
gap.

Under the Ministry of the Environment’s Global Environmental Re-
search Fund Strategic Research and Development Project S-5, “In-
tegrated Research on Climate Change Scenarios to Increase Public 
Awareness and Contribute to the Policy Process” (also known as “Get-
ting a ‘Feel’ for Future Climate Change”, represented by Professor Aki-
masa Sumi, The University of Tokyo), which started in 2007, the author 
began practice and analysis of communication in earnest, with the coop-
eration of experts in the humanities and social sciences. From observing 
risk communication in other fields, these activities gradually led to advo-
cating “climate change risk communication”. This chapter will describe 
the climate change risk communication framework that can be proposed 
at this point in time, based on experience to date.

3-2 Climate change risk communication and its 
categorization

3-2-1 Defining climate change risk communication

Risk communication means providing for communication among stake-
holders, including the public, experts, industry and government, regarding 
social risks such as environmental problems and disasters.

Regarding environmental problems, especially substantial initiatives 
have been made in the area of the risk to human health presented by 
chemical substances (e.g. Sekizawa, 2001). In a narrow sense, it seems 
that the “risk” presented by chemicals and disasters is understood as “the 
combination of the negative consequences of a certain phenomenon and 
the probability of its occurrence (more simply, the product of multiplying 
their values together)”. However, if “a certain phenomenon” is consid-
ered as “climate change”, then there is uncertainty in even answering 
what the associated consequences will be, and in some cases it is hard to 
conceive the possibility of occurrence in terms of quantitative probability. 
Therefore, one can define “climate change risk” as “the negative impacts 
caused by climate change, with uncertainty about the possibility of occur-
rence and the magnitude of the impacts”.
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Accordingly, the “climate change risk communication” in this chapter’s 
title could perhaps be defined as “providing for communication among 
stakeholders, including the public, experts, industry and government, 
about the negative impacts of climate change while taking into considera-
tion the uncertainty about the possibility of occurrence and the magni-
tude of the impacts”. Additionally, climate change may conceivably have 
positive effects, as discussed below, and therefore we should probably 
understand “negative impacts” here to mean “net negative impacts” that 
also consider positive effects (while not necessarily calculated mathemat-
ically).

3-2-2 Climate change risk communication categories

The purposes of climate change risk communication can be divided 
roughly into three categories.
• On the occasion of government implementation of policies to reduce 

greenhouse gas (GHG) emissions in order to control climate change, 
risk communication can assist the formation of public opinion on 
whether or not to back such policies.

• On the occasion of judging whether industry and each member of the 
public will themselves take actions to reduce GHG emissions, risk 
communication can assist the motivation for those actions.

• As society adapts to the future climate so as to minimize negative 
 impacts (and elicit positive effects to the maximum) when a certain 
 extent of climate change is unavoidable, risk communication can assist 
the consideration of specific methods, mainly by government and 
 industry.
The first two points are concerned with so-called mitigation policy (re-

ducing GHG emissions), while the third concerns what is called adapta-
tion policy. Because mitigation policies control climate change impacts in 
all world regions across the board, it is desirable that risk communication 
on such policy emphasizes determining climate change impacts as com-
prehensively and exhaustively as possible. On the other hand, adaptation 
policies mitigate certain kinds of impacts (or amplify positive effects) in 
certain regions, and it is therefore desirable that risk communication on 
adaptation policy emphasizes determining certain impacts in certain re-
gions as concretely and quantitatively as possible.

Because the communication-related points of note for these two are 
totally different, they will be treated separately: first the chapter will dis-
cuss risk communication for adaptation policy, and then communication 
for mitigation policy.

In thinking through these categories, the author’s perception is that 
“experts” are those who provide risk information, and they will not 
explicitly be presented as the entities who make social judgements. 
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However, because “communication” means a two-way exchange of infor-
mation, one must not forget the importance of experts in becoming re-
ceivers of information, such as that on the risk perceptions of other 
stakeholders. And it goes without saying that when it comes to public 
opinion formation and motivation to enact measures, even experts have 
another role as members of the public.

3-3 Specific risk communication for adaptation 
policy-making

3-3-1 The nature of climate change risk with regard to near-future 
adaptation policy

Climate change adaptation policy to the greatest extent possible avoids 
certain climate change impacts (or amplifies positive effects) using means 
including providing physical and institutional infrastructure for society 
(e.g. Ministry of the Environment, 2008: 29–47). Examples are building 
levees to prepare for increased occurrences of flooding, setting up heat-
wave warning systems to prepare for rising incidence of heatstroke and, 
in agriculture, changing planting times and crop types in accordance with 
climate change.

According to the IPCC (2007: 12), over the next 20 years average 
global temperature is predicted to rise at an average rate of 0.2°C per 
decade, and it is thought that the magnitude of the rise during that period 
will not depend very much on measures to reduce GHG emissions. In 
other words, scientists predict that there will be a certain extent of warm-
ing in the near future regardless of emission reduction measures. For this 
reason people are beginning to perceive the need for adaptation policies 
in the near future.

Adaptation policy-making requires prediction information that is as 
specific and quantitative as possible, especially when it involves building 
physical infrastructure. That is to say, once the extent and location of the 
increased flooding are predicted, policy will determine what size of levees 
to build.

When considering near-future adaptation policy, it is deemed necessary 
to note the following characteristics of climate change risk.
• Because climate change risk gradually increases over several decades, 

over the short term (about 10 years), it is heavily influenced by the nat-
ural variability of climate.

• Long-term climate change risk projections themselves have scientific 
uncertainty.
While both are related to uncertainty of projections, the first is the 

uncertainty of natural climate change while the second is the uncertainty 
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of the science used in making the projections. These are explained in de-
tail below.

3-3-2 The uncertainty of natural climate change, and how to 
communicate it

The climate change we actually experience year after year is a combina-
tion of anthropogenic climate change that proceeds slowly over the long 
term and year-by-year irregular natural variability (fluctuation) as typi-
fied by El Niño. As such, even if one implements policies for adaptation 
to climate change, the following year may by chance be a cold one. If 
stakeholders think that “because global warming is advancing, next year 
will definitely be hotter than this year”, we first need communication that 
will eradicate that misunderstanding, and then have stakeholders prop-
erly understand the relationship between long-term climate change and 
short-term natural fluctuation.

In other words, it is definitely not the temperature itself that is higher 
next year as compared to this year, but the “probability of high tempera-
ture” (or, for example, the “probability of flooding”). For stakeholders to 
understand it in this way, perhaps they must to an extent understand the 
concept of probability. Or perhaps experts need to avoid explanations 
using probability concepts and use innovative explanations so that stake-
holders understand things as intuitively as possible.

It is conceivable that some stakeholders understand the probability 
concept well enough and prefer to make decisions using more sophisti-
cated scientific information. In such instances it is desirable for experts to 
estimate theoretically the quantitative range of the uncertainty arising 
due to natural fluctuation (for example, a 90 per cent confidence interval 
with a range of ±X°C), and present that to stakeholders. Scientific at-
tempts have been made to predict short-term climate variation (e.g. 
Smith et al., 2007); however, they are not treated in detail here.

3-3-3 Scientific uncertainty used in projections, and how to 
communicate it

Even if we consider climate change while excluding uncertainty due to 
natural climate variation, there is still a certain amount of uncertainty in 
climate change risk projections. Often, when performing quantitative cli-
mate change risk projections, the climate is first predicted using “climate 
models”, which are mathematical simulations of the Earth’s atmosphere 
and oceans based on physical principles. When necessary, this is followed 
by performing simulations of impact areas of interest, such as flooding or 
agriculture, using climate model results as input. Owing to the scientific 
uncertainty of these simulation models, uncertainty arises in climate 
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change risk projections. In other words, we can say that there is uncer-
tainty in our scientific understanding of what is modelled (such as the 
atmosphere-ocean system, floods or agriculture), which is the basis for 
building models. A detailed treatment of the uncertainty in climate model 
projections is contained in Emori (2008: 173–210).

An easy-to-understand method of showing this uncertainty is to juxta-
pose the results of several different models. By doing so, a person does 
not have to be an expert to see immediately the differences among 
models, for example in the regional distribution of projected temperature 
rises. When it comes to projections of things like precipitation amount 
and agricultural crop yields, it is not unusual to see inter-model differ-
ences, even to the extent that the indications of change (increases or de-
creases) are different.

Therefore, for risk communication, it is crucial that stakeholders do not 
put too much faith in the details of projection results from a single model. 
When stakeholders consider adaptation policies using projection results 
from simulation models, it is desirable if possible to have experts on hand 
to offer advice on the reliability of the projection results. It is also impor-
tant that experts make the effort to show objectively the range of scien-
tific uncertainty by statistically using the results of multiple models 
(ibid.: 182–190).

If the detailed projection results from a single simulation model take 
on a life of their own without being accompanied by information on 
uncertainty, it is possible that information on the extent of danger posed 
to Japan or individual prefectures would be perceived too concretely by 
stakeholders, eliciting anxiety among the public in an inappropriate way, 
or affecting land prices and the like. At the same time, because in general 
stakeholders seek information that is as detailed as possible, a great chal-
lenge for risk communication is how to provide specific information while 
appropriately explaining the uncertainty.

Additionally, when assessing impacts and considering adaptation poli-
cies, it is necessary to note carefully the factors that increase the uncer-
tainty of final consideration, such as the uncertainty of future regional 
distribution of population and assets, age composition and other socio-
economic factors relating to the vulnerability of society to climate change, 
and also factors such as the uncertainty in the cost and effectiveness of 
adaptation technologies.

3-3-4 Experts’ expectations for stakeholders

In light of the climate change risk described above, there are two items 
which according to experts are important considerations for decision-
making by stakeholders.
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First, in response to the problem of the uncertainty of natural fluctua-
tion, climate change adaptation policies are meaningful only when they 
consider plans on time scales longer than 10 years at the least. For that 
reason, decision-making by stakeholders must have a long-term perspec-
tive to ensure that adaptation policies are properly vetted. With indus-
trial activities in particular, long-term planning often means up to five 
years at most, and because industry must address various short-term risks 
other than climate, assuring such a perspective is not necessarily easy. It 
is certainly not clear whether stakeholders are truly convinced of the im-
portance of preparing at present for climate risk that will appear gradu-
ally over the long term, and it is likely that the effectiveness of that 
convinction depends on communication with experts. This is perhaps an 
important theme in climate change risk communication.

Second, to address the problem of uncertainty in the science used in 
projections, stakeholders must not place too much faith in the details of 
projections. The future is uncertain in the first place, but scientific projec-
tions can only show the direction with the highest probability. Accord-
ingly, stakeholders need to be fully aware that this problem is essentially 
a matter of “decision-making based on uncertain information”. In the 
case of industry, it is taken for granted that management judgements are 
made in the face of all kinds of uncertainties; therefore, there is no neces-
sity to emphasize that point. If a projection proves wrong, it is undesir-
able for the implementation of adaptation policies to engender a bigger 
loss than when not implementing them. Therefore, when considering ad-
aptation policies, rather than strategies that attempt optimization in re-
sponse to projected future climate, strategies that eliminate vulnerabilities 
which appear to be especially problematic in the projected future climate 
should take precedence.

3-4 Comprehensive risk communication for public opinion 
formation and motivation to enact measures

3-4-1 Communication regarding climate change “scepticism”

Before treating risk communication regarding mitigation policies, we can 
touch on risk communication relating to so-called climate change “scepti-
cism”, because it is thought that this issue exercises no small effect on the 
formation of public opinion and the motivation of the public to enact 
measures.

“Scepticism” here is part, not all, of the argument against the main-
stream perception of the IPCC and other entities on the science of global 
warming. In general, there is nothing wrong with arguing scientifically for 
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the possibility that a certain scientific persuasion is mistaken, and in fact 
this is essential for the advancement of science. However, when the argu-
ment is based on an obvious misunderstanding or distortion, and unjustly 
disparages the reliability of climate change science, that is here referred 
to as “scepticism” and is considered a problem.

As an expert of the “mainstream”, the author is in a position to rebut 
“scepticism”, but from the perspective of communication with the public, 
one must point out that mounting a rebuttal is not so simple.

First of all, from the standpoint of experts, there is a tendency to think 
that if one points out the misunderstandings and distortions in a sceptic’s 
argument, the logical fallacies of scepticism are proven and that is suf-
ficient. However, from the lay person’s point of view, to outward ap-
pearances scepticism is pointing out the problems in the mainstream 
argument, and it appears to be proving its logical fallacies. Therefore it 
appears to lay people, who approach both arguments without the precon-
ception that the mainstream is correct, that both views seem plausible 
(that is, the argument is going around in circles). It is often the case that 
discerning the differences requires verifying quotations and data sources 
and being literate in the field. Generally it is difficult to expect this of lay 
members of the public.

Next, on the level of preconceptions, one would think that many mem-
bers of the public have the naive idea that the mainstream is supposed to 
be correct; however, when sceptics tell the public, for example, that “sci-
ence should not be dogmatic” or “the science of global warming is polit-
ical”, it appears that more than a few members of the public are 
convinced that the mainstream is not necessarily right. And even if one 
tries to convince people that the mainstream is right on the grounds that 
“many scientists throughout the world support this”, sceptics will rebut 
this with arguments such as “science is not a majority decision” or “Is 
there no freedom in scientific enquiry?” Therefore, this is not necessarily 
a decisive argument.

As this shows, experts face the essential communication difficulty of 
not being able to convince people even though they are providing credi-
ble information. While it is important that experts rebut sceptics, they 
must be aware that their communication strategies will be put to the test 
in presenting an effective refutation.

3-4-2 A comprehensive understanding of climate change risk

We can now discuss risk communication that helps formation of public 
opinion and motivation relating to mitigation policies. Communication 
for this purpose can be seen as helping stakeholders to understand in the 
best possible way “How serious a problem is climate change in the first 
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place?” or, expressed in another way, “How frightening is climate 
change?” Of course it is anticipated that the “more frightening” the pub-
lic’s perception of climate change, the easier it is for public opinion to 
support aggressive climate change policy, and the easier it is to motivate 
industry and each member of the public to enact measures on their own 
initiative.

Among the communication actors in society, those whose stance is to 
boost climate change measures as much as possible perhaps tend to 
spread the perception that “climate change is really frightening”. As a 
backlash to this (which is also related to the scepticism discussed above), 
it seems that some people spread the perception that “climate change is 
not at all frightening”. Under these circumstances it is important for ex-
perts to talk about how frightened we should actually be, while doing 
their best to exclude preconceptions.

Comprehensive information on climate change risk is a necessity for 
this purpose, in other words the “big picture” on climate change risk, and 
one can cite several perspectives to keep in mind when organizing that 
information.
(1)  The quantitative uncertainty of impact projections. This was covered 

above. Numerical values of impacts projected by models actually 
have ranges.

(2)  The contribution of factors other than climate change. Factors other 
than climate, such as population growth and urbanization, contribute 
to the impacts one is observing. For example, in addition to climate, 
population growth has a critical impact on increasing water shortages 
in the future.

(3)  Good and bad impacts. Global warming might also have desirable 
(positive) impacts on society. For example, less cold stress is expected 
on agriculture, human health and the like in cold regions.

(4)  Direct and indirect impacts on Japan. Not only will there be impacts 
due to changes in Japan’s climate (direct impacts), but also impacts 
via those on other countries (indirect impacts). Some conceivable 
ones are impacts through trade, increases in the number of refugees 
and conflicts.

(5)  The effectiveness of adaptation, and the difficulty or ease of imple-
menting it. With regard to impacts that are easy to adapt to, it is inap-
propriate to emphasize their magnitude if no adaptive measures are 
taken. For example, if summers become hotter in cold regions where 
space cooling was formerly not required, people will start using air 
conditioners. Therefore it is anticipated that health damage due to 
heatwaves will be smaller than that extrapolated on the basis of pre-
vious experience.

(6)  Feedback and high-order impacts. This means, for example, taking 
into consideration impact chains, like the increase in secondary dam-
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age such as infectious diseases due to increased flooding, and contin-
uing impacts on industrial activities.

(7)  The possibilities and impacts of surprises. This is the problem of how 
much we should worry about heavy impacts that are not scientifically 
impossible, such as the sudden collapse of the Antarctic ice sheet or 
methane emissions from permafrost.

(8)  Thinking is partly dependent on values. This refers to how people are 
emotionally affected by the extinction of wildlife species or disasters 
in other countries, and the degree of importance they attach to things 
such as impacts on future generations. These are dependent on value 
judgements of individuals.

Depending on how these perspectives are taken into account, the 
“scariness” of information on climate change risk can likely be adjusted 
to any extent. For example, if you emphasize the importance of factors 
other than climate change (2), positive impacts (3) and impacts to which 
it is easy to adapt (5), you can give the impression that climate change 
“isn’t frightening”. On the other hand, if you emphasize increases in refu-
gees and conflict due to disasters in other countries (4) and the possibil-
ity of large-scale impacts such as the sudden collapse of the Antarctic ice 
sheet (7), you can give the impression that climate change is “extremely 
frightening”.

Assuming here that experts try to be value-neutral, they should give 
the “big picture” that covers as much as possible in the range from “not 
frightening” to “frightening”, and leave it to the public how they feel 
about it. Attempts such as this are the challenge awaiting climate change 
risk communication. Of course, since a perfectly neutral viewpoint is im-
possible, one must note that the “big picture” that is presented must nec-
essarily be dependent on the sense of balance of the expert who prepared 
it.

3-4-3 Expert neutrality

The value neutrality or policy neutrality of experts can be discussed a lit-
tle further. It is certainly not self-evident that experts are neutral in these 
senses, and realistically they have not achieved neutrality. It is natural for 
experts, as individuals, to have their own ideas on things such as the ex-
tent to which they desire to support climate change policy, and it is pos-
sible that these ideas are reflected consciously or unconsciously in their 
behaviour as experts when communicating with stakeholders.

Considering individual experts’ communication strategies, the advan-
tage of consciously conducting “non-neutral” communication is, of course, 
that experts can disseminate their own values and the policies they sup-
port to other stakeholders. However, if other stakeholders discern an ex-
pert’s non-neutrality, it will likely engender the disadvantage that the 
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expert’s message will be accepted only by those stakeholders whose 
values are roughly the same. Therefore, the strategic advantage of provid-
ing neutral communication is that the message will be readily accepted 
by stakeholders with various values.

For example, the IPCC describes its own stance as being “policy- 
relevant” but not “policy-prescriptive”. There is a state called “policy- 
implicative” between these two. Even if experts’ messages do not 
expressly prescribe or recommend certain policies, it is possible to sug-
gest a certain policy orientation by selecting certain bits of objective in-
formation and adjusting the emphasis of their presentation. Realistically, 
it is difficult to provide information that is completely free of “implied 
policy”; however, it is important that experts whose intent is policy- 
neutral communication are aware of, and sensitive to, the possibility that 
their own information provision is policy-implicative.

In systems where communication is actually being carried out, it is 
likely that in addition to the difference between simply being neutral or 
not, there are various types of experts such as those who are intentionally 
non-neutral but pretend to be neutral, those who are intentionally neu-
tral but cannot conceal their own thoughts and those who are not aware 
of their own neutrality. Additionally, many people who disseminate the 
results of research on climate change impacts are experts in certain fields 
(such as flooding, agriculture or health), and perhaps tend to emphasize 
the importance of their own fields of research. Because the public are 
probably often unconscious of the neutrality of experts when accepting 
their information, we should perhaps be aware that in reality it is very 
difficult for communication to be uniform.

3-4-4 Communication via the media

In actuality, opportunities for experts to communicate their information 
to the general public nearly always happen through the media. Therefore 
communication between experts and the media and communication be-
tween the media and the public are equally important.

There is frequent criticism that the media tend to emphasize the “scari-
ness” of climate change (e.g. Takeda, 2008: 20–21). If this is a general 
trend, some conceivable reasons are as follows.
• Because the intention of media people responsible for addressing the 

climate change issue includes motivating the public to carry out certain 
measures, they tend to provide information from such a stance.

• Because of competition among media (such as TV station ratings) and 
within media (such as securing column space in a newspaper), the 
media are likely to express things in an exaggerated manner to get the 
public’s attention.
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• Because the media attempt to make things simpler for readers and 
viewers to understand, they tend to omit the detailed preconditions 
and exceptions in scientific knowledge.
The first reason means that the information provided by the media 

could be policy-implicative. Needless to say, this is presumably not lim-
ited to the climate change issue. If one allows media people to express 
themselves with some freedom, it is perhaps difficult – and there may be 
no need – to stop them from controlling the selection and emphasis of 
scientific knowledge in line with their own intentions and within bounds 
that are not scientifically mistaken. On the other hand, there is a view 
that, especially in the case of public media, always being policy- 
implicative in the same direction is problematic (ibid.). The debate on 
this point will be a challenge for climate change risk communication.

On the second and third reasons, the exaggeration and simplification 
that affect scientific accuracy must be corrected by proper communica-
tion between experts and media people, and this is to an extent possible. 
However, one imagines that as the range of expression supposedly ac-
ceptable to experts is generally narrower than the range of expression 
media people supposedly would like to have accepted, communication 
would require harmonizing them in particular.

With regard to communication between the media and the public, it is 
important for the time being that the public develop information literacy 
so as to, for example, be aware of the media tendencies described above, 
and exercise caution when incorporating information received from the 
media into the formation of their own views.

It appears as though this chapter cites only problems with the media, 
but when it comes to the possibility of involving people who previously 
had no interest in certain matters, the media play a major role in climate 
change risk communication. Obviously it is crucial to have the media do 
their job while overcoming these problems.

3-5 Concluding remarks

This chapter discusses the idea of “climate change risk communication” 
with emphasis on what should be communicated among stakeholders and 
points that should be carefully noted, especially from the stance of experts.

It has discussed communication methodology, because it appears that 
even risk communication in general has no established methodology at 
the present time, and the author’s group cannot claim to have found a 
methodology that could be regarded as especially effective for the cli-
mate change issue. At this stage we are experimenting with dialogue on 
various scales with the public, industry people, media people and others.
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Finally, there are two items that seem to be important to everything 
discussed here, and two items that are not discussed.

The two items that seem to be of general importance are probably 
common knowledge in the risk communication field, but will be noted 
here because front-line experts tend to forget about them. One is the 
need to make a clear distinction between “assisting decision-making 
based on scientific information” and “decision-making itself”. In other 
words, it is not appropriate for experts to attempt decision-making them-
selves, nor for decision-makers to leave decision-making solely to the ex-
perts. It is important that, when providing information, experts carefully 
select the portions that depend on value judgements, and leave the judge-
ments to decision-makers.

The second item is the importance of developing mutual trust among 
stakeholders. For example, imagine if experts had the preconception that 
“non-experts just don’t get it even if something is accurately explained 
to them; they like exaggeration and are readily swayed by laughable 
scepticism”. Or imagine if non-experts had the preconception that “ex-
perts don’t properly explain things for us, and they always use hard-to-
understand language”. Effective communication would be impossible 
under such conditions. One cannot overemphasize the importance of 
eliminating such preconceptions and developing mutual trust, even if 
only little by little, through communication.

Two points were not discussed. In communication on climate change, 
and especially on mitigation policies, the risk perspective is just half the 
issue. The other half is what we might call “climate change policy com-
munication”. That is to say, on the matter of domestic emission reduction 
policy and Japan’s approach in international negotiations such as on the 
UN Framework Convention on Climate Change, we need communication 
among stakeholders, including the public, experts, industry and govern-
ment, regarding what impacts there will be on people’s livelihoods, the 
domestic economy, international society and other sectors in the event 
that a certain policy is adopted. Because this is a perspective that is more 
directly connected to value judgements than in the case of risk, one can 
easily imagine that such communication is more difficult. In fact, in the 
policy communication process on Japan’s mid-term target (reduction tar-
get up to 2020) in May–June 2009, it appeared that there were difficulties 
such as dialogue grinding to a halt due to clashes between industry and 
citizen groups. At any rate, it is only once we begin to conduct climate 
change risk communication in tandem with climate change policy com-
munication that we can call Japan’s climate change policy a decision-
making process based on scientific information.

Finally, the second item not treated here is the importance of con-
ceiving climate change as part of what might be called the problem of 
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sustainability within the connections between other broad groups of 
international and domestic problems. It goes without saying that climate 
change is closely related to problems such as those of energy, resources, 
wastes, pollution, environmental damage, food, water, security, nuclear 
proliferation, the global economy, poverty in developing countries, popu-
lation ageing in developed countries, healthcare and population. Consid-
ering the climate change problem does not at all mean thinking that its 
solution will take precedence over solving these other problems. It would 
be difficult to say that we have a sufficiently good view of the connec-
tions among these problem groups at this time; however, in the future 
one hopes that humankind obtains a framework for “sustainable prob-
lems communication” that takes a bird’s-eye view of these problem 
groups to assist decision-making, and that we will see the day when “cli-
mate change risk communication” fully plays a role as part of that.
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4-1

Overview of climate change impacts
Nobuo Mimura

4-1-1 Emerging impacts

Climate change is a fundamental change in the Earth’s physical systems; 
it has a range of effects on many systems and sectors that rely on climate, 
such as water resources, terrestrial and marine ecosystems, food produc-
tion, natural disasters, coastal zones, industries and human health. These 
effects have apparently been occurring because climate change acceler-
ated in the last decades of the twentieth century. Sea ice and permafrost 
areas have significantly shrunken in the Arctic, where the largest rise in 
atmospheric temperature is observed. Many species and ecosystems have 
started moving towards the poles and higher elevations in mountains. 
Several extreme events causing serious damage to human society have 
occurred in the twenty-first century, such as the heatwave in Europe in 
2003, Hurricane Katrina in 2005, recent droughts in Australia and floods 
and droughts in Asia and Africa. Although the causal relationship be-
tween individual extreme events and global warming cannot be identi-
fied, the increase in the intensity of natural disasters resulting in further 
threats to human society has been a major concern.

It should be noted that the impacts of climate change can be both neg-
ative and positive; the fertilizing effect of higher CO2 concentration on 
plants is a typical positive effect. However, the negative effects are con-
sidered overwhelming because global warming is progressing in the 
twenty-first century (IPCC, 2007c). Furthermore, these effects will be crit-
ical in developing countries, particularly in Africa, Asia and the Pacific. It 



OVERVIEW OF CLIMATE CHANGE IMPACTS 47
 

is essential to understand where and when the effects will appear and 
how strong they will be. Many studies have been conducted to estimate 
future impacts of climate change on national, regional and global scales. 
The IPCC’s Fourth Assessment Report (AR4) is a comprehensive sum-
mary of such efforts. This chapter deals with impacts induced by climate 
change and responses to them from various aspects. This section will 
present an overview of climate change impacts as an introduction to the 
chapter, based on the IPCC’s AR4 (IPCC, 2007a, 2007b, 2007c). Although 
references are not explicitly shown, most information presented is from 
this report.

4-1-2 Impacts on major sectors: A global perspective

4-1-2-1 Freshwater resources and water environment

Water circulation is a part of the Earth’s climate system. Therefore, cli-
mate change has a direct effect on the temporal and spatial distribution 
of water resources through changes in atmospheric temperature, precipi-
tation, evaporation and sea level. A major conclusion of future estimates 
is that changes in runoff and water availability are highly variable with 
region. Runoff in the twenty-first century estimated by an ensemble mean 
of the outputs of climate models is shown in Figure 4.1.1.

In terms of water availability, runoff will increase at higher latitudes 
and in some wet tropics, including East and Southeast Asia, and decrease 
over much of the mid-latitudes and dry tropics. Areas that are currently 
semi-arid, such as the Mediterranean Basin, western USA and southern 
Africa, will suffer a further decrease in water resources due to climate 
change. Glacier- or snowmelt-fed regions inhabited by more than one-
sixth of the world’s population are also threatened. This issue is critical in 
South America, particularly in Bolivia, Peru, Colombia and Ecuador, 
where water availability has already been compromised. Furthermore, 
Andean inter-tropical glaciers are estimated to disappear over the next 
few decades. According to the IPCC SRES A2 scenario (IPCC, 2000), the 
number of people living in severely stressed river basins is projected to 
increase from 1.4–1.6 billion in 1995 to 4.3–6.9 billion in 2050.

With regard to the risks of natural disasters, both extreme precipitation 
and drought events are likely to increase in frequency and intensity. 
Drought-affected areas will probably increase; simultaneously, up to 20 
per cent of the world’s population living in river basins will be affected 
by increased flood hazards by the 2080s.

Water quality is another problem associated with climate change. Ris-
ing sea levels will expand areas of groundwater and estuary salinization, 
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resulting in a decrease in freshwater availability for humans and ecosys-
tems. Water pollution may be exacerbated by higher water temperatures, 
increased precipitation intensity and longer periods of low flow.

Changes in flooding and droughts and depletion and degradation of 
water resources are serious barriers for sustainable development, because 
they affect the well-being of regional and local societies by hindering safe 
access to sufficient quality water. As all the problems induced by climate 
change affect the function and operation of the existing water infrastruc-
ture and water management practices, many countries face challenges in 
improving water usage and risk management to respond to new condi-
tions under climate change. Therefore, countermeasures against climate 
change for water will be a long-term challenge for many countries.

4-1-2-2 Ecosystems

Climate change will affect various ecosystems, such as forests, high moun-
tains, freshwater, marine and coastal regions, wetlands and deserts. Some 
major impacts include extinction of species, loss of biodiversity, changes 
in ecosystem structure and degradation of goods and service supply. Si-
multaneously, we should pay attention to the fact that many ecosystems 
have already been stressed by human activities such as land-use change, 
pollution and over-exploitation of resources. Therefore, impacts on eco-
systems are a complex combination of existing human activities, climate 
change and associated disturbances of flooding, drought, wildfire, insect 
intrusion and ocean acidification. In general, ecosystems already weak-
ened by other drivers are particularly vulnerable to climate change. Since 
the space to explore the entire picture of the impacts presented in the 
IPCC AR4 is limited, this section describes only symbolic issues.

Forests are likely to undergo large-scale changes: Amazon forests, taiga 
forests of China and much of the Siberian and Canadian tundra forests 
would show major changes with more than 3°C increase in global mean 
temperature. While forest expansions are predicted in North America 
and Eurasia if temperature rise is less than 2°C, tropical forests will prob-
ably be severely impacted, including biodiversity losses. In oceans, coral 
bleaching will occur over the next 50 years, thereby causing major loss of 
corals, particularly from the Great Barrier Reef. Acidification of oceans 
due to increasing atmospheric CO2 is expected, and surface ocean pH 
would further decrease by 0.5 by 2100. This will impair shell or exoskele-
ton formation of marine organisms such as corals, crabs, squids, marine 
snails, clams and oysters.

Analyses have identified the following ecosystems as most vulnerable: 
tundra, boreal forest, mountain and Mediterranean-type ecosystems on 
continents, mangroves and salt marshes along coasts and coral reefs and 
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sea-ice biomes in oceans. As a result of these combined effects, we will 
experience a large biodiversity loss because approximately 20–30 per 
cent of species assessed until now would be at high risk of extinction if 
global mean temperatures increase by more than 2–3°C.

Ecosystems are considered to be a basis to support the sustainability of 
human beings by providing biological products and services. These eco-
system services include regulation of climatic conditions, filtering and 
cleaning air and water, and presenting natural beauty and inspiration. If 
ecosystems are damaged drastically by the combined effects of climate 
change and other stresses, including development and land-use changes, 
the foundation for the well-being of human society would be seriously 
eroded. This is a primary concern about the impacts of climate change. 
However, we do not yet understand the comprehensive relationship be-
tween climate change and changes in ecosystem and biodiversity. How do 
ecosystems shift under changing climate? How much can we rely on eco-
system goods and services in the future? These are challenging research 
themes in sustainability science.

4-1-2-3 Food production

Food production is a major concern in terms of climate change impact. 
However, the emergence of effects of increasing temperature is not sim-
ple because the fertilizing effect of CO2 promotes plant growth. Because 
of this, and preferred higher temperature conditions, the global food 
production potential of agriculture would increase with a rise in global 
average temperature up to approximately 3°C; however, when this level 
is exceeded, the production potential will begin to decrease. In mid- to 
high-latitude regions, moderate warming would benefit cereal crops and 
pasture yields, while even slight warming would decrease yields in sea-
sonally dry and tropical regions.

In addition to the impacts of changes in mean climate, changes in the 
frequency and severity of extreme events, together with an increase in 
risks of fire, pests and disease outbreak, will have significant effects on 
food production. Imbalance between food supply and demand may be 
addressed through international trade. In response to climate change, 
many developing countries in Asia and Africa could try to increase food 
trade because population growth and changes in dietary habit are ex-
pected in these countries. This tendency increases the food import de-
pendency of these countries.

A key question for food production is whether the number of people 
at risk of hunger will increase because of climate change. Since socio-
economic development generally reduces the number of people at risk of 
hunger, the net result will be a balance of socio-economic development 
and climate change impacts. Today, 820 million people are undernour-
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ished. In the IPCC SRES scenarios of socio-economic development as-
suming no climate change, it is predicted that 100–770 million will be 
undernourished by 2080. On the other hand, scenarios including climate 
change predict that 100–1,300 million will be undernourished by 2080. 
Although the effects are uncertain, the number of people at risk of hun-
ger will tend to increase with increase in climate change. Climate change 
and socio-economic development will combine to alter the regional dis-
tribution of hunger, but sub-Saharan Africa will face the most negative 
impacts.

4-1-2-4 Coastal zones and low-lying areas

Coastal zones and low-lying areas are particularly vulnerable to climate 
change because it intensifies stresses acting on the coastal zones, such as 
tropical cyclones, rise in sea level, increase in water temperature and 
changes in wave conditions. On the exposed side, coasts include fragile 
ecosystems, such as mangroves, wetlands and coral reefs; and problems 
arise from increasing concentrations of population and socio-economic 
activities. Therefore, as global warming proceeds, coastal zones will be ex-
posed to increasing risks because of climate change and sea-level rise, 
and the effect will be exacerbated by human-induced pressures on coastal 
areas.

As for the natural environment in coastal zones, corals will experience 
a major decline because they are vulnerable to thermal stress. A pro-
jected future increase in sea surface temperature of approximately 1–3°C 
will result in more frequent bleaching events and widespread mortality. 
Coastal wetlands, including salt marshes and mangroves, are sensitive to 
increasing sea level, and it is estimated that 33 per cent of the wetlands 
existing in the world would be lost with a 36 cm rise in sea level. The 
largest losses will probably be on the Atlantic and Gulf of Mexico coasts 
of America, the Mediterranean, the Baltic and small island regions.

Coastal flooding in low-lying areas will become a greater risk in future 
because of sea-level rise and more intense coastal storms. Without adap-
tation, more than 100 million people could experience coastal flooding 
each year by the 2080s. Particularly vulnerable areas are those with high 
exposure to coastal storms and low human adaptive capacity. These in-
clude deltas, particularly Asian mega-deltas (the Ganges-Brahmaputra in 
Bangladesh and West Bengal as well as the Mekong), low-lying coastal 
urban areas, particularly areas prone to natural or human-induced sub-
sidence and tropical storm landfall (e.g. New Orleans and Shanghai), and 
small islands, especially low-lying atolls (e.g. the Maldives and Tuvalu).

Sea-level rise is caused by thermal expansion of seawater, melting 
land-based glaciers and snow and disintegration of ice sheets in Green-
land and Antarctica. Because these phenomena have substantial inertia 
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compared to other climate change factors, sea-level rise will continue be-
yond 2100 for many centuries. Climate stabilization could reduce but not 
stop sea-level rise. Hence there is a need to consider long-term adapta-
tion; this will be discussed more in a later section.

4-1-2-5 Industries, settlement and human health

In terms of socio-economic vulnerabilities, there are high-risk locations. 
Typical are coastal and riverine areas prone to extreme weather events 
and areas whose economies are linked with climate-sensitive resources 
such as agricultural and forest product industries; other factors are water 
demands, tourism and rapid urbanization. In general, because these areas 
are distributed in developing countries, vulnerability of the society is 
higher in these countries. Furthermore, within these countries, poor com-
munities and households are particularly vulnerable to climate change 
because they are already under stress from climate variability and ex-
treme events and tend to be concentrated in unsafe areas lacking sanita-
tion. They also have only limited access to social services and resources 
for coping with these threats. For climate-related risk management, it is 
necessary to increase social ability for coping, i.e. adaptive capacity, in-
cluding robust and reliable physical infrastructures.

Climate change will impact not only on society as a whole but also 
individuals, especially their health. Health impacts extend across wide 
areas: nutritional status, death and injuries caused by disasters, thermal 
stress and heat-related mortality, vector- and water-borne infectious dis-
eases such as malaria and dengue and diseases related to urban air qual-
ity. These will affect the health status of millions of people; in particular, 
the effects will be severe for those with low adaptive capacity in develop-
ing countries and poor communities. For example, climate change may 
increase the frequency of malnutrition and consequent disorders, which 
will have implications for child growth and development. Climate change 
is expected to have some mixed effects on the range and transmission 
potential of malaria in Africa. Although it may bring some benefits, such 
as fewer deaths from exposure to cold, these benefits would overall be 
outweighed by the negative health effects of rising temperatures world-
wide, especially in developing countries.

4-1-2-6 Changes in impact due to the magnitude of climate change, 
and the most vulnerable regions

Based on sector- and region-based assessment, the IPCC AR4 presented 
an entire picture of the magnitude of impact varying with the extent of 
climate change, as shown in Figure 4.1.2.



53

Figure 4.1.2 Examples of impacts associated with projected global average sur-
face warming 
Upper panel: Illustrative examples of global impacts projected for climate change 
associated with different increases in global average surface temperature in the 
twenty-first century. The black lines link impacts; broken-line arrows indicate im-
pacts continuing with increasing temperature. Entries are placed so that the left-
hand side of the text indicates the approximate level of warming that is associated 
with the onset of a given impact. Quantitative entries for water scarcity and 
flooding represent the additional impacts of climate change relative to the condi-
tions projected across the range of SRES scenarios A1FI, A2, B1 and B2. Adapta-
tion to climate change is not included in these estimations. Confidence levels for 
all statements are high. 
Lower panel: Dots and bars indicate the best estimate and probable ranges of 
warming assessed for the six SRES marker scenarios for 2090–2099 relative to 
1980–1999.
Source: IPCC (2007a).
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The horizontal axis of Figure 4.1.2 indicates increasing global mean 
temperature, which is a measure of the amount of climate change. N atural 
systems would experience significant changes, such as glacier melting, 
species extinction and coral mortality, even with a temperature rise as low 
as 1°C. Industries such as agriculture and fisheries are also sensitive to a 
relatively low temperature rise because they rely on natural systems. The 
fertilizing effect of CO2 will enhance plant productivity and thus be bene-
ficial to agriculture and forestry. However, the effects of climate change 
will be negative when the temperature rise exceeds approximately 3°C.

In terms of the regional distribution of impacts, the IPCC identified the 
following particularly vulnerable areas.
• The Arctic, because of the effects of high rates of projected warming 

on natural systems.
• Africa, especially the sub-Saharan region, because of current low adap-

tive capacity as well as climate change.
• Small islands, because of high population and infrastructure exposure 

to risk of sea-level rise and increased storm surges.
• Asian mega-deltas, such as the Ganges-Brahmaputra and the Zhujiang, 

because of their large populations and high exposure to sea-level rise, 
storm surges and river flooding.
In other areas, even those with high incomes, some people can be par-

ticularly at risk, such as the poor, young children and the elderly.
A major issue for impact assessments is how to determine the dan-

gerous level of global warming. In international forums such as the 2009 
G8 Summit held in L’Aquila, Italy, and COP15 in Copenhagen, a 2°C in-
crease was often referred to as a target of temperature stabilization. 
However, it is difficult to determine a specific value from the scientific 
viewpoint, because many sectors and countries have different critical 
temperatures as shown so far. Determination of the dangerous level is a 
matter of value judgement and highly subjective. For example, small is-
land countries have insisted that a 2°C increase is too high because they 
face risks of inundation, while other countries may withstand a higher 
temperature increase. Therefore, this target should be determined based 
on social and political judgements in the international negotiations. In 
this regard, the role of science related to impact assessment is to provide 
a comprehensive and accurate picture of future risks caused by climate 
change.

4-1-2-7 Large-scale events causing abrupt change and large 
impacts

There is another concern regarding the key impacts of climate change: 
large-scale events which could possibly cause abrupt changes in the 
Earth’s systems and have a major worldwide impact.
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One of these is a very large rise in sea level that would result from 
widespread deglaciation of the Greenland and West Antarctic ice sheets. 
The IPCC AR4 indicated with medium confidence that at least partial 
deglaciation of the Greenland ice sheet, and probably the West Antarctic 
ice sheet, would occur over a period of time, ranging from centuries to 
millennia, with a global average temperature increase of 1–4°C (relative 
to 1990–2000) contributing to a sea-level rise of 4–6 m or more. Complete 
melting of the Greenland and West Antarctic ice sheets would lead to a 
sea-level rise of up to 7 m and 5 m, respectively. Since the major cities in 
the world, where population and economic activities are largely concen-
trated, are situated on the coasts, such a large sea-level rise would have 
tremendous effects on today’s civilization and result in major changes in 
coastlines and ecosystems. Relocating populations, economic activity and 
infrastructure would be unaccountably expensive and challenging. Al-
though the future estimates of such large phenomena involve high uncer-
tainty, their impacts will be extremely significant if they occur. Therefore, 
a precautionary strategy should be applied to minimize the possibility of 
their occurrence. We should realize that our decisions today will deter-
mine the long-term future of society.

4-1-3 Countermeasures against climate change and its 
implications for sustainable development

4-1-3-1 Countermeasures against climate change

There are two basic countermeasures to address global warming: one is 
mitigation and the other adaptation. Mitigation involves measures to 
reduce emissions and strengthen the absorption of greenhouse gases 
(GHGs), while adaptation includes measures to increase preparedness 
for the adverse effects of climate change. To date, many efforts have been 
made to mitigate global warming, mainly in developed industrialized 
countries. Policies about mitigation will be discussed in Chapter 5. In the 
face of the emerging impacts of climate change mentioned above, people 
now realize the necessity and importance of adaptation. Adaptation is 
particularly important for the next 30 years because the effects of mitiga-
tion efforts will not be realized for several decades. However, this does 
not mean that mitigation is of no fundamental importance to stabilizing 
global warming in the long run. Therefore, measures against global warm-
ing should be a portfolio of mitigation and adaptation.

It is known that global warming cannot be suppressed completely, and 
impacts of climate change and extreme events will occur. The effects will 
be much more serious in developing countries because they lack social 
infrastructure to prepare for hazards and provide support for people’s 
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well-being. These countries include small islands, such as Tuvalu, Kiribati 
and the Maldives, and countries situated on low-lying deltas, such as 
Bangladesh. In terms of the stock of social infrastructure, African coun-
tries are particularly problematic. Since their GHG emissions are low, the 
major countermeasure for these countries should be adaptation.

4-1-3-2 Adaptation and sustainable development

Adaptation requires society’s ability to reduce adverse impacts of climate 
change and utilize its favourable effects. There have been intensive dis-
cussions on the concept and implementation of adaptation, mainly focus-
ing on developing countries (Huq et al., 2003; Hay and Mimura, 2005, 
2006; IPCC, 2007c). Countermeasures against current meteorological ex-
treme events, such as droughts and floods, are also effective measures to 
adapt to future climate change. Since the projections of future climate 
change entail uncertainties, the entry point of adaptation options is no-
regret measures, which are effective in improving preparedness for haz-
ards today.

The success of adaptation depends on the adaptive capacity of each 
country and local community. Studies are necessary to identify the roles 
of factors that can strengthen adaptability. In communities, traditional 
mutual cooperation and consanguineous networks are important. Fur-
thermore, it will be a major challenge to incorporate the traditional 
knowledge and technologies of the communities into modern science and 
technology. To date, the policies of central and local governments have 
rarely considered the local situation properly.

Mainstreaming adaptation is also emphasized, which means incorpo-
rating adaptation considerations into major policies, such as disaster pre-
vention plans, water resource management, agricultural and food security 
policies and environmental management, rather than highlighting adap-
tation in isolation. Only this can ensure effective adaptation to climate 
change. Adaptation to climate change and sustainable development share 
the same direction of socio-economic development. Strengthening adap-
tive capacity includes many activities, such as reducing human pressure 
on resources, management of environmental risk and social resilience to 
hazards, which are important targets of sustainable development. There-
fore, adaptation is considered an important component of sustainable de-
velopment.

Human society faces problems other than climate change, such as en-
vironmental pollution, loss of biodiversity, changes in land use due to 
economic development, population growth and economic globalization. It 
is important to address these pressures together with global warming. 
The real world is under multiple stresses, and sustainable development 
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can be achieved by solving these problems in a holistic manner. This ap-
proach will pave the way to sustainable development. These aspects will 
be discussed in the following chapters, which deal with designing climate 
policy and integration of a low-carbon society with a resource-circulating 
and nature-harmonious society.
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4-2

Climate change impacts in Japan
Yasuaki Hijioka

4-2-1 Impact assessment of climate change in Japan

There are a number of research projects in progress focusing on climate 
change impacts in Japan. One of these is titled Project for Comprehen-
sive Projection of Climate Change Impacts. This study developed risk 
maps to represent quantitatively nationwide and regional climate change 
impacts in Japan by field (Project Team for Comprehensive Projection of 
Climate Change Impacts, 2008).

The results, focusing on the projected physical impacts in five fields – 
water resources, forests, agriculture, coastal zone/disaster prevention and 
human health – are summarized below.

4-2-1-1 Water resources

The frequency and intensity of torrential downpours will increase, flood 
damage will expand and landslide disasters and dam sedimentation will 
worsen. The costs of water supply purification will rise due to increased 
turbid runoff during periods without rainfall. On the other hand, de-
creases in snow-water resources will cause shortages of agricultural water 
at the time of ploughing and irrigation of fields on the Pacific side of the 
Tohoku region, and the risk of water shortages will increase in various 
areas, including southern Kyushu and Okinawa, due to changes in pre-
cipitation.
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4-2-1-2 Forests

Forests in Japan will suffer severe consequences as a result of increased 
temperature and changes in rainfall from global warming. The distribu-
tion of suitable habitats for Siebold’s beech (Fagus crenata) forests, dwarf 
bamboo (Sasa kurilensis), Japanese stone pine (Pinus pumila) and Abies 
shikokiana will sharply decrease, and from around the middle of the 
twenty-first century the Shirakami mountain range will no longer be a 
suitable habitat for beech forest. There will also be increased risk of pine-
wilt damage with a temperature rise of 1–2°C, resulting in the area of risk 
expanding to the northern tip of Honshu where such damage has not yet 
occurred.

4-2-1-3 Rice yield

Rice yields will increase in northern Japan, while yields in the southwest 
of the country from the Kinki region westward will be roughly the same 
as or slightly lower than at present. Agriculture will be significantly af-
fected by deterioration in rice quality, a northward shift in areas suitable 
for the cultivation of other cereals, fruit trees and other crops, and de-
creases in their yields.

4-2-1-4 Coastal zones

Rising sea levels and increasing storm surges will result in increased flood 
damage to vulnerable areas and populations even when current shore 
protection measures are considered. The risk of flooding will be particu-
larly high in semi-enclosed sea areas, such as the Seto Inland Sea, and 
land areas bordering the inner parts of Japan’s three major bays (Tokyo 
Bay, Ise Bay, Osaka Bay), which were reclaimed long ago, as well as their 
environs. Moreover, rising sea levels will weaken river embankments 
through the expansion of brackish waters and increase the risk of lique-
faction in coastal zones.

4-2-1-5 Human health

Global warming will result in increased threats to human health. With ris-
ing temperatures, especially the daily maximum temperature, the mortal-
ity risk from heat stress and the incidence of heatstroke will drastically 
increase. In particular, the risk to people of advanced age will become 
greater. The occurrence of atmospheric pollution (photochemical oxi-
dants) due to changes in weather will increase. The potential range of 
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distribution of vector mosquitoes for infectious diseases (dengue, malaria 
and Japanese encephalitis) will also expand.

The results of this research indicate that Japan will experience signifi-
cant impacts even with a relatively small temperature increase.

4-2-2 Integrated assessment model and stabilization 
scenarios

Under the Project for Comprehensive Projection of Climate Change Im-
pacts, the integrated assessment model AIM/Impact[Policy] has been de-
veloped for the assessment of global warming control targets. These 
targets include the stabilization of GHG concentrations and global mean 
temperature increase as well as economically efficient paths to emission 
abatement for realizing these targets and their consequent impacts and 
risks (Hijioka et al., 2006, 2008; Hijioka and Takahashi, 2006). Figure 4.2.1 
illustrates the structure of AIM/Impact[Policy].

Using AIM/Impact[Policy], impacts in a time series can be calculated 
for established policy targets, such as climate stabilization levels or emis-

Figure 4.2.1 Structure of AIM/Impact[Policy]
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sion reduction targets. This model makes it possible to determine whether 
unacceptable levels of serious climate change impacts can be avoided by 
achieving a certain climate stabilization target. As such, the model is an 
effective tool for evaluating global warming mitigation policies while also 
considering global warming impacts.

4-2-2-1 Integrated assessment model

AIM/Impact[Policy] comprises many models that are linked via input 
and output data. The model can quantitatively show national and prefec-
tural global warming impacts by sector, with the input condition being 
the global mean temperature change that is estimated under the assumed 
temperature rise and GHG concentration stabilization target. To inte-
grate several types of detailed impact assessment models for climate 
change, the model adopts impact response functions for sectors of indi-
vidual countries and Japan. Impact response functions are aggregates 
(databases) that result when the aforementioned detailed model is used 
to perform many repeated simulations, while primary factors such as 
temperature and precipitation are varied, as in sensitivity analysis, and 
the output averaged according to region.

4-2-2-2 Stabilization scenarios

AIM/Impact[Policy] was used to perform a comprehensive assessment of 
sectoral global warming impacts with Japan as the region (Project Team 
for Comprehensive Projection of Climate Change Impacts, 2009). To pre-
pare the climate scenarios for this purpose, we used normalized climate 
change databases created by MIROC3.2hires, which is a high-resolution 
atmosphere-ocean coupled general circulation model with a horizontal 
resolution of 1.125° (about 100 km). This model was developed by a joint 
research team from The University of Tokyo Center for Climate System 
Research, the National Institute for Environmental Studies and the J apan 
Agency for Marine-Earth Science and Technology’s Frontier Research 
Center for Global Change. To assess global warming impacts, we con-
ducted an analysis of GHG emission control policies to examine the sta-
bilization of GHG concentrations and GHG reduction timings under 
“business as usual” (BaU) conditions and two additional constraints, as 
follows.
• BaU: Temperature increase of approximately 3.8°C in 2100.
• 450s: 450 ppmv cap on total GHG concentrations (CO2 equivalent con-

centration). Equilibrium temperature increase of approximately 2.1°C 
compared with pre-industrial levels.
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• 550s: 550 ppmv cap on total GHG concentrations (CO2 equivalent con-
centration). Equilibrium temperature increase of approximately 2.9°C 
compared with pre-industrial levels.
We performed constraint optimization calculations in which equilib-

rium global temperature increase did not exceed the constraint between 
1990 and 2200. We used the SRES B2 scenario prepared by the IPCC for 
future population and future economic growth. An equilibrium climate 
sensitivity of 3.0°C was applied. The carbon feedback effect was not con-
sidered.

4-2-3 Impact assessments by stabilization level of 
atmospheric GHG concentration

Table 4.2.1 outlines the sectoral impact assessment using the integrated 
assessment model.

We calculated the sectoral impacts in Japan under the BaU scenario 
and the two GHG concentration constraint scenarios (Figure 4.2.2). In 
this assessment, the adaptation effect is not considered. The impacts of 
global warming are the increments relative to 1981–2000 (or 1990) as the 
base period or year.

4-2-3-1 Impacts of floods: Flooded area

The lower the level at which GHG concentration is stabilized, the smaller 
will be the flooded area. Even under the 450s scenario, however, damage 
is expected to increase substantially. Large differences in the nationwide 
flooded area under the 450s, 550s and BaU scenarios are not evident u ntil 
around mid-century (up to the 2050s). Thereafter, differences appear ac-
cording to the scenario, with the maximum flooded area expected to 
reach approximately 1,000 km2, 1,100 km2 and 1,200 km2 under scenarios 
450s, 550s and BaU, respectively.

4-2-3-2 Impacts of floods: Flood damage cost potential

The lower the level at which GHG concentration is stabilized, the smaller 
will be the flood damage cost potential. Even under the 450s scenario, 
however, damage is expected to increase, accompanying the progress of 
global warming.

Significant differences among scenarios are not seen until around mid-
century (up to the 2050s), and by around 2050 the flood damage cost po-
tential is slightly less than 5 trillion yen/year. Approaching the end of the 
century (up to the 2090s), significant differences appear according to the 
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Table 4.2.1 Sectoral impact assessment using an integrated assessment model

Outline of impact assessment by field

Flood area

–  Climatic variables: annual daily maximum precipitation.
–  Japan’s average level of protection corresponds to that for downpour rainfall 

occurring once every 50 years under the present circumstances.
–  Three major metropolitan areas have a higher level of protection, 

corresponding to that for downpour rainfall occurring once every 150 years 
under the present circumstances.

–  The level of protection remains unchanged in the future.

Flood damage cost potential

–  Flood damage cost potential is estimated as follows.
(1)  Establish method for calculating the cost of damage according to each 

land-use type, with reference to “assets subjected to direct damage” in the 
Manual for Economic Evaluation of Flood Control Investment of the 
Ministry of Land, Infrastructure, Transport and Tourism.

(2)  Extract distribution of flood depth and flood period from the flood 
calculations.

(3)  Calculate flood damage costs, applying the method described in (1) above, 
considering the land-use classification of each grid cell.

–  The level of protection remains unchanged in the future.
–  Depreciation of asset values due to damage is not considered. 

Probability of slope failure

–  Climatic variables: annual daily maximum precipitation.
–  Probability of slope failure when rainfall exceeds 50 mm/day (one assumption 

in terms of model analysis).

Slope failure damage cost potential

–  Economic loss calculation: Amount of economic loss = Economic value (basic 
economic unit) × Scale (area) of land use × Probability of slope failure.

–  Depreciation of asset values in areas that have suffered from such a disaster in 
the past and future changes in asset values are not considered.

Suitable habitats for F. crenata forest

–  Climatic variables: cumulative temperature (warmth index), daily minimum 
temperature of the coldest month, winter precipitation (December–March) 
and summer precipitation (May–September).

–  The migrations of F. crenata forests and land use are not considered.

Cost of damage from decrease in suitable habitats for F. crenata forest

–  The environmental economic value of F. crenata forests is estimated by the 
contingent valuation method (CVM), focusing on their biodiversity 
maintenance function.

–  The value is the non-market value (the value of items not traded on the 
market).
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Table 4.2.1 (cont.)

Outline of impact assessment by field

Areas at risk of pine wilt

–  Climatic variables: annual mean temperature increase.
–  Considering present land-use types, the changes in areas at risk of pine wilt 

accompanying global warming are estimated by an impact function that 
estimates risk based on the cumulative mean temperature of each month, with 
a threshold of 15°C (MB index).

Rice yield

–  Climatic variables: changes in accumulative insolation in the warm season 
(May–October), mean temperature change in summer (July, August), mean 
temperature change and CO2 concentration in the warm season excluding 
summer (May, June, September, October).

–  The biomass of rice plants is determined by the balance between the decrease 
accompanying the reduction in growing season due to temperature rise and 
the increase accompanying the CO2 fertilization effect. The final rice yield is 
determined by the positive effect due to the reduction in cold-weather damage 
in currently cool regions, and the negative effect due to high temperature-
induced sterility in currently warm regions.

Economic value of sandy beach loss

–  Given future sea-level rises, the area of beaches encroached on is estimated by 
prefecture.

–  Sea-level rises by the 2090s: 0.15 m (450s), 0.19 m (550s) or 0.24 m (BaU).
–  Differences in sea-level rises among regions are not considered; it is assumed 

that sea-level changes occur uniformly throughout Japan.
–  The use value of sandy beaches is 2,179 yen/visit.

Affected population, area and cost of damage due to storm-surge flooding in 
western Japan

–  The affected population, area and cost of damage due to storm-surge flooding 
in western Japan are estimated using a storm-surge flood model that 
incorporates storm-surge protection facilities and combines the impact 
functions of affected population, area and cost of damage due to storm-surge 
flooding obtained from numerous storm-surge flood calculations for various 
typhoon intensities and sea-level rises, as well as sea-level rise scenarios by 
stabilization level as estimated by the integrated assessment model.

–  The damage occurring every year is estimated.
–  Sea-level rises by the 2090s: 0.15 m (450s), 0.19 m (550s) or 0.24 m (BaU).
–  The typhoon intensity is varied linearly to reach 1.3 in 2100, with 1990 = 1.

Affected population, area and cost of damage due to storm-surge flooding in 
Japan’s three major bays

–  The affected population, area and cost of damage due to storm-surge flooding 
in Japan’s three major bays are estimated using a storm-surge flood model that 
incorporates storm-surge protection facilities and combines the impact
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scenario, with the maximum flood damage cost potential expected to 
reach approximately 6.4 trillion yen/year (450s), 7.6 trillion yen/year 
(550s) or 8.7 trillion yen/year (BaU).

4-2-3-3 Impacts of floods: Probability of slope failure

The lower the level at which GHG concentration is stabilized, the lower 
is the probability of slope failure. Under the 450s scenario, the increase in 
probability of slope failure shows a tendency to reach a ceiling.

Significant differences in the probability of slope failure nationwide 
under the 450s, 550s and BaU scenarios are not seen until around mid-
century (2050s). However, by around the end of the century (2090s) dif-
ferences in the probability of slope failure appear according to the 

Table 4.2.1 (cont.)

Outline of impact assessment by field

 functions of affected population, area and cost of damage due to storm-surge 
flooding obtained from numerous storm-surge flood calculations for various 
typhoon intensities and sea-level rises, as well as sea-level rise scenarios by 
stabilization level as estimated by the integrated assessment model. The degree 
of damage caused by the strongest category of typhoon (per occurrence) 
towards the end of the century is estimated.

–  Sea-level rises by the 2090s: 0.15 m (450s), 0.19 m (550s) or 0.24 m (BaU).
–  The typhoon intensity is varied linearly to reach 1.3 in 2100, with 1990 = 1.

Heat stress mortality risk

–  Climatic variables: change in annual mean temperature.
–  The probability of a person dying of heat stress during a year is estimated 

using a model for estimating excess mortality due to heat stress and its input 
data (that is, changes in the number of days with temperature higher than 
optimal temperature).

–  Population data: the value for 1990 is used, with future values remaining 
unchanged.

–  Population composition is not considered.
–  Only changes in excess mortality at high temperatures due to temperature rise 

are examined, and changes in excess mortality at low temperatures are not 
targeted.

Cost of damage due to heat stress (heatstroke) mortality

–  Focusing on the mortality risk due to heatstroke, which is one of the typical 
causes of death on hot days, the cost of damage is measured by the CVM.

–  Changes in heatstroke mortality are estimated by multiplying the current 
average mortality due to heatstroke by the future changes in risk estimated 
using a model for estimating excess mortality due to heat stress, and this result 
is multiplied by the value of a statistical life (VSL) to estimate the cost of 
damage from mortality due to future heat stress (heatstroke).
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Figure 4.2.2 Impacts of climate change through the twenty-first century in Japan by 
sector
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scenario, with expected maximum increases of approximately 4 per cent 
(450s), 5 per cent (550s) or 6 per cent (BaU).

4-2-3-4 Impacts of floods: Slope failure damage cost potential

The lower the level at which GHG concentration is stabilized, the lower 
will be the slope failure damage cost potential. Under the 450s scenario, 
the damage cost is expected to reach a ceiling.

Significant differences in slope failure damage cost potential nation-
wide are not seen among the three scenarios until around mid-century 
(up to the 2050s). By the end of the century (up to the 2090s) significant 
differences appear depending on the scenario, with the value under the 
450s scenario not varying noticeably from the value around mid-century 
(about 0.50 trillion yen/year), in contrast to maximum expected values 
reaching approximately 0.77 trillion yen/year under the 550s scenario and 
approximately 0.94 trillion yen/year in the case of BaU.

4-2-3-5 Impact on forests: Suitable habitats for F. crenata forest

Slight differences in the decrease in suitable habitat area for F. crenata 
forests under the 450s, 550s and BaU scenarios are expected around mid-
century (2050s), with decreases of 28, 35 and 39 per cent, respectively. 
Large differences among the scenarios appear around the end of the cen-
tury (2090s), with decreases of 36 per cent (450s), 50 per cent (550s) and 
68 per cent (BaU). Under the strictest stabilization scenario (450s), the 
rate of decrease in suitable habitat area slows towards the end of the cen-
tury. However, an unavoidable decrease of about 36 per cent is expected, 
so monitoring for conservation will become important.

4-2-3-6 Impact on forests: Cost of damage due to decrease in 
suitable habitat for F. crenata forest

Under the 450s and 550s GHG concentration stabilization scenarios, the 
rate of increase in the cost of damage is expected to decline towards the 
end of the twenty-first century. Slight differences are seen in the cost of 
damage under the three scenarios around mid-century (2050s), with costs 
of 103.4 billion (450s), 127.3 billion (550s) and 138.1 billion yen/year 
(BaU). Significant differences appear among the scenarios by the end of 
the century (2090s), with costs of 132.5 billion, 181.1 billion and 232.4 bil-
lion yen/year, respectively.

4-2-3-7 Impacts on forests: Areas at risk of pine wilt

Irrespective of the stabilization level, areas at risk of pine wilt are 
expected to continue to expand in the future. However, under the 450s 
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scenario with the lowest stabilized GHG concentration, it is possible that 
the trend of expansion will be halted around the end of the century. 
Slight differences in the proportion of area at risk of pine wilt nationwide 
under the 450s, 550s and BaU scenarios are seen around mid-century 
(2050s), at approximately 22, 26 and 28 per cent, respectively. Substantial 
differences appear among the scenarios around the end of the century 
(2090s), when the percentages of area at risk are expected to reach 27, 37 
and 51 per cent, respectively.

4-2-3-8 Impacts on agriculture: Rice yield

Until around mid-century (up to the 2050s), increases in rice yield are 
expected because the negative effects of the reduction in growth period 
are less than the CO2 fertilization effect and also because of the reduc-
tion in cold-weather damage. Thereafter, under scenarios 450s and 550s 
the trend reverses to one of decreasing yields towards the end of the cen-
tury (2090s) because the negative effects from the reduction in growth 
period are greater than the CO2 fertilization effect and yields are reduced 
due to higher temperatures. In contrast, under the BaU scenario, al-
though the trend will not reverse to become a reduction in yield, the rate 
of increase is expected to become gradually lower.

Increases in yield can be expected due to global warming. However, 
this trend is forecast to reach a ceiling at a certain level of temperature 
rise, and a trend of increasing inter-annual variations in yield is projected 
due to the relationship between temperature and sterility rate. There are 
also concerns regarding the impacts of climate change on quality and 
taste.

4-2-3-9 Economic value of sandy beach loss

Even under the 450s scenario, the area of sandy beach loss due to sea-
level rise continues to increase until the end of the century (up to the 
2090s), with expected losses of approximately 29 per cent of the sandy 
beach area. Under scenarios 550s and BaU, losses are expected to reach 
approximately 37 and 47 per cent, respectively, over the same period. The 
cost of damage due to sandy beach loss by the end of the century is ex-
pected to reach approximately 27.3 billion yen/year (450s), 33.8 billion 
yen/year (550s) or 43.0 billion yen/year (BaU). When compared with 
BaU, a substantial damage reduction effect can be expected under the 
450s scenario. However, damage due to the rise in sea level is expected to 
continue for a long period, even under the 450s scenario; therefore, long-
term adaptation measures are important.
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4-2-3-10 Affected population and area and cost of damage from 
storm-surge flooding in western Japan

With rising sea level and more powerful typhoons accompanying the pro-
gress of global warming, damage is expected to increase in western Japan. 
Damage in this region by the end of the century (2090s) in terms of the 
population and area affected and the cost could reach the following 
levels:
• 450s: approximately 320,000 people/year, 155 km2/year, 5.4 trillion yen/

year
• 550s: approximately 370,000 people/year, 176 km2/year, 6.2 trillion yen/

year
• BaU: approximately 440,000 people/year, 207 km2/year, 7.4 trillion yen/

year.

4-2-3-11 Affected population and area and cost of damage from 
storm-surge flooding in Japan’s three major bays

Storm-surge damage is also expected to increase in Japan’s three major 
bays, as follows:
• 450s: approximately 300,000 people/event, 63 km2/event, 1.8 trillion 

yen/event
• 550s: approximately 320,000 people/event, 67 km2/event, 2.0 trillion 

yen/event
• BaU: approximately 350,000 people/event, 72 km2/event, 2.3 trillion 

yen/event.

4-2-3-12 Heat stress mortality risk

The lower the level at which GHG concentration is stabilized, the smaller 
the heat stress mortality risk. Under the 450s scenario, the rate of in-
crease in mortality risk is expected to become gradually lower towards 
the end of the century.

Differences in heat stress mortality risk under scenarios 450s, 550s and 
BaU remain comparatively small around mid-century (2050s), at approxi-
mately 1.8, 2.1 and 2.2 times baseline (current) levels, respectively. At the 
end of the century (2090s), however, larger differences are expected de-
pending on the scenario, at approximately 2.1, 2.8 and 3.7 times current 
levels, respectively.

4-2-3-13 Cost of damage from heat stress (heatstroke) mortality

The lower the level at which GHG concentration is stabilized, the lower 
the cost of damage due to heat stress (heatstroke) mortality. Particularly 
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in the case of the strictest stabilization level (450s), the cost of such dam-
age is expected to reach a ceiling near the end of the twenty-first century, 
at approximately 50 billion yen/year.

Differences in the cost of such damage remain comparatively small 
around mid-century (2050s), at approximately 37.3 billion yen/year 
(450s), 48.0 billion yen/year (550s) and 52.9 billion yen/year (BaU). By 
the end of the century (2090s) large differences are expected according 
to the stabilization level, reaching approximately 50.1 billion yen/year 
(450s), 77.5 billion yen/year (550s) or 119.2 billion yen/year (BaU).

4-2-4 Conclusion

In Japan, as in the rest of the world, greater impacts of global warming 
are expected in the future in a broad range of fields related to people’s 
lives. If a significant reduction in global GHG emissions is achieved, a 
considerable reduction in the damage to Japan can be expected. How-
ever, even when the GHG concentration is stabilized at 450 ppm CO2-
equivalent concentration, a certain amount of damage is unavoidable.

Global warming is expected to progress over the next 20 years irre-
spective of whether additional mitigation measures are implemented. 
However, differences in impacts reflecting differences in the global cli-
mate stabilization level are expected to become larger from around mid-
century onward. Therefore, in addition to the active implementation of 
mitigation measures for stabilizing the climate, it is necessary to study 
and implement without delay long-term adaptation measures in prepara-
tion for certain levels of adverse impacts.

In this chapter, general and overall climate change impacts in Japan 
have been discussed, considering future GHG stabilization targets. Chap-
ters 4-3–4-6 introduce detailed sectoral impacts of climate change.
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4-3

Water resource problems due to 
climate change
So Kazama

Water resource problems have had a discernible influence on many fields, 
directly in terms of food and ecosystems and indirectly in terms of water-
borne infectious diseases, coastal erosion and so forth. Here we present 
four examples of climate-driven changes related to water resources: flood 
impact, sedimentation disaster, snow-water resource depletion and water 
quality problems in Japan. Water-related disasters are sometimes inde-
pendent of water resources; however, Japan has struggled for a long time 
with regard to both flood control and sustainable water use because it 
frequently experiences floods and droughts due to its steep, mountainous 
terrain and high levels of rainfall. The following sections depict the vul-
nerability of social, environmental and economical sectors of Japan to 
climate change. Some of the adaptation measures that should be imple-
mented are discussed in these sections.

4-3-1 Flood and adaptation

According to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC AR4), the magnitude of global climate 
change in the latter part of the twenty-first century is expected to be 
higher than that in the twentieth century (IPCC, 2007: 11). It is predicted 
that rainfall intensity will increase and cause more frequent and serious 
flood damage. Furthermore, Atmospheric General Circular Model 
(AGCM) results show that rainfall will increase in Japan and cause more 
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frequent and serious flood damage (JMA, 2005). The severity or impact 
of flood hazards depends on the preparedness and implementation of ad-
aptation measures beforehand.

In general, climatic parameters, geology and topography as well as 
socio-economic activities differ greatly from one local setting to another. 
To encourage spatial adaptation mechanisms at the local scale, we esti-
mated the national costs of flood damage by numerical simulations based 
on digital map data and the flood control economy investigation manual 
prepared by the Ministry of Land, Infrastructure, Transport and Tourism 
(MLIT, 2004) in Japan. Simulation was performed using a flood model 
incorporating representative precipitation data for the whole of Japan. 
The flood model comprises general hydraulic concepts, 2D non-uniform 
flow and elevation and land-use data for determination of hydraulic sur-
face roughness (Kazama, Sato and Kawagoe, 2009). AGCM results were 
incorporated into the analysis, predicting a probable change in future 
precipitation patterns in the respective areas. Local-scale precipitation 
was estimated from AGCM projections using a statistical downscaling 
technique. This technique statistically links AGCM output and several local 
morphological factors, such as elevation and surface aspects, using factor 
analysis and applies the relationship to smaller grid cells on a digital 
map. Flood damage caused by extreme rainfall for the return periods 
of five, 10, 30, 50 and 100 years was estimated with respect to the linear 
relationship between monthly AGCM rainfall obtained using the statis-
tical downscaling technique and extreme rainfall calculated at observed 
points.

To decide the investment cost for disaster adaptation by infrastructure 
construction, it is important to estimate the benefits of hazard risk reduc-
tion in terms of reduced property damage. We performed cost-benefit 
analyses for several future precipitation scenarios and estimated the eco-
nomic benefit of flood protection measures (ibid.), which is expected to 
guide decision-making towards more resilient decisions. Table 4.3.1 shows 
the potential damage cost for each return period.

In the same approximation of flood defence completion for 50-year 
flooding (current flood control can prevent damage of US$910 billion), 
the benefit of protecting from flooding for 100 years is the difference in 
the damage cost between return periods of 50 and 100 years, which is ap-
proximately US$210 billion (1,120−910 in Table 4.3.1). Furthermore, the 
numerical simulation results depict that the nationwide distribution of 
potential damage cost increases by shifting extreme rainfall from a 50-
year to a 100-year return period, as shown in Figure 4.3.1.

Increase in potential damage cost is the same as the benefit of protect-
ing from 100-year flooding. Urban areas receive the most benefits be-
cause of the high cost of flood damage in densely populated areas.
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Table 4.3.1 Annual expected damage costs and return periods

Return 
period
(years)

Annual 
extreme 
probability

Damage cost
(US$ billion)

Interval 
average 
damage

Interval 
probability

Average annual 
expected 
damage cost
(US$ billion)

  5
 10
 30
 50
100
150

0.200
0.100
0.033
0.020
0.010
0.007

380
550
770
910

1,120
1,130

470
660
840

1,020
1,130

0.100
0.067
0.013
0.010
0.003

47
44
11
10
 3

Note: Interval average damage is estimated from damage costs associated with 
two return periods. For example, interval average damage, interval probability 
and average annual expected damage cost of the 30-year return period are 
(770 + 550)/2.0, 0.100−0.033 and 660 × 0.067, respectively.

Figure 4.3.1 Distribution of increase in potential damage cost from rainfall with 
50- to 100-year return periods
Note: Please see page 310 for a colour version of this figure.
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Table 4.3.1 also shows the relationship between average annual ex-
pected damage costs and return periods. In this calculation, interval aver-
age damage is the average value of damage costs in both return periods, 
interval probability is the difference between both annual average ex-
treme probabilities and the product of these values is the average annual 
expected damage cost. The extreme rainfall shift from 50- to 100-year re-
turn periods results in damage of approximately US$10 billion per year, 
which is equal to the benefit of constructing infrastructure for flood pro-
tection. Annual expenditure for flood control in the regular MLIT budget 
is nearly US$10 billion, which is similar to the expected damage costs. 
Analysis of cost-benefit ratios (B/C) is necessary to estimate the con-
struction costs for flood control, which are calculated by dividing benefit 
(expected damage cost) by B/C. Construction cost is the countermeasure 
cost and will increase as part of the MLIT budget in response to climate 
change.

There are various options with different costs for flood countermeas-
ures. These countermeasures should be evaluated according to regional 
differences, social structure and culture. Although the absolute cost of 
damage or infrastructure investment estimated in this simulation is insuf-
ficient for decision-making, the model does indicate the relative distribu-
tion of damage costs, which is helpful for discussing countermeasures to 
floods caused by climate change. Because of the economic implications of 
flooding, the areas susceptible to major damage require complete flood 
defences, including super-dykes or underground channels. On the other 
hand, areas less vulnerable to flood damage require mitigation measures, 
warning systems or evacuation plans. Urban areas have a high potential 
for damage because of the concentration of assets and variety of d amages, 
due to the complicated urban system. Although megacities have huge 
flood control structures such as dykes and underground diversion chan-
nels, urban areas are vulnerable because of the very high expected dam-
age costs and wide-range effects.

Recently, the MLIT has started discussing measures to protect against 
flooding caused by climate change, and has presented many options for 
countermeasures (MLIT, 2008). However, no discussions have dealt with 
measures tailored to specific regions of the country. Distribution maps of 
damage, such as that shown in Figure 4.3.1, should prove helpful in devel-
oping such regional countermeasures to protect against flooding due to 
climate change.

4-3-2 Sedimentation disasters

Landslide occurrence as a result of steep terrain and high frequency of 
heavy rainstorms is a common phenomenon in Japan; these landslides are 
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among the costliest hazards. To evaluate the frequency and distribution 
of landslides over Japan, a probabilistic model based on multiple logistic 
regression analysis, with particular reference to physical parameters such 
as hydraulic, geographical and geological parameters, was used. The hy-
draulic parameter, i.e. hydraulic gradient, is the main dynamic factor that 
includes the effect of heavy rainfall and its return period. A multiple lo-
gistic regression model was applied, and landslide susceptibility maps 
showing the spatial-temporal distribution of landslide hazard probabili-
ties over Japan were produced using 1 × 1 km resolution grid cells. To 
represent probability over different temporal scales, extreme precipita-
tion for five-, 30- and 100-year return periods was used for evaluation. 
The landslide hazard probability map developed was verified using past 
landslide events of 12 July 2004 in Tochio city, Niigata prefecture, located 
in a landslide-prone region.

Results of the probability model and spatial distribution of landslide 
hazard probability based on the hydraulic condition, geographical condi-
tions and geological conditions of the area are portrayed on landslide 
hazard probability maps using geographic information system (GIS) 
technology. To evaluate temporal changes, the probability is estimated by 
changing the hydraulic factor using different return periods of extreme 
precipitation: five years, 30 years and 100 years. The hydraulic factor is 
the gradient of groundwater in the calculation of unsaturated-saturated 
subsurface flow by Richard’s equation. Change in the return period could 
explain the temporal change in the probability of the landslide hazard. 
Landslide hazard probability maps for extreme precipitation over five-, 
30- and 100-year return periods are shown in Figure 4.3.2. For all precipi-
tation conditions, the mountain range on the Japan Sea side shows the 
highest landslide hazard probability, i.e. more than 95 per cent in the Iide, 
Asahi, Hida and Kiso ranges. Furthermore, when considering extreme 
precipitation over a 100-year return period (Figure 4.3.2c), some urban 
areas such as Iwaki, Hiroshima and Fukuoka approach 95 per cent or 
more landslide hazard probability. Since Japan has one of the highest life 
expectancy rates in the world (average 90 years), when a 100-year return 
period is considered, residents of the high landslide hazard probability 
regions (more than 95 per cent probability) are likely to experience a 
landslide once in a lifetime.

Most sedimentation disasters occur in rural areas with low population 
densities, as shown in Figure 4.3.2. These disasters isolate rural communi-
ties by blocking routes for traffic. Mountainous villages are very vul-
nerable to sedimentation disasters. We should plan emergency aid in 
preparation for these disasters.

The landslide hazard probability maps will assist authorities as well as 
policy- and decision-makers responsible for infrastructural planning and 
development, because they can identify landslide-susceptible areas and 
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thus reduce landslide damage by proper preparation. The overall distri-
bution of landslide hazard probabilities as well as comparison of the 
changes in extreme precipitation for different return periods is very im-
portant because the return period dictates the time frames and design 
guidelines for countermeasures and indicates the order of priority of mit-
igation processes and financial fund allocations.

4-3-3 Snow-water resources

4-3-3-1 Impact on snow-water resources

Owing to its mountainous topography, snowmelt runoff plays an impor-
tant role in stable river discharge and groundwater levels, and it is a key 
source of water for agricultural use in Japan. Global warming is very 
likely to affect snow-dominant water resources with changes in the tim-
ing and availability of water, which will intensify the stress among its 
numerous dependants.

Spatial and temporal distribution of snow-water equivalent (SWE) as 
well as snow density and depth were estimated by a combined method of 

Figure 4.3.2 Landslide hazard probability maps for extreme precipitation in various re-
turn periods
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remote-sensing technology and degree-day techniques in Japan. Simulation 
worked very well for SWE estimations and helped to separate clearly less 
snowy areas from areas with heavy snow (Kazama et al., 2008). V ulnerable 
areas were detected from differences in the quantity of snow between 
heavy and light snow years. These areas are vulnerable because of a lack 
of irrigation water for rice production caused by climate change. The 
model developed in this study could contribute to water management 
activities and be used to provide recommendations for adaptation to fu-
ture climate change. Areas with large variations in yearly snow are a vul-
nerable snow-water resource; these areas are unstable in terms of water 
supply.

Based on the simulation results, we can discuss the vulnerability of 
snow-water resources. The difference in snow distribution during light 
and heavy snow years (1993 and 2000, respectively) was calculated. To 
provide a better illustration, we considered the ratio of the difference be-
tween heavy and light snow amounts to the maximum snow amount. This 
shows the relative difference with respect to the total snow amount of 
the year or the normalized value. Figure 4.3.3 shows the distribution of 
the difference ratio between heavy and light snow amounts to maximum 

Figure 4.3.3 Percentage difference in SWE between light and heavy snow years to 
maximum SWE on 15 March
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snow. This reveals that many areas are susceptible to change in expected 
snow-water resources in terms of climate and are vulnerable in these re-
sources, including the north island, Hokkaido, and northeastern Japan, 
Tohoku, which show large ratios. Some of the central regions also have a 
high percentage of vulnerable snow-water resources. In fact, these dis-
tricts rely on many dams and reservoirs for water management, and 
hence they will face difficult situations when there is less snowfall be-
cause of global warming.

4-3-3-2 Vulnerable areas for snow-water resources in Japan

Snowmelt water spreads over huge paddy fields in the spring season. This 
is similar to inundation. To understand the impact of decrease in snow 
caused by global warming, snow-water resources for paddy-field areas in 
typical rice basins were estimated for light and heavy snow years. The 
study basins were those of the Mogami, Kitakami and Shinano Rivers. 
The results are shown in Table 4.3.2.

Snow-water resources in the heavy snow year are more than double 
those of the light snow year in each basin. For example, the Mogami 
River has a 3.6-fold (4.46/1.23) difference in snow-water resources be-
tween heavy and light snow years. The Kitakami River basin has less 
snow amount and the lowest ratio compared with other basins, and has 
0.33 as the ratio of SWE to water demand for irrigation even in the heavy 
snow year. The Shinano River basin has rich snow-water resources for 
irrigating rice fields in both years, although the decrease in the amount of 
snow-water resources, 3.85 m3/m2 (6.49 to 2.65), is large. The Mogami 

Table 4.3.2 Comparison of snow-water resources, snow-water resource amount 
per paddy-field area and its ratio to water demand during the irrigation period in 
three typical basins

Type of 
snowfall 
year

SWE
(m3)

Rice 
acreage
(km2)

SWE per 
acreage
(m3/m2)

Ratio of SWE 
to water 
demand during 
irrigation 
period

Mogami 
River

Kitakami 
River

Shinano 
River

Less
Heavy

Less
Heavy

Less
Heavy

8.83 × 108

32.0 × 108

0.96 × 108

4.05 × 108

32.1 × 108

78.5 × 108

717
(Yamagata 
prefecture)
795
(Miyagi 
prefecture)
1,210
(Niigata 
prefecture)

1.23
4.46

0.12
0.51

2.65
6.49

0.82
2.97

0.08
0.33

1.76
4.32
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River is sensitive to change in the amount of snow and is critical in light 
snow years, with a ratio of 0.82. This type of basin is vulnerable to global 
warming and thus requires urgent measures such as construction of agri-
cultural reservoirs or ponds.

4-3-4 Water quality problems

Climate change poses a threat to river water quality by altering the inten-
sity, duration and time of rainfall, which may have serious impacts on 
water use and aquatic life. This problem can be overcome by precaution-
ary assessments, predictions and appropriate choices of control measures, 
such as new water-treatment plants. Increased frequency and intensity of 
rainfall as well as early spring discharge due to temperature increase will 
result in severe erosion and introduce more pollutant and sediment loads 
to the rivers.

We tried to project the water quality change due to climate change, 
such as heavy rainfall and extension of the no-rain period, and analysed 
the variation ratio of turbidity loadings such as biochemical oxygen de-
mand (BOD) and suspended solids (SS) in typical Japanese rivers ac-
cording to the return period of extreme precipitation. Load-quality (L-Q) 
rating functions and organic pollutant sedimentation models were ap-
plied to evaluate water quality during heavy rainfall and drought periods, 
respectively (Kawagoe et al., 2008). Only the drought impact on water 
quality in rivers in Japan is discussed here.

SS concentration and BOD were estimated using a simple model, 
which involves storage of atmospheric fall-out and its discharge by rain-
fall under the conditions of no rainfall for more than three days and less 
than seven days and rainfall of more than 10 mm/day after the no-rainfall 
period. Furthermore, the no-rainfall duration was calculated from past 
records, and the duration and return periods were estimated for each re-
gion in Japan. Figures 4.3.4 and 4.3.5 show the changes in SS and BOD 
loads over 10- to 50-year return periods for important large river basins 
in Japan.

The increase is different in regions influenced by change in the pattern 
of rainfall. The tendency of increase in both qualities can be seen in 
downstream areas. Figure 4.3.4 shows that the Teshio, Agano, Kitakami 
and Ara Rivers have higher SS increase rates, i.e. more than 5 per cent. 
Figure 4.3.5 shows that the downstream regions of the Ara, Tone, Teryu, 
Gouno and Shinano Rivers have high BOD increases, i.e. more than 5 
per cent.

Based on the results of this simulation, we can indicate high-risk rivers 
where water quality may worsen as a result of climate change in Japan. 
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Figure 4.3.4 SS load change ratio for 10- and 50-year return periods of drought

Figure 4.3.5 BOD change ratio for 10- and 50-year return periods of drought
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Some of the important findings are that in some rivers turbidity loading 
increases remarkably with changing rainfall conditions; turbidity loading 
increases from 200 to 300 per cent with heavy rainfall caused by climate 
change in Japan; and turbidity loading increases about 110 per cent in 
cases of longer drought periods due to climate change. According to 
these results, climate change also affects river water quality and increases 
its adaptation costs.

Poor water quality reduces water resource availability and increases its 
adaptation costs. Here, the increase rates of SS and BOD are not very 
large, but declining quality increases the purification cost and depletes 
living conditions for local residents. The high-ratio areas shown in Figures 
4.3.4 and 4.3.5 are vulnerable water areas. Poor water quality requires ad-
aptation measures such as water-treatment plants or more flocculation, 
which increases the expenditure.
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4-4

Climate change and world food 
production in the twenty-first century
Hiroyuki Kawashima

4-4-1 Introduction

The executive summary of the IPCC (2007) report relating to climate 
change and world food production reads as follows:

(1)  In mid- to high-latitude regions, moderate warming benefits crop and pas-
ture yield, and even slight warming decreases yield in seasonally dry and 
low-latitude regions (medium confidence).

(2)  Projected changes in the frequency and severity of extreme climatic events 
have significant consequences for food and forest production as well as 
food insecurity, in addition to impacts of projected mean climate (high con-
fidence).

The IPCC report only examined the influence of climate change on 
world food production. However, when the trend over the past 50 years 
is considered, there is a strong economic influence on food production. 
The influence of extreme climatic events on food production is small in 
advanced countries but large in developing countries. In general, the in-
fluence of climate on food production is smaller than that of the econ-
omy. Therefore, we first consider the trends of the world economy in 
the twenty-first century, and then add the influence of climate change to 
this.

As the world economy does not develop uniformly, we must think 
about the economy of each region. From food supply and demand in the 
twentieth century, we divided the world into the following five regions.
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• The West comprises Europe, North America, the former Soviet Union 
and Oceania. There are no food supply problems in this group. These 
are the food export regions.

• Latin America comprises Central America, South America and the 
Caribbean islands. Poverty exists in this region; however, food produc-
tion potential is huge, especially in South America.

• Asia comprises Japan, China, Southeast Asia, India, etc. The food sup-
ply improved in the latter half of the twentieth century.

• West Asia comprises Iran, Turkey and the Arab and Maghreb countries. 
Many types of foods are now imported.

• Sub-Saharan Africa comprises Ethiopia, Nigeria, the Democratic Re-
public of Congo, etc. Poverty exists in this region, and the food supply 
is insufficient.

4-4-2 Trends in the past 50 years

4-4-2-1 Population

The world population reached 6.45 billion in 2005. The population in the 
West is 1.16 billion, Latin America is 0.56 billion, Asia is 3.53 billion, West 
Asia is 0.45 billion and sub-Saharan Africa is 0.75 billion. More than half 
of the world population lives in Asia, which thus has a big influence on 
population growth. The trends in population increase are shown in Figure 
4.4.1 according to the five regions. This is the middle variant of the UN 
forecast. The population in 1950 is assumed to be 1.0 in the figure.

The population hardly increases for the period 1950–2050 in the West. 
It increases from 1950 to about 2010 in Asia; however, growth slows down 
after that. The population increase rate also decreases in Latin America, 
but rises in West Asia and sub-Saharan Africa. The population of West 
Asia in 2050 is predicted to increase to 1.8 times the population in 2005. 
This is 2.3 times in sub-Saharan Africa.

The population is currently increasing rapidly in sub-Saharan Africa 
and West Asia. However, these two regions account for only 20 per cent 
of the world population. The total population of Asia and the West con-
stitutes 73 per cent of the world population. However, the rate of increase 
in both Asia and the West is declining. Therefore, the world population is 
not expected to increase considerably in the twenty-first century.

4-4-2-2 Cereal production

World cereal production is shown in Figure 4.4.2. High production is seen 
in Asia and the West. The production in 2005 was 912 million tonnes in 
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the West, 158 million tonnes in Latin America, 965 million tonnes in Asia, 
106 million tonnes in West Asia and 97 million tonnes in sub-Saharan 
Africa. Cereal production increased almost linearly from 1961 to around 
1990. World production, however, has increased only gradually since 1990.

Comparison of cereal production in 2005 with that in 1990 shows that, 
in contrast to the West where production is almost the same, production 
has increased 1.6-, 1.2-, 1.3- and 1.4-fold in Latin America, Asia, West 

Figure 4.4.1 Population growth, ratio to 1950
Source: FAO FAOSTA, available at http://faostat.fao.org/default.aspx.

Figure 4.4.2 Cereal production
Source: FAO FAOSTA, available at http://faostat.fao.org/default.aspx.
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Asia and sub-Saharan Africa, respectively. The increasing production rate 
in the West has decreased remarkably since the 1980s. Furthermore, the 
cereal harvest area of the world has not increased since 1961, so why has 
cereal production increased? Cereal yields in each region are shown in 
Figure 4.4.3.

The cereal yield in Asia is almost the same as that in the West today, 
although it was lower than that in the West in 1961. The yield in Asia was 
3.6 t/ha in 2005, and that in Latin America and West Asia has also in-
creased. On the other hand, the yield in sub-Saharan Africa has not in-
creased since 1961, so why has cereal production of the region increased? 
The cereal harvest area of the entire world has not increased; however, 
that of sub-Saharan Africa has increased. The harvest area of sub- 
Saharan Africa in 2005 was 1.87 times larger than that in 1961. Produc-
tion in sub-Saharan Africa has increased because of this increase in 
harvest area. This shows that the agriculture of sub-Saharan Africa ac-
companies deforestation because farmland is created by deforestation.

There is a good relationship between nitrogen fertilizer application 
and cereal yield (Figure 4.4.4). The yield is highest in areas where large 
amounts of nitrogen fertilizer are applied; it is relatively high in Latin 
America but low in West Asia. This shows that there is abundant land 
suitable for agriculture in Latin America but only a little in West Asia. 
Because nitrogen fertilizer application in sub-Saharan Africa is currently 
low, cereal yield is low. Cereal yield increases in sub-Saharan Africa if 

Figure 4.4.3 Cereal yield



CLIMATE CHANGE AND WORLD FOOD PRODUCTION 87
 

more nitrogen fertilizer is used, and thus the region could produce more 
cereal using the present arable land.

4-4-2-3 Meat production

Meat production has increased over the past 50 years (Figure 4.4.5). It 
has quadrupled, even though the world population has only doubled in 

Figure 4.4.4 Relationship between nitrogen fertilizer input and cereal yield
Source: FAOFAOSTA, available at http://faostat.fao.org/default.aspx.

Figure 4.4.5 Meat production
Source: FAO FAOSTA, available at http://faostat.fao.org/default.aspx.
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the same period, thus meat production per person has doubled. Meat 
production in Asia has increased particularly well, and the increase in 
China is remarkable.

Fodder is necessary to produce meat. Maize has been used as fodder 
worldwide; wheat is used in Europe. Worldwide fodder consumption 
since 1961 is shown in Figure 4.4.6. The West accounts for more than half 
of the entire consumption. However, consumption in the West has not 
increased since the 1970s; on the other hand, consumption has increased 
in Asia. Cereal fodder consumption in Latin America and West Asia has 
also increased, although cereal fodder is hardly used in sub-Saharan Af-
rica today.

Cereal fodder consumption seems to be almost constant after the 
1980s. However, according to Figure 4.4.5, the production of meat has in-
creased since the 1980s. Meat production was 139 million tonnes and ce-
real fodder consumption was 579 million tonnes in 1981. The ratio of 
meat to cereal fodder was 4:2. This ratio has decreased; it was 2:7 in 2003. 
What is the reason for this decrease? First, beef production, which re-
quires a lot of fodder, has hardly increased, while chicken production re-
quiring small amounts of fodder has increased. Second, the productive 
efficiency of pork and chicken has improved, and soybean meal has been 
introduced as fodder.

Soybeans are produced to make vegetable oil. The solids left after ex-
traction of the oil is called soybean meal, which is high in protein and 
used as fodder. Cereal fodder consumption has not increased since the 
introduction of soybean meal. Worldwide soybean production has in-
creased rapidly (Figure 4.4.7); the main producers are the United States, 

Figure 4.4.6 Cereal feed
Source: FAO FAOSTA, available at http://faostat.fao.org/default.aspx.
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Brazil and Argentina. Production has increased remarkably in South 
America, while that in the United States has hardly increased.

4-4-2-4 Trade

Cereal is consumed domestically and traded. World trade is about 300 
million tonnes per year, corresponding to 13 per cent of world produc-
tion. Cereal is mainly imported from the West to Asia, Latin America and 
West Asia. Sub-Saharan Africa also imports small amounts. Imported 
cereal was used as fodder in Asia, Latin America and West Asia, but has 
now been replaced by soybean meal, thus the amount of cereal trade re-
mains constant after the 1980s.

Soybeans are mainly exported to Asia from the United States, Brazil 
and Argentina. Soybean trade was 58 million tonnes in 2004, correspond-
ing to 27 per cent of world production. The export ratio of soybean is 
higher than that of cereals. China, in particular, imports large quantities 
of soybeans – 22 million tonnes in 2004.

The amount of meat trade increases rapidly, although the increase in 
cereal trade is not as much. Meat is mainly exported from the West, al-
though export from Latin America has also increased. The West imports 
a large amount of meat, indicating that it trades in meat. However, the 
amount imported to Asia has increased in recent years. Meat production 
using imported fodder is decreasing gradually; however, the import of 
meat has increased in Asia. Development of freezing techniques has con-
tributed to meat trade.

Figure 4.4.7 Soybean production
Source: FAO FAOSTA, available at http://faostat.fao.org/default.aspx.
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4-4-2-5 Amount of food supply per person

Domestic production plus import minus export represents supply. Supply 
per person is supply divided by the population. The cereal and meat sup-
ply per person are shown in Figures 4.4.8 and 4.4.9, respectively.

Figure 4.4.8 Annual cereal supply per person
Source: FAO FAOSTA, available at http://faostat.fao.org/default.aspx.

Figure 4.4.9 Annual meat supply per person
Source: FAO FAOSTA, available at http://faostat.fao.org/default.aspx.
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The supply per person differs considerably according to the region. 
There is a large cereal and meat supply in the West. Much cereal in the 
West is used for meat production. In contrast, Asia has low levels of meat 
consumption, and meat supply in Asia is less than that in the West. Meat 
supply in Latin America is larger than that in Asia, although the cereal 
supply is almost equal – meat is produced by pasturing in Latin America. 
However, the supply in Asia has been increasing gradually since the 
1980s. The increase in meat supply in China is remarkable. Meat con-
sumption in Asia has increased, and continues to do so in the twenty-first 
century. However, because of the different cultures, meat consumption in 
Asia is not predicted to reach the same levels as in the West. Both cereal 
and meat production per person in sub-Saharan Africa have hardly in-
creased because the rate of population increase is the same as the rate of 
increase in food supplies. Problems associated with food supply in sub-
Saharan Africa have not improved in the past 50 years.

4-4-3 World food production in the future

First, the food supply and demand in the twenty-first century were fore-
cast from the population increase and economic trends of the past 50 
years. Then the influence of climate it was added, using the IPCC (2007) 
report to determine the influence of climate change.

4-4-3-1 Forecast without climate change

Patterns for the twenty-first century were considered in each region 
based on their past trends.

The West

There is little problem with food supply in the West because the popula-
tion increase will not be much in the twenty-first century. Gene modifi-
cation technology, environmentally friendly pesticides, herbicides and 
fungicides, effective fertilizer supply systems and many other agriculture-
related technologies will be developed in this region. Ethanol production 
from maize will hardly influence the demand and supply of food because 
the price of maize is higher than that of crude oil. Only the United States 
makes ethanol from maize. To prevent falling maize prices, ethanol will 
continue to be prepared in the United States. The West will keep export-
ing food in the twenty-first century.

Latin America

The population increased in the twentieth century; however, the rate of 
increase is now decreasing and Latin America no longer has a rapidly 
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increasing population. South America can produce more food. Since 
Brazil has large areas of suitable land for agriculture, food production 
will increase in the twenty-first century. Soybean production will also in-
crease in Brazil. In the near future, soybean export by Brazil will increase 
to more than that by the United States.

Argentina is also a big agricultural country. However, agricultural pro-
duction here will not expand much in the twenty-first century because 
most of the land was developed in the twentieth century, and there is lit-
tle unutilized land suitable for agriculture.

Asia

Asia currently imports a large amount of cereals from the West. This will 
continue in the twenty-first century. However, it seems that the amount 
of import will not increase in future because the transition to a healthier 
diet in China is almost complete and meat consumption in India will not 
change.

Today, there are many poor peasants in China and India. Addressing 
the problems of poverty is an important task in both countries. Capital 
investment in agriculture by the government will increase in China and 
India, and as a result they will probably become food-exporting coun-
tries, especially India. Although Asia has a large population, there seems 
little possibility that it will face food shortages in the twenty-first century.

West Asia

Saudi Arabia, Kuwait and Iraq export oil and it is therefore easy to im-
port food. West Asia is a food import region. The population increases 
rapidly in this region; it was 110 million in 1950, is 450 million today and 
will be 800 million in 2050. If the population reaches 800 million, it would 
be about 10 per cent of the world total. West Asia has a large arid zone 
and less farmland. Water is necessary to produce food, and hence conflict 
related to water may occur.

Sub-Saharan Africa

Cereal production has increased because of the increase in planting area, 
but cereal yield has not increased for the past 50 years in this region. The 
rate of increase in food production is almost equal to the rate of increase 
in population. Therefore, the amount of food supply in the region has not 
increased.

The population is predicted to increase rapidly: it was 750 million in 
2005 and will reach 1.7 billion in 2050. Food supply will become more dif-
ficult in future. There are 200 million ha of farmland in sub-Saharan Africa. 
If this is utilized effectively, enough food can be produced in the region. 
Nitrogen fertilizer usage is currently limited; production could be in-
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creased by increasing its use. Nitrogen fertilizer usage facilitated the in-
crease in production in Asia; it is necessary for African agriculture.

4-4-3-2 Forecast with climate change

The West

The influence of global warming on food production in the West has both 
positive and negative aspects.

There is a possibility that the US Mid-West will become drier with 
global warming. As this area produces the most grain in the United 
States, this will have a big influence on world food supplies. The United 
States currently exports about 100 million tonnes of cereals. Most cereal 
fodder used in Japan is produced there. Droughts may occur frequently 
in Australia as a result of global warming. Because Australia exports a 
large amount of wheat, this will also influence the world food supply.

Because of global warming, the arable land area in Canada and Russia 
may increase. The two countries comprise about 20 per cent of the world 
land area. Land that is frozen now is unsuitable for agriculture. However, 
there is abundant land in Russia and Canada, even if the frozen soil is 
excluded. Though capital investment is necessary, farmland area may in-
crease. This will increase worldwide food production.

Latin America

This region is located from low to mid latitudes, and the influence of cli-
mate change on food production will be small. The population density in 
Latin America is comparatively low. More food can be produced, particu-
larly in Brazil. Food production in countries such as Brazil will not de-
crease even if climate change occurs.

Asia

Drought may occur frequently in India because of global warming. Cli-
mate change will have a negative influence on Indian agriculture. How-
ever, the Indian economy is developing well, and it seems that India will 
be able to adjust to climate change. There are great opportunities for in-
creasing cereal yield in future because the present yield is low. As a 
whole, the probability of India facing a food crisis in the twenty-first cen-
tury is low.

Floods may occur frequently in Bangladesh because of rising sea levels. 
The population of Bangladesh is predicted to reach 240 million in 2050, 
from the current level of 140 million. The population density is high even 
today, and there is little possibility of an increase in the area of arable 
land. Global warming will have a great influence on food supply in the 
country.
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Food production in northeast China will increase with global warming. 
However, drought is feared in inland China. Global warming has both 
positive and negative aspects for agriculture here, but as the population 
increase ceases and the economy develops well, the possibility of China 
facing a food crisis in the twenty-first century seems low.

West Asia

Food production will decrease as global warming progresses because 
West Asia is a dry region even today. Food import will increase as the 
population increases. Climate change will promote this tendency further.

Sub-Saharan Africa

Food production can barely match present population growth. There are 
worries about the aridity of the inland area. Political systems will con-
tinue to be unstable in most sub-Saharan African countries even in the 
twenty-first century. It will therefore be difficult for them to develop 
technology that will help in adapting their agriculture to climate change. 
If food production becomes unstable because of climatic change, sub- 
Saharan Africa will suffer the most damage in the world.

4-4-4 Conclusions

Global warming will have a positive influence on countries located in 
northern Eurasia. Most countries of the West are located in this region. 
The West can adapt agriculture to climate change because of the rapid 
development of gene modification technology. This means that a large 
amount of food will be produced in the West in the twenty-first century. 
Most countries in Asia will not face a food crisis in the twenty-first cen-
tury because the population growth rate will decrease rapidly. However, 
the food supply in Bangladesh seems uncertain.

Latin America will not have a problem with food supply. West Asia will 
also not have problems with food supply if it can continue importing 
food.

Unlike the abovementioned regions, food production in Africa does 
not match its population increase, even without any climate change. Cli-
mate change will further exacerbate this problem. From a macro aspect, 
climate change will have the biggest influence on sub-Saharan Africa.
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4-5

Effects of climate change and global 
warming on marine ecosystems and 
fishery resources
Yasuhiro Yamanaka and Masahiko Fujii

4-5-1 Introduction

This chapter overviews the results of previous studies on the impacts of 
climate change, such as climate regime shifts and global warming, on ma-
rine ecosystems and fishery resources. Furthermore, our ongoing model-
ling studies to predict future changes in natural marine environments due 
to global warming and their influence on human activities are introduced. 
Such simulation studies, together with observations, can be a powerful 
tool to link climate change systematically with marine ecosystems and 
fishery resources and provide a guideline for adaptation of human activi-
ties to future global warming, especially for fisheries and tourism.

Marine ecosystems and fishery resources are affected by various nat-
ural factors and human impacts (Figure 4.5.1), which include global 
warming and ocean acidification through anthropogenic CO2 emission, 
eutrophication and fishing.

These impacts affect marine biogeochemical cycles, marine ecosystems 
and fishery resources as well as the climate system in many ways. For ex-
ample, global warming modifies the climate system, producing changes in 
ocean currents, storm events and rainfall. It also strengthens the stratifi-
cation of sea surface waters, leading to decrease in surface nutrients. On 
the other hand, rise in seawater temperature tends to enhance growth 
rates of lower and higher trophic level ecosystems. Modification of oce-
anic phytoplankton activity by global warming may help to regulate such 
warming by altering anthropogenic CO2 concentrations through modified 
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photosynthetic ability. Man-made eutrophication alters nutrient concen-
tration and affects biodiversity in coastal regions. Fishing directly alters 
commercial fish stocks and determines lower trophic level biomass, such 
as zooplankton and phytoplankton, as prey.

Previous observational studies have examined the links between the 
components of natural marine environments (Figure 4.5.1), particularly 
the climate system and fishery resources. For example, small pelagic fish 
catches, such as anchovy and sardine, are reported to fluctuate by a factor 
of 10s, in accordance with the climate regime shift (Figure 4.5.2).

Figure 4.5.2 shows a good relationship between the Aleutian Low Pres-
sure Index (ALPI; Beamish, Nebille and Cass, 1997) and sardine and an-
chovy catches in seas close to Japan (Yatsu, Nagawasa and Wada, 2003), 
i.e. more anchovy catches with lower ALPI (during warmer periods) and 
more sardine catches with higher ALPI (during colder periods), and an 
abrupt shift of dominant fish species from anchovy to sardine after the 
1976/1977 climate regime shift in the western North Pacific. The shift of 
dominant fish species from anchovy to sardine was also evident during 
colder periods in the 1920s–1930s. The reason for this shift is still contro-
versial; however, the optimal growth temperature hypothesis of Takasuka, 
Oozeki and Aoki (2007) provides the reasonable explanation that sar-
dines with lower optimal growth temperatures are more suited to cold 
waters and vice versa.

Compared to agriculture and the livestock industry, the produce of the 
fishery industry is less predictable in both amount and species, because 
all fishery production, except aquaculture, inevitably depends on natural 
marine environments and is relatively unstable. As a result, fisheries 

Figure 4.5.2 Time series of (a) Aleutian Low Pressure Index (ALPI); and (b) sar-
dine and anchovy catches in seas close to Japan 
Source: Beamish, Nebille and Cass (1997); Yatsu, Nagawasa and Wada (2003).
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science has long been exposed to the necessity of the idea of sustainabil-
ity and was included in sustainability science earlier than other industries. 
Furthermore, because of an apparent decreasing trend in worldwide fish 
catches these days, we are now facing an urgent need to clarify the pri-
mary cause of inter-annual fish-catch fluctuations in terms of many fac-
tors and conduct proper fish-catch management for sustainable use of 
fishery resources.

To advance our understanding of the structure and functioning of ma-
rine ecosystems and fishery resources and facilitate international col-
laborative fishery resource management, several international scientific 
collaborations have been developed since the 1990s. Global Ocean Eco-
system Dynamics (GLOBEC) was initiated in 1991 to understand how 
global change will affect the abundance, diversity and productivity of ma-
rine populations comprising a major component of oceanic ecosystems 
(www.globec.org/). North Pacific Marine Science Organization (PICES) 
is an inter-governmental scientific organization including Canada, Japan, 
the People’s Republic of China, the Republic of Korea, the Russian Fed-
eration and the United States. It was established to promote and coor-
dinate marine research in the northern North Pacific and adjacent seas 
(www.pices.int/). In 1994 the PICES Climate Change and Carrying Cap-
acity (CCCC) Program, a regional programme of GLOBEC, was devel-
oped to provide a framework for examining climate-ecosystem linkages 
in the North Pacific.

4-5-2 Simulation of marine ecosystems and fishery resources

Under the framework of PICES/GLOBEC CCCC, a marine ecosystem 
model NEMURO (North Pacific Ecosystem Model Used for Regional 
Oceanography; Kishi et al., 2007) and a fish bioenergetics-based popula-
tion dynamics model coupled with NEMURO (NEMURO For Including 
Saury and Herring (NEMURO.FISH); Figure 4.5.3) were developed to 
describe seasonal and inter-annual variability in lower trophic level (phy-
toplankton and zooplankton) and higher trophic level (small pelagic fish) 
ecosystems, respectively (Ito et al., 2004, 2007; Megrey et al., 2007; Rose 
et al., 2007).

Recently, several coupled lower-higher trophic level models have been 
developed and applied to various oceanic regions (Fulton, Smith and 
Punt, 2004). NEMURO.FISH is one of the most advanced models that 
can represent physical processes, nutrient cycling and lower and higher 
trophic level ecosystems as a whole. NEMURO was named after Nemuro 
City (Hokkaido, Japan), where the first model task team workshop 
was held in 2000. Recently, many studies have included NEMURO or 
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NEMURO.FISH in physical models, from a simple three-box model (Ito 
et al., 2004, 2007) to a complicated ocean general circulation model (Aita, 
Yamanaka and Kishi, 2007; Hashioka and Yamanaka, 2007; Hashioka, 
Sakamoto and Yamanaka, 2009; Okunishi et al., forthcoming).

Okunishi, Yamanaka and Ito (2009) developed a 2D individual-based 
model coupled with fish bioenergetics to simulate migration and growth 
of Japanese sardines (Sardinops melanostictus) in the western North Pa-
cific. In the model, fish movement is assumed to be controlled by feeding 
and spawning migrations with passive transport by simulated ocean cur-
rent. Their noteworthy originality is that spawning migration was mod-
elled by an artificial neural network with an input layer composed of 
five neurons that receive environmental information, i.e. surface water 
temperature, water temperature change experienced, current speed, day 
length and distance from land. They revealed that of the five factors, 
water temperature and day length are more important for the orientation 
cues of Japanese sardines during spawning migration.

4-5-2-1 Simulated responses of marine ecosystems and fishery 
resources to climate change

Using National Centers for Environmental Prediction, NOAA National 
Weather Service/National Center for Atmospheric Research reanalysis 
six-hourly datasets of sea surface temperature, freshwater flux, surface 
wind stress and solar radiation obtained from 1948 to 2002, Aita, Ya-
manaka and Kishi (2007) simulated inter-annual variation with Pacific 
Decadal Oscillation (PDO), particularly focusing on the 1976/1977 cli-
mate regime shift (Figure 4.5.4).

The model results reproduce the observed decrease in primary produc-
tion and diatom-grazing microzooplankton or mesozooplankton (ZL) bio-
mass. Wet weight of individual saury in the western North Pacific is 
simulated to have decreased after the 1976/1977 climate regime shift, pri-
marily due to cooling (Ito et al., 2007).

On the other hand, the model results show that the climate regime 
shift caused different responses of herring growth in the mid and late 
1970s in the northeastern Pacific, i.e. herring growth rate decreased off 
the West Coast Vancouver Island and in Prince William Sound and in-
creased in the Bering Sea (Rose et al., 2007). This is because the re-
sponses of water temperature and ZL (as a prey) abundance differ 
locally. The herring growth rate is positively correlated with two factors, 
and the more dominant factor change determines the herring growth rate 
in each oceanic region.
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4-5-2-2 Lower trophic levels

Using predicted physical fields of velocity, water temperature and salinity, 
vertical diffusivity and solar radiation (Sakamoto et al., 2005) obtained 
by a climate model (a high-resolution set-up of the Model for Interdisci-
plinary Research on Climate (MIROC) version 3.2; K-1 Model Devel-
opers, 2004) under global warming scenarios, several modelling studies 
with NEMURO have recently projected the effects of global warming 

Figure 4.5.4 Inter-annual variation of primary production and biomass, 1948–2002
Note: (a) Anomaly of annually averaged Pacific Decadal Oscillation (PDO) in-
dex. Anomaly of annually averaged (b) modelled and (d) observed primary pro-
duction and (c) modelled and (e) observed diatom-grazing microzooplankton or 
mesozooplankton (ZL) biomass. Observational data from the PH line (41.3°N, 
144–147°E), which crosses the Oyashio current, and model results from 41.3°N, 
144–147°E. The solid line shows the five-year running mean. (f ) Annually aver-
aged primary production (1977–2000 minus 1952–1975). (g) Modelled wet weight 
of individual saury in the western North Pacific. Modelled herring growth rate 
(three to four years old) and annual average in (h) the Bering Sea, (i) Prince Wil-
liam Sound and ( j) the West Coast Vancouver Island.
Source: Aita, Yamanaka and Kishi (2007); Tadokoro (2004); Ito et al. (2007); Rose et 
al. (2007).
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on marine biogeochemical cycling and ecosystems as well as pelagic fish 
(Hashioka and Yamanaka, 2007; Hashioka, Sakamoto and Yamanaka, 
2009; Okunishi et al., forthcoming).

Applying 3D NEMURO to the western North Pacific near Japan, 
Hashioka and Yamanaka (2007) predicted increases in vertical stratifica-
tion due to rising temperatures and subsequent decreases in surface 
nutrient and chlorophyll concentrations and a shift in the dominant phy-
toplankton group. The spring bloom is predicted to occur 1.5 months 
earlier than the present bloom because of strengthened stratification; 
however, the maximum biomass in the spring bloom is predicted to de-
crease drastically compared to the present bloom because of decreases in 
nutrient concentration. They concluded that the impacts of global warm-
ing on marine ecosystems do not appear uniformly in all seasons, but are 
particularly important at the end of spring and in the autumn bloom.

Their latest study including NEMURO in an eddy-permitting 3D 
model (Hashioka, Sakamoto and Yamanaka, 2009) shows that the model 
predictions correspond well to the observed time of an onset of the 
spring bloom (Figure 4.5.5). They also demonstrated that the maximum 
biomass during the spring bloom occurs 10–20 days earlier because of 
strengthened stratification, which is consistent with Hashioka and Ya-
manaka (2007), and that the maximum chlorophyll concentration in the 
spring bloom increases and decreases in the northern parts of the Kuro-
shio Extension region and the subarctic and subtropical regions, respec-
tively, due to global warming.

They suggest that these responses to global warming are statistically 
significant compared to natural variations (Figure 4.5.5), and that these 
projected changes in the lower trophic level ecosystem may affect migra-
tion routes or abundance of adult pelagic fishes.

4-5-2-3 Higher trophic levels

Similar efforts to predict the impacts of global warming on fishery re-
sources have been conducted in several studies.

Okunishi et al. (forthcoming) developed a multi-trophic level eco-
system model including Japanese sardines by coupling physical, bio-
geochemical plankton and fish models, including NEMURO. They 
demonstrated the possible impacts of global warming on the growth and 
migration pattern of Japanese sardines. The frequency of four-months-old 
low-weight sardines (<1 g) in the main spawning ground was projected to 
be significantly higher in the global warming simulation than that in the 
present simulation (Figure 4.5.6).

This is because sardine juveniles are mostly exposed to temperatures 
higher than the optimal temperature for feeding consumption and have a 
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lower recruitment rate in the current main spawning region under global 
warming conditions. As a result, sardines were predicted to shift their 
spawning ground northwards and avoid a collapse in their recruitment. 
During the northward migration in summer, geographical distribution of 
the fish was projected to shift north by 1–2° under the global warming 
condition, since the optimal temperature region for feeding shifted north-
ward (ibid.).

Global warming and the subsequent rise in water temperature are con-
sidered crucial factors for corals, inducing coral habitat migration towards 

Figure 4.5.5 Time of maximum chlorophyll concentration in the spring bloom in 
Julian days
Note: (a) satellite (derived from NASA’s Sea-viewing Field-of-view Sensor); (b) 
simulated; (c) projected changes (global warming condition minus present condi-
tion) in time of day; (d) significant levels (   p-values) from Student’s t-test for time. 
Source: Hashioka, Sakamoto and Yamanaka (2009).
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higher latitudes and intensifying the chances of coral bleaching and 
death. Using projected monthly mean sea surface temperature in the 
twenty-first century obtained by MIROC version 3.2 (K-1 Model Devel-
opers, 2004) and simplified indices for coral bleaching and the northern 
limit of coral and coral reef distribution, Yara et al. (2009) quantitatively 

Figure 4.5.6 Modelled histogram of weight of four-months-old Japanese sardines 
and averaged temperature in present and global warming simulations in the cur-
rent main spawning region
Note: Modelled histogram of weight of four-months-old Japanese sardines (a, b) 
and averaged temperature (c, d) in present (a, c) and global warming (b, d) simu-
lations in the current main spawning region (Area-4) near Tosa Bay, south of 
Shikoku Island, Japan. Thin and thick lines in (c) and (d) denote average values 
for each simulation year and nine-year average values, respectively. Grey-hatched 
domains in (c) and (d) show the range of optimum temperature of feeding con-
sumption of sardine (16–18°C). Furthermore, (a) and (b) show results of both 
simulation-1 and simulation-2, and (c) and (d) show results of simulation-1. 
Simulation-1 does not consider the effect of the mortality rate, while simulation-2 
considers this effect.
Source: Okunishi et al. (2009).
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evaluated the anticipated effects of global warming on corals in seas close 
to Japan (Figure 4.5.7).

They showed that the northern limit of the coral habitat, which is 
currently located in Niigata and Chiba prefectures in eastern Japan, is 
expected to move northward, up to Aomori and Iwate prefectures in 
northern Japan, and that the northern limit of subtropical coral reefs, cur-
rently located in southern Kyushu, is estimated to move to northern Kyushu 
by the end of the twenty-first century. On the other hand, the frequency 
and area of coral bleaching or death are expected to intensify around the 
Ryukyu Islands. In particular, high water temperatures, which result in 
coral death, will appear in the latter half of the twenty-first century.

4-5-3 For more realistic future projection of fishery 
resources

Most previous modelling studies have focused on pelagic marine ecosys-
tems and fishery resources. However, if we consider the link with human 
activities, we also need to focus more on marine ecosystems and fishery 
resources in coastal regions because these regions are more strongly re-
lated to our everyday lives. Furthermore, many coastal species live among 
rooted marine species such as corals, sea grasses and mangroves. Most 
rooted species cannot migrate and are therefore considered to be sensi-
tive to local environmental changes such as rise in seawater temperature 
due to global warming. To accomplish more realistic simulation of the 
coastal biogeochemical cycle and ecosystems, finer spatial models, such as 
those incorporating the runoff of materials from rivers, are required. 
Such models will also allow us to simulate two-way nutrient transport be-
tween land and ocean by anadromous fish species, such as salmon, 
through rivers.

The impacts of climate change and global warming on marine ecosys-
tems and fishery resources are anticipated to emerge differently accord-
ing to space, season and species. Hashioka, Sakamoto and Yamanaka 
(2009) suggest that even if global warming weakly affects annually 
averaged quantities, it could strongly affect certain marine species and 
biogeochemical processes that depend on seasonal events such as phyto-
plankton blooms. Okunishi et al. (forthcoming) stressed the importance 
of remembering that current models do not consider any future changes 
in marine ecosystem structure. No existing marine ecosystem models 
have considered the impacts of higher trophic level interactions, which 
may be modified by global warming. For example, the predation risk from 
fish predators, such as skipjack tuna (Katsuwonus pelami), that prefer 
warm water may increase with global warming and reduce the biomass 
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of Japanese sardines or accelerate the northward migration of sardine 
(ibid.). Furthermore, Japanese sardines seem to compete in prey plank-
ton with other pelagic fish such as Pacific saury (Ito et al., 2007). There-
fore, changes in Japanese sardine biomass may reflect marine ecosystem 
structure, which may lead to feedbacks to Japanese sardine (Okunishi 
et al., forthcoming).

Biological adaptation to changes in marine environments, such as rise 
in seawater temperature due to global warming, is crucial but has hardly 
been clarified. For example, it is still controversial how long it takes or 
how many generations are necessary for corals to adapt to a seawater 
temperature higher than their current optimal one. Biological studies 
based on gene identification are ongoing, and the results will be reflected 
in future marine ecosystem and fish models.

Changes in marine ecosystems and fishery resources due to climate 
change and global warming, in turn, affect various human activities. For 
example, most coastal regions in Japan are located in the temperate zone, 
and the biological gradient between the subtropical or subpolar region is 
steep. This means that the local marine ecosystem could shift to a differ-
ent one in response to climate change and global warming. Such changes 
in marine species may affect local human activities such as fisheries and 
tourism, including fishing and scuba diving, and relocation of marine 
parks and marine protected areas (Yara et al., 2009). It is essential to im-
prove the predictive accuracy of models to find sustainable fisheries and 
minimize future unfavourable impacts of climate change and global 
warming on marine ecosystems and fisheries, which will in turn affect 
human activities.
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Vulnerability of coastal zones  
in the twenty-first century
Hisamichi Nobuoka and Satoshi Murakami

Coastal zones are vulnerable to natural fluctuations, making these areas 
sensitive to climate change. There are two major reasons for their vulner-
ability: the land elevations are low, so natural disasters are easily caused 
by any rise in sea level, storm waves, storm surge and tsunamis; and many 
coastal zones have high population density or high levels of economic 
activity, so the disasters which break through protection systems cause 
huge damage. Based on these factors, the Working Group II report of the 
IPCC AR4 (IPCC, 2007b) addressed six concerns regarding coastal zones 
and climate change.

1.  Coasts are experiencing the adverse consequences of hazards related to cli-
mate and sea level (very high confidence).

2.  Coasts will be exposed to increasing risks, including coastal erosion, over 
coming decades due to climate change and sea-level rise (very high confi-
dence).

3.  The impact of climate change on coasts is exacerbated by increasing human-
induced pressures (very high confidence).

4.  Adaptation for the coasts of developing countries will be more challenging 
than for coasts of developed countries, due to constraints on adaptive cap-
acity (high confidence).

5.  Adaptation costs for vulnerable coasts are much less than the costs of inac-
tion (high confidence).

6.  The unavoidability of sea-level rise, even in the longer-term, frequently 
conflicts with present-day human development patterns and trends (high 
confidence).
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In this chapter, global coastal submerged/flooded area and affected 
population due to rising sea level are projected for detailed and quantita-
tive impact assessment. Next, a more detailed impact study for the Chao 
Phraya delta is presented.

4-6-1 Impact on world coastal areas

It is believed that the rise in sea level due to the thermal expansion of 
seawater and fusion of ice sheets caused by global warming will amplify 
the effect of severe disasters in coastal zones. Historically, flood disasters 
due to impact from seawater have been generated by storm surges and 
tsunamis. Typical examples are the storm surge from an extratropical 
cyclone along the Dutch and British coasts around the North Sea in 1953, 
Typhoon Isewan, near Nagoya in Japan, in 1958 and Hurricane Katrina 
around the Mississippi delta in the United States in 2006. The biggest di-
saster of the latter type is the Indian Ocean tsunami in 2004. In the case 
of rising sea level, the population affected by these disasters must in-
crease in low-lying delta areas and small archipelagic countries. M oreover, 
the world population is expected to increase to about 10 billion people 
by 2050. This population growth will increase the number of people af-
fected by disasters in coastal zones.

Although many vulnerability assessments have been conducted in 
coastal areas, there are few global or regional assessments. The first glo-
bal vulnerability assessment on coastal zones is reported by Hoozemans, 
Marchand and Pennekamp (1993). This study assessed coastal disasters 
and also issues such as ecosystem changes and rice production. However, 
the spatial resolution of the study was poor – it was conducted at a coun-
try level. Coastal disasters due to seawater were also projected only by 
an empirical method based on the relationships between winds and 
wind waves at some points. Nicholls, Hoozemans and Marchand (1999) 
improved some of the calculation techniques of the earlier study, such as 
by adapting the sea-level rise projected in a general circulation model 
(GCM) for climates, and conducted global vulnerability assessments 
along the coastal zones. Mimura (2000) and Nobuoka, Mimura and Fuku-
hara (2007) implemented vulnerability assessments in Asia and Oceania, 
with resolution as high as 60 arc-seconds. However, none of these studies 
had sufficient accuracy concerning astronomical tides and storm surges 
along coasts because the heights were calculated by a simple empirical 
method.

Furthermore, considering the uncertainty of climate, population and 
economic scenarios, these assessments did not have enough spatio- 
temporal accuracy. Chapter 6 of Working Group II of the IPCC AR4 
(IPCC, 2007b), titled “Coastal systems and low-lying areas”, described 
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only some fragmentary results, such as that the population in coastal 
zones will increase from 1.2 billion in 1990 to 1.8–5.2 billion in 2080. It 
is possible that the rising sea level and increasing intensity of tropical 
cyclones will add negative impacts for many coasts. Specific areas that 
might be seriously affected are the mega-deltas of Asia, which have a 
huge population, and developing countries, which do not have coastal de-
fence systems even in the present scenario. These factors were projected 
for affected populations for annual storm surges in the 2020s, 2050s and 
2080s. This projection assumed that new coastal defences will continue to 
be constructed at the present rate. This means that there is no construc-
tion for any adaptation to climate change. In Asia and Africa the affected 
population will increase. Under scenario A2 of the IPCC (2000) Special 
Report on Emissions Scenarios (SRES), the affected population will 
reach 25 million in the 2080s; the impact of a rise in sea level contributes 
only 7 million of this number. The method used for this projection was 
almost the same as that used by Nicholls, Hoozemans and Marchand 
(1999).

The purpose of this chapter is to project detailed and precise increases 
in the area and population affected by submergence/flood for the entire 
world coastal zone in the twenty-first century, considering the sea-level 
rise and the general population growth. This assessment used a detailed 
spatial grid – 60 arc-seconds – over the entire world. The storm surge and 
astronomical tides were calculated by numerical simulation. The pro-
jected sea-level rise, population and economic growth for three SRES 
scenarios (IPCC, 2000) were employed. No coastal defences were taken 
into account, so the projected results in this assessment are called the po-
tential area and the potential population affected by the impacts.

4-6-1-1 Methodology of the vulnerability assessment

Global assessment was performed at intervals of 25 years from 2000 to 
2100. The spatial resolution of the calculated assessment was 60 arc- 
seconds. Variations in the twenty-first century considered in this assess-
ment are sea-level rise, population growth and economic growth 
accompanying global warming based on an SRES scenario. The time se-
ries of sea-level rise due to global warming was projected by multiplying 
thermal expansions of seawater volume, which were obtained from 
MRI-CGCM2 (Yukimoto and Noda, 2002) and MIROC3.2 (Hasumi and 
Emori, 2004), by an average rate between the thermal expansions and the 
total rising height in 2100, as expressed in the IPCC AR4 (IPCC, 2007a). 
The height by thermal expansion calculated by MRI-CGCM2 and MI-
ROC3.2 is almost the maximum and the minimum, respectively, for all 
results of the general circulation model in IPCC AR4 (ibid.). Therefore, 
the average height of both models is a representative value. The population 
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in each 60 arc-seconds grid was calculated from the GPWv3 model and 
population growth according to SRES scenarios was provided by CIESIN 
(2002a). The value of GDP in each country was obtained from the results 
from CIESIN (2002b). In this study the major SRES scenarios, compris-
ing A1B (low population growth and very high economic growth), B1 
(low population growth and high economic growth) and A2 (high popu-
lation growth and medium economic growth), over the entire world are 
used for all projections.

The impact from the sea was of two types. The first is the astronomical 
tide added to the increase in sea-level rise to project submergence areas. 
The other is the height of storm-surge deviation on the astronomical tide 
added to the sea-level rise for projections of flooded areas. The NA-
OTIDE model (Matsumoto, Takanezawa, and Ooe, 2000), which is an 
ocean tide model developed by assimilating TOPEX/POSEIDON, was 
employed for calculations of the astronomical high tides along the world 
coasts, with observed tides at tidal stations. The heights of storm-surge 
deviations were calculated by a numerical simulation model based on the 
linear long-wave theory. Winds and atmospheric pressure on sea surfaces 
were hindcasted from the best tracks of tropical cyclones since 1951, dis-
tributed by JMA and IBTrACS of the NOAA. The spatial grid size and 
integral time of the calculation were two arc-minutes and five minutes, 
respectively. The height used in the assessment was storm surges down-
scaled to 60 arc-seconds.

The submergence area due to astronomical tide and sea-level rise and 
the flood area due to these factors as well as the storm surge were calcu-
lated using a simple method of level comparison between ground eleva-
tions and coastal water levels, taking into account a route from each 
coast. GTOPO30 of the USGS served as the base for ground elevations. 
The elevations of SRTM30 of NASA were substituted at a point that ful-
fils one of the following conditions:
• when the altitude by SRTM30 is 20 m higher than that by GTOPO30
• when the altitude by SRTM30 is lower than that by GTOPO30.

As artificial coastal defences were not considered in this analysis, 
the area where water reached should be called the potential sub-
mergence area and potential flooded area. Finally, the population in
the submerged area and the flooded area was calculated.

4-6-1-2 Assessment results of coastal vulnerability

The distribution of storm-surge deviation is shown in Figure 4.6.1a. The 
storm-surge ranges of 0.5–1 m, 1–2 m, 2–3 m, 3–4 m and over 4 m are rep-
resented by crosses, grey diamonds, black squares, grey circles and black 
circles, respectively, on the map. The land with elevation lower than 20 m is 
grey. The distribution of storm surge deviation is in agreement with the known 
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hotspots of storm surge. The only points where the storm surge deviation 
is larger than 4 m were the areas around the Mississippi and Ganges-
Brahmaputra deltas and Hangzhou Bay. Other areas with large deviation 
are the coasts of the Philippines, the northern coasts of Viet Nam, the 
southern coasts of China and coasts of Japan in the northwestern Pacific 
Ocean, the northwestern coasts of Australia and several islands in the 
South Pacific, the coast around the Gulf of Mexico in the North Atlantic 
Ocean, the deltas of Bangladesh, Myanmar and Pakistan in the north In-
dian Ocean and the coast of Madagascar in the south Indian Ocean.

For the A2 scenario in 2100, which has a worst-case sea-level rise of 
51 cm in this study, the areas flooded by storm surge at high tide are 
shown in black in Figure 4.6.1b. Though it was the worst-case scenario, 
the flooded areas are quite narrow compared with the size of the conti-
nents, so only some areas can be clearly identified on the map. The main 
areas are the deltas of the Mississippi, Ganges-Brahmaputra, Irrawaddy, 
Indus, Changchiang and Mekong. Some areas where tropical cyclones do 
not pass are submerged by rising sea levels with a high astronomical tide, 
such as in northeastern Sumatra, Borneo and the Amazon and Rhine-
Meuse-Scheldt deltas.

Figure 4.6.2 shows the extended area of potential submergence area 
from 2000 to 2100 for every region and the world – the base is the area in 
2000. Sea-level rise (SLR) is also shown on the right-side axis in the same 
figure. The potential submergence area of the world in the present cli-
mate becomes 1,300,000 km2.

The extended areas according to the A1B, A2 and B1 scenarios be-
come about 230,000, 220,000 and 160,000 km2, respectively. Although the 
extended area for each scenario is slightly larger in Asia and North 
America, the difference by area is not so great in all regions. The trend of 
increase in the extended area of the world and of rise in sea levels is al-
most the same. When adding the impact of storm surge, the projected ex-
tension of the flooded area is shown in Figure 4.6.3.

Figure 4.6.2 Increase in submergence area, 2000–2100
Note: SLR is average of the values of the two GCMs.
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The base area is 1,770,000 km2 in 2000. The extended areas for 2000 to 
2100 in the A1B and A2 scenarios become about 160,000 and 180,000 
km2, respectively. The extended areas in Asia and North America are 
slightly larger than in other regions – the same trend as for the sub-
merged areas in each scenario. The trend of the extension for 2000–2100 
over the world is the same as that for the sea-level rise. The increase in 
the submergence population by 2100, based on 2000, is shown in Figure 
4.6.4  according to each scenario and climate model. Although there was a 
 population of about 257 million in the submergence area of the world 
in 2000, an increase to about 470 million was projected for 2100 in the 
A2 scenario, which is most of the increase in population in the twenty-
first century. The increase in population of Asia forms the major portion 
of the world increase. The impacts of both sea-level rise and population 
growth are included in determining the increase in the affected popula-
tion. Although the increase in affected population continues till 2100 in 
the A2 scenario, which also continues positive population growth, the 
 increase is restrained in the A1B and B2 scenarios, in which population 

Figure 4.6.3 Increase in flooded area, 2000–2100 
Note: SLR is average of the values of the two GCMs.

Figure 4.6.4 Increase in submergence population, 2000–2100
Note: SLR is average of the values of the two GCMs.
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growth becomes negative after 2050. The population growth scenario in 
China, Bangladesh, Viet Nam and India greatly affected the results in 
Asia. This effect appears to reduce the affected population after 2050 
in the A1B and A2 scenarios, unlike the trend of sea-level rise. The con-
tribution of sea-level rise and population growth to the size of the af-
fected population is described later.

The increase in the flooded population from storm surge with a sea-
level rise is shown in Figure 4.6.5. The changing trend of the affected 
population for each SRES scenario is the same as that of the submerged 
population. However, the increase in the rate of flooded population pre-
cedes the increase in the rate of sea-level rise. At present, 436 million 
people in the world are affected by the potential impact of floods; the A2 
scenario projects an increase in this number to about 600 million people 
by 2100.

Figure 4.6.6 shows the relative change in the population increase of 
submerged areas over the twenty-first century as a proportion of the total 
population of that region; in other words, the relative increase in popula-
tion in submerged areas. The relative increase in population in flooded 
areas is shown in Figure 4.6.7.

Both figures show the results of the A1B and A2 scenarios of SRES 
with differing population growth. The effects of population growth and 
sea-level rise on these results are also separated by considering the in-
crease in flooded population as if the population were fixed at that of the 
year 2000 as the effect of sea-level rise, and other increases were attrib-
uted to the impact of population growth.

The results of relative increase in total submerged population (Figure 
4.6.6) indicate that for the A2 scenario, Oceania and Asia are affected 
in approximately the same proportions. In all scenarios and regions the 
impact of sea-level rise becomes significant in the latter half of the 
twenty-first century. Up to this point, the increase in population living in 

Figure 4.6.5 Increase in flooded population, 2000–2100
Note: SLR is average of the values of the two GCMs.
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potentially submerged areas is due to population growth. In Asia, in the 
A1B scenario, it is clear that the proportion of the submerged population 
is reduced because of negative population growth. The increase in flooded 
population (Figure 4.6.7) has the same trend as in the submerged popula-
tion results. These results show the increasing proportion of the total im-
pact in North America occurring in areas affected by hurricanes, and the 
larger effect due to population growth in Asia.

Figure 4.6.6 Relative increase in submergence population in each region
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The countries strongly affected in the results of scenario A2 for 2100 
are shown in two perspectives to investigate their relative vulnerability. 
The values for each country were obtained from a global vulnerability as-
sessment and calculated using uniform data from across the world. As a 
result, although this analysis is suitable for indicating the relative magni-
tudes in multiple countries, the results for an individual country may be 
less accurate than those of a vulnerability assessment carried out for the 

Figure 4.6.7 Relative increase in flooded population in each region
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specific country. Furthermore, extremely small island countries, such as 
Tuvalu, cannot be represented by a latitude/longitude mesh with a spac-
ing of 60 arc-seconds, and therefore are not included in the results.

Table 4.6.1 shows the countries with the 10 largest increases in the 
absolute number (using 2000 as a baseline) of people potentially affected 
by flooding. It is clear that countries containing mega-deltas and megaci-
ties, such as China, Bangladesh and Viet Nam, are greatly affected. Table 
4.6.2 shows the countries with the 10 largest increases in relative popula-
tion (using 2000 as a baseline) – found by dividing the increase in poten-
tial flooded population by the total population in the country.

This raises the ranking of island countries and regions with large pro-
portions of affected population within the country, such as Bermuda, 
Saint Kitts and Nevis, Tonga, Antigua and Barbuda and the Maldives. Al-
though it is sufficient to argue in terms of absolute numbers as a global 
problem, it is also important to investigate the relative number in terms 
of problems for each country.

Table 4.6.1 Countries with the 10 largest increases in flooded population

Country Flooded population (million)

China
Bangladesh
Viet Nam
India
Indonesia
United States
Brazil
Egypt
Myanmar
Thailand

161.83
107.59
 76.15
 56.57
 33.48
 24.35
 22.73
 19.46
 17.89
 13.44

Table 4.6.2 Countries with the 10 largest increases in the relative flooded popula-
tion

Country Flooded population (%)

Bermuda
Saint Kitts and Nevis
Tonga
Antigua and Barbuda
Maldives
Turks and Caicos Islands
Kiribati
Suriname
Bahrain
Singapore

78
50
46
44
44
43
40
39
38
33
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Economic strength is important in terms of protective power against 
disasters – the ability to adapt in response to climate change. We will 
therefore discuss vulnerability by considering GDP per capita. The GDP 
per capita of Bermuda, Saint Kitts and Nevis and Antigua and Bermuda 
is extremely high. From among the most affected countries in Asia, the 
chosen examples were Bangladesh (BA), which suffers large absolute 
and relative impacts, the Maldives (MA), which has a large relative im-
pact, and Singapore (SI), which has a strong economy combined with a 
high relative impact. Figure 4.6.8 shows the increase in the flooded popu-
lation divided by the total population of the country on the horizontal 
axis, and the GDP per capita on the vertical axis.

The bottom right of the diagram indicates dangerous situations with 
relatively high impact and low economic strength that hinders responses, 
and the top left indicates safety. The value of 0 per cent on the horizontal 
axis is for 2000. Symbols indicate intervals of 25 years, and values for in-
crease in GDP per capita through 2100 in these countries are found for 
each year by tracing a line from the bottom left of the diagram. Nicholls, 
Hoozemans and Marchand (1999) performed a vulnerability assessment 
by setting up a coastal protection scenario based on the assumption that 
countries with GDP per capita of US$600–2,400 are capable of mid-level 
protection, those at US$2,400–5,000 are capable of high-level protection 
and those with US$5,000 or more are capable of high-quality protection. In 
Figure 4.6.8, horizontal lines indicate the US$2,400 and US$5,000 levels.

Singapore has GDP per capita exceeding US$10,000 and is thought 
 already to maintain protection capabilities. In the A2 scenario in 

Figure 4.6.8 Relative increase in flooded population and GDP per capita, 2000–
2100
Note: SI: Singapore, BA: Bangladesh, MA: Maldives.
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 Bangladesh, which will have only mid-level protection by 2075, it is 
thought that during the twenty-first century the risk of flooding by storm 
surges will continue to affect more than 30 per cent of the population. 
For the Maldives, it was projected that sufficient adaptations must be 
made by 2075 to respond to sea-level rise. However, the results indicate 
that the Maldives and Bangladesh can begin high-level adaptations after 
2075 in scenario A1 and after 2050 in scenario B1.

These results suggest that the risk of flooding in coastal regions, partic-
ularly in developing countries, will increase above current levels because 
of population growth before the effect of sea-level rise becomes signifi-
cant. One example is the large number of casualties caused by Cyclone 
Sidr that struck Bangladesh in 2007. Therefore, the most appropriate 
 adaptations are those that address population growth in the first half of 
the twenty-first century and deal with the sea-level rise in the second half 
of the century. However, because it may delay the introduction of adapta-
tions to coastal disasters such as those in the Maldives and Bangladesh in 
scenario A2 described above, care is required in adopting scenarios that 
significantly limit economic growth in developing countries. From these 
points, the A1 scenario, which includes active policies to reduce differ-
ences between regions and promote technology exchange, and the B1 
scenario, which includes policies to suppress fossil-fuel emissions along 
with the policies of A1, are thought to be appropriate. However, if popu-
lation growth does not proceed according to this scenario, the risk of 
flood damage due to rising sea level is expected to increase by the end of 
the twenty-first century in coastal areas in Asia, Oceania and other loca-
tions, even in scenarios A1 and B1. These uncertainties must also be con-
sidered.

4-6-1-3 Conclusion

Increases in submerged/flooded areas and the affected population due to 
rising sea level and population growth, using the SRES scenario as the 
basic vulnerability of coastal regions throughout the world in the twenty-
first century, were projected quantitatively on a 60 arc-seconds latitude/
longitude mesh. The amount of sea-level rise differs with various green-
house gas emission scenarios. In the A2 scenario, which is one of the 
worst, the areas submerged and flooded due to tropical cyclones around 
the world in the event of a 38 centimetre rise in sea levels by 2100 were 
projected as increases of approximately 230,000 and 180,000 km2, respec-
tively. The projected affected population increases to 470 and 600 million 
people, respectively. The highest numbers of the affected population are 
in mega-delta regions, and island countries have a high relative increase 
in affected population.
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The increase in the affected population includes the effect of both sea-
level rise and population growth. In the A2 scenario, population growth 
is the main factor, and the effect of sea-level rise becomes significant in 
the latter half of the twenty-first century. In such a situation, first of all, 
disaster prevention and management of coastal areas that can respond to 
population growth are required. Prevention and management that can 
also serve to adapt to the impact of sea-level rise would be ideal as “wise 
adaptation”. If adaptations to global environmental changes are under-
taken based on the strength of each individual country, the results of 
this study indicate quantitatively that economic growth in developing 
countries is essential, particularly in the latter half of the twenty-first cen-
tury.

As seen from differences in population growth and sea-level rise be-
tween scenarios, there is uncertainty in the changes in the state of inter-
national society. Although the projected results were also uncertain 
regarding the size of the affected population, a negative impact appeared 
in the results of all scenarios that contain mitigation of global warming. 
Unless global warming can be prevented, adaptations must be considered 
along with mitigation. These response measures take many years from 
planning to implementation, and are therefore extremely expensive; for 
example, coastal protection programmes against the effects of the current 
climate have not yet fully achieved their goals, even in Japan. Global 
warming, which can become significant within one century, is thus a se-
vere problem that cannot be avoided. Therefore, it is necessary to focus 
on adaptations to prevent additional vulnerabilities and negative impacts 
that appear during states of uncertainty, including providing the e conomic 
growth that enables necessary support while developing mitigations of 
global warming, even before obtaining accurate assessments.

4-6-2 Case study on assessment of inundation area induced 
by dual impacts of sea-level rise and land subsidence in the 
Chao Phraya delta

Some metropolises that are strongholds of politics, economies and living 
are located in huge deltas in Southeast Asian countries. Deltas such as 
the Chao Phraya, Red River and Mekong are called “mega-deltas”. The 
IPCC (2007b) mentioned that mega-deltas will be vulnerable to natural 
disasters induced by global climate change, partly because they are lo-
cated in very low lands in coastal regions and will be directly affected by 
sea-level rise due to global warming. What is more, land subsidence has 
taken place in most mega-deltas, and is also a factor in expanding flood 
damage. Thus it is important for sustainable development and adaptation 
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to global climate change to consider not only sea-level rise but also land 
subsidence in mega-deltas.

The purpose of this section is to assess the influence of the dual im-
pacts of sea-level rise and land subsidence on the inundation area in the 
Chao Phraya delta. The situation of land subsidence in 2100 has been 
predicted using a method of reliable land subsidence mapping based on 
the observations of settlement proposed by Murakami, Yasuhara and Su-
zuki (2005) and Murakami et al. (2006). The future elevation model in 
the objective regions has been made based on the present elevation 
model and the predicted land subsidence using GIS. For investigating the 
influence of the dual impacts of both a 59 cm sea-level rise and land sub-
sidence on the inundation area in the Chao Phraya delta, a hazard map 
of the inundation area has been created. The map shows that the inunda-
tion area caused by the dual impacts of sea-level rise and land subsidence 
will be approximately 1,000 km2. When calculating the inundation area in 
mega-deltas it is thus important to consider not only sea-level rise but 
also land subsidence in the future.

4-6-2-1 The present situation of land subsidence

There are approximately 748 observation locations for monitoring settle-
ments from 1996 to 2003 in the Chao Phraya delta (Figure 4.6.9).

We can understand the present situation of land subsidence in the re-
gion using the time-series records of settlements. A map of the distribu-
tion of land subsidence has been represented using reliable mapping 
combined with a spatial interpolation procedure based on geostatistics 
proposed by Murakami, Yasuhara and Suzuki (2005) and Murakami et al. 
(2006). The mapping method can show not only the distribution of ex-
pected settlements but also the distribution of estimated standard devia-
tions based on the spatial correlation relationships of settlements. The 
interpolation method is based on the Kriging geostatistic, which is a spa-
tial interpolation method, and assumes that an estimation at a location is 
expressed as the linear weighted summation of the observations. Figure 
4.6.10 shows the interpolated result of the distribution of land subsidence 
in the region from 1996 to 2003.

The estimated settlements are drawn as contour lines and the e stimated 
standard deviations are indicated as raster data. The map shows that 
severe land subsidence has taken place in Samut Prakarn, in the middle 
of Samut Sakhon and north of Pathum Thani.

4-6-2-2 The future situation of land subsidence

To investigate future land subsidence in the region, an observational pre-
diction method for land subsidence proposed by Murakami, Yasuhara 
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and Suzuki (2005) has been used. The method is based on an assumption 
that an accumulated settlement subjected to seasonal changes of ground-
water level can be expressed as the similar curve of Terzaghi’s one- 
dimensional consolidation theory. An accumulated settlement Si, after 
elapsed time ti from the beginning of observation, can be predicted by 
the following equation:

Si = Sp0 {1 – exp(–CR · ti)} (1)

where Sp0 is residual settlement and CR is the coefficient of settlement 
rate. Parameters which are Sp0 and CR in equation (1) can be determined 
by a back analysis using observations of settlements at a location. For in-
vestigating its applicability to future settlement prediction in the region, 
the method has been applied to eight representative locations (A to H) 
shown in Figure 4.6.9. Figure 4.6.11 shows the observed and predicted 
results of accumulated settlements in these locations. There is good agree-
ment between observed and predicted results.

Future accumulated settlements at all the observation locations have 
been predicted using equation (1), and the future land subsidence has 
been represented using the proposed method for a reliable land subsi-
dence mapping. Figure 4.6.12 shows a future situation of land subsidence 
that will take place from 2001 to 2100. In addition, the map shows the 
estimated standard deviation, which depends on both spatial interpola-
tion error and future prediction.

Figure 4.6.9 Observation locations of land subsidence in the Chao Phraya delta
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According to the map, there are severe settlements in the middle east 
of Samut Prakan and the northern side of Samut Sakhon. Therefore, se-
vere land subsidence will move towards the north in Samut Sakhon, and 
subsidence in the northern side of Pathum Thani in the present situation 
will decrease. Comparing the present land subsidence map with the fu-
ture situation, the distribution of estimated standard deviation in the fu-
ture map is larger than in the map of the present situation because the 
future standard deviation depends on both spatial interpolation error 
and future prediction. Therefore, it is important for investigating dual 
hazard due to sea-level rise and land subsidence to consider the estima-
tion error caused by both spatial interpolation and future prediction.

4-6-2-3 Assessment of the influence of dual impacts of sea-level rise 
and land subsidence on inundation area

In order to assess the influence of dual impacts of sea-level rise due to 
global warming and land subsidence on the inundation area in the Chao 

Figure 4.6.10 Land subsidence map (1996–2003)
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Phraya delta, GIS-aided spatial analysis has been performed on the basis 
of the predicted result of future land subsidence in 2100 shown in Figure 
4.6.12. The inundation area is defined as the region which is below sea 
level. Ground level in the future situation was calculated from the present 
ground level in consideration of the future land subsidence. The severest 
sea-level rise due to global warming was assumed as 59 cm by the IPCC 
(2007a). Figure 4.6.13 shows calculated results of the area inundated due 
to sea-level rise in 2100.

Figure 4.6.13(a) shows inundation caused by sea-level rise alone: inun-
dation areas are in coastal regions in Samut Sakhon, Bangkok and Samut 
Prakarn and the middle region of Bangkok. Figure 4.6.13(b) shows inun-
dation caused by the dual impacts of sea-level rise and land subsidence. 
It is clearly indicated that inundation expands when considering future 
land subsidence. In particular, it widely expands in the middle of Samut 
Prakarn, in which severe land subsidence will take place. Figure 4.6.13(c) 
shows inundation regions due to sea-level rise and land subsidence plus 
estimation error caused by spatial interpolation and land subsidence pre-
diction. The map indicates that the inundation region expands more than 
in Figure 4.6.13(b), without consideration of estimation error, and more 
than 70 per cent of Samut Prakarn will be flooded. The results show that 
it is important for estimating inundation regions in a future situation af-
fected by global warming to consider not only sea-level rise but also land 
subsidence.

Figure 4.6.11 Comparisons of observed settlements with predicted results
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4-6-2-4 Conclusion

The influence of the dual impacts of sea-level rise due to global warming 
and land subsidence on inundation areas in the Chao Phraya mega-delta 
has been investigated using a method of reliable land subsidence m apping 
based on observations of settlements. Salient conclusions are as follows.
• Severe land subsidence takes place in the middle of Samut Prakarn 

and Samut Sakhon and the northern side of Pathum Thani. However, 
the severe land subsidence will move to the east in Samut Prakarn, to 
the north in Samut Sakhon and will become small in Pathum Thani by 
2100.

• Inundation areas subjected to the dual impacts of sea-level rise and 
land subsidence are in coastal regions in Samut Sakhon, Bangkok and 
Samut Prakarn and the middle region of Bangkok. When considering 
estimation error caused by spatial interpolation and land subsidence 

Figure 4.6.12 Future land subsidence map (2001–2100)
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predictions, the predicted result shows that more than 70 per cent of 
Samut Prakarn will be inundated.
Therefore, it is necessary for sustainable development and adaptation 

to the future situation affected by global warming in coastal regions sub-
jected to severe land subsidence to take measures to mitigate inundation 
damage in consideration of the dual impacts of sea-level rise and land 
subsidence.

Figure 4.6.13 Inundation area caused by sea-level rise and land subsidence
(a) Sea-level rise alone
(b) Sea-level rise and land subsidence
(c) Sea-level rise, land subsidence and estimation error
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4-7

Adaptation and mitigation strategies 
in response to climate change
Makoto Tamura and Nobuo Mimura

4-7-1 Introduction

Historically speaking, there are two approaches to handling the issue of 
environmental change: one is to remove the causes of the change and the 
other is to adjust to the adverse effects. In the context of climate change, 
these responses are referred to as mitigation and adaptation measures, 
respectively. Figure 4.7.1 depicts a flowchart of climate change issues 
posed by greenhouse gas (GHG) emissions, including both impacts and 
countermeasures.

Mitigation strategies to reduce GHG emissions and their role in cli-
mate change include energy conservation, development of alternative 
energy and forest protection and afforestation programmes. In contrast, 
adaptation serves to adjust human and natural systems on the assump-
tion of ongoing climate change, e.g. disaster prevention, changes in 
cultivated plant species and breeding new plant varieties. Figure 4.7.1 
 illustrates these as two cycles responding to climate change that must be 
properly combined to be fully effective.

Previous chapters have discussed climate change impacts on water, 
food, ecosystems and coastal areas. Such impacts will lead to socio- 
economic effects such as human migration, decreased crop yields, decline 
in the number of ski resorts and failure of infrastructure. It is clear that 
climate change affects multiple sectors, regions and countries; however, 
the degree of impact varies widely. Ironically, the most adverse and sig-
nificant effects of climate change will probably be observed in developing 
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countries with low emission levels. For example, it is anticipated that 
these countries will experience serious damage due to floods and droughts.

In contrast, developed countries are considered to be relatively insensi-
tive to the adverse impacts of climate change because their systems, such 
as infrastructure and prediction technologies as well as financial stability, 
have been developed for a long time and give them the means to mini-
mize adverse impacts or insure against disasters. However, even devel-
oped countries cannot always avoid more violent physical events, such as 
torrential rainfall or severe drought, on a previously unimaginable scale. 
Hurricane Katrina in 2005 is representative of an event of such a large-
scale impact; it destroyed protective levees and seriously damaged the 
city of New Orleans. Climate variability may exceed the design limits of 
any disaster prevention programme, and the exponential rise of health 
hazards due to thermal and other stresses can extensively challenge 
health systems. In recent years some Japanese studies have quantitatively 
reported the likelihood of increased risk of drought and torrential rain, 
loss of natural habitats such as beaches and forests, increase in regional 
variability of rice yields and more deaths caused by thermal stress and 
other factors. These adverse impacts cannot be ignored (Project Team for 
Comprehensive Projection of Climate Change Impacts, 2008: 96, 2009: 38; 
MOE, 2008: 70).

To date, responses to climate change have largely focused on reduction 
of GHG emissions. However, the major objective of countermeasures, as 
indicated under the UN Framework Convention on Climate Change, 
must be to ensure that global warming stays below a dangerous level. 
Even if the severest mitigation measures are implemented to reduce 

Figure 4.7.1 Response strategies to climate change
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GHGs accumulating in the atmosphere, it will be difficult to avoid the 
adverse impacts of climate change in the next few decades. Therefore, in 
addition to mitigation, adaptation measures will be a vital response to 
climate change; these include avoidance of local or short-term intensively 
adverse impacts on agriculture, local resources and ecosystems as well as 
the particularly vulnerable regions of many developing countries.

4-7-2 Mitigation strategies

Mitigation is a primary countermeasure to the effects of climate change. 
Figure 4.7.2 shows six stabilization scenarios for climate change. These 
are categorized by CO2 emissions, concentration and average tempera-
ture. In scenario 1, which shows stabilization of climate at the lowest tem-
perature, global CO2 emissions would take a downward turn no later 
than 2015 and decrease by 50–85 per cent by 2050. Even in this best case, 
the average temperature is anticipated to rise by up to 2.4°C compared 
to that of the Industrial Revolution era. It would be very difficult to ac-
complish such a substantial reduction in CO2 emissions. This is the most 
important reason why we must apply the concurrent use of mitigation 
and adaptation measures. In any case, countries throughout the world 
will have to establish their own targets for the total amount of GHG re-
duction and put them into practice.

Mitigation strategies are roughly divided into two categories: those 
that reduce sources of GHG and those that enhance sinks of GHG. Re-
duction in GHG emissions includes energy efficiency of supply and de-
mand and use of technologies for reducing GHG emissions. Reduction 
from the supply aspect includes development and widespread use of al-
ternative energy derived from non-fossil fuels, while reduction from the 
demand aspect includes energy conservation at various stages, such as 
production processes, transportation systems and domestic use. Enhanc-
ing sinks of GHG includes increasing absorption by ecosystems in areas 
such as afforestation, reafforestation, forest management and carbon 
capture storage (CCS) or sequestration. Afforestation and forest man-
agement can contribute to the conservation of ecosystems, but CCS is 
problematic because of the potential for adverse impacts on ecosystems.

Implementation of mitigation measures requires development of new 
technologies and innovative social systems. The ultimate measure is to 
construct a low-carbon society. To achieve this, it is necessary to promote 
energy and resource conservation and find sources of low-carbon energy 
supply from both technical and social perspectives. These responses are 
associated with efforts to minimize consumption of fossil-fuel energy and 
non-renewable resources.
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International cooperation initiatives are also being pursued. The Kyoto 
Protocol proposed three flexible mechanisms: joint implementation, the 
clean development mechanism (CDM) and emissions trading. These 

Figure 4.7.2 Stabilization scenario categories
Notes:
1. “Best estimate” climate sensitivity of 3°C (black line in middle of shaded area). 
2. Upper bound of likely range of climate sensitivity of 4.5°C (line at top of 
shaded area).
3. Lower bound of likely range of climate sensitivity of 2°C (line at bottom of 
shaded area).
Source: IPCC (2007b).
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mechanisms are regarded as mitigation measures that add economic in-
centives to reduce emissions. Under the CDM, Japan has so far mainly 
promoted power generation projects and alternative chlorofluorocarbon 
(CFC) countermeasures for Asian countries. However, it will now focus 
on co-benefit projects that lead to energy conservation and pollution con-
trol, resource conservation or waste reduction. The next challenge under 
a post-Kyoto Protocol that includes further promotion of this wide spec-
trum of responses is to formulate an international framework that ad-
dresses both mitigation and adaptation.

4-7-3 Adaptation strategies

In general, adaptation may be classified as reactive adaptation (respond-
ing to an impact that has already occurred) or proactive adaptation (re-
sponse in anticipation of an impact). Adaptation can also be referred to 
as either autonomous or deliberate. Table 4.7.1 illustrates a classification 
scheme for adaptation that can be applied to the natural environment 
and human society.

Planned adaptation is implemented based on clear political intentions, 
while autonomous adaptation is passive. In the course of history, human 
beings have always coped with changes in the natural environment in 
various ways. Humans undertake both proactive and reactive adaptation. 
However, they have typically conducted reactive adaptation to envir-
onmental changes; for example, after natural disasters such as earth-
quakes and volcanic eruptions or pandemic events, they often decided to 

Table 4.7.1 Adaptation in natural and human systems

Proactive Reactive

Natural 
systems

Changes in phenology
Changes in ecosystem 

composition
Migration of plants/habitats

Human 
systems

Private

Public

Purchase of insurance
Construction of houses 

on stilts
Redesign of oil rigs
Early-warning systems
New building codes, 

design standards
Incentives for relocation

Changes in farm practices
Changes in insurance 

premiums
Purchase of air conditioning
Compensatory payments, 

subsidies
Enforcement of building 

codes
Coastal care

Source: Klein, Nicholls and Mimura (1999); IPCC (2001).
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undertake measures to avoid recurrence of such severe damage. With re-
gard to climate change, development of observation networks and cli-
mate models has made it possible to estimate future changes in climate, 
at least to some extent. This has brought opportunities to implement 
proactive adaptation to climate change. From a long-term perspective, it 
is obvious that proactive adaptation can reduce damage and counter-
measure costs more effectively than reactive adaptation measures.

Climate change adaptation measures include the following functions 
(Hay and Mimura, 2006).
• Avoiding or reducing the likelihood of an adverse event or condition. 

This means taking preventive measures against anticipated effects, e.g. 
improving catchment management, thereby avoiding excessive runoff 
and hence flooding.

• Reducing consequences. This involves measures to diminish damages 
that have already occurred, e.g. ensuring healthy reef and mangrove 
systems, which act as buffers during a storm surge.

• Redistributing or sharing the risk. This includes measures to lessen the 
costs of damage by dispersing them among many people or over a 
longer period, e.g. insurance schemes.

• Accepting risk. This means doing nothing at least for a particular time, 
but includes the opportunity to learn from the experience.
Under a climate change adaptation strategy, these functions will vary 

according to the type of consequences. Table 4.7.2 classifies adaptation 
measures of some sectors into three options: technology, policy and s ocio-
economic.

Most adaptation measures are not treated separately from c onventional 
activities, such as change in farm practices in agriculture or construction 
of dykes for disaster management, but are additionally implemented ac-
cording to the predicted consequences of climate change. Selection and 
prioritization of planned adaptation measures will also be important for 
implementation of these measures. Smith (1997) points out that the is-
sues of flexibility and cost benefit should be considered during implemen-
tation of proactive measures, and that it is necessary to review constantly 
the time of action according to the impacts being experienced. The im-
pacts of climate change can be considered from the perspective of the 
speed with which they occur, ranging from impacts gradually changing 
on a mid- to long-term scale to intensive events occurring in a sudden or 
local manner, known as extreme events. It is necessary to examine how a 
nation and its constituent regions should react to the impacts of climate 
change occurring over a relatively long term, based on various p redictions, 
and consider strategies aimed for the future, such as land-use planning. 
On the other hand, real-time actions such as monitoring and early- 
warning systems must be implemented to counteract extreme events that 
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are difficult to predict by conventional forecasting, such as localized tor-
rential rain and flooding.

The adaptation process should be implemented based on a sequence 
that includes impact estimation, policy planning, implementation and 
evaluation (Figure 4.7.3).

In order to ensure that the various adaptation measures are well inte-
grated by examining their common and interacting characteristics, rather 
than treating each one separately, it is important to implement them in a 
flexible manner and continuously examine the adequacy of the actions. It 
will also be important to improve monitoring systems and advance pre-
diction techniques. Most developing countries, however, lack the internal 
capacity to predict impacts. It is critical to overcome this deficiency 
through international cooperation and assist these developing countries 
in improving their adaptation capacities.

4-7-4 Interrelationship between mitigation and adaptation

It is often ineffective to implement adaptation or mitigation measures 
separately, while there may be significant beneficial synergies between 
the two responses. Table 4.7.3 shows a comparison between adaptation 
and mitigation measures.

It generally takes a long time for mitigation measures to take effect, 
but they can provide wide-ranging benefits. On the other hand, adapta-
tion measures have a rather immediate effect, but tend to operate in lim-
ited areas. Although mitigation measures can be evaluated on the basis of 
GHG emissions, it is difficult to set similar baseline and result indicators 
for adaptation measures and properly evaluate their effectiveness. Both 

Figure 4.7.3 Adaptation planning
Source: Klein, Nicholls and Mimura (1999).
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measures have specific advantages and can be viewed as complementary 
to each other. To keep the negative impacts of climate change within a 
given scale, it will be necessary to take detailed countermeasures with a 
combination of mitigation and adaptation, foreseeing short-term and 
mid- to long-term targets of adverse impacts for each region.

In this context, it is helpful to prioritize mitigation and adaptation 
measures or consider responsive actions that can bring synergistic effects 
or co-benefits to other issues. Having a “portfolio” of both mitigation and 
adaptation measures can reduce vulnerabilities and risks associated with 
climate change. Furthermore, only limited resources, such as human re-
sources, time and funds, are available to be allocated to these measures. 
By the same token, it is desirable not to take mutually contradictory ac-
tions when implementing mitigation and adaptation measures, except in 
emergencies.

Typical examples to illustrate the synergistic effects of mitigation and 
adaptation include programmes of afforestation and conservation of 
mangroves. Afforestation and forest conservation programmes stabilize 
carbon and enhance water storage capacity, thereby creating a buffer 
against flooding and drought and providing many synergistic benefits, 
such as preservation of ecosystems and their services. Other examples of 
synergies include household insulation using rainwater or wearing sum-
mer business attire (“cool biz” in Japan). Table 4.7.4 shows some more 
examples of the synergies.

On the other hand, there are actions that may increase GHG emissions 
or cause a contradiction or trade-off between mitigation and adaptation 
measures; these include excessive use of air conditioners, uncontrolled 
consumption of water for irrigation, desalination and use of water chillers 
in the fish culture industry to combat a rise in seawater temperature. Ad-
aptation measures themselves often involve energy consumption, such as 

Table 4.7.3 Characteristics of mitigation and adaptation

Mitigation of climate 
change

Adaptation to climate 
change

Benefits
Scale
Time span
Lead time
Effectiveness
Ancillary benefits
Polluter pays?
Payer benefits
Monitoring

All systems
Global
Centuries
Decades
Certain
Sometimes
Typically yes
Only a little
Relatively easy

Selected systems
Local to regional
Years to centuries
Immediate to decades
Generally less certain
Mostly
Not necessarily
Almost fully
More difficult

Source: Fussel and Klein (2006).
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temporary consumption of massive amounts of energy for infrastructure 
improvements or continuous consumption of energy by air conditioners 
to counteract higher temperatures due to climate change. These actions 
must be limited to emergencies with significant number of victims. Pre-
diction techniques, vulnerability assessments and cost-benefit analyses for 
prioritizing appropriate interventions and finding an appropriate balance 
of mitigation and adaptation measures are keys to comprehensive under-
standing of the effects of mitigation and adaptation.

4-7-5 Adaptation and capacity development

Occurrence of adverse impacts and damage caused by climate change in-
volves several factors. The first is large-scale external forces associated 
with climate change, such as increased temperature, sea-level rise and ex-

Table 4.7.4 Examples of possible synergies between mitigation and adaptation

Sector Water
Disaster risk 
management Human health

Issue Decreased water 
security

Selective attention to 
weather-related hazards 
introduces distortions 
into hazardscape reality

Increased 
incidence of water- 
and vector-borne 
diseases

Mitigation Increase energy 
efficiency of 
water treatment 
and distribution 
systems

Land-use plans and 
other regulatory 
instruments prevent 
infrastructure from 
being located in high-
risk areas

Reduce energy 
consumption by 
health facilities, 
based on results of 
energy audits

Adaptation Increased 
rainwater 
harvesting at 
household and 
community 
levels

Integrate resistant 
design characteristics 
for geophysical hazards 
into “climate-proofing” 
measures; develop 
education/awareness 
programmes based on 
overall hazardscape

Strengthened 
quarantine 
regulations and 
border surveillance

Synergy Decreased 
reliance on 
centralized water 
supply system

Enhance existing 
disaster management 
structures, systems, 
practices and processes 
at regional, national 
and community levels

Less use of 
healthcare facilities 
in business-as-usual 
scenario, reducing 
emissions even 
further

Source: Modified from ADB (2009).
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treme weather events. The second factor is the sensitivity of natural and 
social systems, and the third factor is society’s level of resilience or adap-
tive capacity. Figure 4.7.4 depicts the relationship between vulnerability, 
external forces, sensitivity and adaptive capacity.

It demonstrates that a society heavily affected by climate change has 
high vulnerability. Vulnerability can be described in various ways, but in 
this section it is defined as “the degree of susceptibility to external forces 
of a system and the scale of a capacity to convert the adverse effect and 
adapt to it or use it”. Based on this definition, larger external forces and 
smaller resilience (adaptive capacity) can be considered to result in 
higher vulnerability. In other words, it becomes necessary to restrict ex-
ternal forces of climate change and increase society’s adaptive capacity to 
lower the level of vulnerability.

Institutions taking the initiative in implementing adaptation measures 
are units of regions and communities. Consequently, the success or failure 
of adaptation measures in terms of lowering vulnerability depends on in-
creasing the regions’ adaptive capacity. In addition to external forces and 
sensitivity, adaptive capacity is one of the determinants of a society’s 
vulnerability to climate change. Adaptive capacity refers to the abilities 
of natural and social systems to adapt to any environmental change. 
This component is reflected in resources, human resources, knowledge/
recognition, information management, technologies, social systems, com-
munities and risk management. Because of variations in this adaptive 
capacity, the adverse impacts of climate change are unevenly distributed 
across regions and societies (IPCC, 2007a).

Among other imperatives, developing countries with high vulnerability 
and serious adverse impacts of climate change will certainly need to in-
crease their adaptive capacities. Their long-term targets would include 
the ability to use their own traditional experiences and knowledge about 

Figure 4.7.4 Vulnerability and adaptive capacity
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natural disasters and to be able to implement monitoring and prediction 
techniques by themselves. To enhance these adaptive capacities, it is criti-
cal to establish a social system that promotes information collection and 
sharing and raise awareness of the importance of these activities. These 
methodologies are sometimes implemented in the development of re-
gions. Adaptation is sometimes regarded as a means to accomplish devel-
opment objectives, while development provides similar means to achieve 
adaptation objectives at other times (McGray, Hammill and Bradley, 
2007: 57). In other words, because of the overlap between adaptation and 
regional development, increase in adaptive capacity depends on regional 
development paths. It is difficult to deliberate actions to reduce vulnera-
bility to climate change and those promoting sustainable development 
while there are limited resources that can be allocated to both these ac-
tion streams. Therefore, decision-makers have realized that “mainstream-
ing” or incorporating adaptation policies into existing socio-economic 
policies without distinguishing between climate change policies and, for 
example, national land and agriculture planning is a logical evolution of 
the preferred solution.

4-7-6 Adaptation and sustainability

As suggested by the preceding discussion, problems surrounding us are 
not limited to the adverse impacts of climate change. Human beings are 
facing multiple pressures that result from deterioration of biological re-
sources, regional environmental pollution, changes in land use due to 
 development, population growth and economic globalization.

Measures against climate change affect factors other than climate. It is 
also true that we have limited resources to respond to various challenges, 
including time, funding and human resources. Figure 4.7.5 shows a visual 
“roadmap” that can take us from adaptation and mitigation to sustaina-
bility.

Sustainability science aims to solve these problems and other issues 
simultaneously by developing various measures against climate change. 
For example, mitigation could contribute to formation of a resource- 
circulating society through co-benefits to improved air and water quality, 
sustainable forest management in developing countries, energy and re-
sources conservation, and efficient and environmentally sound waste 
management. Adaptation is closely related to disaster prevention as well 
as land and agriculture planning, and can form part of an approach to 
create a safe and secure society ready to address the adverse impacts of 
future climate change. In other words, these measures, such as reduction 
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of pressure on resources, management of environmental risks and im-
provement of adaptive capacities, lead in the same direction as creation 
of a sustainable society. This supports the incorporation of climate change 
policies into major existing socio-economic policies – the need to “main-
stream” climate change policies.

Japan developed guidelines for “wise adaptation” that follow this 
model of integration (MOE, 2008). These guidelines emphasize the need 
for utilization of the latest results of regional vulnerability evaluation and 
monitoring; review and combination of various adaptation options; con-
sideration of temperature ranges and margins that can respond to the ad-
aptation measures from short- and long-term perspectives; appropriate 
incorporation of the measures into existing policies, such as disaster pre-
vention planning; and more flexibility and preparedness of natural and 
socio-economic systems. Therefore, it is critical to move towards a low-
carbon and resilient society that could serve as a framework for a future 
sustainable society.

4-7-7 Conclusion

Adaptation and mitigation are twin pillars in developing measures 
against climate change. These two categories of response represent the 
main strategies for improving social resilience to climate change, ensuring 

Figure 4.7.5 Adaptation and mitigation towards sustainability
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human security and promoting sustainable development. It is essential to 
review and reconstruct our national policies on land use, environmental 
use and city/rural planning. In doing so, the ideal of a low-carbon and re-
silient society can be promoted so that it would help us to construct a 
sustainable society. Therefore, the high-level target is to adopt a flexible 
response to climate change and sustain a dynamic and vital society. Wise 
adaptation to climate change must be implemented according to regional 
realities, thereby resulting in change of regional and social modalities and 
possibly resulting in the solution of other problems simultaneously.
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5-1

New international framework 
beyond the Kyoto Protocol
Hiroshi Hamasaki and Tatsuyoshi Saijo

5-1-1 Introduction

In February 2007 the UN Intergovernmental Panel on Climate Change 
(IPCC) observed that the average global temperature climbed 0.74°C in 
the 10 years from 1996 to 2005, and basically concluded that global warm-
ing is escalating due to human activity. If countermeasures are not taken, 
the panel warns that the temperature could climb a maximum of 6.4°C 
by the end of this century compared to the end of the twentieth century. 
With this in mind, discussion regarding the post–Kyoto Protocol inter-
national framework for the reduction of greenhouse gases after 2013 has 
become animated. In January 2007 the European Union independently 
declared that it would reduce greenhouse gases by at least 20 per cent by 
2020 (compared to the level in 1990). In May 2007, looking ahead to the 
G8 summit to be held in Germany in June, Prime Minister Abe and the 
Japanese government proposed the strategy of “Cool Earth 50”. Regard-
ing the post-Kyoto framework, Abe proposed that all the major emitting 
countries, including the United States, China and India, aim to create a 
framework that will accomplish a 50 per cent global reduction by 2050. 
The details of this plan have not been produced, however, and what 
comes after the promised term of the Kyoto Protocol – in other words, 
the specific institutional design of the global framework after 2013 – 
remains unclear.

We begin by assessing the Kyoto-type framework, which sets emission 
targets to developed countries and no targets to developing countries, 
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from economic and environmental perspectives by using a dynamic com-
putable general equilibrium model. Secondly, we take the global emissions 
trading scheme (GETS) as an alternative to the Kyoto Protocol, and as-
sess it from economic and environmental perspectives.

5-1-2 Methodology

This study uses the GTAP-E model (Burniaux and Truong, 2002), which 
is the standard GTAP model (Hertel, 1997) but with energy substitution 
incorporated into the basic production structure (see Figure 5.1.1). GTAP 
stands for Global Trade Analysis Project, and the GTAP model is a 
global computable general equilibrium (CGE) model developed at the 
Center for Global Trade Analysis, Purdue University, USA, for use in 
global trade analysis. With energy substitution incorporated, the modified 
GTAP-E model is often used for trade-environment analysis. Here we 
further modify the GTAP-E model to allow for the disaggregation of the 
electricity generation sector into various “technologies” such as “coal-
fired”, “gas-fired”, “oil-fired”, “hydro”, “nuclear” and “others”. Each tech-
nology is assumed to produce a particular type of product (coal-electricity 
– ELYCoal; gas-electricity – ELYGas, etc.) using relatively fixed input 
proportions, and we then combine the different electricity outputs using a 
constant-ratio-of-elasticity-of-substitution-homothetic (CRESH) produc-
tion structure. This approach of disaggregating the production structure 
of an aggregate commodity such as electricity has been referred to as the 
“technology bundle” approach (see Figure 5.1.2) (Saijo and Hamasaki, 
2009).

Figure 5.1.1 Standard GTAP-E production structure



154 HIROSHI MAMASAKI AND TATSUYOSHI SAIJO
 

This kind of a production tree is a convenient way of representing sep-
arable, constant return-to-scale technologies. Each group of equations 
refers to one of the branches in the production tree. For each branch, 
substitution among inputs within the nest follows directly from the con-
stant elasticity of substitution form of the production function for that 
branch.

For example, the value-added nest in Figure 5.1.1 is described as fol-
lows:

qfe(i, j, r) = qva( j, r) – σVA * [ pfe(i, j, r) – pva( j, r)]

where
qfe(i, j, r): percentage change in quantity of endowment commodity i de-
manded by firms in sector j of region r
qva( j, r): percentage change in quantity index of value added in firms of 
sector j in region r
σVA: substitution elasticities in value-added branch
pfe(i, j, r): percentage change in demand price of endowment commodity i 
supplied to firms in sector j of region r
pva(i, j, r): percentage change in price of value added in sector j of region 
r.

This study uses an aggregation of nine regions and 14 sectors based on 
the GTAP version 6 database. Details of the aggregation are presented in 
Table 5.1.1.

Figure 5.1.2 Production structure for electricity sector
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5-1-3 Was Kyoto dead?

The most glaring weakness in the Kyoto Protocol is that China and India 
do not have quantitative emission targets and Russia’s commitment is 
quite generous. In addition, the largest greenhouse gas contributor, the 
United States, has not ratified the protocol. The Kyoto Protocol imposes 
costs on sources in countries with commitment, but no costs on sources 
outside these industrialized countries. The difference in costs across coun-
tries can also cause emission leakage, which can further reduce the effi-
ciency and environmental benefits of the protocol (Aldy and Stavins, 
2007a). Leakage of emissions could come about by relocation of carbon-
intensive industries from countries with emission commitments to non-
participating countries, or by increased consumption of fossil fuels by 
non-participating countries in response to declines in world oil and coal 
prices. An authoritative survey concludes that “Leakage rates in the 
range 5 to 20 per cent are common” (IPCC, 2001). Article 3 of the UN-
FCCC defines the principle of common but differentiated responsibilities 
(CBDR), but there is no generally agreed definition. Under the existing 
Kyoto Protocol, the principle of CBDR has been translated in practice 
into a set of specific, quantitative emission mitigation obligations for in-
dustrialized countries and no emission mitigation obligations for devel-
oping countries (Aldy and Stavins, 2007b). This analysis evaluates the 
Kyoto-type framework, which set GHG emission reduction targets for 
developed countries and no targets for developing countries.

Table 5.1.1 Categorizations of regions and sectors

Regions Sectors

China
India
Japan
USA
Canada
EU15
Russia
Rest of Annex I
Rest of the world

Agriculture
Coal
Oil
Gas
Petroleum products
Electricity
Iron and steel
Non-ferrous metal
Mineral products
Paper, pulp and publishing
Chemicals, rubber and plastic
Other manufacturing
Transport
Service
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Figure 5.1.3 Global emissions

Figure 5.1.4 Global emissions
Note: The lower lines represent emissions of developed countries and the upper 
lines represent emissions of developing countries. Solid lines represent BAU and 
broken lines represent the Kyoto-type scenario.



INTERNATIONAL FRAMEWORK BEYOND KYOTO 157
 

Under the simulation, we assume that the Kyoto-type framework will 
be kept after 2012, the last year of the Kyoto Protocol, and Annex I coun-
tries will reduce their emissions by 40 per cent below the 1990 level in 
2020, the toughest IPCC (2007) target for Annex I countries to stabilize 
carbon concentration at 450 ppm. Figure 5.1.3 shows deviation of global 
carbon emissions from the baseline and climate change stabilization sce-
narios of 450 ppm, 550 ppm and 650 ppm. Global emissions will decrease 
by 18.8 per cent below the BAU scenario in 2020 if developed countries 
reduce their emissions by 40 per cent below 1990 by 2020. However, the 
reductions are not enough to meet even the 650 ppm scenario.

Figure 5.1.4 shows emissions of developed and developing countries 
under the uncontrolled scenario and the Kyoto-type scenario. Under the 
BAU scenario, emissions of developing countries exceed developed coun-
tries in 2007. Under the simulation scenario, emissions from developed 
countries will deviate sharply from the baseline, but developing coun-
tries’ emissions will increase compared to the baseline due to carbon 
leakages.

5-1-4 Global emissions trading scheme

Promoting participation may be the greatest challenge for the design of 
climate policy architecture. No policy architecture can be successful with-
out the United States, Russia, China and India taking meaningful actions 
to slow their greenhouse gas emission growth and eventually reducing 
their emissions (Aldy and Stavins, 2007b). Developing countries will be 
the source of big increases in emissions in the coming years, according to 
the business-as-usual path. However, developing countries point out that 
it was industrialized countries that created the problem of global climate 
change, and developing countries should not be asked to limit their eco-
nomic development to pay for it. To overcome these problems, Stern 
(2008) proposes international cap-and-trade systems as an alternative to 
the Kyoto Protocol for three reasons: managing risks of dangerous cli-
mate change by imposing an absolute limit on emissions; reducing the 
costs of action; and generating private sector financial flows to develop-
ing countries, which can be used for low-carbon development. In the sim-
ulations, a global emissions trading scheme (GETS) was introduced in 
2013 with credible commitments to keep it in place over the long run, 
adjusting the rate as necessary to achieve the profile of global emissions 
depicted in Figure 5.1.5. There is no agreed-upon global emission path to 
stabilize climate change; hence we take den Elzen and Höhne’s (2008) 
450 ppm scenario, 25 per cent below 1990 in 2020.
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The pattern of international transfers and the macroeconomic effect of 
cap and trade are highly sensitive to how emission rights are reallocated 
(IMF, 2008). In the simulations, we assume four types of initial allocation 
methods of emission rights. Each economy receives emission rights ac-
cording to its population, GDP and a hybrid of population and GDP. In 
the hybrid of population and GDP, half of emission rights are allocated 
according to GDP and half according to population in each economy.

5-1-4-1 GETS per capita

This section describes key results of the global emissions trading scheme 
with per capita allocation. Under the scheme, every single person has a 
right to emit the same amount of carbon.

Firms change their technology, substituting away from carbon-intensive 
inputs and into capital and labour. Households change their consumption 
patterns from energy-intensive goods. The macroeconomic impacts of 
major economies are depicted in Figure 5.1.6. Changes of GDP depend 
on how intensively it uses carbon-intensive energy to make goods and 
services for the domestic market and exports. China is the least efficient 
in the use of energy. It is producing nine times more emissions per unit of 
output than Japan, seven times more than Western Europe, five times 
more than the United States and three times more than Eastern Europe, 
Russia and other emerging and developing economies (IMF, 2008). As a 
result, China will be highly affected in terms of GDP. The GDP loss of 

Figure 5.1.5 Global emission targets and paths, 2002–2020 (million tonnes of carbon)
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Japan will be lower than in other countries due to the country’s high 
energy efficiency and high dependency on imported fuels.

Table 5.1.2 shows cumulative international transfers under GETS from 
2013 to 2020. India is the biggest recipient, with transfers reaching 
US$112,117 million. India is a low-energy-efficient country, which means 
it can reduce its own emissions at a lower price compared to developed 
countries. In addition, India’s per capita emission is much lower than the 
world average. In 2005 India’s population was 16.8 per cent of the world 
total, but its emissions were 4.5 per cent. India can sell surplus emission 
rights to other countries. In the same year, China’s population was 20.4 
per cent of the world total and its emissions were 19.0 per cent. China’s 
surplus emission rights are much lower than India’s. As a result, inter-
national transfers of China were smaller than India.

Table 5.1.2 International transfers under GETS (US$ million)

China
India
Japan
USA
Canada
EU15

  40,548
 112,117
 –16,228
–125,378
 –13,417
 –58,121

Note: This table shows the net value of international payment for emission rights. 
A positive value denotes a receipt of transfers.

Figure 5.1.6 Macroeconomic impact (GDP)
Note: Percentage deviation from the baseline.



160 HIROSHI MAMASAKI AND TATSUYOSHI SAIJO
 

Figure 5.1.7 shows India’s actual emissions and allocated emission 
rights. The gap between allocated emissions and baseline represents hot 
air, and the gap between actual emissions and baseline represents actual 
reduced emissions in China. In other words, India is allocated more cred-
its than it actually emits under the baseline scenario and it can sell the 
hot air to other countries. In addition, India has a lot of low-cost mitiga-
tion options, and under one carbon price it can sell emission reductions 
from the baseline as well.

Key results of the Kyoto type and GETS with per capita allocation are 
compared in Table 5.1.3. Except China and India, which have no binding 
target under the Kyoto type, GDP in the GETS scenario improves com-
pared to the Kyoto-type scenario.

Figure 5.1.7 India’s actual emissions and emission rights
Note: Cumulative deviations from the baseline.

Table 5.1.3 Comparison between Kyoto and GETS (%)

Kyoto type GETS

GDP

Emissions

China
India
Japan
USA
Canada
EU15

  0.0
  0.0
 –1.7
 –1.3
 –3.9
 –2.1
–18.8

 –2.5
 –1.2
 –  0.5
 –  0.9
 –1.7
 –  0.9
–38.4

Note: Cumulative deviation from the baseline.
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If GETS is introduced, climate change can be stabilized without impos-
ing heavy damage on each country’s economy compared to the Kyoto-
type framework. GETS encourages both developed and developing 
countries to price carbon emissions in the country. Developing countries 
are projected to produce 82 per cent of emissions between 2002 and 2020. 
Excluding developing countries from carbon mitigation activities is very 
costly. GETS with per capita allocation increases additional financial flow 
to developing countries, and developing countries can spend the budget 
on mitigation and adaptation to climate change.

5-1-4-2 Comparison of different allocations

Table 5.1.4 shows differences of international transfers among different 
allocations of emission rights. In per capita allocation, developing coun-
tries receive more credits than developed countries, because per capita 
emission of developing countries is much lower than that of developed 
countries. Hence, developed countries have to pay to buy credits from 
developing countries. Conversely, in per GDP allocation, developing 
countries have to pay to buy credits from developed countries, because 
emission per unit of GDP of developing countries is more than that of 
developed countries. In the hybrid, half the credits are allocated on a per 
capita basis and the rest are based on per GDP.

Table 5.1.5 represents GDP change. There are no significant differences 
in GDP between the three allocation methods, but GDP in India is rela-
tively sensitive to the allocation method of emission rights because the 

Table 5.1.4 International transfers under GETS (US$ million)

Per capita Per GDP Hybrid

China
India
Japan
USA
EU15

  40,548
 112,117
 –16,228
–125,378
 –58,121

–119,674
 –   44,858
 107,540
 147,349
 130,233

–   41,056
 32,559
 46,791
 13,458
 37,805

Note: 2020 figures.

Table 5.1.5 GDP change (%)

Per capita Per GDP Hybrid

China
India
Japan
USA
EU15

–2.5
–1.2
–  0.5
–  0.9
–  0.9

–2.5
–2.4
–  0.5
–  0.8
–  0.6

–2.5
–1.9
–  0.5
–  0.8
–  0.8

Note: Cumulative deviations from the baseline.
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amount of international transfer differs significantly depending on the al-
location method.

5-1-5 Conclusion

The IPCC Fourth Assessment Report (2007) finds that human actions are 
“very likely” the cause of global warming – meaning a 90 per cent or 
greater probability – and stabilizing climate change is an emergency issue 
to be addressed by the international community. Under the existing 
Kyoto Protocol, the principle of CBDR has been translated in practice 
into a set of specific, quantitative emission mitigation obligations for in-
dustrialized countries and no emission mitigation obligations for devel-
oping countries. However, this modelling exercise shows that it is very 
costly to mitigate carbon emissions without involving developing coun-
tries, which will be a major source of global emission increases in the 
coming decades. If GETS is introduced, climate change can be stabilized 
without imposing heavy economic damage compared to the Kyoto frame-
work. GETS encourages both developed and developing countries to 
price carbon emissions in the country. GETS with per capita allocation 
increases additional financial flow to developing countries, which can 
spend the budget on mitigation and adaptation to climate change.
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5-2

Emission reductions policy mix: 
Industrial sector greenhouse gas 
emission reductions
Seiji Ikkatai

5-2-1 Trends in industrial sector GHG reduction policies

Energy-oriented carbon dioxide (CO2) emissions from the industrial sec-
tor in Japan as of fiscal year 2007 were approximately 471 million tonnes, 
accounting for 38.6 per cent of Japan’s total energy-oriented CO2 emis-
sions (Ministry of Environment, undated). Overall, trends since 1990 
(base year for the Kyoto Protocol) are flat or slightly declining (Figure 
5.2.1).

Emissions from the residential and business sectors have tended to 
rise from the base year, and whereas the transport sector has tended to 
level off or decline in recent years, the trend is that of an increase from 
the base year. For these values, the greenhouse gas (GHG) emission 
components corresponding to the electricity supplied to each sector from 
fossil-fuel-fired power stations are calculated as emissions from that sec-
tor.

Looking at the overall trends in emissions from fiscal years 2005 to 
2007 (the most recent years for which data are available), a trend is ob-
served where emissions in 2006 are lower than those in the previous year, 
whereas a rise is seen in 2007. A major factor behind this is the fact that 
the winter of 2006 was the second warmest on record, and winter heating 
energy consumption in the residential and business sectors declined. 
Emissions from the industrial sector continued to grow in 2006 and 2007 
as a result of an upward trend in the economy. Another reason why GHG 
emissions increased from 2006 to 2007 is the rise in CO2 emission units 
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due to back-up operations of fossil-fuel-fired power plants accompanying 
the shutdown of nuclear power plants after the Chubu earthquake.

In addition, the proportion of emissions from Japan’s coal-fired power 
stations is growing, and this factor is contributing greatly to GHG emis-
sions. Overall, total emissions in 2007 increased by 8.2 per cent compared 
with 1990 (based on preliminary data), which is a major divergence from 
the Kyoto Protocol reduction target of −6.0 per cent.

5-2-2 Status of GHG reduction measures in Japanese 
corporations

5-2-2-1 Reduction policies for the industrial sector

Accompanying the Kyoto Protocol coming into effect in February 2005, 
Japan developed a plan to achieve the protocol target based on the Law 
Concerning the Promotion of Measures to Cope with Global Warming. 
This plan details measures and policies for each sector, and in the case of 
the industrial sector, which possesses the highest share of emissions, it 
mandated “Steady promotion of measures headed by continued v oluntary 
action plans” as “efforts by the industrial sector (manufacturing compa-
nies etc.)”. In terms of reduction measures, many can be attributed to the 

Figure 5.2.1 Trend of CO2 emissions by sectors
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Keidanren Voluntary Action Plan on the Environment drawn up in 1997. 
This plan recommends “Entirely voluntary efforts in all industries con-
ducted based on personal judgement without pressure from any quarter” 
(translated citation from the plan). Details of efforts are summarized as 
“Best efforts viewed as being at the very limit at the present time by each 
industry” (translated citation). On this account, the targets of the plan 
are varied. They include improving CO2 emission and energy consump-
tion units based on production volume and revenue, as well as reducing 
overall emission quantities and implementing other energy conservation 
measures.

Furthermore, measures to supplement this include a reporting system 
for GHG emissions from companies based on the Law Concerning the 
Promotion of Measures to Cope with Global Warming, and the p romotion 
of energy conservation and improvement of energy efficiency of products 
as per a top-runner format in large factories based on the Law Regarding 
the Rationalization of Energy Use. A voluntary domestic emissions trad-
ing system based on tax incentives and subsidies that is also related to 
energy conservation has been set up.

In addition, the trial use of a domestic integrated market related 
to emissions trading, including the aforementioned voluntary domestic 
emissions trading system, started in 2008 under the premise of voluntary 
participation.

5-2-2-2 Reduction measures by the industrial sector

A research team from the Research Center for Advanced Policy Studies 
at the Institute of Economic Research, Kyoto University (Kyoto, Japan), 
conducted questionnaire surveys and then follow-up interviews based on 
the results of these surveys in 2005 and 2006 regarding the extent to 
which Japanese corporations have set targets and are implementing GHG 
reduction measures, and what concrete measures are being implemented 
by companies that are carrying out reduction measures (Research Center 
for Advanced Policy Studies, 2007).

The questionnaire survey was carried out in fiscal year 2005, with ques-
tionnaires being sent to approximately 1,200 companies (including small 
and medium-scale enterprises) in Kobe and Fukuyama. From these, re-
plies were received from 265 companies (a valid response rate of 22.4 
per cent). In fiscal year 2006 questionnaires were sent to all the compa-
nies listed on the Tokyo Stock Exchange and the Osaka Stock Exchange 
(about 2,400 companies); replies were received from 589 companies (a 
valid response rate of 24.1 per cent). The results are described below.

First, the ratio of companies which answered that they possessed GHG 
reduction targets and were systematically carrying out GHG reductions 
was approximately 20 per cent among the small and medium-scale enter-
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prises in the 2005 survey, whereas the ratio was approximately 58 per 
cent in the 2006 survey that covered companies listed on the Tokyo and 
Osaka Stock Exchanges. This suggested that relatively larger companies 
tended to carry out reductions. Next, companies which answered that 
they were carrying out measures in the 2006 survey were asked about the 
nature of GHG reduction measures they implemented in fiscal year 2005. 
The results are shown in Figure 5.2.2, and reveal a higher degree of im-
plementation of measures that did not require capital investment (e.g. ad-
justment of air-conditioning temperature) compared with measures that 
did.

Of the companies in the 2006 survey which answered that they pos-
sessed targets, 32 per cent said they had absolute values for their reduc-
tion targets and 51 per cent said they had unit requirement targets. From 
these results, a structure is apparent in which GHG emissions tend to rise 
in line with increased economic activity. In addition, the proportion of 
companies which answered that they were calculating the cost incurred in 
reducing emissions of GHGs by one tonne was approximately 4.5 per 
cent in the 2005 survey, whereas it was 25.5 per cent in the 2006 survey. 
But while relatively larger companies tended to calculate such costs, of 
the group of companies listed on the Tokyo and Osaka Stock Exchanges, 
which represent the Japanese business world, no more than one in four 
companies were adopting such actions.

Taking into consideration the results of these questionnaire surveys, 
interview surveys were conducted in fiscal years 2005 and 2006 in 17 
companies that were judged to be carrying out reduction measures more 
actively than others. Even for companies which answered that they were 

Figure 5.2.2 Nature of GHG reduction measures undertaken in fiscal year 2005
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calculating reduction costs, the methods adopted were varied, and virtu-
ally no companies were identified to be calculating marginal reduction 
costs as defined by economics. In addition, although energy conservation 
measures enabling costs to be recovered within a certain period (around 
one to three years) were being carried out, measures requiring extended 
periods to recover costs (e.g. installation of solar power generation equip-
ment) were not being actively implemented to any great extent.

5-2-3 Analysis of motives behind GHG reduction in 
Japanese corporations

The research team analysed the motives for GHG reductions based on 
the 2006 questionnaire survey (ibid.). First, seven hypotheses were pre-
sented as motives for GHG reduction: achieving voluntary targets, cost 
reduction, incentive utilization, response to administrative rules such as 
the Law Concerning the Rational Use of Energy (Energy Conservation 
Law), client retention, pre-emptive response to environmental r egulations 
and corporate social responsibility (Anton, Deltas and Khanna, 2004; 
Arimura, Hibiki and Katayama, 2007; Henriques and Sadorsky, 1996; 
Khanna, 2001). We attempted quantitative analysis in terms of correla-
tion with reduction activities conducted by companies. Measures raised 
as reduction activities were introduction of environmental management 
systems, environmental reports and environmental accounting; setting up 
of voluntary company targets for emission reductions; and introduction 
of forward-looking efforts for counting GHG emissions, counting the 
costs related to reducing GHG emissions and calculating and elucidating 
marginal reduction costs. The findings are shown in Table 5.2.1. Motives 
that had a strong correlation with these reduction activities were achiev-
ing voluntary targets, incentive utilization, response to administrative 
rules such as the Energy Conservation Law and pre-emptive response to 
environmental regulations. The two motives of cost reduction and imple-
mentation of corporate social responsibility had almost no correlation 
with efforts related to GHG reduction.

This research showed that motives such as achieving voluntary targets 
within individual corporate groups, incentives from administrative and 
 financial organizations, response to administrative rules and pre-emptive 
responses in anticipation of future environmental restrictions had a 
stronger correlation with GHG reduction activities compared with mo-
tives such as implementing corporate social responsibility and cost re-
duction. In particular, pre-emptive responses in anticipation of future 
environmental restrictions had a strong correlation with GHG reduction 
activities. This finding signifies that forecasts by companies of future poli- Ta
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cies may act as strong motives for GHG reduction, and that the strength 
of signals put out by the government regarding future policies has a 
major influence on reduction activities in companies.

From this research, we can determine the general direction required so 
that Japanese companies further increase their GHG reduction activities 
in the future. First, companies should set more stringent voluntary t argets, 
but this may prove difficult from the perspective of the original nature of 
“voluntary targets”. Second, existing regulations and incentives should be 
stepped up and augmented. However, regulations in force at present, 
headed by the Energy Conservation Law, do not necessarily incorporate 
clauses for GHG reductions based on absolute values. Furthermore, since 
incentives have budgetary limitations, substantial reductions cannot be 
anticipated through these alone. Finally, the government should define a 
clear policy for introduction of a system with legal force over the long 
term. This research has not clearly indicated the form such a legal system 
should adopt, but in concrete terms climate change policies such as a car-
bon tax or capped emissions trading could be considered.

One of the important conclusions obtained from this research is that 
there are limitations in basing GHG reductions solely on corporate inter-
nal motives such as cost reduction and implementation of corporate so-
cial responsibility.

5-2-4 Analysis of GHG reduction costs in Japanese 
corporations

Let us now look at the extent to which Japanese corporations are incur-
ring costs in reductions of GHGs. To elucidate this reality, in fiscal year 
2007 the survey team from Kyoto University collated approximately 
1,000 panel datasets related to GHG reduction quantities and costs for 
the period 1999–2006 from environmental reports and financial state-
ments announced publicly by 17 industries, including food processing 
and steel making (Research Center for Advanced Policy Studies, 2008). 
To ensure data coherence, the companies’ analyses were limited to those 
using the Environmental Accounting Guidelines from the Ministry of 
Environment.

In addition, a formula estimated for the “reduction–cost function”, ap-
proximated as a quadratic curve with convexity at the bottom, was tested 
as a theoretical model. The rationale was that for companies, if energy-
conserving equipment such as high-efficiency boilers is installed from the 
start, the costs of reduction after subtracting savings such as fuel costs are 
negative; however, such measures are later expanded with greater reduc-
tion targets and reduction costs gradually revert to being positive.
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Analyses of corporate public data for each company verified the statis-
tical significance of approximating the relationships between reduction 
costs and actual reduction quantities as a quadratic curve with convexity 
at the bottom. Based on this analysis, the mean marginal reduction cost 
for all industry types obtained from all panel data was approximately 
¥−6,800. This shows that, presently at least, introduction of energy con-
servation equipment in many companies to reduce GHGs is not incurring 
expense but rather is generating profits. In the case of Japan, the findings 
strongly suggest that there is significant scope in terms of energy conser-
vation measures that generate profits. Actual GHG reduction quantities 
(values after revenue and fixed asset balance growth rate adjustments) 
and GHG reduction cost data after subtracting the energy conservation 
merits obtained in the survey are plotted in the scatter diagram shown in 
Figure 5.2.3.

5-2-5 Issues regarding reduction measures in the Japanese 
industrial sector

Taking into consideration the survey findings discussed above, issues re-
garding GHG reduction measures in Japan’s industrial sector are detailed 
in the following sections.

Figure 5.2.3 Scatter diagram showing GHG reduction cost
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5-2-5-1 Ideal method for target setting

As mentioned previously, reduction targets in Japan’s industrial sector 
are essentially dependent on the industry’s voluntary target settings. Indi-
vidual industries and companies establish their future outlooks and set 
voluntary targets accordingly. In general, it is difficult to expect these tar-
gets to be in accordance with scientifically required reductions derived 
from the progress in climate change. In addition, it is difficult to expect 
that these targets will conform to the Kyoto Protocol and mid-term tar-
gets or be set to balance with other sectors such as residential and trans-
port.

A further problem is that most of these targets are reduction values 
based on unit requirements rather than absolute values. Consequently, 
even if these per-unit targets are achieved, it is highly possible that GHG 
emissions will increase. In the economic recovery period starting in 2005, 
despite a decline in the residential sector emission quantity, industrial 
sector emissions increased. In addition, since target setting is voluntary, 
there is a limitation in that even if the targets are not achieved, a com-
pany is not subject to legal penalties.

It is clear from the IPCC (2007) Fourth Assessment Report that there 
is an extremely urgent need for “developed” countries to reduce their 
GHG emissions substantially in the future. From this perspective, the cur-
rent method of setting targets is clearly inappropriate, and there is a need 
to switch to target setting that takes into consideration the needs of nat-
ural science and ensures that targets are met with certainty.

5-2-5-2 Reduction methods

As is the case with target setting, reduction methods are for the most 
part left to the voluntary judgement of companies, and apart from the 
emissions trading system currently being introduced in Tokyo, overall re-
duction methods at the national and regional public body levels are not 
being applied. For this reason, put in the best possible terms, companies 
are adopting various methods most suited to their respective situations, 
including doing nothing. Put in the worst possible terms, the situation is 
that methods that are unrelated to and inconsistent with other companies 
and industries are being adopted and implemented.

5-2-5-3 Means of applying reduction costs

Viewing the circumstances mentioned above from an economic perspec-
tive, it can be deduced that the GHG marginal reduction costs for indi-
vidual companies vary and the situation is inconsistent. In general, this 
may enable lower GHG reduction costs for society as a whole to achieve 
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a specific quantity of reductions, but it signifies that the system is not 
highly efficient when it comes to cost versus effect. As mentioned previ-
ously, there is scope for generating profits through energy conservation 
depending on the company, but there are numerous examples whereby 
efforts have not been made to achieve such major reductions.

One cause of such a situation is that the reduction obligations placed 
on countries by the Kyoto Protocol have not been made compulsory for 
individual companies and citizens. For example, in the European Union 
individual member countries have been allocated a –8 per cent reduction 
obligation under the Kyoto Protocol, and these obligations have in turn 
been handed down to companies and citizens in member states via sys-
tems such as the EU Emissions Trading System cap and carbon taxes. In 
contrast, for Japan to meet its Kyoto Protocol target, the country must 
utilize its own financial resources to purchase emission permits from for-
eign countries if it does not meet the obligation in the end. Individual 
companies and citizens have no legal obligations. Needless to say, compa-
nies can purchase emission rights from overseas on a voluntary basis and 
allocate this to the national depreciation account, thereby counting this 
as part of Japan’s reduction contribution. However, this remains a volun-
tary deed and not a legal obligation.

5-2-5-4 National economic issues

Based on the circumstances discussed above, a major problem is unfold-
ing. Because a framework has not been built in Japan for GHG reduction 
measures that boast high effects versus costs, even though there is scope 
to reduce GHG using methods incurring less cost, this is not being exe-
cuted. Some researchers fear that, as a result, the Japanese government 
will have no choice but to achieve its Kyoto Protocol target by purchas-
ing emission rights from foreign countries using taxpayers’ money. In 
general, with a domestic carbon tax and emissions trading system, the tax 
revenue and trading costs remain within the country: the tax revenue is 
spent and the emission purchase costs in trading end up as revenue for 
the counterparty. Incentives related to technological development and 
energy conservation work well, and the overall effect on the national 
economy is considered slight because positive and negative aspects can-
cel each other out. This contrasts with buying emission rights from for-
eign countries, where the purchasing power ends up being transferred 
offshore.

5-2-5-5 Issues regarding international competitiveness

Another major problem is the potential for a country’s means of GHG 
reduction to link directly with issues associated with future economic 
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international competitiveness. On the assumption that developed coun-
tries will cut their emissions by 60–80 per cent by 2050, global climate 
change measures initially will likely proceed in the direction of halving 
GHG emissions globally by 2050, subsequently stabilizing climate change. 
With existing technologies, business styles, consumption patterns and life-
styles, this will lead to a substantial change in the structure of industry 
and consumption, and cause a transition to a social economy. The role of 
the socio-economic system is extremely large in achieving such a swift 
transition to a low-carbon social economy.

The existence of a new socio-economic system that incorporates eco-
nomic incentives for the transition to a low-carbon social economy has 
major advantages from the aspects of technological innovation, business 
style and lifestyle, which also leads to international competitiveness. In 
contrast, a society in which existing policies continue may lose its com-
petitiveness. In an era when the economy changes greatly in such a way, 
the corresponding cost structure may also vary greatly. The consequences 
cannot be accurately predicted by traditional cost-versus-effect analysis, 
and hence this situation must be monitored closely.

5-2-6 Emission reduction strategy changes in Europe and 
the United States

The abovementioned approach is reflected in the changes occurring in 
emission reduction strategies in the European Union and the United 
States. For example, the EU climate change and energy policy package 
decided in 2009 (coming into effect in 2013) has three strategy targets: 
tackling climate change issues, stepping up EU energy security and step-
ping up international competitiveness of the EU economy. By introduc-
ing proactive climate change policies headed by the EU Emissions Trading 
System, and by putting pressure on companies to reduce emissions 
through technological innovation and creation of new business models 
for a quick transition to a low-carbon social economy, the European 
Union is adopting international leadership directed at solving climate 
change issues while simultaneously trying to preserve its international 
competitiveness in the medium to long term (Ministry of Environment, 
British Embassy in Japan, 2007).

Until now, the United States has withdrawn from the Kyoto Protocol 
because it views climate change measures as having an adverse effect on 
its economy. However, with the inauguration of the Obama a dministration, 
the United States is accelerating deliberations regarding introduction of 
an EU-style emissions trading system at the federal level under the as-
sumption of a return to the international post–Kyoto Protocol framework 
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starting in 2013. This major transition in mindset is supported by the out-
look that, as with the European Union, a proactive climate change policy 
is an extremely important component in development of a country’s 
economy (Ikkatai, Ishikawa and Ohori, 2007).

5-2-7 Direction of emissions reduction policy mix in the 
industrial sector

Taking into account considerations thus far, the fundamental direction of 
policy desirable for emission reductions in the industrial sector is that 
clear long-term reduction targets should be set; to achieve these targets, 
reduction methods that utilize market mechanisms should be introduced 
as a central component in combination with other supplementary poli-
cies; and the policy should be designed such that environmental preserva-
tion and economic development are aligned.

The heart of this policy is the mindset of attaching a market price to 
GHG emissions. More than anything, securing company profits and sur-
viving in the market are the absolute priority for management in the in-
dustrial sector. For this reason, through setting stringent targets over the 
long term and capped emissions trading and carbon taxes, the GHG 
emissions situation of an individual company is directly linked to its profit-
ability, and this will become the greatest incentive to modify the com-
pany’s actions. Creating such an objective situation will not be possible 
merely through voluntary actions on the part of the industrial sector. 
Rather, a political decision is required based on agreement at the citizen 
level.

Next, a technological strategy is required so that these incentives give 
rise to innovative technologies and business models in companies. The 
fundamental direction of the strategy would be a transition to extremely 
reliable technologies like those found in ecosystems that are highly effi-
cient, do not generate waste products and are sustainable. In this process, 
how utilization of carbon-capture and sequestration technology and nu-
clear power technology should be positioned and assessed will probably 
need to be decided.

As explained above, the market will clarify the future long-term costs 
of GHG emissions. In addition, once the direction of technological devel-
opment has been clarified, Japan’s industrial sector will be required to 
overcome major challenges. This will not be easy, and in some cases 
certain industries may have to exit the market. However, despite post–
Second World War Japan being severely handicapped compared with 
Western countries, through unceasing technological development it was 
able to generate products that could compete in global markets from the 
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perspectives of quality and cost. When one recalls Japan’s intellectual vi-
tality in this respect, the country can be thought to be more than capable 
of meeting these challenges. When a major change in the social economy 
is required, private sector-free conceptions and challenges should be uti-
lized to the greatest extent possible in the market and, if anything, gov-
ernment guidance through subsidies should be limited to supplementary 
policies.

The author firmly believes that when such challenges are overcome, 
Japan will have contributed to solving climate change issues while simul-
taneously the Japanese economy will have survived and Japan will come 
to occupy an honoured position in the global community through propa-
gation of innovative technologies and business models (as well as life-
styles) around the world.
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5-3

Shell energy scenarios to 2050
Shell International BV

5-3-1 Introduction

To help think about the future of energy, Shell has developed two sce-
narios that describe alternative ways it may develop. In the first scenario, 
called “Scramble”, policy-makers pay little attention to more efficient 
energy use until supplies are tight. Likewise, greenhouse gas emissions 
are not seriously addressed until there are major climate shocks. In the 
second scenario, “Blueprints”, growing local actions begin to address the 
challenges of economic development, energy security and environmental 
pollution. A price is applied to a critical mass of emissions, giving a huge 
stimulus to the development of clean-energy technologies such as carbon 
dioxide capture and storage, and energy efficiency measures. The result is 
far lower carbon dioxide emissions. Shell’s chief executive, Jeroen van 
der Veer, said in 2008:

We are determined to provide energy in responsible ways and serve our cus-
tomers and investors as effectively as we can. Both these scenarios help us do 
that by testing our strategy against a range of possible developments over the 
long term. However, in our view, the Blueprints outcomes offer the best hope 
for a sustainable future, whether or not they arise exactly in the way we de-
scribe. We are convinced they are possible with the right combination of policy, 
technology and commitment from governments, industry and society globally. 
However, achieving them will not be easy, and time is short. We urgently need 
clear thinking, huge investment and effective leadership. Whatever your role in 
this, we hope these scenarios will help you understand better the choices you face.
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5-3-2 An era of revolutionary transitions

5-3-2-1 Step-change in energy use

Developing nations, including population giants China and India, are en-
tering their most energy-intensive phase of economic growth as they in-
dustrialize, build infrastructure and increase their use of transportation. 
Demand pressures will stimulate alternative supply and more efficiency 
in energy use, but these alone may not be enough to offset growing de-
mand tensions completely. Disappointing the aspirations of millions by 
adopting policies that may slow economic growth is not an answer, either, 
or not one that is politically feasible.

5-3-2-2 Supply will struggle to keep pace

By 2015 growth in the production of easily accessible oil and gas will not 
match the projected rate of demand. While abundant coal exists in many 
parts of the world, transportation difficulties and environmental degra-
dation ultimately pose limits to its use. Meanwhile, alternative energy 
sources such as biofuels may become a much more significant part of the 
energy mix, but there is no “silver bullet” that will completely resolve 
supply–demand tensions.

5-3-2-3 Environmental stresses are increasing

Even if it were possible for fossil fuels to maintain their current share of 
the energy mix and respond to increased demand, CO2 emissions would 
then be on a pathway that could severely threaten human well-being. 
Even with the moderation of fossil-fuel use and effective CO2 man-
agement, the path forward is still highly challenging. Remaining within 
desirable levels of CO2 concentration in the atmosphere will become in-
creasingly difficult.

5-3-2-4 Preparing for the future

When all three of the most powerful drivers of our current energy world 
– demand, supply and effects on the environment – are set to undergo 
significant change, we face an era of revolutionary transitions and consid-
erable turbulence. In addition, while prices and technology will drive 
some of these transitions, political and social choices will be critical. 
Those choices depend on how alert we are to the transitions as they 
happen, especially because for a decade or so we may be distracted 
by what appears to be healthy development. However, underneath this 
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“business-as-usual” world, the transitions are already beginning: govern-
ments and companies are positioning for longer-term alternatives; regula-
tory frameworks are being debated; as there will be no silver bullets, new 
technology combinations are under development such as intermittent re-
newable sources being integrated into existing power supply systems; and 
new infrastructures, such as carbon dioxide capture and storage (CCS), 
are required and older inefficient ones need to be decommissioned.

Given that profound change is inevitable, how will it happen? Will na-
tional governments simply scramble to secure their own energy supplies? 
Alternatively, will new blueprints emerge from coalitions between v arious 
levels of societies and government, ranging from the local to the inter-
national, that begin to add up to a new energy framework?

5-3-3 Scramble

Scramble reflects a focus on national energy security. Immediate pres-
sures drive decision-makers, especially the need to secure energy supply 
in the near future for themselves and their allies. National governmental 
attention naturally falls on the supply-side levers readily available, in-
cluding the negotiation of bilateral agreements and incentives for local 
resource development. Growth in coal and biofuels becomes particularly 
significant.

Despite increasing rhetoric, action to address climate change and en-
courage energy efficiency is pushed into the future, leading to largely se-
quential attention to supply, demand and climate stresses. Demand-side 
policy is not pursued meaningfully until supply limitations are acute. 
Likewise, environmental policy is not seriously addressed until major cli-
mate events stimulate political responses.

Events drive late, but severe, responses to emerging pressures that re-
sult in energy price spikes and volatility. This leads to a temporary slow-
down within an overall story of strong economic growth.

Although the rate of growth of atmospheric CO2 has been moderated 
by the end of the period, the concentration is on a path to a long-term 
level well above 550 ppm. An increasing fraction of economic activity 
and innovation is ultimately directed towards preparing for the impact of 
climate change.

5-3-3-1 Fear and security

National governments, the principal actors in Scramble, focus their e nergy 
policies on supply levers because curbing the growth of energy demand 
– and hence economic growth – is simply too unpopular for politicians to 
undertake. A lack of international cooperation means that individual 
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countries are unwilling to act unilaterally in a way that will damage their 
own economic growth. The result is a relatively uncoordinated range of 
national mandates and incentives for developing indigenous energy sup-
plies where available, including coal, heavy oils, biofuels and other re-
newables, which leads to a patchwork of local standards and technologies.

At the international level, Scramble is a world of bilateral government 
deals between energy producers and energy consumers, with national 
governments competing with each other for favourable terms of supply 
or access by their energy companies. There is a strong element of rivalry 
between consumer governments, but they align with each other where 
their interests coincide. In this scenario, national energy companies play 
key intermediary roles, but themselves become increasingly mired in pol-
itical machinations. Globalization exacerbates the tensions within and be-
tween nations, and distracts policy-makers from the need to take action 
and build international coalitions to face the challenges of energy and 
climate change.

Although business cycle variations continue, energy prices are g enerally 
strong. This is not only because of the intrinsic pressures on supply but 
also because OPEC has learned from the price increases since 2004 that 
the world can absorb higher energy prices relatively easily. In the eco-
nomic interests of its members, therefore, OPEC manages oil supply to 
minimize any incipient price weakness.

With strong prices and lagging supply, “favourable terms” for i mporting 
nations increasingly means just some assurance of uninterrupted supply.

In Scramble, major resource holders are increasingly the rule-makers 
rather than the rule-takers. They use their growing prominence in the 
world to influence international policies, particularly when it comes to 
matters they insist are internal, such as human rights and democratic 
governance. Nations which have hammered out “favourable” deals with 
oil-producing nations do not want to rock the energy boat they have just 
managed to board, resulting in a world in which international relations 
are mainly a race to ensure continuing prosperity, not the building of a 
more sustainable international community.

There are enormous disparities in the economic and energy perfor-
mances of different countries. Developing nations scramble to procure 
the energy necessary to climb the economic ladder, while wealthy nations 
struggle to adapt their energy consumption patterns to maintain their ex-
isting lifestyles.

5-3-3-2 Flight into coal

In the face of growing energy concerns, political and market forces fa-
vour the development of coal as a widely available, low-cost energy op-
tion. Partly in response to public pressures for “energy independence” 
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and partly because coal provides a local source of employment, govern-
ment policies in several of the largest economies encourage this indigen-
ous resource. Between 2000 and 2025 the global coal industry doubles in 
size, and by 2050 it will be two-and-a-half times as large.

However, coal has its own problems, which environmental pressure 
groups do not hesitate to point out. In the United States and other 
high-income countries, the building of each new coal plant creates a bat-
tleground of protest and resistance. In China, local environmental degra-
dation provokes pockets of unrest, and the Chinese rail system struggles 
to transport large quantities of coal across the country – necessitating sig-
nificant and costly improvements to the country’s railway infrastructure, 
as well as coal imports from Australia, Indonesia and elsewhere. Per-
ceived changes in world climate are attributed to the growing coal indus-
try in China and the United States. Despite widespread protests against 
coal, governments – fearful of the potential damage to economic growth 
– are slow to establish meaningful greenhouse gas management schemes 
through carbon taxation, carbon trading and efficiency mandates.

First coal, then biofuels followed by renewable energy, are sequential 
supply responses to the increasing energy demand. However, no single 
or easy solution to the energy challenge exists. Government-driven effi-

Figure 5.3.1 Final energy consumption by region in Scramble
Note: Please see page 312 for a colour version of this figure.
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ciency measures are introduced when stresses become too high for the 
market to cope with. Final energy consumption by region and primary 
energy by source in Scramble are shown in Figures 5.3.1 and 5.3.2, re-
spectively.

5-3-3-3 The next green revolution

Large agricultural lobbies are already powerful in developed nations, and 
a huge push for biofuels develops early in this scenario. This helps meet 
the rapid growth in demand for liquid transport fuels, but also leads to 
unintended consequences. First-generation biofuels compete with food 
production, driving up world market prices, especially in those countries 
that use maize as a staple. In addition, regions with insufficient produc-
tion potential, such as the European Union, import the shortfall and so 
indirectly encourage poorer nations to destroy large sections of rainfor-
ests and habitats in order to grow palm oil and sugar-cane. The result of 
these land-use changes is that significant quantities of CO2 stored in the 
soil are released.

The reaction to these unintended consequences plays its part in help-
ing to establish second-generation biofuels by 2020 – those that use the 

Figure 5.3.2 Primary energy by source in Scramble
Note: Please see page 312 for a colour version of this figure.
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woody parts of plants, including waste products such as stalks and leaves 
from plants grown for food production. Certification systems also emerge 
to promote sustainability of both first- and second-generation biofuels. A 
key advantage of second-generation biofuels is that energy yields are 
much higher, particularly outside the tropical regions. Most OECD coun-
tries, being in temperate regions, encourage and eagerly embrace eco-
nomic routes to second-generation biofuels.

Biomass will represent around 15 per cent of primary energy by 2050. 
Biofuels become a significant part of this, in particular helping to diver-
sify the supply of transport fuel. However, with accelerating demand, 
fossil fuels remain an important part of the energy mix. Final energy con-
sumption of biomass, including biofuels, is shown in Figure 5.3.3.

5-3-3-4 Solutions are rarely without drawbacks

How unconventional oil from oil sands, shale and coal is developed pro-
vides a typical Scramble example of solutions being introduced with im-
mediate benefits to energy security but some later negative consequences. 
Throughout the 2010s, investors will pour more capital into unconven-
tional oil projects that make an important contribution to addressing 
supply pressures. Nevertheless, these attract increasing opposition from 

Figure 5.3.3 Final energy consumption of biomass in Scramble
Note: Please see page 313 for a colour version of this figure.
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powerful water and climate lobbies that oppose the environmental foot-
print of additional developments. This ultimately provokes a political 
backlash that challenges even the best-managed projects.

As supply-side actions eventually prove insufficient or unpopular in 
addressing growing demand pressures, governments finally take steps to 
moderate energy demand. However, because pressures have already built 
up to a critical level, their actions are often ill-considered, politically 
driven knee-jerk responses to local pressures, with unintended conse-
quences.

In Scramble, a typical three-step pattern begins to emerge: first, nations 
deal with signs of tightening supply by a flight into coal and heavier hy-
drocarbons and biofuels; then, when the growth in coal, oil and gas can 
no longer be maintained, an overall supply crisis occurs; and finally, 
governments react with draconian measures such as steep and sudden 
domestic price rises or severe restrictions on personal mobility with ac-
companying disruptions in value chains and significant economic disloca-
tions. By 2020 the repetition of this volatile three-step pattern in many 
areas of the energy economy results in a temporary global economic 
slowdown.

5-3-3-5 The bumpy road to climate change

The focus on maintaining economic growth, especially in emerging econ-
omies, leaves the climate change agenda largely disregarded. The emerg-
ing economic pressures of energy supply and demand tensions make it 
even more difficult for politicians to act until they are forced to, despite 
their ongoing rhetoric of concern. Addressing climate change is perceived 
as an additional economic pressure. Given the type of response required, 
nobody is prepared to risk being the first to act. Eventually, this lack of 
action creates fertile conditions for politically opportunistic blame for ex-
treme weather events and supply crunches and triggers knee-jerk, politi-
cally driven responses. These are not only late, but often too small to 
make a difference on the demand side.

5-3-3-6 Necessity – The mother of invention

The declining share of hydrocarbon fuels in the overall energy mix, the 
growing contribution from alternative energy sources and greater energy 
efficiency all moderate the rate of growth of CO2 in the atmosphere. 
However, the subsequent restoration of economic growth means that vig-
orous energy consumption resumes with its accompanying rebound in 
CO2 emissions, and concentrations are already high. A consensus devel-
ops around the need for a new international approach to energy security 
and climate change mitigation; however, the world is 20 years behind 
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where it would have been had it set up such a system by 2015. Economic 
growth continues to deliver increasing prosperity to many, but market 
responses to greenhouse gas challenges have been delayed by the ab-
sence of regulatory certainty and international agreements. An increasing 
amount of economic activity and innovation is directed towards prepar-
ing for the impact of climate change. Having avoided some hard choices 
early on, nations now recognize they are likely to face expensive conse-
quences beyond 2050.

5-3-4 Blueprints

Blueprints describes the dynamics behind new coalitions of interests. 
These do not necessarily reflect uniform objectives, but build on a combi-
nation of supply concerns, environmental interests and associated entre-
preneurial opportunities. It is a world where broader fears about lifestyle 
and economic prospects forge new alliances that promote action in both 
developed and developing nations. This leads to the emergence of a crit-
ical mass of parallel responses to supply, demand and climate stresses, 
and hence the relative promptness of some of those responses.

This is not driven by global altruism. Initiatives first take root locally as 
individual cities or regions take the lead. These become progressively 
linked as national governments are forced to harmonize resulting patch-
works of measures and take advantage of the opportunities afforded by 
these emerging political initiatives. Indeed, even the prospect of a patch-
work of different policies drives businesses to lobby for regulatory clarity.

As a result, effective market-driven demand-side efficiency measures 
emerge more quickly, and market-driven CO2 management practices 
spread. Carbon trading markets become more efficient, and CO2 prices 
strengthen early. Energy efficiency improvements and the emergence of 
mass-market electric vehicles are accelerated. The rate of growth of at-
mospheric CO2 is constrained, leading to a more sustainable environ-
mental pathway.

5-3-4-1 Starting at the grassroots

While international bodies argue over what environmental policies 
should be and which policies are feasible, and many national govern-
ments worry about energy security, new coalitions emerge to take action. 
Some bring together companies from different industries with a common 
energy interest. Others involve coalitions of cities or regions, which begin 
to take their destinies into their own hands and create their own blue-
prints for their energy futures. Individuals effectively begin to delegate 
responsibility for the complexities of the energy system to a broader 
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range of institutions besides national governments. Cash, votes and legiti-
macy reward the successful.

As more consumers and investors realize that change is not necessarily 
painful but can be attractive, the fear of change is moderated and ever 
more substantial actions become politically possible. These actions, in-
cluding taxes and incentives in relation to energy and CO2 emissions, are 
taken early on. The result is that although the world of Blueprints has its 
share of profound transitions and political turbulence, global economic 
activity remains vigorous and shifts significantly towards a less energy-
intensive path.

Perceptions begin to shift about the dilemma that continued economic 
growth contributes to climate change. Alongside the quest for economic 
betterment, air quality and local environmental concerns, rather than cli-
mate change or green entrepreneurship, initially impel action in countries 
such as China, India and Indonesia. Gradually, however, people make the 
connection between irregular local climate behaviour and the broader 
implications of climate change, including threats to water supplies and 
coastal regions. In addition, successful regions in the developing world 
stimulate their local economy by attracting investments in clean facilities 
made possible by the clean development provisions of the international 
treaties that replace the Kyoto Protocol, which expires in 2012. These 
allow industrialized countries to invest in emission reduction projects in 
developing countries as an alternative to more costly projects at home.

The key enabler of these energy system blueprints is the introduction 
of a CO2 pricing mechanism using a carbon emissions trading scheme 
that begins in the European Union and is progressively adopted by other 
countries, including the United States and, later, China. This trading re-
gime gives a boost to new industries emerging around clean alternative 
and renewable fuels, and carbon capture and storage. In addition, carbon 
credits boost income, particularly for those investing in renewable energy, 
and reduce investment uncertainties.

5-3-4-2 Paths to alignment

This critical mass of participation in international frameworks does not 
stem from an outbreak of global altruism. Instead, the new initiatives at 
the regional and national levels create incentives for broader change, 
partly in response to pressure from multinationals. Companies argue 
strongly for clear, harmonized international policies as a way of avoiding 
the inefficiencies and uncertainties that result from a patchwork of local 
and national standards and regulations.

The United States responds to both public and industry pressure by 
taking significant steps to foster greater fuel efficiency through three new 
initiatives: well-to-wheels carbon assessments of fuels sold; a gradual rise 
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in the US Corporate Average Fuel Economy (CAFE) standards, which lay 
down minimum fuel economy standards for cars to reach European levels 
of 2007 by 2020; and taxes on the sale of less fuel-efficient vehicles to 
 encourage the purchase of more fuel-efficient cars. Europe, meanwhile, 
imposes stricter CO2 emission allowances rather than adding to the already 
significant fuel taxes, and sets aggressive emission reduction t argets.

The Chinese and Indian governments attempt to balance the intense 
domestic and international political pressures to sustain economic growth 
as well as respond to concerns about climate change and energy effi-
ciency. In return for their participation in international frameworks, they 
secure agreements that will facilitate technology transfer and investment 
in energy-efficient plants. They also receive assurances that a substantial 
proportion of the future revenues raised through international auctioning 
of emission permits will be channelled to nations on a per capita basis. 
Behind the scenes, all parties anticipate that such agreements will ulti-
mately benefit all, through the increasing openness of China and India to 
international markets and investment.

Figure 5.3.4 Final energy consumption of electricity in Blueprints
Note: Please see page 313 for a colour version of this figure.
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These developments bring increasing alignment between the US, Chi-
nese, Indian, Japanese and European approaches to CO2 management. 
From 2012 a critical mass of nations participate in meaningful emissions 
trading schemes, stimulating innovation and investment in new energy 
technologies and paving the way to CO2 capture and underground stor-
age after 2020.

In Blueprints, developing economies climb the energy ladder, but over-
all the journeys of both the developed and developing economies follow 
less energy-intensive paths. Figure 5.3.4 shows the energy ladders to 2050.

5-3-4-3 Developments benefit the energy poor

In Blueprints, the disorderly but early development of innovative solu-
tions and adoption of proven practices from the grassroots benefit low-
income nations as well. Initially, this stems from the dynamics of the oil 
market: OPEC raises oil production to maintain lower prices and defer 
the development of more costly substitutes. Benefits also begin to emerge 
from accelerated growth in distributed power generation from wind and 
solar energy.

Government mandates for vehicles with significantly reduced and zero 
emissions, fiscal incentives to support the build-up of mass production 
and ever more wind and solar power stimulate a surge in electric trans-
port powered by battery, fuel-cell or hybrid technologies. High overall 
efficiency of electric cars reduces demand in the transport sector and 
changes the fuel mix. In Blueprints, the more efficient end use of electric-
ity and the resulting slower growth in primary energy demand mean that 
the former energy-poor enjoy an additional boost in their standard of liv-
ing made possible by the resulting affordable energy prices.

5-3-4-4 Both disaggregation and integration

By 2050 one of the key revolutionary transitions observable in Blueprints 
is that economic growth no longer mainly relies on an increase in the use 
of fossil fuels. It is increasingly a world of electrons rather than mole-
cules. Electric vehicles are becoming the norm in the transport sector be-
cause of their attractiveness to consumers and cost-effectiveness once 
governments have incentivized the build-up to mass production. Power 
generation from renewable energy sources is growing rapidly, while utili-
ties that still rely on coal and gas are required to implement strict carbon 
abatement technologies. In the developed world, almost 90 per cent of all 
coal- and gas-fired power stations in the OECD and 50 per cent in the 
non-OECD world have been equipped with CCS technologies by 2050. 
This reduces overall CO2 emissions by 15–20 per cent compared to what 
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they would have been without CCS. New financial, insurance and trading 
markets are already emerging that help finance the major investments 
necessary to build this new infrastructure. Europe’s lack of indigenous 
fossil fuels does not place it at a disadvantage, thanks to the emergence 
of these new renewable technologies. It does well economically in spite 
of its shrinking population and the fact that capital stock was replaced 
earlier to meet tightening efficiency requirements.

In Blueprints, a second, more profound transition occurs at the polit-
ical level, where there is increased synergy between national policies and 
those undertaken at the subnational and international levels. Although 
details may differ from nation to nation, international organizations con-
cerned with the environment, global economic health and energy increas-
ingly agree on feasibility. This makes “big-picture” action more possible 
than ever. Unlikely partnerships begin to form across political divides. 
Cities across the world continue to share experience and create broader 
partnerships. The C-40 group of leading cities, which continue to grow in 
number, identifies best practices in urban development, and eventually 
rural areas begin to join these coalitions – in part to avoid becoming the 
dumping grounds for old technologies.

Reducing CO2 emissions through electrification triggers strong growth 
in the power sector and pulls in renewable energies. By 2050 over 60 per 
cent of electricity is generated by non-fossil sources (Figure 5.3.5). CCS 

Figure 5.3.5 Final energy consumption by sector in Blueprints
Note: Please see page 314 for a colour version of this figure.
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can make an important contribution to reduce emissions, but it is not a 
silver bullet.

This is a world of steady economic development and global economic 
integration. Yet the grassroots pressures and growing transparency that 
characterize Blueprints also put relentless pressure on governments to 
become more accountable in both democratic and authoritarian coun-
tries. In some cases this facilitates orderly transitions. However, the ac-
celerated pace of technological and regulatory change in this scenario 
adds additional stresses, and the more rigid societies and political regimes 
struggle to adapt. Tensions between urban and rural communities i ncrease 
and there is dramatic political change in several countries, particularly 
where governance is poor. Unless they have acted and invested wisely, 
this affects even the wealthier energy-exporting nations when exports 
and revenues eventually begin to decline. This is a world of increasing 
global alignment coupled with ongoing, widely distributed political turbu-
lence. However, this is turbulence that has progressively less impact on 
the functioning of the global energy system.

Meaningful CO2 pricing stimulates energy efficiency and electrification 
of the energy system, reducing the demand on conventional hydrocarbon 
resources (Figure 5.3.6).

Figure 5.3.6 Primary energy by source in Blueprints
Note: Please see page 314 for a colour version of this figure.
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5-3-4-5 Blueprints for climate change responses

Agreements on how to address climate concerns are not the result of a 
m iraculous change in the behaviour of political leaders. They reflect the 
way that grassroots values are now imprinting themselves on political 
agendas through the media and international pressure groups. They also 
stem from pressure exerted by industries eager for regulatory clarity and 
consistency. Such pressure results in b reakthroughs in an international ar-
chitecture for managing energy security concerns in parallel with options 
for climate change mitigation and adaptation. After the Kyoto Protocol 
expires in 2012, a meaningful international carbon trading framework 
with robust verification and accreditation emerges from the patchwork 
of regional and city-city schemes. Consistent US policy support for tech-
nology investment and deployment pays dividends in providing tangible 
breakthroughs for effective change. More reliable energy statistics and 
better-informed market analysis allow carbon trading futures markets to 
reflect clearer long-term price signals. Because of these frameworks, mar-
kets can anticipate tightness in CO2 emission allocations and plan for 
them.

By 2055 the United States and the European Union are using an aver-
age of 33 per cent less energy per capita than today. Chinese energy use 
has also peaked. India is still climbing its energy ladder, but as a relative 
latecomer it has to be resourceful in following a lower energy-intensive 
development path. The political and bureaucratic effort to harmonize and 
align energy policies is difficult and requires a great deal of up-front in-
vestment; however, in Blueprints, in a critical mass of countries people 
support national leaders who promise not only energy security but also a 
sustainable future.
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5-4

Climate policy and international 
development cooperation
Shunji Matsuoka

5-4-1 Climate change and developing countries

5-4-1-1 Introduction

This chapter discusses what climate change really means for international 
development cooperation between developed and developing countries. 
The research question can be divided into three subquestions.
• How does climate change impact on developing countries?
• What is the cost benefit of climate policy for developing countries?
• What does climate change mean in terms of reform of development 

policy and international development cooperation?
The chapter describes these three subquestions and their answers in a 

step-by-step manner. First, it provides a brief sketch regarding the cli-
mate change impacts on developing countries.

Understanding the scientific evidence on climate change is a starting 
point for understanding developing countries’ sustainable development 
issues of the twenty-first century. There is a vast amount of scientific lit-
erature on the subject. Here we focus on the consensus sent out by the 
Stern Review (Stern, 2006, 2007), the Intergovernmental Panel on Climate 
Change Fourth Assessment Report (IPCC AR4) and the UN Develop-
ment Programme Human Development Report (UNDP, 2007), among 
others.

Our starting point is the growing consensus among climate scientists 
on the threshold marker for dangerous climate change. A consensus 
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agreed at the L’Aquila G8 Summit in July 2009 identifies 2°C as a rea-
sonable upper limit (Ministry of Foreign Affairs, Japan, 2009). Beyond 
this point, the future risks of catastrophic climate change will rise sharply.

We know that the world already suffers from climate change and that 
the average global temperature has increased by around 0.7°C since the 
advent of the industrial era (IPCC, 2007a). We know also that the trend is 
accelerating: average global mean temperature is rising at 0.2°C every 
decade. Based upon the present trends, the average temperature in the 
late twenty-first century will be over 2°C higher compared to the pre- 
industrial era.

5-4-1-2 Climate risk multipliers and developing countries

If the temperature increases by more than 2°C, five specific risk multi-
pliers for human development reversals can be identified (UNDP, 2007: 
27–31; IPCC, 2007a, 2007b, 2007d). These five multipliers impact more 
seriously on developing than developed countries. This is because devel-
oped countries have a more or less certain level of adaptive capacity to 
climate change, while developing countries do not have enough capacity 
to adapt. Furthermore, these five drivers for major human development 
reversal cannot be viewed in isolation. They will interact with each other 
and with pre-existing human development problems, creating powerful 
downward spirals. The UNDP (2007: 83) called it “low human develop-
ment traps”. We have to identify risk and vulnerability in order to under-
stand low human development traps in developing countries.

Reduced agricultural productivity

Around three-quarters of the world’s population living on less than US$1 
a day depend directly on agriculture. Projected revenue losses for dry-
land areas in sub-Saharan Africa will amount to 26 per cent by 2060, with 
total revenue losses of US$26 billion (in constant 2003 terms), in excess 
of bilateral aid transfers to the region. Through its impact on agriculture 
and food security, climate change could leave an additional 600 million 
people facing acute malnutrition by the 2080s, over and above the level 
in a no-climate-change scenario.

Heightened water insecurity

Exceeding the 2°C threshold will fundamentally change the distribution 
of the world’s water resources. By 2080 climate change could increase the 
number of people facing water scarcity around the world by 1.8 billion. 
Most of those people live in developing countries.
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Increased exposure to coastal flooding and extreme weather events

The IPCC forecasts an increase in extreme weather events. Droughts and 
floods are already the main drivers of a steady increase in climate-related 
disasters. On average around 262 million people were affected by such 
disasters each year between 2000 and 2004, with over 98 per cent of them 
living in developing countries. Rising sea levels and more intense tropical 
storm activity could increase the number of people experiencing coastal 
flooding by 180–230 million.

The collapse of ecosystems

All predicted species extinction rates accelerate beyond the 2°C thresh-
old, with 3°C marking the point at which 20–30 per cent of species would 
be at “high risk” of extinction. Coral reef systems, already in decline, 
would suffer extensive “bleaching”, leading to the transformation of ma-
rine ecologies, with large losses of biodiversity and ecosystem services. 
This would adversely affect hundreds of millions of people dependent 
upon fish for their livelihoods and nutrition.

Increased health risks

Climate change will impact on human health on many levels. Globally, an 
additional 220– 400 million people could be at increased risk of malaria. 
Exposure rates for sub-Saharan Africa, which accounts for around 90 per 
cent of deaths, are projected to increase by 16 –28 per cent.

5-4-1-3 Risk and vulnerability in developing countries

Climate change risk in developing countries is different from that in de-
veloped countries. For the period 2000–2004, on an average annual basis, 
one in 19 people living in the developing world were affected by a c limate 
disaster. The comparable figure for OECD countries was one in 1,500 
affected – a risk differential of 79 (ibid.: 71).

Developing countries are at a double disadvantage in this area: they 
are located in tropical areas which stand to experience some of the most 
severe early impacts from climate change; and agriculture – the sector 
most immediately affected – plays a far greater social and economic role.

Moreover, not only risk but also vulnerability are important for climate 
impact on developing countries. Risk affects individuals, families and 
communities. Vulnerability is different from risk. Vulnerability is indi-
vidual or social capacity to manage such hazards without suffering a 
long-term, potentially irreversible, loss of well-being. For example, sea-
level-rise risk is the same for Japan and other Asian coastal countries, 
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but they do not share the same vulnerabilities. Income level and social 
capacity to adapt to climate risks are quite different among various coun-
tries.

Developing countries and their poorest citizens are most vulnerable 
to climate change. The following are among the factors which create 
a predisposition for the conversion of risk into vulnerability (ibid.: 70–
72).
• Poverty and low human development. High concentrations of poverty 

among populations exposed to climate risk are a source of v ulnerability. 
The 2.6 billion people – 40 per cent of the world’s population – living 
on less than US$2 a day are intrinsically vulnerable because they have 
fewer resources with which to manage risks.

• Disparities in human development. Inequalities within countries are an-
other marker for vulnerability to climate shocks. One recent quantita-
tive assessment of the human impacts of disasters found that countries 
with high levels of income inequality experience the effects of climate 
disasters more profoundly than more equal societies (Roberts and 
Parks, 2007).

• Lack of climate defence infrastructure. Infrastructural disparities help 
to explain why similar climate impacts produce very different o utcomes.

• Limited access to insurance. Insurance can play an important role in 
enabling people to manage climate risks without having to reduce con-
sumption or run down their assets. Private markets and public policy 
can play a role. Households in rich countries have access to private in-
surance to protect themselves against climate-related losses; most poor 
households in developing countries do not. Social insurance is another 
buffer against vulnerability.
Next, we will touch on the cost benefit of climate policy and the eco-

nomic impact on developing countries by climate change based upon the 
Stern Review.

5-4-2 Cost-benefit analysis of climate policy and developing 
countries

The human and ecological costs of dangerous climate change cannot 
readily be captured in simple cost-benefit analysis. However, such ana-
lysis will assist us in understanding the feasibility and/or rationale of the 
early implementation of climate policy.

The Stern Review on the economics of climate change commissioned 
by the UK government provided a strong response using cost-benefit 
analysis based on long-run economic modelling (Stern, 2007).
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5-4-2-1 The Stern Review

Based on the discussion about climate change at the G8 Gleneagles Sum-
mit on 6 –8 July 2005, UK Chancellor of the Exchequer Gordon Brown 
made a request to Nicholas Stern, the formal chief economist of the 
World Bank, to analyse the economic risk evaluation of climate change 
and economic efficiency of policy options in July the same year.

Stern thus, at the end of October 2006, examined the risk of climate 
change and calculated various climate policies’ cost and benefit. He then 
published his review with the results from the study, concluding that early 
state action and also strong CO2 reduction policy enforcement on green-
house gases (GHGs) are the most efficient. The Stern Review is the first 
and most comprehensive cost-benefit analysis of climate policy.

5-4-2-2 Long-term target of GHG concentration

In the Stern Review, on appropriation of climate policy, common under-
standing about a long-term stabilization target is important, based on sci-
entific predictions about various climate change issues. For example, a 
GHG emissions target in the range of 450–550 ppm (355– 455 ppm in 
terms of CO2) strikes a balance between stability and cost: anything 
higher would substantially increase the risks of very harmful impacts 
while reducing the expected costs of mitigation by comparatively little 
(Stern, 2006: 17). Density of GHGs at 450–550 ppm is predicted to cause 
a temperature increase of 2–3°C.

5-4-2-3 Cost of inaction

The Stern Review discusses the cost of inaction (ibid.: 8–10):

Integrated assessment models provide a tool for estimating the total impact on 
the economy; our estimates suggest that this is likely to be higher than previ-
ously suggested . . .

Most formal modelling in the past has used as a starting point a scenario of 
2°C–3°C global warming. In this temperature range, the cost of climate change 
could be equivalent to a permanent loss of around 0%–3% in global world out-
put, compared with what could have been achieved in a world without climate 
change . . .

However, those earlier models were too optimistic about global warming: more 
recent evidence indicates that temperature changes resulting from BAU trends 
in emissions may exceed 2°C–3°C by the end of this century. This increases the 
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likelihood of a wider range of impacts than previously considered. Many of 
these impacts, such as abrupt and large-scale climate change, are more difficult 
to quantify. With 5°C– 6°C global warming – which is a real possibility for the 
next century – existing models that include the risk of abrupt and large-scale 
climate change estimate an average 5%–10% loss in global GDP, with poor 
countries suffering costs in excess of 10% of GDP . . .

First, including direct impacts on the environment and human health (some-
times called “non-market” impacts) increases our estimate of the total cost of 
climate change on this path from 5% to 11% of global per-capita consumption. 
There are difficult analytical and ethical issues of measurement here. The meth-
ods used in this model are fairly conservative in the value they assign to these 
impacts.

Second, some recent scientific evidence indicates that the climate system may 
be more responsive to greenhouse-gas emissions than previously thought, for 
example, because of the existence of amplifying feedbacks such as the release 
of methane and weakening of carbon sinks. Our estimates, based on modelling 
a limited increase in this responsiveness, indicate that the potential scale of the 
climate response could increase the cost of climate change on the business as 
usual (BAU) path from 5% to 7% of global consumption, or from 11% to 14% 
if the non-market impacts described above are included.

Third, a disproportionate share of the climate-change burden falls on poor re-
gions of the world. If we weigh this unequal burden appropriately, the e stimated 
global cost of climate change at 5°C– 6°C global warming could be more than 
one-quarter higher than without such weights.

It concludes: “Putting these additional factors together would increase 
the total cost of BAU climate change to the equivalent of around a 20% 
reduction in consumption per head, now and into the future” (ibid.: 10).

The report discusses the cost of action when the policy is to stabilize 
GHG emissions at 550 ppm:

Estimating the costs of these changes can be done in two ways. One is to look 
at the resource costs of measures, including the introduction of low-carbon 
technologies and changes in land use, compared with the costs of the BAU al-
ternative. This provides an upper bound on costs.

The second is to use macroeconomic models to explore the system-wide effects 
of the transition to a low-carbon energy economy. These can be useful in track-
ing the dynamic interactions of different factors over time, including the re-
sponse of economies to changes in prices. (Ibid.: 12–13)

In conclusion: “Resource cost estimates suggest that an upper bound 
for the expected annual cost of emissions reductions consistent with a 
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trajectory leading to stabilization at 550 ppm is likely to be around 1% of 
GDP by 2050” (ibid.: 13).

This “cost of action” of 1 per cent of GDP is much quoted; however, it 
was calculated using the bottom-up approach, estimated with a range 
from –1 per cent (net gains) to +3.5 per cent of GDP. Using a macroeco-
nomic model, the costs of stabilization at 500–550 ppm were centred on 1 
per cent of GDP by 2050, with a range of −2 to +5 per cent of GDP. It is 
necessary to note the point that the highest numerical value is 1 per cent.

In addition, there are some important prerequisites in cost estimations 
in the Stern Review. First, much early research used 2–3 per cent, but the 
social discount rate (SDR) in the Stern Review uses 0.1 per cent. Reflect-
ing the fact that the review is estimating long-term cost over 200 years, 
the 0.1 per cent setting of the SDR is advocated by mainstream economic 
scholars like Tol (2006) and Nordhaus (2007).

A high SDR means one can greatly discount the damage that perhaps 
can occur in the future; on the other hand, a low SDR means estimating 
future damage cost without significant discount, and this connects largely 
to estimating the cost of climate change. In addition, when the SDR is 
low, the benefit to future generations of early action on climate change is 
measured highly. Thus, including the ethical viewpoint of future genera-
tions, a relatively low SDR of 0.1 per cent is set in the Stern Review.

Second, the range of damage is widened (from the previous 100 years 
to 200 years), and the emphasis is on the non-market section such as 
damage to health.

It is necessary to note the results are based on prerequisites such as the 
estimated value of the total cost of BAU climate change compared to 
around a 20 per cent reduction in consumption per head, now and into 
the future (Stern, 2006: 14).

5-4-2-4 Benefit of action

The benefit of action can be gained when executing policy:

Comparing the social costs of carbon on a BAU trajectory and on a path to-
wards stabilization at 550 ppm, we estimate the excess of benefits over costs, in 
net present value terms, from implementing strong mitigation policies this year, 
shifting the world onto the better path: the net benefits would be of the order 
of $2.5 trillion.

The current evidence suggests aiming for stabilization somewhere within the 
range 450–550 ppm. The ultimate concentration of greenhouse gases deter-
mines the trajectory for estimates of the social cost of carbon; these also reflect 
the particular ethical judgments and approach to the treatment of uncertainty 
embodied in the modelling. Preliminary work for this Review suggests that, if 
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the target were between 450–550 ppm, then the social cost of carbon would 
start in the region of $25–30 per tonne of CO2 – around one third of the level if 
the world stays with BAU. (Ibid.: 17)

In this way, the Stern Review shows that stabilizing GHG concentra-
tion at 450–550 ppm is a more necessary and efficient strategy, rather 
than selecting climate policy at an early stage.

5-4-2-5 Evaluation of Stern’s cost-benefit analysis

Why did Stern deviate from the structure used in mainstream e conomics? 
The report title suggests that an effective climate policy is the desired 
outcome, as there is no other choice. Although not specified by the Stern 
Review, the basic forecasting technique is not used, but rather a backcast-
ing method. Perhaps the influence and damage of climate variation, which 
have become clear in developing countries above all, as well as diverse 
scientific knowledge about variation in climate, led Stern to view main-
stream economics and the forecasting method as fundamentally limited.

When the Stern Review is read from such a point of view, the impor-
tance of creating mutual understanding about a stabilization target is 
emphasized, as well as setting a target for long-term greenhouse gas 
emissions and assigning the correct value to the influential damage of 
variation in climate.

Setting long-term targets according to the “precautionary principle” is 
a means to damage limitation. There is a need to move from a high- 
carbon society to a low-carbon society by making the backcast the target 
setting. It is equally important to achieve effectiveness and combined ef-
ficiency by putting the various policy measures (command and control, 
market-based instruments and voluntary approaches) into effect.

5-4-2-6 Developing countries in the Stern Review

The Stern Review first pointed out the risk that climate change will cause 
food shortage in Africa, flooding in Southeast and South Asia and 
desertification/dryness in the Amazon. The report states that the impacts 
of climate change are not evenly distributed. The poorest countries and 
people will suffer earliest and most; the problem of the climate change 
risks peculiar to developing countries is emphasized. In addition, if and 
when the damage appears it will be too late to reverse the process. Thus 
we are forced to look a long way ahead (ibid.: 7).

Climate change is a grave threat to the developing world and a major obstacle 
to continued poverty reduction across its many dimensions. First, developing 
regions are at a geographic disadvantage: they are already warmer, on average, 
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than developed regions, and they also suffer from high rainfall variability. As a 
result, further global warming will bring poor countries high costs and few 
benefits. Second, developing countries – in particular the poorest – are heavily 
dependent on agriculture, the most climate-sensitive of all economic sectors, 
and suffer from inadequate health provision and low-quality public services. 
Third, their low incomes and vulnerabilities make adaptation to climate change 
particularly difficult. (Ibid.)

For many of these developing countries, the risk possibilities of climate 
change are higher than the risks associated with natural geography or so-
cial economy. From this point of view, the ability for advanced countries 
to support developing countries by the formation of international climate 
policy is crucial.

According to the Stern Review: “Adaptation policy is crucial for deal-
ing with the unavoidable impacts of climate change, but it has been 
under-emphasised in many countries” (ibid.: 21). Furthermore, the chal-
lenge of adaptation will be particularly acute in developing countries, 
where greater vulnerability and poverty will limit the capacity to act. As 
in developed countries, the costs are difficult to estimate, but are likely to 
run into tens of billions of dollars. But “Adaptation is the only response 
available for the impacts that will occur over the next several decades 
before mitigation measures can have an effect . . . Unlike mitigation, ad-
aptation will in most cases provide local benefits, realized without long 
lead times” (ibid.).

Therefore, adaptation efforts in developing countries must be accelerated and 
supported, including through international development assistance. Creating a 
broadly similar carbon price signal around the world, and using carbon finance 
to accelerate action in developing countries, are urgent priorities for inter-
national co-operation . . . Scaling up flows of carbon finance to developing 
countries to support effective policies and programmes for reducing emissions 
would accelerate the transition to a low-carbon economy. (Ibid.: 23–24).

The Stern Review therefore proposes the foundation of a carbon fi-
nance mechanism by setting the international carbon price according to 
the expansion in an emissions trading system. Furthermore, the report 
points out “Curbing deforestation is a highly cost-effective way of reduc-
ing greenhouse gas emissions”, and especially important for developing 
countries.

5-4-3 Climate policy and international development 
cooperation

Based on the analysis in the Stern Review, IPCC AR4 and the UNDP 
HDR, climate change risks have an influence on the whole global society. 
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Physiographic factors, such as many developing countries being in trop-
ical regions, combine with the industrial factor (dependency on agricul-
ture) and social economic factors, such as low income and the high 
income disparity in developing countries in particular, to make these 
countries fragile (vulnerability).

For these fragile developing countries, the risk of climate change caus-
ing them to fall into low human development traps increases, and it can 
make it difficult for developing countries which are close to achieving the 
Millennium Development Goals (MDGs) actually to achieve them.

The Stern Review, referring to the cost of climate change policy, ac-
knowledges the need for the policy to be implemented as soon as 
possible, and the responsibility of developed nations (common but differ-
entiated responsibilities in the UNFCCC) to assist developing countries 
to reduce GHG emissions and adapt to climate change. More than half 
of the world’s present CO2 discharge derives from developing countries, 
and restraint and reduction of CO2 discharges in developing countries 
are vital.

If the effects of climate change, which are already becoming clear, are 
not addressed, socio-economic progress in developing countries will be 
lost. For this reason, international development cooperation is indispens-
able for improvement in developing countries lacking capital and tech-
nology. One must thus consider what kinds of international cooperation 
are necessary to advance mitigation and adaptation in developing coun-
tries.

5-4-3-1 Mitigation and international development cooperation

Regarding international development cooperation for mitigation in a de-
veloping country, we assume that cooperation of funds, technology trans-
fer, tropical forest protection and encouragement of lower carbon in the 
energy field are important (UNDP, 2007: 147; IPCC, 2007c, 2007d).

One important reason for the underdevelopment of the energy field in 
developing countries is that the average thermal efficiency for coal plants 
in these countries is around 30 per cent, compared with 36 per cent in 
OECD countries. This means that one unit of electricity produced in a 
developing country emits 20 per cent more CO2 than an average unit in 
developed countries (UNDP, 2007: 150). Furthermore, forest conservation 
and rehabilitation are important not only to preserve CO2 sinks for miti-
gation, but also to supply basic goods to poor people in terms of adapta-
tion.

Since negotiations of the UNFCCC began in 1992, there has been 
much argument on the importance of international development cooper-
ation in fields such as energy and forests. Under the terms of the UN-
FCCC, international cooperation was identified as a key element in 
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climate change mitigation. Developed countries pledged to take all prac-
ticable steps to promote, facilitate and finance mitigation. The importance 
of technology transfer was confirmed in the Marrakesh Accords in 2001; 
however, there was no positive behaviour on the part of developed coun-
tries. The role of developed countries in promoting a shift to a low- carbon 
energy structure in developing countries was discussed in the Kyoto Pro-
tocol in 1997, and it was argued that developed countries should invest in 
climate change as a duty, not as charity.

Under the UNFCCC, the Global Environment Facility (GEF) became 
a financial instrument to mobilize resources for mitigation and a daptation. 
Since its inception in 1991 the GEF has allocated US$3 billion, with co-
financing of US$14 billion (UNDP, 2007: 154). However, current resource 
mobilization by the GEF is insufficient to finance low-carbon transforma-
tion at the required pace. One estimate of the investment costs to facili-
tate access to low-carbon technology broadly consistent with a sustainable 
emissions pathway in developing countries suggests that an additional 
US$25–50 billion per annum would be required (ibid.: 153–154).

The clean development mechanism (CDM) is another flexible fi nancing 
instrument and has linked the mitigation agenda to financing for sustain-
able development in developing countries. This is accomplished through 
GHG-reducing projects; these generate emission credits in developing 
countries, which can in turn be used by developed countries to offset 
their domestic GHG emissions. In 2006 CDM financing amounted to 
US$5.2 billion (World Bank, 2007).

These mechanisms and other multilateral/bilateral institutions still 
have limited roles. There are several alternatives proposed by many insti-
tutions (UNDP, 2007: 156 –157). The UNDP proposed creating an inte-
grated climate change mitigation facility (CCMF) with a wide-ranging 
role. Its overarching objective would be to facilitate the development of 
low-carbon energy systems in developing countries. To that end, the aim 
would be to provide support in key areas through multilateral channels, 
including financing, technology transfer and capacity development. Oper-
ations would be geared towards the attainment of emission reduction 
targets agreed under the post-Kyoto framework, with dialogue based on 
nationally owned energy strategies. Rules and governance mechanisms 
would have to be developed to ensure that all parties deliver on commit-
ments, with CCMF support geared towards well-defined quantitative 
goals and delivered in a predictable fashion (ibid.: 157).

5-4-3-2 Adaptation and international development cooperation

The creation of national adaptation policies under their ownership is the 
basis for developing countries’ adaptation strategy. Individual countries face 
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different types and degrees of risk, start from different levels of social 
development and vary widely in their social capacities (ibid.; IPCC, 2007b).

At present, adaptation planning has been a fringe activity in most de-
veloping countries. To the extent that strategies for adaptation are emerg-
ing, the focus is on “climate-proofing” infrastructure. This is a critical 
area. However, adaptation is about far more than infrastructure. The 
starting point is to implement climate change risk assessment and cap-
acity assessment into all aspects of the policy-making process (Matsuoka, 
2007). In turn, risk management requires that strategies for building re-
silience are embedded in national policies. For countries with limited 
government and social capacities, this is an immense task.

Adaptation is partly about investment in the “climate-proofing” of 
basic infrastructure; however, it is also about enabling people to control 
climate change risk without suffering reversals in human development.

Most developed countries are eagerly working on creating a national 
adaptation strategy, but they are not so proactive when it comes to sup-
porting developing countries which are trying to achieve the same goal. 
International development cooperation on adaptation should be thought 
of as a social insurance mechanism for the world’s poor.

The starting point is that donors have to deliver on past commitments. 
Recent years have witnessed a remarkable change in the provision of aid. 
During the 1990s development assistance flows went into steep decline, 
holding back global poverty reduction efforts. The 2000 UN Millennium 
Summit in New York marked a turning point. It resulted in an unprece-
dented commitment to achieving shared goals – the MDGs – through a 
partnership between rich and poor countries. Commitments made at 
Monterrey in 2002 backed that partnership with commitments on aid. The 
Monterrey Consensus reaffirmed a long-standing development assistance 
target of 0.7 per cent of gross national income for rich countries. Com-
mitments made by the European Union and G8 in 2005 included a pledge 
to double aid flows by 2010 – a US$50 billion increase, with around half 
earmarked for Africa (UNDP, 2007: 187). These resources could help de-
veloping countries meet the challenge of scaling up adaptation efforts.

Multilateral mechanisms for adaptation have been developed under 
several initiatives. Two UNFCCC funds – the Least Developed Country 
Fund and the Special Climate Change Fund – have been established under 
the auspices of the GEF. Both are financed through voluntary pledges by 
donors (ibid.: 188–190). In 2004 another mechanism, the Strategic P riority 
on Adaptation, was created to fund pilot projects from the GEF’s own 
resources over a three-year period (ibid.: 188). The stated objective of the 
GEF funds is to reduce countries’ vulnerability by supporting projects 
which enhance adaptive capacity. With the implementation of the Kyoto 
Protocol in 2005, another potential source of financing was created in the 
form of the Adaptation Fund – a facility to be funded through the CDM.
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By mid-2007 actual multilateral financing delivered under the broad 
umbrella of initiatives set up under the UNFCCC had reached a total of 
US$26 million (ibid.: 190–191). This is equivalent to just one week’s worth 
of spending on flood defence in the United Kingdom. Looking to the fu-
ture, total committed financing for adaptation through dedicated multi-
lateral funds amounts to US$279 million (ibid.: 190).

Bilateral and multilateral donors are gradually increasing support for 
adaptation. One review of 10 bilateral agencies accounting for almost 
two-thirds of international development assistance attempted to identify 
projects in which climate change adaptation was an explicit considera-
tion. It documented total commitments of US$94 million over a five-year 
period from 2001 to 2005, less than 0.2 per cent of average development 
assistance flows (ibid.).

Using the OECD Development Assistance Committee’s reporting sys-
tem, the UNDP has developed an “aid-sensitivity” analysis for donor 
portfolios averaged across the period 2001–2005 (ibid.: 190–191). The re-
sults suggest that 17 per cent of all development assistance falls into the 
narrow band of intensive risk, rising to 33 per cent for the wider band. 
Expressed in financial terms, US$16 –32 billion are at immediate risk. 
These figures suggest that “climate-proofing” aid should be viewed as an 
important part of the adaptation challenge. Approximate costs for such 
aid are around US$4.5 billion, or 4 per cent of 2005 aid flows.

Key lessons emerging from the adaptation experience of developing 
countries are reforming dedicated multilateral funds, revising PRSPs 
(poverty reduction strategy papers) and putting adaptation at the centre 
of aid partnerships.

5-4-4 Concluding remarks

The state of international development cooperation and measures focus-
ing on mitigation and adaptation, and the cost of the impact of climate 
change on developing countries, are serious issues.

Average temperature increases higher than 2°C since the Industrial 
Revolution pose a risk, which has a remarkable negative influence on 
both advanced and developing countries. However, developing countries 
are especially vulnerable to climate change risk because of various fac-
tors: natural geography, as many of these countries are located in tropical 
areas; industry, with an emphasis on farming; and socio-economics, which 
includes low income and a large income disparity.

The future generations in developing countries and the social cost at 
stake due to climate change were indicated in the Stern Review, which 
emphasized a firm climate policy and early action, as well as cost-benefit 
analysis.
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Mitigation and adaptation are important measures for developing 
countries to handle climate change; most importantly, these countries first 
need to adopt a national policy. But it is impossible for developing coun-
ties with low social capacity to make and to implement an effective 
climate policy without support by effective international development co-
operation (Matsuoka, 2007).

Support for developing countries has been accelerated by the U NFCCC 
regarding mitigation and adaptation by developed countries through ne-
gotiation of the Kyoto Protocol in 1997, but the situation is insufficient. It 
is time seriously to consider forming a new international system to sup-
port mitigation and adaptation in developing countries.
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6-1

Induction to a low-carbon city – 
Innovation of urban form and 
human activities
Keisuke Hanaki

6-1-1 Introduction

Human activity in cities impacts the surrounding environment on a local 
as well as a global scale. This means that cities offer great opportunities 
for reduction of CO2 emissions in a future low-carbon society.

Fundamental countermeasures to reduce greenhouse gas emissions in 
urban areas include reducing energy consumption and lowering the car-
bon intensity of the supplied energy. Many energy-saving devices and sys-
tems belong in the former category, and conversion from coal to gas and 
renewable energy sources is an example of the latter. Together, many 
technologies have been developed to reduce CO2 emissions.

However, a low-carbon city needs more than well-integrated imple-
mentation of these countermeasures. A change in human behaviour is 
also needed to decrease the overall environmental burden. Energy and 
material consumption causes greenhouse gas emissions. In the future, hu-
mans will need to lower consumption of energy and materials, while at 
the same time maintaining or raising the current level of quality of life.

6-1-2 The city as a CO2 emitter

Large amounts of CO2 are emitted by cities in both developed and devel-
oping countries. Total CO2 emissions are the summation of the emissions 
from a variety of sources in various sectors, which are usually categorized 
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as industry, household, business and commercial, and transportation. In-
dustrial CO2 emissions depend on the type of industry and process effi-
ciency. Energy consumption in households depends on appliance use, 
type of heating and cooling systems, size and type of the house and local 
climate conditions. Except for climate, all of these can be viewed as life-
style issues in a broad sense. A typical energy-wasting lifestyle includes 
the use of many appliances, with lots of lighting and a low-efficiency heat-
ing and cooling system in a large house with poor insulation. Generation 
of power by photovoltaic cells can reduce the amount of electricity pur-
chased from the grid and result in reduced CO2 emissions. CO2 emissions 
from the business and commercial sector are also derived from buildings, 
and the level of emissions again depends on climate conditions, building 
performance, type of heating and cooling system and business style. A 
large portion of energy used in transportation is for passenger cars. 
Public transport systems, especially railways, can decrease CO2 emissions 
markedly.

CO2 emissions can be reduced in all these sectors by the appropriate 
implementation of energy-saving technologies, but social aspects, such as 
lifestyle and business style, house size and length of commute, are also 
important factors. To convert our current society to a low-carbon society 
will require these types of social aspects to change. The form of urban 
areas, including factors such as population density and distribution of 
buildings, influences many aspects of daily life, including transportation 
modes and demand and energy consumption from buildings.

Figure 6.1.1 shows per capita CO2 emissions for large cities in the 
United Kingdom, Japan and China as well as the national averages. Per 
capita emissions in London and Tokyo are lower than the respective na-
tional averages, suggesting that urban areas may be more energy efficient 
than rural areas. However, per capita emissions in Kawasaki City, which 
is in the Greater Tokyo region and has a large industrial area, are much 
larger than those of either Tokyo or the national average. Hanaki (2008) 
showed that industrial activity is an important factor in determining per 
capita CO2 emissions in Japanese cities. The share of industrial CO2 emis-
sions in London and Tokyo is only about 7 per cent and 9 per cent, re-
spectively, whereas it is 77 per cent in Kawasaki. But although cities like 
London and Tokyo apparently have better than average performance in 
terms of CO2 emissions, they actually consume huge amounts of goods 
produced in other areas, which in turn causes increased emissions in 
those areas.

According to Dhakal (2009), the share of industrial CO2 emissions in 
Beijing and Shanghai is 43 per cent and 64 per cent, respectively. These 
fractions are higher than those of London and Tokyo, but these high 
shares of industrial emissions do not alone explain why per capita CO2 
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emissions in these cities are so much higher than the Chinese national 
average. One possible reason is that urban and rural lifestyles are differ-
ent in terms of energy consumption in developing countries. The Inter-
national Energy Agency (2008) compared per capita primary energy 
demand between urban areas and regional averages in 2006. There were 
slight differences in the demands in the United States, European Union 
and Australasia, but energy demand in urban areas was 1.82 times that of 
the regional average in China. This report concludes that this difference 
is a result of higher average incomes in urban areas than in rural areas. In 
other words, the urban lifestyle in China is different from the rural life-
style.

6-1-3 Urban form

6-1-3-1 Compact cities

The compact city has been proposed to reduce energy consumption and 
CO2 emissions. Buildings in a compact city are constructed in a limited 
area in which population density as well as building density is high. 
Brown, Southworth and Sarzynski (2008) analysed the carbon footprint 
from transportation and building energy use in the 100 largest US metro-
politan areas and found a negative correlation between carbon footprint 

Figure 6.1.1 Per capita CO2 emissions in large cities in the UK, Japan and China 
Sources: National average data – Energy Conservation Center, Japan (2006); London – 
London Mayor’s Office (2009); Japanese cities – local government websites; Chinese 
cities – Dhakal (2009).



INDUCTION TO A LOW-CARBON CITY 211
 

(per person CO2 emissions) and population density. The footprint of a 
city with very low population density is almost double that of a city with 
high density. Although a more densely populated city appears to have ad-
vantages over a sparsely populated city from the context of energy con-
sumption, further study is needed to learn how best to apply this concept 
in urban design.

The effect of compactness on transportation is easier to understand. 
Higher density generally means shorter trip lengths and, in some cases, 
enables the use of public transport. The most significant reductions in en-
ergy consumption occur if a shift can be made from cars to trains.

A series of well-known statistical analyses of transportation in nu-
merous large cities around the world have been conducted by Newman 
and Kenworthy (1989), Kenworthy (2007) and others. The research 
clearly shows that low population density is correlated with longer car 
passenger trip lengths and higher energy consumption. Although other 
factors influence trip length, population density is the most significant 
factor. Kenworthy (ibid.) also demonstrated that the relationship can be 
observed within a city. Similar results were reported by van de Coevering 
and Schwanen (2006) for 11 European, seven Canadian and 13 US cities 
and by Stone et al. (2007) for the US Mid-Western metropolitan s tatistical 
area.

Unlike transportation, the effect of population density on energy con-
sumption in buildings is not obvious. Theoretically, there is no effect of 
population density on the floor area and type of house, but apartment 
buildings usually consume less energy per capita than detached houses. 
In a study of Quebec, Canada, Larivière and Lafrance (1999) demon-
strated that per person building electricity use decreases with population 
density.

It should be noted that a high population density does not necessarily 
cause people to live in apartments, and there is no guarantee of low 
energy consumption in buildings even if a city is compact. More impor-
tantly, there are also ways to lower energy consumption in buildings with-
out changing the structure of a city. Changing the urban form will take a 
very long time and a good deal of planning. Shifting from detached 
houses to apartments, however, can be realized in a shorter time period.

6-1-3-2 Strategies for cities of various sizes

In many of the megacities, such as Tokyo and New York, population den-
sity is already high and train systems are effective. Forming a compact 
city in such megacities will not, therefore, bring about additional benefits 
from public transportation. Conversely, many small cities cannot support 
a rail transport system even if their urban form becomes compact b ecause 
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of their small size and population. The compact city concept is most suit-
able for mid-sized cities.

Different appropriate strategies for forming low-carbon cities at var-
ious scales are shown in Figure 6.1.2. Increasing the efficiency of building 
performance in large cities is the highest priority. District heating and 
cooling is one possible way to reduce energy consumption in these areas. 
Economic incentives for reduction of CO2 emissions may also work in 
these areas. In small cities, however, utilization of biomass resources 
should be promoted, especially in towns near agricultural or forested 
areas. Mid-size cities should be redesigned to become more compact.

6-1-4 Standard of living, energy consumption and 
societal change

6-1-4-1 Per capita GDP as a controlling factor

It has long been accepted that per capita energy consumption increases 
as per capita income increases. However, we now also know that signifi-
cant reductions in CO2 emissions are required to mitigate severe climate 
change. The magnitude of the reduction has been estimated to be as high 
as 70–80 per cent for the developed countries.

Figure 6.1.2 Strategies for low-carbon cities of various sizes
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In the traditional pollution case, such as air pollution caused by s ulphur 
oxide in flue gases, the environmental Kuznets theory can be applied. As 
per capita income increases, the environment will first deteriorate and 
then improve. When pollution levels are plotted in relation to gross do-
mestic product (GDP) across time for a country, a typical inverted U-
shaped Kuznets curve is the result. In addition, for a given year a plot of 
different countries with different levels of GDP shows a similar tendency.

This theory is valid when technology for controlling pollution is avail-
able. It has questionable validity in the case of climate change because, 
unlike the case of air pollution, no end-of-pipe technology currently ex-
ists to solve this problem completely.

Figure 6.1.3 shows the relationship between per capita GDP on a pur-
chasing power parity (PPP) basis and per capita CO2 emissions for var-
ious countries in 2006 (based on data from Energy Data and Modelling 
Center, 2009). Per capita CO2 emissions increase as per capita GDP (the 
standard of living) increases, and there is no tendency of a decrease in 
CO2 emissions even at high levels of per capita GDP. These results do not 
lead to an optimistic outlook for the formation of a low-carbon society in 
the future.

A more detailed analysis for each country shows, however, that it may 
be possible to reduce CO2 emissions while improving the standard of
living. The United Kingdom and France have shown gradual decreases 
in per capita CO2 emissions in relation to GDP since the 1970s (Figure 
6.1.4). Japan reached an emissions peak in 2000, but emissions in Aus-
tralia continue to increase. There seems to be no clear value of per capita 
GDP at which CO2 emissions decrease, and the situation varies markedly 

Figure 6.1.3 Per capita CO2 emissions versus per capita GDP for various countries in 
2006
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between countries. However, it does seem at least to be possible to re-
duce CO2 emissions at high levels of per capita GDP.

Even if per capita CO2 emissions do decrease at a very high level of 
per capita GDP, the world cannot wait until developing countries in-
crease their CO2 emissions to the current level of developed countries 
before they begin to reduce emissions. The Kuznets curve describes a 
process of development and adaptation, but the world needs more than 
this type of incremental process to decrease CO2 emissions.

Dhakal (2009) compared per capita energy consumption with per cap-
ita gross regional product for 34 large Chinese cities (Figure 6.1.5). He 
categorized these cities into three groups: low energy consumption and 
high economic output, high energy consumption and low economic out-
put, and a middle group between the two. These comparisons show that 
income level is an important factor, but there seem to be other factors 
that determine urban energy consumption.

6-1-4-2 Societal change

Because of the difficulties in reducing CO2 emissions and the seriousness 
and urgency of the problem, an integrated technological, social and eco-
nomic approach towards sustainability is needed. The current incre mental 
approach will not work quickly enough to realize the goal of low-carbon 

Figure 6.1.4 Trends of per capita CO2 emissions in relation to per capita GDP for some 
developed countries
Note: Plots from 1971 to 2005 are shown mostly from the left to the right.
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cities. Society must devise ways to consume less energy and use fewer 
materials.

To reduce energy and material consumption while maintaining func-
tions and services, the industrial sector should move towards the concept 
of “product servicing”. Instead of merely producing and selling new prod-
ucts to customers, companies should provide services. Examples are a 
copying service instead of selling copying machines, and rental, repairing 
and car-sharing services. In the household sector there are many ways to 
change the size and type of housing and to live a less energy-intensive 
lifestyle while maintaining a high quality of life. The business and com-
mercial sector can also shift to systems that consume less energy and ma-
terials, and new types of business opportunities will be created in future 
low-carbon cities. Improved urban design to create more compact cities 
will reduce trip lengths and increase the use of public transportation.
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6-2

The process of political decision-
making on climate change and 
journalism in Japan
Tokuhisa Yoshida

6-2-1 Introduction

More than a decade has passed since the Kyoto Protocol stipulated that 
greenhouse gas (GHG) emissions of Japan should be reduced by 6 per 
cent compared to the 1990 level. During this time, political decision- 
making on climate change in Japan has gone astray amid a three-way 
conflict among the Ministry of the Environment (MOE), which super-
vises environmental policy, the Ministry of Economy, Trade and Industry 
(METI), which oversees energy policy, and industry, which centres on 
Nippon Keidanren (Japan Business Federation).

Climate change policy began in earnest around 1997, when the Kyoto 
Protocol was adopted. From the very beginning, the government partici-
pated in negotiations for the Kyoto Protocol while making a distinction 
between environmental and energy policies, and industry quickly an-
nounced its own initiatives in an effort to discourage the government 
from using regulatory tools. As a result, the government succeeded in in-
troducing several new measures that would contribute to the develop-
ment of industry, such as the proliferation and promotion of energy-saving 
products, but skirted around environmental taxes and emissions trading, 
which both met with particularly strong resistance from industry. In addi-
tion, the government emphasized the importance of changing people’s 
lifestyles, and this, combined with reports by the mass media, raised the 
nation’s awareness of global environmental issues to such a high level 
that an eco-boom was created in the country.
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However, industrial production grew, consumer spending rose and 
unexpected troubles occurred at nuclear power stations – more than off-
setting the effects of environmental measures. All these things often frus-
trated the government’s scenario for achieving the goal set by the Kyoto 
Protocol. The government took additional measures each time its plans 
were upset, but finally entered the first commitment period without a 
firm prospect of achieving the goal. It is now becoming clear that the 
government is obliged to rely on credits based on the Kyoto mechanisms 
in order to make up for a failure to reduce GHG emissions by the level 
that it had committed to.

On the other hand, driven by industry’s strong dissatisfaction with the 
inequality of target reduction rates allocated to countries under the 
Kyoto Protocol, the government has striven to construct logic and de-
velop a strategy to recover the ground lost in 1997 in negotiations for 
international frameworks for the period after 2013.

This chapter traces the twists and turns of climate change policy being 
formed in Japan, and analyses the influence of journalism on public opin-
ion and political decision-making during the period from the adoption of 
the Kyoto Protocol to June 2009.

6-2-2 Three-way conflict in political decision-making

Immediately after the Kyoto Protocol was adopted, the government began 
to paint a scenario for achieving the goal of reducing GHG emissions by 6 
per cent, the target set for the first commitment period; however, conflict 
among the three parties was obvious from the very beginning. According 
to reports of those days, the scenario of METI (the former Ministry of 
International Trade and Industry) was to keep emissions of energy-derived 
carbon dioxide (CO2) at the 1990 level or lower (Weekly Energy & the
Environment, 1998). This constituted the core argument that METI had 
launched prior to the negotiations for the Kyoto Protocol (Takeuchi, 
1998), and the ministry did not change its stance even after the Kyoto Pro-
tocol was adopted. In synchronization with this, Nippon Keidanren has 
upheld a slogan of “striving to reduce CO2 emissions to the 1990 level or 
lower” as its industry-wide goal for member companies.

There has been a sharp confrontation among Nippon Keidanren, which 
is strongly dissatisfied with the reduction goal set in the Kyoto Protocol, 
METI, which focuses on promoting energy conservation efforts and en-
suring a stable energy supply in its energy policy, and the MOE, whose 
environmental policy calls for it to fulfil international commitments under 
the Kyoto Protocol without fail (Figure 6.2.1).

Japan’s policy related to climate change has been implemented through 
the enactment of related laws and ordinances, administrative plans 



219

Fi
gu

re
 6

.2
.1

 T
hr

ee
-w

ay
 c

on
fli

ct
 in

 c
lim

at
e 

ch
an

ge
 p

ol
ic

y 
an

d 
th

e 
re

ce
nt

 p
ol

ic
y 

im
pl

em
en

ta
tio

n 
un

de
r 

th
e 

le
ad

er
sh

ip
 

of
 th

e 
pr

im
e 

m
in

is
te

r



220 TOKUHISA YOSHIDA
 

worked out by the government and tax breaks and fiscal measures. The 
response of the three parties mentioned above to climate change issues 
can generally be summarized as follows.

A harbinger of climate change policy under the government’s environ-
mental policy was the action plan to arrest global warming, which was 
adopted by a meeting of ministers related to the protection of the global 
environment in October 1990. This action plan covered the period until 
2010, and goals set under the plan included keeping CO2 emissions per 
capita for the period after 2000 at the 1990 level and endeavouring to 
stabilize total CO2 emissions in 2000 and thereafter. In 1998, the year 
after the Kyoto Protocol was adopted, the Law Concerning Promotion of 
Measures to Cope with Global Warming was established, with the aim of 
promoting measures to prevent climate change. The framework of pro-
motion of measures to prevent global warming, developed in accordance 
with this law, was renamed the Kyoto Protocol target achievement plan 
two months after the effectuation of the Kyoto Protocol in February 
2005. This marked the creation of a statutory plan linked with inter-
national commitments, and this plan has remained unchanged since it 
underwent major revisions in March 2008 as the start of the first commit-
ment period drew near (since the fiscal year in Japan begins in April, the 
first commitment period for Japan started in April 2008). In addition to 
prescribing the establishment of the Global Warming Prevention Head-
quarters as the highest decision-making body for the government’s 
climate change policy, with the prime minister as its head, the Law Con-
cerning Promotion of Measures to Cope with Global Warming provides a 
basis for the national government to collect data on GHG emissions sub-
mitted by business operators nationwide each year, and for local govern-
ments to formulate plans to implement measures to cope with climate 
change at the local level. Furthermore, the law provides a legal basis for 
implementing educational programmes to promote energy conservation 
efforts around the nation.

METI’s Agency for Natural Resources and Energy, which supervises 
energy policy, has taken actions steadfastly in this area, which is inti-
mately connected to measures to cope with climate change. The energy 
policy of Japan, a country that experienced two oil crises in the 1970s, 
consists of two pillars: advancing energy conservation and promoting 
introduction of energy sources other than petroleum, with the aim of 
breaking away from the dependence on oil. The ultimate objective of the 
policy is to ensure a stable supply of energy while carefully watching the 
international energy situation. Upholding its unswerving energy policy, 
METI has revised the Law Concerning the Rational Use of Energy (En-
ergy Conservation Law), enacted in 1979, three times to reinforce it: in 
1998, immediately after the Kyoto Protocol was adopted; in 2005, when 
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the Kyoto Protocol took effect; and in 2008, when the first commitment 
period began. METI has also pushed forward measures to cope with cli-
mate change by establishing the Law on the Promotion of New Energy 
Usage (New Energy Law) in 1997 and the Law on Special Measures 
Concerning New Energy Use by Electric Utilities (RPS Law) in 2002 to 
require electric power companies to use a certain amount of new energy. 
In addition, in 2002 politicians took the initiative to establish the Basic 
Energy Policy Law. METI, however, draws a distinction between legisla-
tion related to energy policy and legislation related to climate change is-
sues. In defining its purposes, the Basic Energy Policy Law stipulates that 
Japan’s energy policy shall help to protect the global environment and 
promote sustainable development of the world economy and society, 
while the Energy Conservation Law, New Energy Law and other indi-
vidual energy-related laws include only energy policy that meets the 
energy-related economic and social environment in Japan and abroad in 
their provisions. The latter do not refer to the direct relationships with 
climate change issues, nor is their jurisdiction shared with the MOE. In 
its energy policy, METI has obtained a key list of measures to cope with 
climate change by enforcing these laws.

Forecasts of future energy supply and demand in Japan, which provide 
a framework for measures to cope with climate change, have been pre-
sented in the outlook for long-term energy supply and demand, which is 
a report formulated roughly every three to five years by the Energy 
Supply and Demand Subcommittee under the Advisory Committee for 
Energy, a consultative organ to METI. These documents, without a solid 
legal basis, have led the formation of a policy-making framework while 
painting an integrated scenario for energy security and climate change 
measures since global warming became an important policy issue in 
Japan. These forecasts contain the intentions of policy-makers. The May 
2008 revised version of the outlook came to have an important meaning. 
It presented prospects of emissions of energy-derived CO2 for the period 
until 2030. The results of a trial calculation of total GHG emissions in 
2020 were also presented, expecting them to be 14 per cent lower than 
the 2005 level if the most advanced technology was introduced to the 
fullest. This figure anticipated the policy the government adopted when it 
set the medium-term goal in June 2009.

Another major force that has continued to affect Japan’s climate 
change policy is industry, which centres on Nippon Keidanren. Keidanren 
announced its Global Environment Charter in April 1991, six months 
after the government formulated its action plan to arrest global warming. 
In describing its basic philosophy, the charter states that “business activi-
ties must strive to realize a future society in which the environment is 
protected on a global scale”. With respect to global warming, it urges 
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member companies actively to take effective and reasonable energy- 
saving measures, and take part in international initiatives to cope with 
the issue. Later, in the appeal on the environment it published in 1996, 
Keidanren stated that it would carry out responsible environmental 
initiatives voluntarily and actively; with respect to climate change issues, 
it pledged to formulate a voluntary action plan for each industry, includ-
ing specific goals and means for achieving them, and conduct periodic re-
views of the action plans. Voluntary action plans were formulated in 1997, 
and since 1998 the Industrial Structure Council, an advisory body to 
METI, has reviewed annually the progress of their implementation in a 
transparent manner. As described earlier, the goal for all industries par-
ticipating in the voluntary action plans is to reduce emissions of CO2 to 
the 1990 level or lower. Industries joining the voluntary action plans in-
clude major manufacturing, energy conversion and other sectors. In the 
base year (1990), CO2 emissions from these sectors accounted for 45 per 
cent of total CO2 emissions in Japan and 84 per cent of CO2 emissions 
from all industries. Each industry set a reduction goal for the 2008–2012 
period. For example, the Federation of Electric Power Companies of 
Japan aims to reduce the emission factor of CO2 for electricity genera-
tion by 20 per cent compared to the 1990 level, and the Japan Iron and 
Steel Federation aims to reduce energy consumption by 10 per cent com-
pared to the 1990 level.

By developing and carrying out these firm voluntary action plans, Kei-
danren has successfully prevented the government from introducing 
regulatory measures under its climate change policy. As advocated in its 
Global Environment Charter, Keidanren has consistently taken a stance 
of attaching importance to technological breakthroughs and cooperating 
with the government in “effective and reasonable measures”. The content 
of the voluntary action plans was incorporated into the Kyoto Protocol 
target achievement plan in 2005, which was drawn up with the inter-
national effectuation of the Kyoto Protocol; Keidanren, however, de-
manding that its plans be strictly voluntary goals, did not allow them to 
be considered as its agreement with the government.

In addition, Keidanren has approached the nation by publishing its 
opinions about climate change policy in the extensive issue-advocacy ad-
vertisements it placed in major national newspapers. For example, in No-
vember 2005, when the nation was gradually becoming interested in the 
introduction of environmental taxes, Keidanren swiftly inserted an issue-
advocacy advertisement in national newspapers arguing that it was 
doubtful whether environmental taxes were effective and that such taxes 
ran counter to measures to cope with global warming. More recently, in 
March 2009, Keidanren published a similar advertisement warning that 
efforts to reduce CO2 emissions would place a major economic burden 
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on the lives of people; this came under fire from leading environmental 
NGOs in Japan (WWF Japan, 2009). Moreover, in late May 2009, in re-
sponse to the government on the issue of how its medium-term goal for 
reducing GHG emissions for the period after 2013 should attract public 
attention, Keidanren, together with the department store and hotel in-
dustries as well as trade unions such as the Japan Federation of Basic In-
dustry Workers’ Unions, ran an issue-advocacy advertisement in national 
newspapers arguing that from the viewpoint of international equality, 
heavy burdens placed on Japanese citizens and practicality, it was appro-
priate to set the goal of a 4 per cent reduction in CO2 emissions com-
pared to the 2005 level (Alternative 1 in Table 6.2.1).

There was a new development after Yasuo Fukuda assumed office as 
prime minister in autumn 2007. It was decided that policy discussions for 
an international framework for the period after 2013 would be held while 
coordinating the three parties concerned under the leadership of the 
prime minister. In February 2008 a meeting to discuss global warming, 
presided over by the prime minister, was organized. The objective of this 
forum, which comprises a dozen or so experts, is to decide a framework 
for climate change policy for the period after 2013, and its members in-
clude Hiroshi Okuda, former chairman of Nippon Keidanren, as well as 
two leaders from the steel and electric power industries. The meeting has 
formed three subcommittees under its control: the “medium-term goal”, 
“model city planning for a low-carbon society” and “policy methods” for 
discussions about emissions trading.

In June 2008, as the G8 Hokkaido Toyako Summit drew near, then 
Prime Minister Fukuda unveiled the vision for a low-carbon society (the 
so-called Fukuda Vision), suggesting a medium-term numerical goal to 
reduce GHG emissions during the period after 2013. At the Hokkaido 
Toyako Summit, G8 nations reached a basic agreement on the long-term 
goal of halving the world’s GHG emissions by 2050 as advocated in the 
Fukuda Vision, and the Japanese government expressed its intention to 
reduce GHG emissions by 60–80 per cent by the same year. The Fukuda 
Vision was documented as the action plan for creating a low-carbon soci-
ety, and was adopted at a cabinet meeting in July 2008. Although this 
plan was criticized as lacking novelty and not being drawn up based on 
opinions from the public, it determined the direction of Japan’s climate 
change policy for the period after 2013. It proposed a sectoral approach 
(working out a national goal by adding up each industry’s GHG emis-
sions) as a methodology; it sought participation by all countries world-
wide and fairly set a total GHG emission goal for each country. In the 
Cool Earth Partnership Program under the action plan, Japan expressed 
its intention of providing a fund of $10 billion over five years to encour-
age many developing countries to join the plan. Among the economic 
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methods which the MOE, METI and industry had intensely argued for or 
against over the past decade, the action plan stated that emissions trading 
would begin in autumn 2008 on a trial basis by integrating the domestic 
markets. The plan avoided making a clear reference to environmental 
taxes (carbon taxes), and only mentioned that it would promote the 
greening of the whole tax system.

After this action plan was worked out, the meeting was commissioned 
to discuss important matters that would help form Japan’s climate 
change policy, such as the trial implementation of emissions trading and 
consideration of a medium-term goal. Reflected in this political decision-
making system led by the prime minister is the extraordinary determina-
tion of the Japanese government and industry, which have both been 
preparing for over 10 years for a fight to make up the ground lost since 
the Kyoto Conference (COP-3).

6-2-3 The 6 per cent GHG emission reduction scenario has 
gone astray

Japan’s total GHG emission volume in the base year was 1,261 million 
tonnes (in CO2 equivalent), and its target set by the Kyoto Protocol is 
1,186 million tonnes. However, its GHG emissions have continued to 
grow, although they fluctuate, and in 2007 reached 1,374 million tonnes, a 
record high and over 9 per cent more compared to the base year. Since 
2000 CO2 has accounted for 94–95 per cent of total GHG emissions, with 
emissions of energy-derived CO2 representing about 90 per cent. There-
fore the top priority in climate change policy should be how to change 
the fossil energy consumption structure. But since it was fully recognized 
that it is difficult to reduce emissions of energy-derived CO2, from the 
very onset the basic scenario was to ensure that these emissions remained 
almost at the same level (±0 per cent) and achieve the 6 per cent reduc-
tion goal by other means. This scenario has so far undergone little change. 
In fact, the breakdown of reduction rates expected in the Kyoto Protocol 
target achievement plan, which was revised in March 2008, indicates 
about 1.5 per cent for CO2 (from the non-energy sector), methane (CH4) 
and nitrous oxide (N2O) combined; about 3.8 per cent for forest absorp-
tion; about 1.6 per cent for the utilization of the Kyoto mechanisms; and 
about 1.6 per cent for chlorofluorocarbon (CFC) substitutes. Emissions of 
energy-derived CO2 are expected to grow 1.3–2.3 per cent, taking into ac-
count the greater reduction in CFC substitutes than initially projected.

In other words, this means that Japan’s climate change policy, aiming to 
check the rise in emissions of energy-derived CO2, has focused on spread-
ing energy conservation technology that could be used for the immediate 
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future, promoting wider use of some renewable energy and increasing 
nuclear power generation. In its periodical policy evaluations, the govern-
ment was never confident that it could achieve the 6 per cent reduction 
goal, but at each policy evaluation it announced additional measures in 
part to resolve the shortfall in the reduction of GHG emissions, calcu-
lated their effects in quantitative terms and explained to the nation that 
the goal could be achieved but with some difficulty.

The following is a brief history of the important measures that have 
been taken in Japan. Prior to the adoption of the Kyoto Protocol, Kei-
danren began its initiatives for voluntary action plans in January 1997. In 
April the Law on the Promotion of New Energy Usage was enacted, 
and in October Toyota Motors launched the Prius, which has become a 
synonym for hybrid cars. In spring 1998 the Energy Conservation Law 
was revised, and energy conservation standards were introduced for con-
sumer electronics and automobiles under the “top-runner system”, which 
makes the highest energy efficiency attained in a given product category 
a standard efficiency level for that category. The Energy Conservation 
Law covers a wide range of areas, including energy conservation at facto-
ries through improved energy management, and the improvement of en-
ergy conservation performance for automobiles, consumer electronics, 
other product categories and for buildings, through higher heat-insulating 
performance and other measures. Later, the law was revised several times 
to tighten regulations, and has continued to be a sure-fire measure for 
achieving the goal set by the Kyoto Protocol.

Based on the Law on Special Measures Concerning New Energy Use 
by Electric Utilities, the target of utilization of electricity from new en-
ergy by electric retailers for the year 2010 has been set at 12.2 billion 
kilowatt hours. Moreover, the government aims to introduce in 2010 a 
total of 19.1 million kilolitres of new energy in crude oil equivalent, in-
cluding 3,000 MW of wind power and 4,820 MW of solar power, as well 
as use of biomass and other types of new energy; this is estimated to 
 account for around 3 per cent of the total primary energy supply. How-
ever, both wind and solar power generation facilities operating in March 
2006 were less than half the goal. In 1994 the government began granting 
subsidies to households when they introduced photovoltaic power gener-
ators, and increased the subsidy budget thereafter. The subsidy system 
was abolished in 2005, according to a decision by the Ministry of Finance 
that the role of the government in terms of using subsidies to boost de-
mand for solar panels had come to an end. However, in January 2009 it 
restored the subsidy system for photovoltaic power generation. As shown 
by these events, the government’s policy was inconsistent. In February 
2009 METI finally announced its policy of introducing the feed-in tariff 
system for power generated by solar panels, but whether this system will 
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produce satisfactory effects within the first commitment period is doubt-
ful. The government advocates massive proliferation of photovoltaic 
power generation in housing as one of the principal measures to achieve 
its medium-term goal for 2020.

The government placed its greatest hope on the spread of nuclear power 
generation as a measure that was expected to bring results by around 2010 
without fail. In 1998 METI launched an aggressive plan to build 20 addi-
tional nuclear reactors by the first commitment period; but thus far only 
four new reactors (4,450 MW) have begun operation, with three (about 
3,670 MW) under construction. At present (as of April 2009), 53 nuclear 
reactors capable of generating about 48,000 MW are in operation, supply-
ing approximately 30 per cent of the total electric power. Their average 
operation rate, however, which peaked in 1998 at 84.2 per cent, has 
dropped to 60  –73 per cent since 2002 due to several shutdowns of reactors 
caused by human error or earthquakes. Seven reactors (8,200 MW) at the 
Kashiwazaki-Kariwa nuclear power station, the largest in Japan, which 
caught fire after the Niigata Chuetsu-oki earthquake in July 2007, com-
pletely discontinued operation for the two subsequent years.

Due to the decline in the operating rate for nuclear power plants and 
the increase in coal consumption exceeding the growth in natural gas 
consumption, CO2 emission factors of electricity generation, which had 
fallen in 1998 to 0.354 kg-CO2 / kWh, a record low, grew 28 per cent in 
2007 to 0.453 kg-CO2 / kWh, an 8 per cent increase compared to the 1990 
level. Furthermore, the proportion of the electric power sector’s CO2 
emissions in total CO2 emissions, which had been only 25 per cent in 
1998, rose to nearly one-third in 2007, when the electric power sector 
emitted 417 million tonnes of CO2, a remarkable 51.6 per cent increase 
compared to the 1990 level (Ministry of the Environment, 2009; Nippon 
Keidanren, 2008).

Another problem is the liberalization of the electric power sector, 
which has been advanced in phases since 1995. Many of the new opera-
tors that entered the electric power business use low-cost coal, residue oil 
and other substances for fuel, and this has boosted total CO2 emissions. 
In the process of environmental impact assessment for newly planned 
coal-fired thermal power plant, the MOE has often demanded that elec-
tric power companies do their utmost to reduce CO2 emissions. However, 
that is inevitably limited to partial policy discussions about the national 
energy supply plans. Japan has not yet established a strategic environ-
mental assessment system, and is urged to build a legal system for evalu-
ating energy supply plans in a comprehensive manner from the viewpoint 
of climate change policy.

Figure 6.2.2 indicates changes in total GHG emissions in Japan and 
CO2 emissions by sector. CO2 emissions resulting from energy conversion 
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(electricity generation, oil refining, etc.) are allocated to the final energy 
consumption sector. Large volumes of CO2 are emitted by the iron and 
steel, chemicals, petroleum, paper and pulp and cement industries. Total 
CO2 emissions for this sector are lower than the 1990 level, but the
iron and steel industry, which emits the largest volume of CO2, has not 
yet achieved the goals in its voluntary action plan (Nippon Keidanren, 
2008).

The business, private household and transport sectors emit large vol-
umes of CO2 and have seen their CO2 emissions grow at a high rate. (It is 
necessary to note that increases or decreases in CO2 emissions from busi-
nesses and private households are easily affected by the fluctuation of 
the CO2 emission factor for electricity generation.) The transport sector, 
however, has seen its CO2 emissions fall after they peaked in 2001 (see 
Figure 6.2.3). This is due to the improvement in fuel efficiency and the 
reduction of traffic volume of passenger cars. Moreover, the automotive 
green tax system was introduced in 2001, under which lighter taxes are 
levied on fuel-efficient, low-emission cars and heavier taxes are imposed 
on fuel-inefficient cars, and this contributed to the fall in CO2 emissions 
from the transport sector.

Figure 6.2.3 Increase or decrease in CO2 emissions by sector and CO2 emission factors 
of electricity generation, 1990 –2007
Source: Based on Ministry of the Environment (2009).
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However, tighter regulations under the revised Energy Conservation 
Law have not yet yielded noticeable effects in the private household and 
business sectors, indicating that growth in total energy demand exceeds 
the improvement in energy efficiency of machinery and electric a pparatus. 
Measures taken to reduce CO2 emissions in Japan are still not bringing 
satisfactory results in terms of demand-side management.

In its reviews of Japan’s environmental policy in 2001, the Organisation 
for Economic Co-operation and Development (OECD, 2002) recom-
mended that Japan should introduce economic instruments such as envir-
onmental taxes. As indicated by this recommendation, Japan is lagging 
far behind in taking measures in this field. Since the Basic Environment 
Law was established in 1993, stipulating economic instruments as an im-
portant means of environmental policy, the MOE has patiently consid-
ered introducing environmental taxes and made various efforts to consult 
with other government agencies and politicians about such taxes. Indus-
trial circles, however, mounted a strong campaign against environmental 
taxes out of concern about their adverse effects on the Japanese econ-
omy; this, coupled with discussions about double taxation under the exist-
ing energy tax systems and raising consumption tax rates, makes the issue 
complicated. For this reason, the Tax System Council of the former ruling 
Liberal Democratic Party, which was practically the highest decision-
making body in tax system reforms, put off arriving at a conclusion each 
year, stating that “it would continue to consider this issue in a compre-
hensive manner”.

As the carbon market grew rapidly on a global scale, on the other 
hand, the Subcommittee on Policy Methods of the meeting to discuss 
global warming issues made progress in considering emissions trading in 
Japan. In October 2008 emissions trading started on a trial basis to inte-
grate carbon markets in Japan. Over 500 companies from the key manu-
facturing, electric power and other industries participate in the integrated 
carbon market. Based on CO2 emissions for the period until 2012, allo-
cating emissions to market players using the benchmarking system is 
being considered.

The governor of Tokyo, Shintaro Ishihara, who has exerted a great in-
fluence over the national government’s policy by implementing advanced 
environmental policies such as automotive exhaust gas regulations, has 
created a sensation in addressing climate change issues. Before the na-
tional government, the Tokyo metropolitan government has decided to 
introduce a system in April 2010 under which, in a tie-in with emissions 
trading, it imposes a duty of reducing total GHG emissions upon some 
1,300 business sites in Tokyo. Attention is being focused on the effects of 
the regulatory measures taken by the Tokyo metropolitan government, 
because local governments have so far concentrated on the intangible as-
pects of measures to cope with global warming.
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The national government has also been enthusiastic in taking soft 
measures to reduce GHG emissions by inspiring national movements. 
These measures helped to arouse people’s interest in climate change is-
sues and were responsible for causing an eco-boom. In particular, since 
the Kyoto Protocol took effect in 2005, the MOE has attached impor-
tance to the development of national movements. Especially well known 
in Japan are the “Cool Biz” and “Warm Biz” campaigns proposed by then 
Minister of the Environment Yuriko Koike in the summer of 2005. These 
campaigns aim to reduce energy consumption for air-conditioning sys-
tems in homes and offices by encouraging people to dress lightly in sum-
mer and wrap up well in winter. Team Minus 6% is a virtual national 
movement operated on the internet. By June 2009 more than 30,000 com-
panies and associations and over 3 million individuals had joined the 
organization, making it a centre for a national campaign that aims at life-
styles and societies with less CO2 emissions. However, the effects of in-
tangible measures overlap those of other measures, making them difficult 
to grasp; moreover, the quantities of the effects are limited. In addition, 
since 1998 politicians have on several occasions announced a plan to in-
troduce a summer-time system in Japan, but this has not materialized be-
cause definite positive effects cannot be expected and it may lead to 
overwork and other undesirable results.

The volume of primary energy supplied in Japan during the 2004–2007 
period on a calorie basis increased 15–16 per cent compared to the 1990 
level. During this interval, the country’s dependence on petroleum de-
clined from 56 per cent to around 45 per cent. The natural gas supply 
nearly doubled, with its share up from 11 per cent to 17 per cent, and the 
coal supply rose from 17 per cent to around 21 per cent. But nuclear 
power supply has remained sluggish since 2001, with its share hovering at 
around 10 per cent, and the natural energy supply is negligibly small. 
During the same period, emissions of energy-derived CO2 grew 12–15 
per cent compared to the 1990 level. This means that the degree of car-
bon intensity was slightly lowered, due chiefly to a growth in natural gas 
consumption.

Despite the many measures taken by the government, GHG emissions 
have continued to grow since the Kyoto Protocol was adopted, and at 
each evaluation of the policy’s effects, the government has seen the gap 
between its goal and the results become clearer. The list of effective ad-
ditional measures that can be taken during the remaining period is be-
coming scanty. Based on the results for 2005, the Kyoto Protocol target 
achievement plan, which was revised in March 2008, offered additional 
measures – equivalent to a reduction of 37 million tonnes of CO2 – to 
achieve the goals. It became clear at the end of April 2009, however, one 
year after the revision of the plan, that GHG emissions for fiscal year 
2007 were 1,374 million tonnes, a record high and 16 million tonnes more 
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than in fiscal year 2005. On the face of it, the Kyoto Protocol target 
achievement plan has failed.

It is believed that the only realistic way left to ensure the attainment of 
the target is for the electric power and steel industries to make up the 
shortfall in the reduction of CO2 emissions by acquiring credits from 
overseas in order to achieve the goals of their voluntary action plans, in 
addition to the government’s utilization of the Kyoto mechanisms (about 
100 million tonnes of CO2). Currently, the total Kyoto mechanism credits 
that these two industries will utilize over the five-year first commitment 
period are estimated to be about 250 million tonnes of CO2 (Agency for 
Natural Resources and Energy of Japan, 2009).

6-2-4 Climate change policy and journalism

Reports by the Japanese mass media on climate change issues have taken 
on a look of being event-driven, concentrating on major events in Japan 
and abroad such as the Earth Summit in 1992, the adoption of the Kyoto 
Protocol in 1997, the withdrawal by the United States from the Kyoto 
Protocol in 2001, the publication by the IPCC of its series of Fourth As-
sessment Reports starting in February 2007 and the G8 Hokkaido Toyako 
Summit in 2008. In particular, the coverage of IPCC reports, which as-
serted that the causal relationships between human activities and climate 
change had become clear, and the winning of the Nobel Peace Prize by 
the IPCC and former US Vice-President Al Gore, aroused Japanese in-
terest in the environment, to the extent that it was reported that an 
eco-boom had been created in Japan. In their TV commercials, many 
businesses emphasize products that emit less CO2, joining the mass
media in calling for viewers to “think about the future of the Earth” and 
“prevent global warming”. Citing the results of his studies in the United 
States, Mikami (2001) points out that the number of reports by the mass 
media on climate change increases during periods when discourses on its 
threats and adverse effects are extensively taken up for discussion, and 
decreases during periods when scientific arguments over the authenticity 
of climate change theories and the economic aspects of climate changes 
are extensively discussed. This applies to the reports by the Japanese 
mass media on IPCC-related events in 2007.

Many researchers in journalism have indicated that reporting on cli-
mate change is particularly difficult (Ikunaga, 2001; Okajima, 2001). Cli-
mate change issues involve a complex mixture of many different elements, 
such as wavering scientific knowledge, the practicability of technology, 
economic effects, complicated international politics and people’s ethical 
views. How to analyse these huge issues and what opinions to express 
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vary depending on the guiding principles of the mass media, as well as 
the characteristic traits of departments (politics, economy, city, science, 
etc.) and reporters responsible for news gathering. Segawa (2009) ana-
lysed some 1,000 editorials published in three national newspapers 
(Asahi, Mainichi and Nikkei) during the period from 1987 to 2007 whose 
titles included the term “global warming”. Subjects often taken up in the 
editorials include environmental taxes, domestic emissions trading, re-
newable energy, nuclear power and bureaucratic sectionalism. Based on 
the results of these analyses, Segawa points out that not only does opin-
ion vary from one newspaper to another, but even editorials on the same 
subject – environmental taxes, for example – in the same newspaper have 
made comments that have changed over time. He also says that these 
newspapers have not gone as far as to affect governmental policy-making 
by raising questions at their own initiative and presenting a roadmap for 
solving the problems.

If the foregoing is taken into consideration, it can be said that as far as 
climate change issues are concerned, storms of reporting have buffeted 
the nation without complete “agenda setting”, as journalism experts call 
it. “Agenda setting” is explained as a particular agenda being such a se-
rious problem that it is taken up as a policy agenda, with its existence as 
a threat generally recognized through specific data and objective facts, 
and socially defined through arguments and conflicts among various sec-
tors of society (Mikami, 2001).

As the position of reporting by the mass media remained unfixed, 
people were asked to express their opinions about the government’s pro-
posals concerning the setting of a medium-term goal as international 
post-Kyoto negotiations approached. It is extremely interesting to find 
out their opinions in this opportunity to express their views about the 
government’s proposals.

From April to May 2009 the government collected public comments 
while showing six alternatives of Japan’s medium-term goal, as listed in 
Table 6.2.1. In addition, in May it conducted an opinion poll by inter-
viewing, on an individual basis, 4,000 people nationwide aged 20 or older 
chosen by random sampling. In this opinion poll respondents were asked 
to choose from among four alternatives, with the second and fourth alter-
natives excluded from the six.

When it collected public comments and conducted the opinion poll, 
the government explained the intentions of the six alternatives of the 
medium-term goal. Explanations included the equivalency of Japan’s tar-
get reduction rate with those of the United States and European Union 
in terms of marginal costs and GDP, as well as the effects that each alter-
native had on decreasing GDP and individual income, increasing the un-
employment rate and fuel and lighting expenses for households during 
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the period until 2020 as calculated on a trial basis. This indicates the gov-
ernment’s strong intention to urge people to choose a practicable version 
of the medium-term goal that is fair from an international point of view. 
Over 10,000 opinions were submitted when public comments were col-
lected, and the number of valid replies to the opinion poll exceeded 
1,200. Figure 6.2.4 shows the results of these two surveys as relative 
values for each of the six alternatives.

As seen in this figure, the collected public comments are polarized, 
with opinions that support Alternative 1 commanding a majority, at 74 
per cent, and those supporting Alternative 6 representing 13 per cent. 
This is probably because organized votes of trade associations under Kei-
danren and labour unions of the key industries concentrated on Alterna-
tive 1, while those of environmental NGOs concentrated on Alternative 
6. The results of the opinion poll, on the other hand, indicate that re-
spondents who support Alternative 3 stand out, accounting for more than 
45 per cent of the total. The results of previous opinion polls on climate 
change policy show there is no doubt that people are highly interested in 
climate change issues (Cabinet Office of Japan, 2005, 2007). While many 
of the questions in these opinion polls concerned respondents’ moral and 
idealistic views of environmental issues, however, questions about the 
medium-term goal in the recent opinion poll urged respondents to make 
a more realistic decision by presenting its negative effects on their lives 
and the economy as a whole.

Figure 6.2.4 Results of public comments and the opinion poll on the medium-term goal
Source: Based on materials submitted to the meeting to discuss global warming, Cabi-
net Secretariat of Japan, May 2009.
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On the evening of 10 June 2009, based on these public views, Prime 
Minister Taro Aso announced the government’s policy after discussions 
at the meeting to discuss global warming issues, over which he presided. 
The policy involved adding 1 per cent to Alternative 3 politically and 
aiming to reduce GHG emissions in Japan alone by 15 per cent compared 
to the 2005 level (8 per cent compared to the 1990 level) without using 
forest sink measures or the Kyoto mechanisms.

On the day after this political decision was made, the morning editions 
of various newspapers carried an editorial on the medium-term goal set 
by the government. The contents of these editorials are summarized in 
Table 6.2.2.

While Yomiuri supported the government’s policy in its editorial, the 
tone of argument in the Mainichi and Nikkei editorials was negative. Yo-
miuri endorsed the government’s arguments for practicability and inter-
national fairness, and reminded the government that in international 
negotiations it should not accept the unrealistic demands of developing 
countries without studying them. Mainichi criticized the government for 
its failure to present, in the process of setting the medium-term goal, a 
vision of how the Earth and Japan should be in the future. Nikkei was 
also critical of the government, arguing that it lacked a strong will for 
economic and social reforms. The newspaper expressed its concern about 
the low target reduction rate, saying that strategically it would prevent 
the government from taking leadership in international negotiations. 
Asahi proposed that rather than focusing on the medium-term goal alone, 
the government should take daring measures to advance structural re-
forms for industry and society with the aim of early achievement of a 
long-term goal. All these newspapers agree, however, that moving to-
wards the realization of a low-carbon society with high technological ca-
pabilities will bring economic benefits to Japan some time in the future. 
But there are no original or specific proposals in these editorials; all cited 
measures and means for achieving the medium-term goal that are ordi-
nary today, like further promotion of energy conservation and introduc-
tion of new energy (Asahi and Yomiuri) and carbon taxes and emissions 
trading (Asahi).

Domestic discussions over the medium-term goal have not yet settled 
down. With both industry and environmental NGOs left dissatisfied with 
the government’s policy decision, the stage for policy-making on climate 
change will shift to international negotiations. Many doubts remain as 
to whether the way the government sought people’s opinions on its 
m edium-term goal adequately took into account a quarter of a century of 
discussions about climate change issues, and whether it was neutral. Ana-
lyses of the medium-term goal-setting process reveal, however, that the 
news media in Japan have not been able to form solid opinions about the 
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government’s climate change policy. And it is likely that people’s recogni-
tion of the importance of climate change as an environmental issue is 
separated from realistic policy decisions and pushed to the back of their 
minds.

6-2-5 Conclusion

Japan’s industry and energy policy-makers, who regard the Kyoto Proto-
col as an unequal treaty, have continued to demand that a fair total GHG 
emission reduction goal be allocated to each country from a global per-
spective. According to their arguments, it is more important to aim at re-
covering lost territory in post-Kyoto negotiations than to make strenuous 
efforts to achieve the target set by the Kyoto Protocol.

Japan’s strategy for bargaining in post-Kyoto international negotia-
tions, which went into full swing in 2008, was revealed to the nation in the 
administrative process of medium-term goal setting. But with the govern-
ment focusing on pursuing this strategy, drastic economic and social re-
forms to create a low-carbon society have been left completely untouched 
by debate. There has been no discussion as to who should bear the huge 
economic burdens that will weigh heavily on Japan in the future as cli-
mate change progresses, and how. Nor has any government policy been 
worked out with respect to what measures should be taken to adapt to 
the adverse effects of climate change.

There is no doubt that global trends in efforts to grapple with climate 
change have determined the direction of industrial and technological 
development in Japan. It cannot be denied that climate change has accel-
erated the improvement of energy conservation performance for auto-
mobiles and consumer electronics, as well as that of new energy 
technology such as photovoltaic power generation, and these improve-
ments are the result of policies that have supported such industrial and 
technological development. Many experts expect that Japan’s industrial 
technology, which is unrivalled in the world, will continue to lead a low-
carbon society and drive the economy in the future, and these expecta-
tions cannot be denied, either. What the government’s policy has achieved 
during the past dozen years or so, however, was no more than just a 
ripple on the surface of a deep lake, and it is still uncertain whether the 
government can make sure that total emissions of energy-derived CO2 
will peak by 2020.

Just as Japan struggled to cope with the recent serious economic slump, 
the government drew up a large supplementary budget for fiscal year 
2009 worth ¥15 trillion to revitalize the economy, and appropriated 10 
per cent of it to the cause of facilitating a low-carbon revolution. In 
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particular, the “green new deal policy” aimed at protecting the environ-
ment and increasing consumer spending attracted people’s attention; 
¥290 billion in subsidies was allotted to popularize energy-saving home 
appliances, and ¥370 billion in subsidies and major tax cuts to encourage 
the replacement of existing cars with fuel-efficient ones. We cannot help 
but feel baffled by a government’s temporary fiscal measures to encour-
age people to replace products with a lifespan of about 10 years with new 
ones on an extensive scale being presented as environmental protection 
measures. The environmental policy, which accepted the necessity of 
making the environment compatible with the economy after the Earth 
Summit, now seems to be forced to make a difficult decision while being 
buffeted by energy and economic policies.
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6-3

The conceptions of “environment” 
and eco-philosophy
Hideo Kawamoto

“Environment” is an ambiguous, suggestive concept. In essence, an envir-
onment is something that encompasses systems (of people, things, organi-
zations, lives, etc.) while existing alongside those systems. The environment 
is not the natural world in general. This notion of environment emerges 
clearly as a concept in European thought with the use of “environment” 
in Darwin’s evolutionary theory to mean the “set of conditions governing 
survival”. Living creatures do not inhabit the world as such. The “world 
as such” and “nature as such” are, as it were, conceptual constructs that 
come into being as objects of perception. And these constructs obviously 
only come into being when they have been isolated and separated from 
human life.

Living systems exist within an environment, though not in the sense 
that a rock occupies a certain position in space. An environment is not 
uniform, nor does it exist independently of the systems. Moreover, envir-
onments are peculiar to individual life forms of the system, or at least to 
each species. However, as life forms thus have their own environment-
world, how can the peculiarities of such environments be defined? The 
environment in which systems exist is itself, neither a world that can be 
apprehended by an observer objectively nor a thing with an objective 
subsistence. Still, should one attempt to control the environment, one 
must apprehend its basic mechanism through some technique. When we 
try to define something as explicitly as possible that cannot reveal itself 
in its entirety, we confront a difficult problem that is also an issue in phi-
losophy. One research technique is phenomenology, and there are similar 
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mechanisms of experience belonging to various kinds of Eastern thought. 
As instances of Eastern thought, this chapter will consider Taoism and 
the Sohto-Zen Buddhism of Dohgen. These sought to develop and ex-
press clearly a way of experience so as to identify “the workings of things 
that, naturally, are as they are”. Zinen (nature) is the word used to talk 
about such workings.

The chapter will also consider another form of peculiar human experi-
ence, namely the act of making, or production. There are deeply rooted 
issues related to environmental problems here. After all, production has a 
way of always surpassing human stature. Production, moreover, is charac-
teristic of an ever-advancing civilization, be it Eastern or Western. Pro-
duction involves situations that carry with them choices that have yet to 
be explored. Finding the paths by which to realize this potential and its 
development is one important concern of eco-philosophy. From that van-
tage point, one can examine the possibilities that develop as a result of 
these ideas once it is realized that the environment itself and human civi-
lization form a kind of system. This will reflect on arguments about self-
organization since the 1960s as they apply to the environment. The basic 
arguments in this chapter will be on the cutting-edge of dynamic equilib-
rium, or “double-stability”, and on “hypercycles”, a higher order of self-
organization.

6-3-1 Things that are what they are naturally

In Chinese Taoism, practical action centres on mui shizen (doing nothing 
and being natural). The foundation of this practical philosophy is in com-
pliance with, and does not deviate from, ten no michi (the way of heaven). 
“The king obeys the earth, the earth obeys the heavens, the heavens obey 
the way, and the way obeys nature.” In this context, nature means that 
“things are, naturally, the way they are”, and does not mean the great 
outdoors. Still, in several descriptions “the natural world” is used repeat-
edly as a literary metaphor. In effect, nature is the essence, force or 
mechanism that makes the great outdoors what it is naturally; thus, in the 
context of Taoism, there is little difference whether one calls nature the 
great outdoors or the essence of mind. Both people and the great out-
doors are said to exist in conformity to the fundamental principle of the 
cosmos. All things, that is, exist as part of the cosmos in conformity with 
the cosmic principle that “things are, naturally, the way they are”. People 
exist as people, mountains as mountains. The force by which people exist 
as people, or mountains as mountains, comes from the way of the cosmos.

Some philosophers found the idea for conceptual models of physics in 
Taoist nature studies, known generally as the New Science (Capra, 1975; 
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Bohm, 1976). Capra (1975) stressed the fact that Eastern thought, includ-
ing Taoism, contained within it many of the logical categories that leading 
physicists had found and revealed. Under Taoism’s fundamental concep-
tion of unity, all things are one and mutually connected. Being mutually 
connected within the cosmos, and thus inseparable, all things, it was held, 
were nothing more than the various manifestations of one ultimate real-
ity. Such a conception was even said to have offered a way of thinking 
similar to quantum mechanics. At the very least, under Taoism the world 
is not something made up of mere individual entities.

Moreover, in this respect, things are no longer to be grasped o bjectively 
from the perspective of an observer. Rather it is the very organization of 
one’s relationship to things that constitutes observation. This o rganization 
of relationships, or the idea that interactions inhere in observation, is one 
found in Taoism. It is the critical fact that became clear with the measure-
ment problem in quantum mechanics. An object exists under such special 
conditions that the act of observation falls within the limits of measure-
ment error; when such special conditions are eliminated, there is nothing 
that does not interact. In other words, observation itself is one kind of 
interaction. At the extreme, experience is able to come into being to the 
point that the very difference between observers and observed things 
vanishes. This is one of Taoism’s distinctive features.

The complementarity of opposed entities is also apparent. In Taoism 
there is no such notion that evil might be defeated and a pure good at-
tained. Absolute good, pure good and so forth cannot be regarded as 
human ideals to achieve. Good and evil are mutually opposed and, in 
fact, complementary. They are phenomena that manifest themselves at ei-
ther extreme; indeed, intimately related, they form a dynamic pair. Such 
complementarity signifies the limitations of each independent concept, 
and this fact is similarly evident, it is claimed, in the complementarity of 
position and momentum in quantum mechanics.

There is no doubt that various concepts that have been overlooked by 
classical physics – intimate connections between a part and its whole, in-
teractions between individual elements, the indivisibility of subject and 
object, the mutual complementarity of seeming opposites – were, albeit 
latently, a part of the Taoist world. In general, we are compelled to feel 
through the statements of Taoism that these concepts are in some 
measure only simple analogies, or even forced rationalizations. It is, how-
ever, a distinguishing feature of Capra (ibid.) and the New Science that 
they identify these levels of analogy between physics and narrative argu-
ments by Taoism.

Among Zhuangzi’s anecdotes are many pieces that are distinct from 
his systematized concepts, yet rich in implication. Taking the form of 
allegories and parables, they give us many insights in a way that differs 
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from a systemized understanding of his writings. In fact, we have many 
issues that we can understand simply by relating them in parable form. 
A parable, in effect, is a microcosm that exists of itself and suggests 
something that cannot be related in any other form. For this reason, the 
parable may appear anecdotal; however, it is in fact more than a mere 
anecdote.

For example, there is the story about Hundun (Chaos), whose body 
had no openings (Legge, 1962: 266 –267). In appreciation of the courtesy 
shown them by Hundun, two guests offer to create openings in his body 
like any normal person’s. Guessing that the guests probably made their 
offer in good faith, he accepts. Each day the guests create one opening in 
Hundun’s body until he has seven openings by the seventh day, like a 
normal person, whereupon he dies. While the parable seems to suggest 
that his death occurred because the guests’ actions were not in keeping 
with mui shizen, “doing nothing and being natural”, it is too rich in impli-
cation to interpret in such a way.

We can consider how intentional artifice is at work in this scene. Peo-
ple have seven openings innate in their bodies. This situation is a natural 
state. There should be nothing intentionally artificial about making a per-
son resemble this. Common sense would suggest that creating openings 
in Hundun’s opening-less body should bring him closer to a natural state. 
Yet Hundun dies. Does this mean that there is a problem concerning 
creating openings from outside one’s own body? People naturally have 
openings that serve as innate sensory systems. Is there a problem with 
creating such openings from the outside, in a way that differs from the 
process by which they are formed naturally? If so, then normal plastic 
surgery seems to be completely invalid and there should be no choice 
between simply creating an opening from outside and an opening form-
ing naturally from the inside. In the case that an opening is created from 
inside as an opening to the world, the inside and the outside have been 
already distinguished by an outside observer. The observer on the outside 
seems to conclude that the lack of an opening is an obstruction that pre-
vents any connection with the world. Yet anyone without openings ought 
to feel neither that his own body is inside nor that he cognizes he is con-
nected to the world by the process of creating openings. After all, Hundun 
had no knowledge of the outside. He ought not to have felt that creating 
an opening would connect him to the outside from the inside. Intentional 
artifice, one might conclude, lies in the fact that the gap between outside 
and inside is never covered by the creation of an opening.

This fact conveys more deeply the essential truth of what “doing noth-
ing and being natural” means. While the outward appearance of two 
identical states – one formed of its own accord, the other created by out-
side intervention – may be the same, their actual conditions will differ. At 
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the same time, this is not a mere problem of perspective – that is, of 
whether to apprehend conditions from the outside or from the inside. 
After all, Hundun had presumably not understood what it meant to 
apprehend his circumstances from the inside. The implication of doing 
nothing and being natural has nothing to do with the question of which 
perspective is to be adopted. The fundamentals of doing nothing and 
being natural subsist in three points. First, it is necessary to elicit func-
tioning that conforms to a thing’s own peculiarity. Second, any external 
operations will, in that context, only provide an impetus to the function-
ing of this peculiarity, intervening in a way that supports it. All interven-
tions that do not encourage such functioning are, in all cases, extrinsic. 
Third, in this context it is not a matter of transferring the outside per-
spective to the inside, but rather one of initiating a process by which per-
spective as such can emerge.

How might one go about identifying such natural functioning? To take 
notice of natural functioning in everyday life alone is probably difficult. 
After all, many people live, as they must, amid the vicissitudes of the 
mundane world and are swayed by their emotions in their perception of 
things. This natural functioning thus represents itself through conditions 
that cannot be perceived without some kind of disciplinary practices. Zen 
meditation is one such practice.

The Sohto sect of Zen Buddhism, founded by Dohgen, is Japan’s most 
widespread Zen sect, and its Zen riddles (“problems” upon which to 
meditate) are well known. Roughly speaking, practitioners use breathing 
techniques to slow their thinking, decreasing their breaths to two or three 
per minute. They can thus move from a state of active thoughts to one of 
half-sleep, or perhaps reach a place where the boundaries of conscious-
ness are thrown into relief by neutralizing its workings. At this stage they 
begin to see phenomena appearing of themselves naturally and vividly, 
instead of using consciousness to grasp matters in a controlled fashion. 
Perception at this stage is thought to grasp the natural way of things, a 
kind of process that Dohgen called shinshin datsuraku (shedding mind 
and body). Once consciousness is neutralized, normal human perception 
becomes but one interpretation of reality. From that position they seek to 
grasp the reality of things.

Similar ideas are seen in both Aristotle and phenomenology. The father 
of all learning and thinking, as he is called, Aristotle stressed theoria 
(contemplation) as a method that involved keeping one’s mind neutral 
while in a state of mental quiet. From this vantage point one could grasp 
nature’s relations. What he called contemplation was the emotionally 
peaceful observation of nature in a state free from relations of interest. 
Hence, for Aristotle, though it carried no meaning akin to environment, 
nature was a topic of study in which all things had their own natural 
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essence, or peculiarity, that could be identified. Therefore, for instance, 
the essence of things subsists in the purposes or goals towards which they 
move. The essence of physical objects lies in the earth; hence things fall 
downward in conformity with their essence. This was his way of thinking 
and manner of grasping nature. Concluding that a thing’s essence subsists 
in the aim towards which it tends, he looked to its end to grasp the natu-
ral way of a thing’s being. It was a way for the observer to reach neutral-
ity independent of his emotions and values in order to grasp the natural 
course of the way things are.

Phenomenology (Husserl, 1931) attempts a thorough elucidation of 
conditions that are already occurring within the workings of conscious-
ness. The fact that they have occurred at the level of experience in life 
means that the essence of consciousness has played a role in the already 
experienced life, and has already experienced the world. To the extent 
that the world of experience is continuous with being alive, there is no 
distance between being alive and the world; before it can ever be per-
ceived for what it is, the world is already as it is. There is no distance be-
tween consciousness and the world vis-à-vis a world that has come into 
being before it is ever perceived. The classic example of experiences with 
no such distances is phenomena that appear directly before one’s eyes. 
The operation that creates distance, in this experience without distance, 
is what is called “phenomenological reduction”. Phenomenology is the 
method of describing the world at the level of experience as mediated by 
this operation. It does not only neutralize consciousness, but also research 
at the point of neutralization of the already-in-effect workings of con-
sciousness as an action itself.

For example, were one to attempt to know the kind of essence that is 
an apple, one would normally gather as many apples from around the 
world as possible, analyse them and seek to know their shared qualities. 
Such shared qualities are extracted by a method of induction. In the 
course of gathering apples of various colours, shape and taste, one would 
presumably exclude pears, mandarins and so on. That is, before one ever 
examines the apples by scientific and analytical methods, one already 
knows well what an apple is. At work at this stage is the “substantive in-
tuition”, that is the intuition upon which survival depends. Such intuition 
has no way of answering how one knows an apple is distinct from a pear, 
yet nonetheless the distinction has already been put into effect in life.

In Dohgen’s case, similar to phenomenological reduction, the effort to 
grasp matters with a neutralized consciousness involves a distinctive 
method by which the things one can actually see are cognized as if set in 
brackets. This method is his frequent use of negation, by which he tries to 
perceive reality’s true form. “Life and death are not one, but neither are 
they different. They are no different, yet they are not equivalent. They 
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are not equivalent, but neither are they varied. For this reason, when life 
manifests its workings in their entirety, many different phenomena exist; 
likewise, when death manifests its workings in their entirety, many differ-
ent phenomena exist.” This chain of negations attempts to grasp workings 
as a whole, as the appearances of zenki (all processes). Negation is the 
performable method in order to grasp this “appearance of all processes” 
in which the workings of consciousness are neutralized (Dohgen, 2008: 
355–357). As suggested by expressions like “the mountains run, the rivers 
stay”, he also sought to distance himself from reality by negating it in 
peculiar ways.

It was the pre-war physiologist and wartime Minister of Education Ku-
nihiko Hashida who thought it possible to apply these methods to the 
science of physiology, by applying Dohgen’s insights on life to a physio-
logical theory of life as well. Given that the substance of life lay in zenki, 
he believed it necessary to grasp activity, through an act of intuition, as 
the manifestation of activity of life (Hashida, 1935, 1977: 25–39). What he 
expected to grasp in this way was nature the way it exists naturally. The 
distinguishing quality of that which we call an environment subsists in 
the fact that we already live alongside it before we ever apprehend it 
rationally or analytically. For that reason, in terms of phenomena at the 
level of experience of life, nature in this sense was precisely akin to what 
today we call “the environment”.

6-3-2 Transcending oneself

Scientific technology, according to common belief, has transformed na-
ture, creating a man-made nature while destroying nature as such. In the 
background, the Christian view of the hierarchy of nature and Bacon’s 
empiricist control can both be cited. In the Christian view of nature’s hi-
erarchies, God is at the zenith, spirits in physical form and rational hu-
manity next, followed by plants and animals and other natural creatures. 
In this context, nature falls below humanity, which controls and exploits 
it. This view differs completely from the Eastern view of nature. In the 
Christian view, however, control over nature is accompanied by responsi-
bility towards nature. Both interest in and awareness of nature preserva-
tion are thought for this reason to be stronger than in the East.

In fact, during its high-growth period after the war, Japan was one of 
the planet’s great polluters. The fruits of scientific technology that were 
imported from the West during this time were fully accepted by people 
and companies, while wastewater and other toxic waste were entrusted 
to the purifying power of nature as mother, in what was truly a conve-
nient distinction. In this context, responsibility towards nature may have 
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been both clearer and stronger in Christian cultural spheres than in 
Japan.

That being the case, one expects that the question is not at the root of 
whether to choose a Western or Eastern view of nature. Replacing a 
Western view of nature with an Eastern one will not perhaps resolve the 
problem. With his Christian view of nature, Bacon is said to have r eplaced 
the Aristotelian conception by stressing empiricist control over nature. 
Explaining that “knowledge is power”, he announced that knowledge 
was not simply to know something about nature, but rather to wield 
power over it and actually affect it. In this case as well one must know 
what nature is. The scientific method Bacon advocated then was “induc-
tion”. As Bacon himself explains, however, to subjugate nature one must 
conform to nature; without obedience to nature, nature can never be sub-
jugated (Sakamoto, 1981). One would locate a path for conforming to na-
ture, and conceive how one might go about controlling nature along that 
path. For that reason, what Bacon calls “control over nature” in fact lo-
cates nature’s rules and adjusts to them; it draws one into nature in order 
to control it. That being the case, the rational control of nature as such is 
not necessarily irrational as a view of nature. The root of today’s environ-
mental problems is then not, one might conclude, on this level of one’s 
view of nature.

Rather, production – the making of things – in general has major 
 problems as regards environmental problems. According to philosophical 
anthropologist Gehlen (1971), there are two human situations that 
emerged in tandem with the making of things. The first is release from 
burden (functional substitution). For instance, replacing one’s hands with 
a shovel means a lighter physical burden. A portion of physical work is 
transferred to and substituted with tools (things for making). In the 
event, both the workings of a person’s body and the workings of percep-
tion change themselves. With tools, because they are instruments akin to 
one’s body but outside it, one’s bodily movements normalize one’s bodily 
posture within their limits. When a person tests the ground with a stick as 
he walks, his hand senses not the movement of the stick but the rise and 
fall of the ground surface. A person uses the stick to gain direct know-
ledge of the ground such that the tool itself, as a medium of perception at 
the site of perception, becomes transparent, its tip a means of directly 
perceiving the environment. As this implies, our means of perception are 
at once vastly expanded. The second situation is excess substitution. For 
instance, the work of a shovel far exceeds that which a human hand can 
accomplish, just as calculations performed by a computer far exceed any 
human ability to calculate. In such a case, a person must stretch the abili-
ties of his body to adjust the functionality of the tools that have been 
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made; and the tool is not only, for this reason, an extension of a person’s 
body, but also a transformation of the person’s body advancing naturally 
in response to the tool’s functionality. With the manufacture of tools, 
then, humanity is no longer able to keep to human proportions. A body 
equipped with tools is a body that has taken specialized form under the 
tool’s functionality, and one that is compelled to adapt itself to the tool’s 
standards of functioning.

Beyond Gehlen, there is additionally a process by which reality is ide-
alized, or ideals realized, as production advances. No matter how many 
attempts a person makes at levelling an uneven surface to make it flat, it 
will not easily flatten. If the flattening task includes tiny bumps the sur-
face will be almost hopelessly difficult to flatten physically. At the same 
time, however, this work enables us to grasp what “flat” is. Once we ex-
tract in isolation this thing we have grasped, it gives meaning to “flat”, a 
thing which, although it cannot be actualized, has through the act of mak-
ing now come into being as something known. This is what Husserl (1970) 
so vividly depicts. And indeed geometry, that which schematizes in isola-
tion a world of mere meanings and extracts from it a network of symbols, 
is brought forth in the matrix of making and measuring, just as Husserl 
explains.

The prehistory of geometry is one that rests on the effort to grasp the 
extremes of reality that lie one step beyond sensory facts. Though never 
actualized in reality, we know very well what it is, and in a form that en-
genders a world of meanings that are, as it were, incorporated in action. 
These meanings function, in the act of making, as an anticipation of di-
rected action. With the emergence of meanings this side of geometry, 
meaning is achieved along with bodily action through our daily lives in 
reality. For instance, prior to acquiring the linguistic meaning of what 
“flat” is, we comprehend it through experience and our bodies. When 
sleeping on a bumpy floor, the question of what is “flatter” or “smoother” 
is something that we comprehend through experience and our bodies, not 
something we do not learn until we see it with our eyes. A discrete reality 
thus exists in the level of making. The content that emerges with this 
making is not an extension of our experiences; rather, for experience, it 
assumes a kind of transcendental quality.

In both East and West, making as such begins and advances ahead 
of, as it were, the making of language. Thus, independently of self- 
consciousness and reflection, the human body and its gestures undergo 
transformation, while civilization can no longer keep to human propor-
tions. And because human civilization incorporates this situation in which 
it “always surpasses human proportions”, it always includes situations 
that are impossible to control. It is not just that civilization changes the 
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environment, but that it is structured such that the environment always 
contains something that surpasses human proportions. It is a situation 
that cannot be resolved by suppressing human desire or the like. At a 
glance, it also seems to be a situation that cannot be overcome by an 
Eastern view of nature.

Hence we consider where the real problem lies. The speed of civiliza-
tion, or of changes in natural conditions that accompany civilization, sur-
passes the speed with which humanity can respond. For instance, imagine 
the polar ice-caps were to melt, raising water levels and with them coast-
lines. Even so, if the rate were, say, 10 centimetres in 100 years, there 
would still be plenty of opportunity to respond. Occurring situations that 
surpass human proportions constitute a discrete system. It is the system 
of production. Regulating this system is problematic for both conscious-
ness and the body, and merely changing the rules and conventions of 
society makes us no more able to respond. Rather, the solution must be 
conceived on the level of the discrete system. That is, production requires 
a solution at the production level. Situations that surpass human propor-
tions are not part of a pathway capable of reproduction. To be capable of 
reproduction, certain distinctive techniques are necessary, techniques that 
must also fit with the structure of the system.

6-3-3 System

The word system is one that German Idealism invoked frequently. It ap-
pears at the start of the 1800s in works by Schelling. Prior to that, system 
was used in French Enlightenment encyclopaedias to mean a comprehen-
sive collection of elements. The meaning of system is completely trans-
formed under German Idealism. Regardless of how any given system is 
conceived, there are three features they commonly share: relations and 
integrity of the parts, the creation of a whole and organizational stratifi-
cation. The idea of a system, then, is always near the heart of philosophy, 
the question of how to conceptualize it having been posed over and 
again. During this period, the basic idea of self-organization appeared 
often. Today, however, system theory no longer stresses knowledge of the 
whole. Rather, at present it stresses localized emergence, multiple p arallel 
distribution and multidimensional interconnectedness. In that sense, the 
conception of system design has always been a central philosophical con-
cern, and is today a practical concern.

In connection with environmental problems, one can draw attention 
to two new system structures. The environment is itself a kind of self- 
organizing, self-sustaining system in which lies a new structure yet to 
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be recognized. Considering environment-related problems, a model that 
conceptualizes multidimensional interconnectedness is required.

6-3-3-1 Double stability

For complex modes in the formative process, “double stability” has taken 
on clear form (Amamiya, 2006). That is, even within a system of similar 
elements there are transformational modes that assume different pro-
cesses, and there are complex operating modes for which peripheral con-
ditions must be in place at the time when an element among complex 
elements is activated.

Such an example was actually observed with eutrophication in a fa-
mous lake in the Netherlands, in which an increase in the concentration 
of phosphorus generally corresponded to a decrease in surface plant life. 
When the concentration of phosphorus increased rapidly, plant life di-
minished precipitously at a certain stage; yet at the same time, if the con-
centration of phosphorus was gradually lowered, the volume of plant life 
would gradually decrease along a different path. However, this is not a 
reversible process, but rather an indication that water pollution and en-
vironmental restoration must take different paths (Figure 6.3.1). Simi-
larly, the transparency of pond water involves a phase transition in the 
changing context of aoko (algal bloom). When the amount (per cubic 
unit concentration) of aoko passes a certain critical point, the water gets 
clouded immediately. In addition, self-restoration is difficult. The level 
of aoko decreases with the release of carp and by other means, and the 

Figure 6.3.1 The process of eutrophication with historicity in a lake
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process of clarifying the water will only commence once this level falls 
well below the critical point. An increase in chemical nutrients is met 
with a gradual increase in phytoplankton; however, given a certain level 
of plankton, the latter will continue to increase for some time even after 
chemical nutrients have been decreased. The biomass, then, has two states 
of stability.

Similarly, grasses diminish with the release of cattle, and decreasing the 
number of cattle does not restore the grasses every time. Grasses are 
known to regrow when “crescent tilling” with water and fertilizer is used 
to change the agricultural state of the land. “Double stability” is the term 
used to refer to the condition evident in these examples.

A system with double stability has what may seem its normal state, yet 
within it there is a repair mechanism with a certain built-in width. This 
repair mechanism has variables that define the various states of the sys-
tem – that is, states that are selected according to the varying paths set by 
these variables. In this context, it is important to establish a process and 
procedure for restoration, rather than restoration to a defined state. The 
restoration of an ecological environment is not a matter of simply putting 
it back as it was. Rather, the question is which variables can be most ef-
fectively varied. Stability is supported by at least two or more variables, 
and how subsequent variables will change depends on which variable is 
altered first.

It is difficult to determine the critical point at which self-restoration in 
general, phase transition, becomes problematic. This is something that 
makes environmental problems challenging. That is, both extreme pessi-
mism and extreme optimism exist side by side. Then there is the appear-
ance of a special chaos-like state at the limits of double stability where 
mathematically some phase transition occurs. It is here that waveforms 
appear, substituting complexity for confusion. From mathematical ap-
proximations based on chaos theory, it may be possible to predict the 
critical points.

In historical perspective, Schelling’s philosophy of nature had a me-
chanics of processes akin to double stability. For instance, in explaining 
the dynamics of rigid bodies, Kant uses a principle of equilibrium be-
tween the opposing forces of attraction and repulsion. However, the thing 
Schelling was seeking to grasp was a kind of whirlpool, a whirlwind. 
For Schelling, even when they are stable, these exist in a state of disequi-
librium that gets created over and over in an identical form. For him, 
even a stable rigid body is always in a state of disequilibrium that is pro-
duced over and over in identical form (Eigen and Schuster, 1978). Thus 
Schelling explains the appearance of rigid bodies through two differing 
principles, one a state of dynamic disequilibrium, the other its repetitious 



CONCEPTIONS OF “ENVIRONMENT” AND ECO-PHILOSOPHY 253
 

production. Two different but not contradictory principles working in 
close tandem is what distinguishes double stability.

6-3-3-2 The structure of hypercycles as the advanced model of
self-organization

Emergence is a part of self-organization. However, it is not enough for 
self-organization that new properties, inherent in no individual elements, 
should appear. For example, when water forms from oxygen and hydro-
gen, it contains new properties that neither oxygen nor hydrogen pos-
sesses. To the extent that water is all but certain to appear, however, it is 
logically consistent to say that water’s properties are latent in oxygen and 
hydrogen. In such a case, there is no emergence. Chemical compounding, 
a classic example of dialectics, is not an example of an emergent system 
today. Rather, the necessary condition for any self-organizing process is 
the appearance of new variables. Moreover, the range of variability of 
such a variable is not pre-determined.

As a formula, self-organization is “the entirety of the process by which 
individual processes are linked to subsequent processes for which they 
provide the initial conditions”. This formulates the definition of a system 
built from the maintenance of processes. When some process returns to 
the start and closes the circle, we have a self-propagating system. By defi-
nition, when the chain of formative processes has returned to the start, a 
system has appeared that proceeds automatically and is autonomous. In 
such a process, it is normal for multiple processes to contribute simulta-
neously in parallel. As the formative process is repeated and a certain 
structure is maintained, we have a “dissipative structure” like a whirlpool 
or whirlwind.

The classic example of multiple systems interacting is the “hypercycle” 
as proposed by Eigen and Schuster (ibid.). At the root of their concep-
tion is the self-catalysing system. As the formative process proceeds, the 
products of the process produce themselves, becoming regulating factors 
in their formation. At this point the system’s self is functionally divided 
in two. Materially speaking, the self is the body of the system brought 
into being through the formative process, as well as the latter’s catalysing 
function. In terms of the formative process, this self is the production of 
products, as well as the regulation of the speed at which these products 
are produced.

A more complexly structured self-catalysing loop results when prod-
ucts of the formative process catalyse the next formative process, the 
products of which in turn catalyse the next formative process, and so on, 
in a continuous chain that forms a single large loop. Such a system has a 
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higher order of organization and a new level of stratification. As the 
products of one formative process catalyse the next, and so on, the prod-
ucts of a formative process may at some stage catalyse the initial forma-
tive process, thereby forming a complex cycle. This is a hypercycle. A 
classic example is the coupling between the proteins and DNA that are 
believed to function in life forms (Figure 6.3.2).

With hypercycles, a system is possible in which individual cycles are 
regularly capable of substituting for others, while multiple cycles can also 
work in parallel. In terms of energy sources, various energy sources – 
wind, water, solar, geothermal – that can substitute for fossil fuels create 
a functionally diverse cycle. At the same time, however, any energy source 
that cannot connect forward with a subsequent cycle will naturally v anish. 
Also, it is possible to increase the cycle types that interact. For instance, 
were the chemical fixation of carbon dioxide possible, then chemical fixa-
tion technology could be installed at the end of systems used by compa-
nies producing carbon dioxide so that it could be used effectively. In a 
reciprocally catalysing system, the operation of the system as a whole can 
be regulated by endowing the catalytic segment with a regulatory func-
tion. In systems without catalytic interactions, the priority would be to 
introduce a catalytic cycle. One example would be environment-related 
taxation. An economic/taxation system should always be considered 
when doubling the system’s operation. Hypercycles offer the best ex-
ample of a model case for multiple systems in a state of symbiosis. More-
over, because these symbiotic relations are sustained by the system’s 
operation, various decision points can be incorporated. This is symbiosis, 
then, that includes choice.

The model of hypercycles is not a Hegelian synthesis of elements, nor 
is it something that requires the a priori appearance of new properties, as 

Figure 6.3.2 The hypercycle
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with dialectics. Rather, each element exists independently as such, its ac-
tivities entailing both its individual functioning and functioning as a sub-
stitutable portion of the system as a whole. When new properties arise, 
they do so naturally within the workings of the system and, as such, are 
properly labelled emergent.

A system, then, through such workings as it proceeds of its own accord 
without the imposition of deliberate restrictions, is an apparatus by which 
intended results can be indirectly achieved. Speed and direction of opera-
tions can both be adjusted as part of the system activity. A hypercycle is a 
system built with many selective and alternative points.

In Japan today, the government and people alike are engaged in “sus-
tainable” projects. To clarify research topics, our project sets in place 
three systems to be sustained: a global system, a social system and a 
human system. Numerous scholars have now joined in re-examining sev-
eral strategies regarding global warming, social environment education 
and human values. However, these three systems are areas of research, 
not a cycle in which the system itself is interconnected. For instance, de-
mands made in the name of sustaining the global system take form only 
as extrinsic restraints on social and human systems. Consumer behaviour 
that is easy on the planet or conserves electrical power requires d eliberate 
effort by people. There is no mutually catalytic relationship between the 
individual systems. For this reason, the goals set for the system from 
the outside and towards which it moves are half-coerced constraints on 
the system’s operation. Such external goals are fundamentally repressive 
towards the human system and, to the extent they remain so, they are not 
sustainable environmental countermeasures. For companies, global warm-
ing countermeasures, while a business opportunity, do no more than re-
place the substitution cycle.

By contrast, we will try to consider the introduction of different values 
into everyday human life. Consider the introduction of values other 
than convenience or comfort and the implementation of new choices. For 
instance, following the second period of growth, everyone has need of 
rehabilitation to sustain his or her individual skills, health and life. Con-
sider an environmental design that meets that requirement. If an envir-
onment incorporating these new values were meaningfully implemented, 
on the one hand the emergence of an environment with such values 
would itself become a business opportunity, while on the other hand the 
natural reduction of carbon dioxide gases would become one element in 
a new hypercycle. To put it in extreme terms, it would be good were we to 
build a kind of staircase that was an alternative to elevators and e scalators 
because it was more interesting, linked to the development of individual 
abilities and better for one’s health. In this context, individual cycles have 
a dual function. One is an environment that promotes and develops 
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human abilities, the other a choice to live a life with a small carbon foot-
print. Were it possible to introduce anew such dual-function cycles, they 
would not only create business opportunities on the side of emergent 
values, but also make it possible to conceive of a mechanism for contrib-
uting naturally to the reduction of carbon dioxide.

Consider, for instance, the reversible destiny house conceived by Shu-
saku Arakawa, an architect living in New York (Figure 6.3.3). Its design 
creates an environment intended to exhume the latent abilities lying dor-
mant in humanity. Through the introduction of new choices such as this, a 
contribution is made at the same time to the reduction of carbon dioxide, 
forming interconnections between multiple systems. Moreover, the in-
troduction of these new values is not repressive, and creates various 
small-scale business opportunities. What hypercycles present is how such 
secondary effects of interconnecting cycles are creative, as well as what 
use these ideas can be.
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7

Integration of a low-carbon society 
with a resource-circulating and 
nature-harmonious society
Toshihiko Masui

7-1 Environmental problems in achieving a sustainable 
society

7-1-1 Overview of sustainable development

There has been much discussion about sustainable development. It is said 
that “sustainable development” was firstly proposed in the World Conser-
vation Strategy in 1980. The World Commission on Environment and De-
velopment (1987) introduced the concept of sustainable development in 
its final report, Our Common Future, as “development that meets the 
needs of the present without compromising the ability of future genera-
tions to meet their own needs. It contains within it two key concepts: the 
concept of ‘needs’, in particular the essential needs of the world’s poor, to 
which overriding priority should be given; and the idea of limitations im-
posed by the state of technology and social organization on the environ-
ment’s ability to meet present and future needs.”

The eight Millennium Development Goals (MDGs) are to be achieved 
by 2015 to respond to the world’s main development challenges. The 
MDGs are drawn from the actions and targets contained in the Millen-
nium Declaration, which was adopted by 189 nations and signed by 147 
heads of state and governments during the UN Millennium Summit in 
September 2000 (United Nations, 2009). As shown in Table 7.1, ensur- 
ing environmental sustainability is one goal. The definition of sus-
tainability under the MDGs and in other references indicates that the 
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economic and social aspects of environmental sustainability cannot be 
separated.

In Japan, the Ministry of the Environment (2007) has published a very 
long-term vision in which the socio-economic activities and the environ-
ment in Japan in 2050 were discussed and quantified from the viewpoints 
of not only the social and economic situation, which includes population, 
economy, lifestyles, national land and social infrastructure, self-sufficiency 
and international society, but also risks to sustainability, which include 
global warming, material circulation, ecosystems and quality of the envir-
onment for living. Figure 7.1 shows the results of the quantification.

The Central Environment Council (2007) formulated a strategy for be-
coming a leading environmental nation. The strategy proposes that we 
aim to build a sustainable society through comprehensive measures inte-
grating three aspects of society: a low-carbon society, a sound material-
cycle society and a society in harmony with nature. We can apply our 
wisdom and tradition of living in harmony with nature to the present- 
day situation and utilize our world-renowned environmental and energy 

Table 7.1 Goals of MDGs and indicators for Goal 7

Goal 1: Eradicate extreme poverty and hunger
Goal 2: Achieve universal primary education
Goal 3: Promote gender equality and empower women
Goal 4: Reduce child mortality
Goal 5: Improve maternal health
Goal 6: Combat HIV/AIDS, malaria and other diseases
Goal 7: Ensure environmental sustainability
  Target 7.A: Integrate the principles of sustainable development into country 

policies and programmes and reverse the loss of environmental resources
  Target 7.B: Reduce biodiversity loss, achieving, by 2010, a significant reduction 

in the rate of loss
  7.1 Proportion of land area covered by forest
  7.2 CO2 emissions, total, per capita and per $1 GDP (PPP)
  7.3 Consumption of ozone-depleting substances
  7.4 Proportion of fish stocks within safe biological limits
  7.5 Proportion of total water resources used
  7.6 Proportion of terrestrial and marine areas protected
  7.7 Proportion of species threatened with extinction
  Target 7.C: Halve, by 2015, the proportion of people without sustainable 

access to safe drinking water and basic sanitation
  7.8 Proportion of population using an improved drinking water source
  7.9 Proportion of population using an improved sanitation facility
  Target 7.D: By 2020, to have achieved a significant improvement in the lives of 

at least 100 million slum dwellers
  7.10 Proportion of urban population living in slums
Goal 8: Develop a global partnership for development
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technologies, our experience and knowledge of having overcome serious 
pollution, and our abundant earnest and capable human resources to cre-
ate a driving force that can bring forth environment-oriented economic 
growth and invigorate local communities. Under this strategy, the following 
eight points are to be implemented as priorities in the next one to two years.
• 1: International leadership to overcome the climate change problem.
• 2: Conservation of biodiversity for the sustainable use of nature’s bless-

ings for the current generation and generations to come.
• 3: Creation of sustainable material cycles through the 3Rs (reduce, re-

use and recycle).
• 4: International cooperation utilizing the experience and knowledge 

derived from having overcome pollution.
• 5: Economic growth centred on environmental and energy t echnologies.
• 6: Creation of vibrant local communities that utilize the blessings of 

nature.
• 7: Educating people to feel for the environment, think for the environ-

ment and act for the environment.
• 8: Creating a system to support a “leading environmental nation”.

In this chapter, the three aspects of environmental sustainability at the 
global level in 2050 – a low-carbon society, a resource-circulating society 

Figure 7.1 2050 changes in indicators from 2000 in the “Very Long-term Vision”
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and a nature-harmonious society – are discussed and quantified in rela-
tion to future socio-economic activity.

7-2 Scenarios and the environment

7-2-1 Why are scenarios used for environmental assessment?

Global environmental problems, including climate change, are regarded 
as one of the most important issues in international policy discussion. 
However, as shown in the international negotiations for greenhouse gas 
emission reduction, it is not easy to decide effective reduction targets 
because of the involvement of various stakeholders. This kind of issue is 
called an “ill-structured” problem in political science (Miyagawa, 1994). 
In the process of resolving this type of problem, structuralizing rather 
than solving the problem is the focus.

In order to treat climate change as an ill-structured problem, both pol-
icy and science have important roles that intertwine. Policy is i mplemented 
based on scientific knowledge, while science evaluates the countermeas-
ures examined in policy. After repeating these processes, the most effec-
tive countermeasures to combat climate change are implemented.

Alcamo (2001) pointed out that scenarios can be useful tools for as-
sessing either the future implications of current environmental problems 
or the future emergence of new problems, since scenarios are helpful for 
thinking about the future. He also stated that scenarios can be used to:
• provide a picture of future alternative states of the environment in the 

absence of additional environmental policies (“baseline scenarios”); in 
this way scenarios are a device to illustrate the impacts of society on 
the natural environment, and to point out the need for environmental 
policies to avoid these impacts

• raise awareness about the future connection between different envir-
onmental problems

• illustrate how alternative policy pathways can achieve an environ-
mental target

• combine qualitative and quantitative information about the future evo-
lution of an environmental problem

• identify the robustness of environmental policies under different f uture 
conditions

• help stakeholders, policy-makers and experts to “think big” about an 
environmental issue, i.e. to take into account the large time and space 
scales of a problem

• help raise awareness about the emergence of new or intensifying envir-
onmental problems in Europe over the next few decades.
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7-2-2 Environmental scenarios

Many types of environmental scenario, combining qualitative storyline 
and quantitative simulation, have already been developed. With regard to 
the climate change problem, Nakicenovic and Swart (2000) edited an 
IPCC special report on future greenhouse gas emission scenarios as busi-
ness as usual, and Morita and Robinson (2001) summarized the GHG 
stabilization scenario based on this IPCC report. All of these scenarios 
examined greenhouse gas emissions up to 2100. The Millennium Ecosys-
tem Assessment (2005) quantified ecosystem services and human well-
being; its definitions of ecosystem services are shown in Table 7.2.

With regard to more comprehensive environmental scenarios, UNEP 
(2007) published the “Global Environment Outlook (GEO) 4” and the 
OECD (2008) published the OECD Environmental Outlook to 2030. In 
the GEO4, based on the four different types of future scenarios up to 
2050 – market first, policy first, security first and sustainability first – the 
changes to the atmosphere, land, water, biodiversity and human well- 
being and vulnerability are indicated. The OECD outlook categorizes the 
three levels of environmental change as shown in Table 7.3.

7-2-3 Achieving a low-carbon society in Japan by 2050

At the national level, many scenarios have been developed. The National 
Institute for Environmental Studies and other research communities pro-
posed two types of future scenarios which will achieve a 70 per cent re-
duction of CO2 emissions in Japan by 2050 under the Japan Low-carbon 
Society Scenarios towards 2050 (LCS) project (Japan LCS 2050 Scenario 
Team, 2008). Table 7.4 presents a summary of the socio-economic sce-
narios; Figure 7.2 shows the countermeasures for achieving the 70 per 
cent reduction target.

In 2009, at the G8 summit held in L’Aquila, it was declared a goal of 
developed countries to reduce aggregate greenhouse gas emissions by at 
least 80 per cent by 2050 compared to 1990 or more recent years. Based 
on this long-term target, revised scenarios which will reduce CO2 emis-
sions by 80 per cent by 2050 were presented (Minister of the Environ-
ment, 2009). In the new vision, total energy demand will be reduced to 
achieve a 40 per cent cut in CO2 emissions and low-carbon energy will be 
introduced to achieve a 70 per cent cut in CO2 emissions.

Development of national scenarios for a low-carbon society has al-
ready been started by developed countries, and also developing countries 
such as China.
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Table 7.2 Ecosystem services examined by the Millennium Ecosystem A ssessment

Provisioning services: products obtained from ecosystems

Food This includes the vast range of food products 
derived from plants, animals, and microbes

Fibre Materials such as wood, jute, cotton, hemp, silk and 
wool

Fuel Wood, dung and other biological materials serve as 
sources of energy

Genetic resources This includes genes and genetic information used 
for animal and plant breeding and biotechnology

Biochemicals, natural 
medicines and 
pharmaceuticals 

Many medicines, biocides, food additives such as 
alginates, and biological materials are derived from 
ecosystems

Ornamental resources Animal and plant products, such as skins, shells and 
flowers, are used as ornaments, and whole plants are 
used for landscaping and ornaments

Fresh water People obtain fresh water from ecosystems and thus 
the supply of fresh water can be considered a 
provisioning service
Fresh water in rivers is also a source of energy
Because water is required for other life to exist, 
however, it could also be considered a supporting 
service

Regulating services: benefits obtained from regulation of ecosystem processes 

Air quality regulation Ecosystems both contribute chemicals to and 
extract chemicals from the atmosphere, influencing 
many aspects of air quality

Climate regulation Ecosystems influence climate both locally and 
globally
On a local scale, for example, changes in land cover 
can affect both temperature and precipitation
On a global scale, ecosystems play an important 
role in climate by either sequestering or emitting 
greenhouse gases

Water regulation Timing and magnitude of runoff, flooding and 
aquifer recharge can be strongly influenced by 
changes in land cover, including in particular 
alterations that change water storage potential of 
the system, such as the conversion of wetlands or 
the replacement of forests with croplands or 
croplands with urban areas

Erosion regulation Vegetative cover plays an important role in soil 
retention and prevention of landslides
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Table 7.2 (cont.)

Water purification and 
waste treatment

Ecosystems can be a source of impurities (for 
instance in fresh water) but also can help filter out 
and decompose organic wastes introduced into 
inland waters and coastal and marine ecosystems, 
and can assimilate and detoxify compounds through 
soil and subsoil processes

Disease regulation Changes in ecosystems can directly change 
abundance of human pathogens, such as cholera, 
and can alter abundance of disease vectors, such as 
mosquitoes

Pest regulation Ecosystem changes affect prevalence of crop and 
livestock pests and diseases

Pollination Ecosystem changes affect distribution, abundance 
and effectiveness of pollinators

Natural hazard regulation Presence of coastal ecosystems such as mangroves 
and coral reefs can reduce damage caused by 
hurricanes and large waves

Cultural services: non-material benefits people obtain from ecosystems through 
spiritual enrichment, cognitive development, reflection, recreation and aesthetic 
experiences

Cultural diversity Diversity of ecosystems is one factor influencing 
diversity of cultures

Spiritual and religious 
values

Many religions attach spiritual and religious values 
to ecosystems or their components

Knowledge systems 
(traditional and formal)

Ecosystems influence the types of knowledge 
systems developed by different cultures

Educational values Ecosystems and their components and processes 
provide the basis for both formal and informal 
education in many societies

Inspiration Ecosystems provide a rich source of inspiration for 
art, folklore, national symbols, architecture and 
advertising

Aesthetic values Many people find beauty or aesthetic value in 
various aspects of ecosystems, as reflected in the 
support for parks, scenic drives and the selection of 
housing locations

Social relations Ecosystems influence the types of social relations 
that are established in particular cultures; fishing 
societies, for example, differ in many respects in 
their social relations from nomadic herding or 
agricultural societies

Sense of place Many people value the “sense of place” that is 
associated with recognized features of their 
environment, including aspects of the ecosystem
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7-3 Development of a low-carbon society integrated with a 
resource-circulating society and a nature-harmonious society

7-3-1 Forecasting and backcasting

As shown in the previous section, many types of environmental scenarios 
have been proposed. Many of these are “forecasting”-type scenarios, 
which show the present day as a starting point and are not constrained by 
a predetermined end vision. That is to say, they are forward-looking sce-
narios. In “forecasting”-type scenarios, realization of a sustainable society 
in the future is not promised. However, in order to develop a sustainable 
society there are many environmental and social targets to achieve. In 
this case, the “backcasting”-type scenario approach is more useful. Back-
casting scenarios indicate how to achieve a desired target or avoid an un-
desired target.

Table 7.2 (cont.)

Cultural heritage values Many societies place high value on the maintenance 
of either historically important landscapes (“cultural 
landscapes”) or culturally significant species

Recreation and  
eco-tourism

People often choose where to spend their leisure 
time based in part on the characteristics of the 
natural or cultivated landscapes in a particular area

Supporting services: necessary for the production of all other ecosystem services; 
they differ from provisioning, regulating and cultural services in that their 
impacts on people are often indirect or occur over a very long time, whereas 
changes in the other categories have relatively direct and short-term impacts on 
people

Soil formation Because many provisioning services depend on soil 
fertility, the rate of soil formation influences human 
well-being in many ways

Photosynthesis Photosynthesis produces oxygen necessary for most 
living organisms

Primary production Assimilation or accumulation of energy and 
nutrients by organisms

Nutrient cycling Approximately 20 nutrients essential for life, 
including nitrogen and phosphorus, cycle through 
ecosystems and are maintained at different 
concentrations in different parts of ecosystems

Water cycling Water cycles through ecosystems and is essential for 
living organisms
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Table 7.3 Future environmental changes identified in the OECD outlook

 Green light Yellow light Red light

Climate 
change

Declining GHG 
emissions per 
unit of GDP

Global GHG emissions
Increasing evidence of an 
already changing climate

Biodiversity 
and 
renewable 
natural 
resources

Forested areas in 
OECD countries

Forest 
management
Protected areas

Ecosystem quality
Species loss
Invasive alien species
Tropical forests
Illegal logging
Ecosystem fragmentation

Water Point-source 
water pollution in 
OECD countries 
(industry, 
municipalities)

Surface water 
quality and 
wastewater 
treatment

Water scarcity
Groundwater quality
Agricultural water use 
and pollution

Air quality OECD country 
SO2 and NOx 
emissions

Particulate 
matter and 
ground-level 
ozone
Road transport 
emissions

Urban air quality

Waste and 
hazardous 
chemicals

Waste 
management in 
OECD countries
OECD country
CFC emissions

Municipal waste 
generation
Developing 
country CFC 
emissions

Hazardous waste 
management and 
transportation
Waste management in 
developing countries
Chemicals in 
environment and 
products

Notes:
Green light = environmental issues which are being well managed, or for which 
there have been significant improvements in management in recent years but on 
which countries should remain vigilant.
Yellow light = environmental issues which remain a challenge but for which man-
agement is improving, or for which current status is uncertain or which have been 
well managed in the past but are less so now.
Red light = environmental issues which are not well managed, are in a bad or 
worsening state and require urgent attention.
All trends are global, unless otherwise specified.
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7-3-2 Targets for achieving a sustainable society

A sustainable scenario for Japan has already been developed, as shown 
above. This section will extend the scenario on a global scale. In this 
study, as conditions for a sustainable world, the following three aspects 
have been taken into account: a low-carbon society, a resource-circulating 
society and a nature-harmonious society.

The final target of the low-carbon society (LCS) is substantial reduc-
tion of global greenhouse gas (GHG) emissions. GHG concentrations 
will be stabilized at levels that will not affect humans or human-survival 
foundations for the future. The IPCC (2007) shows that the global GHG 
emissions in 2050 will be half the 1990 level. As noted, the L’Aquila G8 
Summit agreed to reduce GHG emissions in developed countries 80 per 
cent by 2050. At the following MEF (major economic forum), no agree-
ment was reached on a proposal to reduce global GHG emissions 50 per 
cent by 2050 because the proposal was rejected by the newly emerging 
nations. In this study, a 50 per cent reduction by 2050 is set as the target 
for achieving an LCS.

The resource-circulating society (RCS) is assessed from the viewpoint 
of material flow change. At present, no appropriate global targets for an 
RCS have been proposed. At the national level, for example in Japan, 
three types of target have been proposed: “resource productivity”, de-
fined as GDP divided by input such as natural resources, is an index that 
comprehensively shows how effectively materials are being used by in-
dustries and in people’s lives; “cyclical use rate”, defined as the cyclical 
use amount divided by the natural resources input and cyclical use 
amount, is an index that shows the percentage of cyclical use within the 
total input amount injected into an economic society; and “final disposal 

Table 7.4 Scenarios in Japan for 2050 under the LCS project

Scenario A Scenario B

Vivid, technology-driven
Urban/personal
Technology breakthroughs
Centralized production/recycling
Comfortable and convenient
2%/yr GDP per capita growth
High import dependency for 

primary industry
Globalization of production bases

Reducing market regulation

Slow, nature-oriented
Decentralized/community
Self-sufficient
Produce locally, consume locally
Social and cultural values
1%/yr GDP per capita growth
Low import dependency for primary 

industry
Limited production of diversified products 

with local brands
Penetration of market rules with moderate 

regulations
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amount” is an index that directly concerns the urgent issue of addressing 
the shortage of landfill capacity at final disposal sites.

In an RCS, resource productivity will be improved substantially. In 
order to achieve an RCS, material input will have to be reduced substan-
tially in comparison with economic activity. In this study, since the total 
volume of material input cannot be assessed accurately, material produc-
tion is treated as an index for examining the RCS.

The nature-harmonious society (NHS) is assessed from the viewpoint 
of ecosystem services, because assessment of biodiversity itself is quite 
difficult. The 2010 Biodiversity Target was committed to achieving a sig-
nificant reduction of the current rate of biodiversity loss by 2010 at the 
global, regional and national levels as a contribution to poverty a lleviation 
and to the benefit of all life on Earth by the parties of the Convention on 
Biological Diversity. In this target, seven focal areas and 11 targets are 
indicated. The Millennium Ecosystem Assessment (2005) categorized 
ecosystem services into the four types shown in Table 7.2. Ecosystem ser-
vices influence various aspects of human well-being, and ecosystems are 
in turn affected by changes in human well-being.

In this study, forest area is utilized as an index in place of ecosystem 
services. In order to achieve an NHS, forest area will have to be increased 
continuously.

This study examines whether these three types of society will be 
achieved or not on a global scale. It will assess various materials: fossil 
fuels from the standpoint of the LCS and RCS, biomass energy for the 
LCS and NHS, paper production from the standpoint of the NHS and 
RCS, CO2 emissions for the LCS, steel-making production for the RCS 
and forest area for the NHS (see Figure 7.3).

Figure 7.3 Factors for assessing the LCS, RCS and NHS
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7-4 Quantification of a low-carbon society with a resource-
circulating society and a nature-harmonious society

The National Institute for Environmental Studies and The University of 
Tokyo have quantified a low-carbon society with a resource-circulating 
society and a nature-harmonious society at the global level in the Inte-
grated Research System for Sustainability Science. In this section, the 
method of quantification and the tentative results are introduced.

7-4-1 Model

In order to quantify the low-carbon, resource-circulating and nature- 
harmonious societies, a global computable general equilibrium model 
was developed. This model includes 13 regions and 16 sectors, as shown 
in Tables 7.5 and 7.6, respectively.

As the benchmark for economic data, GTAP 6 is adopted. In addition 
to this economic dataset, GHG emissions data provided by EDGAR, 
land-use data provided by the FAO and energy demand and supply data 
provided by the IEA have been included. Material production and con-
sumption, such as for paper and steel, have also been estimated and in-
cluded in the model, the basic structure of which is shown in Figure 7.4.

The final demand sector, including household and government, is en-
dowed with production factors such as land and resources in addition to 
capital and labour. These factors are provided to the production sectors, 
and the household sector receives income such as wages and rent. The 

Table 7.5 Regional definitions for the global model

North America (NAM)
Japan (JPN)
Oceania (ANZ)
Western Europe (WEU)
Eastern Europe and Russia (EEU)
China (CHN)
India (IND)

Indonesia (IDN)
Rest of Asia (RAS)
Middle East/Asia (MEA)
Africa (AFR)
Brazil (BRA)
Rest of Latin America (LAM)

Table 7.6 Sectoral classifications for the global model

Oil (OIL)
Coal (COA)
Gas (GAS)
Electricity (ELY)
Agriculture (AGR)
Livestock (LVK)
Forestry and wood (FRS)
Fishery (FSH)

Mining (MIN)
Steel (STL)
Food (FOD)
Pulp and paper (PPL)
Other manufactures (OTM)
Construction (CNS)
Transportation (TRS)
Service (SER)
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household sector selects final consumption goods to maximize utility sub-
ject to income. The production sectors produce specific commodities by 
inputting production factors and materials as intermediate goods. The 
produced goods are provided to the domestic market or the foreign 
market as exported goods. The domestic market handles both domestic 
goods and imported goods. In the processes of production and consump-
tion, various wastes are generated, and the valuable wastes are input into 
the appropriate production sectors.

Final disposal wastes and CO2 are released into the environment. In 
this model, this activity is treated as utilization of environmental services. 
Resource extraction and land use are treated as utilization of environ-
mental resources.

7-4-2 Future scenarios

In this analysis, future economic activity and the related environmental 
burdens are calculated sequentially from 2001. Driving forces are as-
sumed to be as follows.

Regarding population change, we used the medium projections by the 
United Nations (2007). For economic growth we assumed the SRES B2 
scenario presented by the IPCC (2000). Energy efficiency improvement 

Figure 7.4 The economic activity and commodity flow in the model
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was assumed to reproduce the SRES B2 scenario for four regions 
(OECD90 region, countries undergoing economic reform, Asia and Mid-
dle East, Africa and Latin America). Future land productivity change was 
defined based on past trends (see Figure 7.5) and the potential of land 
productivity by region was set to be the maximum productivity. Past land 
productivity was calculated from the agricultural area estimated by the 
FAO and the GDP in the primary sector estimated by the United N ations 
(2008). It is assumed land productivity will improve by half the past im-
provement rate, and that total factor productivity is 0.5 per cent/year for 
developed regions and 1 per cent/year for developing countries.

To quantify the countermeasures for achieving integration of the three 
societies, the following scenarios are presented.
• Scen_0: Reference case. In this scenario, no additional countermeasures 

will be introduced.
• Scen_1: Energy efficiency improvement scenario. In order to reduce 

CO2 emissions by half by 2050, energy efficiency improvement is as-
sumed to be 2.5 times that of the reference case.

• Scen_2: Long-lived capital stock scenario. This scenario indicates the 
lifespans of building materials will become 50 per cent longer than 
those of the reference case in addition to the assumption of Scen_1.

• Scen_3: Less paper in household sector scenario. This scenario indicates 
that paper demand by households will be reduced by the introduction 
of information technology in addition to the assumption of Scen_1.

Figure 7.5 Changes in land productivity in regions in the model
Note: Land productivity is calculated by dividing the GDP of the primary sector 
by agricultural land.
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• Scen_4: Land productivity improvement scenario. This scenario includes 
the assumption that land productivity will improve at the same rate 
as during 1960–2000 in addition to the assumption of Scen_1.
Scen_1 is a scenario for achieving a low-carbon society, Scen_2 and 

Scen_3 are scenarios for achieving a resource-circulating society and 
Scen_4 is a scenario for achieving a nature-harmonious society.

7-4-3 Simulation results

Figure 7.6 presents the CO2 emission trajectories for Scen_0 and Scen_1. 
In Scen_0, CO2 emissions will increase. In contrast, in Scen_1 emissions 
will decrease after 2010, and the CO2 emissions in 2050 will be half the 
present emissions level.

In the previous section, resource productivity is a more suitable index 
for assessing the resource-circulating society. However, because of the 
lack of information, material production is an index representing the 
achievement of a resource-circulating society. Figure 7.7 presents trends 
in steel production. It shows that production will decrease compared to 
Scen_0 through the introduction of twice the capital stock lifetime. In 
contrast, steel production will increase continuously because of economic 
growth, especially in developing countries. Steel is used not only as build-
ing material but also in vehicles and machinery. In order to achieve a 
resource-circulating society, other countermeasures such as utilization of 
waste scrap are required when we maintain economic growth.

Figure 7.8 presents trends for paper products. In this scenario, the 
speed of paper production will decrease, but the volume of production 

Figure 7.6 CO2 emissions
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will continue to increase. Since not only the household sector but also 
production sectors consume paper, countermeasures for production sec-
tors will have to be considered. Waste-paper recycling will also be a coun-
termeasure for decreasing natural material input.

Forest areas are used to assess the nature-harmonious society. As 
shown in Figure 7.9, the forest area in Scen_0 will be flat up to 2050. In 
contrast, in Scen_4 the area increases because improvement in agricul-
tural land productivity will help to recover forest area.

Figure 7.7 Steel production

Figure 7.8 Paper production
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7-5 Conclusion

In this chapter, existing environmental scenarios are discussed, and a 
global sustainable society from the standpoints of a low-carbon society, 
material-circulating society and nature-harmonious society is assessed 
using the global computable general equilibrium model. The simulation 
results indicate that a sustainable society will not be created by e xtensions 
of past trends. If past trends continue, we will experience unsustainable 
conditions such as increased CO2 emissions, increased material input and 
reduced ecosystem services. To realize a low-carbon, resource-circulating 
and nature-harmonious society, efficiency must be improved drastically. 
In addition, consumption patterns will have to change to reduce demand 
for materials and promote long-term use.

Developed countries will have to develop new technologies to achieve 
the goals of a sustainable society. However, developing countries will not 
follow the conventional development paths but will use new develop-
ment paths to achieve a sustainable society more efficiently. Cooperation 
among all countries is an essential condition for achieving a sustainable 
world.
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8

Future vision towards a 
sustainable society
Akimasa Sumi

8-1 Historical background

We do not live alone. We exist in a stream of life from the past to the fu-
ture. The human race was born and has evolved on Earth, and Earth, in 
turn, has evolved from the universe (Nakano, 1994: 107). Therefore, we 
have to regard ourselves as historical entities and remember that we are 
responsible for the future. It is always important to study the past when 
we learn new things.

When we survey the environment in its entirety, numerous issues sur-
round us and the solutions seem few and far between. In such difficult 
situations, it is easy to be captured in a “trap of pessimism”. Pessimism 
itself is not entirely bad because when we look upon the future as a chal-
lenge, we pay more attention to the risks involved. However, the draw-
back of pessimism is losing motivation to overcome these issues. We 
should remember that we have suffered many troubles through the entire 
history of the human race. In other words, there has been no easy time 
for human beings, and we have learnt to fight for survival. We have 
strengthened our knowledge during this fight. Science and technology are 
examples of this accumulated knowledge. Using information accrued 
from scientific experimentation and thought and applying technology, we 
have solved many problems; as a result, many people in developed coun-
tries are now leading comfortable lives. However, it should be remem-
bered that difficulties are co-evolving with the development of our 
society. Our present situation is different from that in the past. Although 
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new technologies have solved many existing issues, some have also cre-
ated new problems. For example, mobile phones have improved our life-
style but brought with them a new type of crime. Therefore, we are 
constantly confronted with new issues.

Since the Industrial Revolution, mankind has been seeking wealth and 
prosperity by making maximum use of energy and natural resources. 
Nature was believed to have an infinite capacity to process waste energy 
and resources. It was thought that whatever the burden, nature would 
renew and repair all our actions; and while the human activity domain 
remained small, this was indeed true. However, we have learned that 
proper disposal of waste matter is a necessity. As the activity domain of 
mankind has expanded, the limits of nature and possible growth have 
surfaced (Meadows, et al., 1972: 212).

Today, we are trying to achieve well-being under various constraints 
imposed by current situations. Since it is obvious that energy and natural 
resources are limited and the capacity of our environment is finite, the 
main constraint at present is to limit the use of energy, materials and the 
environment.

8-2 Restructuring the system of our society

There is no doubt that we have to reduce GHG emissions in order to 
stabilize the behaviour of the Earth’s climate system. To achieve this task 
and realize a low-carbon society, mitigation and adaptation options 
should be well mixed. Mitigation potential to reduce CO2 emissions, 
which represents amounts of reduction of CO2 emissions, was summa-
rized by the IPCC (2007) and is shown in Figure 8.1.

It has been clearly demonstrated that the potential to mitigate green-
house gas emission remains in many sectors. In particular, construction, 
transport and energy supply have large potential, especially at lower car-
bon prices, which means that many options are possible at a relatively 
low cost. In buildings, for example, high thermal insulation and longer 
lifetime contribute to reduction of CO2 emission, which may contribute 
to improvement of our quality of life. In the transport sector, various new 
technologies are proposed, including solar and fuel-cell vehicles. How-
ever, advancement in automobile engineering itself is not sufficient for 
reduction of CO2. If numbers of vehicles increase dramatically, total 
amounts of CO2 emission will increase. Therefore, it is also necessary to 
address the design of transport systems and ensure that the social system 
and people’s lifestyles are consistent with this design.

In this book we insist that a low-carbon society is not enough for a sus-
tainable society, and three societies should be integrated (see Chapter 
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7). Mitigation potential as described above should be reviewed from this 
viewpoint. If action for mitigation in each sector is taken in an unorga-
nized way, in other words if each action is conducted independently, it 
does not work very well. Action should be conducted under a clearly de-
fined concept in a systematic way.

When we look at the high mitigation potential sectors, such as con-
struction, transport and energy, we find these are strongly related to 
regional development. Regional development is still a key issue in devel-
oping countries, and it is necessary to find a pathway for how these coun-
tries can reach a developed state in a sustainable way. Within issues 
relating to regional development, “sustainable cities” and “megacities” 
are among the most urgent and important. It has been predicted that in 
2030 60 per cent of the world population will live in cities (United Na-
tions, 2005). Many people will migrate to cities from rural areas, partly 
because of rural poverty. Cities are growing. You can easily imagine the 
future status of a city when it expands in an unorganized way. Hence it is 
critical to design the growing city from the sustainability point of view.

When we discuss issues relating to cities, we tend to focus only on city 
regions. However, a city is not independent from other regions. For ex-
ample, a city needs energy, food and fresh water, and discharges waste. 
Regarding mitigation potential, we should note that the agricultural and 
forestry sectors also have a considerable amount of potential for CO2 re-
duction, and should not be neglected. These sectors are strongly related 
to primary industry and rural areas. There is an urgent need to develop 
an equitable rural economy; to achieve this goal, we can reconstruct rural 
regions by adopting mitigation methods in these sectors through political 
and economic institutions. It is important to remember that urban and 
rural areas are closely linked, and issues should be handled in an interdis-
ciplinary and integrated way. Cities require many natural resources, such 
as food, fresh air and water as well as a healthy ecosystem, most of which 
are produced in rural areas. So both city and rural regions should be re-
structured in a consistent way.

In conclusion, city and rural issues cannot be separated and should be 
considered within the same framework. Under the concept of “integra-
tion of three societies”, harmonization between cities and villages should 
be pursued. This will entail restructuring our existing society.

8-3 Evaluation criteria

When the IPCC AR4 was presented to the public, one could sense a view 
that more attention should be paid to the adaptation strategy in addition 
to mitigation. In the past, adaptation has been less discussed because it 
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hinders us from developing a mitigation option. Although we expect the 
global community to continue to make efforts to reduce CO2 emissions, it 
is inevitable that a warmer climate will come in the future. Consequently, 
we have to prepare for future climate change. Needless to say, this does 
not mean that mitigation is useless, but we have to use the best mix of 
mitigation and adaptation options.

Although it is often stressed that mitigation and adaptation strategies 
should be optimized, there are no general criteria concerning evaluation 
of optimality. Optimality and efficiency are terms used frequently in dis-
cussions of the merits of each method. Optimality should, however, be 
judged with respect to certain criteria or evaluation functions, which are 
often based on assumptions. There is no guarantee that such criteria are 
correct, and the process should be approached with caution. Money is not 
the sole criterion, although the monetary aspect cannot be neglected. 
New criteria with emphasis on sustainability should be used. For ex ample, 
natural capital, social capital and human capital are emphasized in the 
recent economics. A global system, a social system and a human system 
are emphasized in this book. All are similar concepts. Criteria including 
these three aspects should be developed.

8-4 Sharing the concept of a future society

When we think about designing a sustainable society, we need to make 
decisions about resource allocation. As explained previously, we are sur-
rounded by issues requiring resources, and it is impossible to satisfy all 
these requests. We need to select and prioritize cases and agree on re-
source allocation. It would be desirable for this process to be conducted 
with the agreement of the wider population; however, our society consists 
of a variety of stakeholders with differing interests and concerns. It is 
crucial to achieve agreement between different stakeholders and share 
future perspectives. If we can reach a common view about our future sit-
uation, it will be easier to agree on the best course of action. There are 
many ways to present the future view. Computer simulations of future 
climate change and its impacts to the society are one way to contribute to 
sharing future views, and the IPCC is an example of such an activity.

Rational methods will contribute well to an agreement in society 
(Sumi, 2007). In Chapter 7 of this book we proposed a new concept for 
future societies, described as “integration of a low-carbon society with a 
resource-circulating society and a nature-harmonious society”. Model re-
sults are also presented. Although it is at an early stage, this research is 
very promising and a clear pathway to a future sustainable society will be 
presented by accelerating research in this track. We believe that this con-
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cept will be accepted by readers and societies and contribute to realiza-
tion of a sustainable society.

It is true that the pathway towards a new society is not yet clearly pre-
sented, and we have to exert all possible efforts to reach this goal. It 
should be remembered that the pathway is not unique: there are many 
pathways in the world. In this respect, evaluation criteria are very impor-
tant, as explained above. In the past, much emphasis has been placed on 
quantitative properties such as money and material, while damage to the 
environment and ecosystems has been neglected. However, in the twenty-
first century our evaluation criteria should be changed in favour of the 
happiness and well-being of people. We should remember that mankind 
has evolved not only in physical and socio-economic environments but 
also in historical and cultural environments.
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forest management techniques and, 16
new technology, 180
technology by 2050, 189
technology is not a silver bullet, 191

carbon dioxide (CO2)
agricultural and forestry sectors, 281
atmospheric, desirable levels of, 179
atmospheric, rate of growth of, 180
automobile engineering and, 279
buildings with high thermal insulation 

and longer lifetime, 279
capture and underground storage after 

2020, 189
carbon sinks for mitigation of, preserving, 

202
chemical fixation of, 254
clean-energy technologies, 178
climate, causes warmer, 4
compact city reduces energy consumption 

and, 210
concentration in warm season and rice 

yield, 64
concentrations, photosynthetic, 95, 97
from developing countries, 202
electricity generation, 227, 229
electric power sector, 227
electric vehicles, mass-market, 186
emission, anthropogenic, 95–96
emission allocations and carbon trading 

framework, 192
emission allowances, Europe imposes 

stricter, 188
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emission allowances and fuel-efficient 
cars, 188

emissions, 40 per cent reduction by 
reducing energy demand, 262

emissions, 70 per cent reduction with 
low-carbon energy, 262

emissions, 70 to 80 per cent reduction in 
future scenarios, 262

emissions, adaptation to decrease, 214
emissions, economic incentives for 

reduction, 187, 212
emissions, global community to reduce, 

282
emissions, technologies to reduce, 208
emissions and CCS technologies, 189
emissions and mitigation strategies, 135, 

279
emissions as threat to human well-being, 

179
emissions by cities, 208–10
emissions by sector, 227–29
emission scenarios for six alternative 

stabilization levels, 20
emissions credits and electrical power, 

232
emissions credits from overseas, 232
emissions for electricity in developing 

countries, 202
emissions for large UK cities, per capita, 

209–10
emissions from electric power sector,  

227
emissions from energy conversion, 227, 

229
emissions from fossil fuels, 20
emissions in Beijing and Shanghai, 209
emissions in future low-carbon society, 

208
emissions in large cities, 209–10
emissions in UK, per capita and GDP, 

213–14
emissions per capita and GDP, 212–14
emissions per capita and Japanese 

government, 220
emissions reduced by electrification, 190
emissions reduction of 70 per cent by 

2050, 262, 269
emissions target at 1990 level, METI, 208
emissions target at 1990 level, Nippon 

Keidanren, 218
emissions trading in Japan, 230

emissions vs. per capita GDP of various 
countries, 213–14

emission target for products, lower, 232
energy-derived, 218, 225–26, 231, 239
energy efficiency of machinery and 

electric apparatus, 230
energy-oriented, 164
Energy Supply and Demand 

Subcommittee [METI] and emissions 
until 2030, 221

equivalent concentration for GHG under 
BaU, 61–62

Federation of Electric Power Companies 
of Japan, 222

fertilization effect and enhanced plant 
productivity, 46, 50, 54, 64

fertilization effect and rice yield, 68
fertilizing effect enhances plant 

productivity, 54
final disposal wastes and, 272
future scenario models, 273–74, 276
G8 summit in L’Aquila, 262, 267
GHG concentration level stabilized and 

unavoidable damage, 70
GHG concentrations and equilibrium 

temperature increase, 61–62
GHG emissions increase from 2006 to 

2007 and, 164–65
GHG emissions target in terms of, 197
goals of MDGs and indicators for goal 

7, 259
Japan Low-carbon Society Scenarios  

and 70 per cent emissions cut, 262, 
269–70

Japan’s total GHG emission volume in 
base year, 223

Keidanren’s publication about climate 
change policy, 222–23

Keidanren Voluntary Action Plan on the 
Environment, 166

Kyoto mechanisms, government’s 
utilization of, 232

Kyoto Protocol target achievement plan, 
231–32

land-use changes and release of stored 
CO2 in soil, 183

in low-carbon society, 12
low-carbon society and emissions 

reduction, 208, 262, 269
low-carbon society and emissions 

stabilization, 12
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carbon dioxide (CO2) (cont.)
low-carbon society vs. high emissions per 

capita, 213
management, international approach to, 

189
management practices, market-driven, 

186
national campaign targeting lifestyles and 

societies with less CO2 emissions, 231
National Institute for Environmental 

Studies, 262
natural reduction of, 255–56
ocean acidification, 49
ocean surface pH, 49
power plant, coal-fired thermal, 227
pricing mechanism for carbon, 187
pricing stimulates energy efficiency and 

electrification, 191
reduction policy enforcement on GHGs, 

197
reduction to mitigate severe climate 

change, 212
by sector, 165, 225, 228
social cost of carbon, 200
Subcommittee on Policy Methods on 

global warming, 230
transport systems design and people’s 

lifestyle, 279
voluntary action plans by industry, 222

cars, fuel-efficient, 240
catalytic cycle, 254
CBDR. See common but differentiated 

responsibilities (CBDR)
CCCC. See Climate Change and Carrying 

Capacity Program (CCCC)
CCMF. See climate change mitigation 

facility (CCMF)
CCS. See carbon capture and storage (CCS)
CCSP. See Climate Change Science 

Program [USA] (CCSP)
CDM. See clean development mechanism 

(CDM)
Center for Global Trade Analysis, Purdue 

University, 153
cereal production/trade, 84–87, 89–90
CFC. See chlorofluorocarbon (CFC)
CGE. See computable general equilibrium 

(CGE)
CH4. See methane (CH4)
Changchiang delta, 117
Chao Phraya delta, 125–31

China
carbon-intensive energy for goods and 

services, 158
cereal imports from the West, 92
climate change and forest of, 49
CO2 emissions in large cities, 210
coal industry, 182
drought in inland, 94
economic growth, energy-intensive, 179
energy efficiency country, least, 158
environmental degradation, local, 182
GETS, international transfers under, 159, 

161
GHG emissions, 152
global warming and increased food 

production, 94
Kyoto Protocol and GETS, comparison 

between, 160
Kyoto Protocol and no quantitative 

emissions targets, 155, 157
meat production/supply, 88, 91
mega-deltas and megacities of, 122
North Pacific Marine Science 

Organization, 98
population, flooded, 122
population growth, 119
soybean import, 89
storm surges and coastal vulnerability, 

117
chlorofluorocarbon (CFC), 137, 252, 262
CIESIN, 114
clean development mechanism (CDM), 16, 

23, 136, 203
climate

prediction, 4, 11, 23
proofing, 144, 204–5
scenario, 23, 61
shocks, 178, 196

climate change
adaptation, 78, 143, 148, 161–62, 192,  

201
anthropogenic, 34
coastal zones, 59
countermeasures against, 55–56
drought, 49
ecosystems, 21, 49–50
European Union (EU), 174–75
flooding, 53, 62–67, 141
food production, 91–94
forests, 59, 67–68
GHG, 8, 13, 133–34
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heat stress mortality, 69–70
human health, 59–60
malnutrition, acute, 194
mass media, 232–39
media coverage of, 232
mega-deltas, 125
mitigation, 32, 185, 192
OECD, 195
policy and journalism, 232–39
policy based on scientific information,  

42
research, keyword for, 23
rice yields, 59, 68
sandy beach loss, 68
social resilience to, 147–48
storm-surge flooding, 69
sub-Saharan Africa, 51, 54
sustainable society, 28, 147
water resources, 13, 46–47, 58, 72

Climate Change and Carrying Capacity 
Program (CCCC), 98

climate change mitigation facility (CCMF), 
203

Climate Change Science Program [USA] 
(CCSP), 26

climate model
climate change, future estimate of, 141
climate change research, key word for, 23
climate change risk projections, 

quantitative, 34
ensemble mean of the outputs of, 47–48
future projections by, 17
global warming on marine 

biogeochemical cycling and ecosystems, 
102

integrated assessment model and, 6
projections, treatment of the uncertainty 

in, 35
simulation in, 4, 8

CO2. See carbon dioxide (CO2)
coal

about, 180–82, 184–85, 189
consumption, 227
electricity, 153
electric power business, 227
environmental degradation from, 179
fired thermal power plant, 153, 165, 189, 

202, 227
plants, average thermal efficiency for, 202
prices, decline in, 155
supply in Japan, 231

coastal
erosion, 72, 111
flooding, 51, 195
protection facilities, 139
protection programmes, 125
protection scenario, 123
zones, 46, 51, 59, 111–13

common but differentiated responsibilities 
(CBDR), 155, 162, 202

computable general equilibrium (CGE), 
153, 271, 276

Conference of Parties (COP), 6, 23, 54, 225
constant-ratio-of-elasticity-of-substitution-

homothetic (CRESH), 153
consumer behaviour, 255
consumer’s fear of change, 187
contingent valuation method (CVM), 63,  

65
“Cool Earth 50” strategy [Japan], 152
COP. See Conference of Parties (COP)
coral reefs, 49, 51, 54, 103–8, 139, 195, 264
Corporate Average Fuel Economy [USA] 

(CAFE), 188
Council for Science and Technology, 11, 24
CRESH. See constant-ratio-of-elasticity-of-

substitution-homothetic (CRESH)
CVM. See contingent valuation method 

(CVM)

Darwin’s evolutionary theory, 241
deforestation

in the Amazon, 7
in developing countries, curbing, 201
GHG emissions and curbing, 201
in sub-Saharan Africa, 86

degree heating month (DHM), 107
Department of Energy [USA] (DOE), 26
desertification/dryness, 200
DHM. See degree heating month (DHM)
dialectics, 253, 255
disaster(s)

adaptation by infrastructure construction, 
73

climate-related, 125, 195
in coastal zones, 112, 124
environmental, 31
flood, 122
health impacts from, 52
Indian Ocean tsunami, 112
landslide, 58
natural, 46–47, 111, 137, 146
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disaster(s) (cont.)
prevention plans, 56, 58, 125, 133–34, 139, 

146–47
risk management, 141, 144
sedimentation, 72, 75–77
water-related, 72

DOE. See Department of Energy [USA] 
(DOE)

Dohgen’s case, 246–47
double stability, 242, 251–53
drought

afforestation and forest conservation to 
stabilize water, 143

in Asia and Africa, 46
in Australia, 46, 93
as barrier for sustainable development, 

49
BOD change ratio for 10- and 50-year 

return periods of, 81
climate change and, 49
climate-related disasters, 195
in developed countries, 134
in developing countries, 133–34
in India, 93
in inland China, 94
in Japan, 72
periods, 80, 82
risks of natural disasters, 47
suspended solids load change, 81
thermal stress and, 134
water quality, 80
water transfer during, 138
dual-function cycles, 256. See also 

hypercycles
dynamic disequilibrium, 252

dynamic equilibrium, 242

Earth Summit, 232, 240
eco-philosophy, 242
ecosystems

carbon capture and storage, adverse 
affect of, 135

climate change, 21, 49–50
climate change and, 21, 49–50
collapse, 195
freshwater for humans and, 49
GHGs, either sequester or emit, 263
Global Ocean Ecosystem Dynamics 

(GLOBEC), 98
global warming and, 102
human society and, 13, 15

Millennium Ecosystem Assessment, 
262–65, 270, 277

North Pacific Ecosystem Model Used for 
Regional Oceanography, 98–102

oceanic, 98
research budget for, 27
services, 3
species movement towards poles and 

higher elevations, 46
sustainability of human beings and, 50
terrestrial and marine, 46

EDGAR, 271
electricity generation, 153, 222, 227, 229
electric power

CO2 emissions credits from overseas, 
232

companies, 221
industries, 223
from nuclear energy, 227
sector, 227
sector and integrated carbon market,  

230
sector and low-cost coal, 227
sector’s CO2 emissions, 227

electric vehicles, 186, 189
emergence, 253, 255
emissions trading (ET). See also global 

emissions trading scheme (GETS)
capped, 170, 175
CO2 pricing mechanism using a carbon, 

187
by critical mass of nations, 189
domestic, 173
duty imposed on business sites by Tokyo 

government, 172, 230
EU Emissions Trading System cap and 

carbon taxes, 173–74
industry, strong resistance from, 217
in Japan, 225, 230
journalism articles on, 233, 235, 237–38
Kyoto Protocol, 136, 153
“policy methods” for discussions about, 

223
Stern Review and international carbon 

price, 201
Subcommittee on Policy Methods, 230
voluntary domestic, 166

Energy Conservation Law. See Law 
Concerning the Rational Use of 
Energy (Energy Conservation Law)

energy conservation standards, 226, 235–39
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energy consumption
adaptation measures and, 143–44
of biomass in Scramble, 184
of buildings, 209, 211
carbon intensity of supplied energy, 

reducing, 208
cars to trains, shift from, 211
car trips, long, 211
compact city reduces, 210–11
“Cool Biz” and “Warm Biz” campaigns, 

230
densely populated city vs. sparsely 

populated city, 211
in developing countries, 210
district heating and cooling, 212
economic growth means vigorous, 185
economic output, high, 214
economic output, low, 214
electricity generation, oil refining sectors, 

229
of electricity in Blueprints, 188
energy conversion, CO2 emissions from, 

227, 229
fossil, 225
gross regional product, per capita, 214
in households, 209
income, per capita, 212
Japan Iron and Steel Federation, 222
mitigation measures and, 144
population density in buildings, 211
production volume and revenue affect, 

166
by region and primary energy by source 

in Scramble, 183
by region in Scramble, 182
in residential and business sectors, 164
by sector in Blueprints, 190
shrinking economy contributes to 

reduction in, 4
standard of living in large Chinese cities, 

215
urban, 214
wealthy nations struggle to adapt, 181

energy demand in urban areas, 210
energy efficiency

alternative energy sources, 185
climate change encourages, 180, 188
CO2 pricing stimulates, meaningful, 191
electric vehicles, mass-market, 186
energy conservation standards for, 226
imported fuels, high dependency on, 159

improvement, 272–73
measures, 178
promotion of energy conservation and 

improvement of, 166
of supply and demand, 135
of water treatment and distribution 

systems, 144
energy-saving home appliances, 240
Energy Supply and Demand Subcommittee, 

221
Environmental Outlook to 2030 [OECD], 

262, 277
environmental taxes (carbon tax), 217, 222, 

225, 230, 233. See also carbon, tax
ET. See emissions trading (ET)
EU. See European Union (EU)
Europe

carbon-intensive energy for goods and 
services, 158

CO2 emission allowances, imposes 
stricter, 188

emission reduction strategy changes, 
174–75

food supply and food export, 84
heatwave in, 46
submergence areas, 117
submergence population, 118

European Union (EU)
abatement costs, marginal, 224
biofuel, palm oil and sugar-cane for,  

183
carbon emissions trading scheme, 187
climate change policy, 174–75
climate research in, 27
development assistance pledge, 204
emission reduction strategies in, 174–75
Emissions Trading System cap and 

carbon taxes, 173–74
energy demand between urban regional 

areas, 210
energy use in 2055, 192
GHG reduction by individual countries, 

173
GHGs reduction by 2020, 152
low-carbon social economy, transition 

to, 174
eutrophication, 95–97, 138, 251
extinction of wildlife species, 39

FAO. See UN Food and Agriculture 
Organization (FAO)
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Federation of Electric Power Companies of 
Japan, 222

financing instrument, flexible, 203
flooded

areas, 62, 114–19, 124 (See also 
submerged areas)

population, 119–23 (See also submerged 
population)

floods (flooding)
afforestation and forest conservation 

programmes, 143
in Asia and Africa, 46
Asian mega-deltas, 54
in Bangladesh, 93, 123–24
as barrier for sustainable development, 

49
climate change, impact of, 53
climate change adaptation measures 

against, 141
climate-related disasters, as main driver 

of increased, 195
coastal, increased exposure to, 195
coastal, in low-lying areas, 51
in coastal regions of developing countries, 

124
countermeasures to, 75
damage costs, 73
economic implications of, 75
flood defence, cost of, 73
hazards, 47, 73
impacts of, 62–70
infectious diseases due to increased, 39
levee building to prepare for, 33
main drivers in climate-related disasters, 

195
meteorological extreme events, 56
people potentially affected by, 122
regional countermeasures to protect 

against, 75
in semi-enclosed sea areas, high risk, 59
serious damage due to, 134
simulations of impact areas, 34
in South Asia, 200
in Southeast Asia, 200
storm-surge, in Japan’s three major bays, 

59, 64, 69
storm-surge, in western Japan, 64–65, 69

food production, world
climate change, forecast with, 93–94
climate change, forecast without, 91–93

food supply per person, 90–91

forest conservation, 143, 202
forest sinks, 235, 238
Fourth Assessment Report (AR4) [IPCC]

adaptation strategy and mitigation, 281
climate change, countermeasures against, 

55–56
climate change, scientific evidence about, 

193
climate change and most vulnerable 

regions, 52–54
climate change awareness by Japanese 

public, 30
climate change in latter part of twenty-

first century, 72
climate change on national, regional and 

global scales, 47
coastal systems and low-lying areas, 

112–13
GHG emissions, “developed” countries 

need to reduce, 172
global warming, restructuring knowledge 

on, 16
global warming and human activities, 1, 

162, 232
large scale events and abrupt change, 

54–55
research findings, measurement of 

certainty, 20
scientific findings, mapping of, 18–19, 22
sea level rise from deglaciation and ice 

sheet melting, 55
social systems, research of, 22, 27
Working Groups (WG) I–III, 17, 111–12

fuel taxes, 188
Fukuda, Prime Minister, 223

G8
in Germany (2007), 152
Gleneagles Summit (2005), 197, 204
Hokkaido Toyako Summit (2008), 30–31, 

223, 232
summit in L’Aquila, Italy (2009), 54, 194, 

262, 267
Ganges-Brahmaputra delta, 51, 54, 117
gas-electricity, 153
gas-fired power stations, 153, 189
GASR. See Grants-in-Aid for Scientific 

Research (GASR)
GCM. See general circulation model 

(GCM)
GDP. See gross domestic product (GDP)
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GEF. See Global Environment Facility 
(GEF)

general circulation model (GCM), 61, 100, 
112–13, 117–19

genetically modified organism (GMO), 16
geographic information system (GIS), 76, 

126, 129
geothermal energy, 254
German Idealism, 250
GETS. See global emissions trading scheme 

(GETS)
GHG. See greenhouse gas (GHG)
GIS. See geographic information system 

(GIS)
glaciers, 47, 51, 54
global emissions trading scheme (GETS), 

153, 157–62
Global Environmental Research Fund 

Strategic Research and Development 
Project S-5, 31

Global Environment Charter, 221–22
Global Environment Facility (GEF), 203–4
“Global Environment Outlook (GEO) 4,” 

262
Global Ocean Ecosystem Dynamics 

(GLOBEC), 98
Global Trade Analysis Project (GTAP), 153
Global Warming Prevention Headquarters 

[Japan], 220
GLOBEC. See Global Ocean Ecosystem 

Dynamics (GLOBEC)
GMO. See genetically modified organism 

(GMO)
Gore, US Vice-President Al, 232
GPWv3 model, 114
Grants-in-Aid for Scientific Research 

(GASR), 23–24
Great Barrier Reef, 49
greenhouse effect, 23
greenhouse gas (GHG)

anthropogenic, 8, 21
carbon, estimates of social cost of, 199
carbon cycle and concentration, 13
clean development mechanism (CDM), 

203
climate change and, 8, 13, 133–34
climate change research, keyword for, 23
climate change risk communication, 32
climate shocks, major, 178
CO2 equivalent concentration, 61–62
concentration constraint scenarios, 62

concentration level not affecting humans 
or human-survival, 267

concentrations, stabilization of, 61
concentrations and global mean 

temperature, 60
concentration stabilization target, 61
deforestation in developing countries, 

curbing, 201
Earth’s climate system perturbed by 

human activity, 3
ecosystems either sequester or emit, 263
emission, target setting for long-term, 200
emission control policies, 61
emission reduction, international 

negotiations for, 261
emission reduction by 15 per cent 

without forest sink, 235
emission reduction goal for each country, 

239
emission reduction measures in urban 

areas, 208
emission reduction policy mix in 

industrial sector, 175–76
emission reduction strategy in Europe 

and United States, 174–75
emissions, 6 per cent reduction target, 

225–32
emissions, 50 per cent reduction by 2050, 

223, 267
emissions, anthropogenic, 15
emissions, IPCC special report on future, 

262
emissions, medium-term reduction level, 

223
emissions, socio-economic activity and, 13
emissions from fossil-fuel-fired power 

stations, 164
emissions in many sectors, potential to 

mitigate, 279
emissions submitted by business 

operators nationwide, 220
emission targets for Japan in Kyoto 

Protocol, 217
European Union, 20 per cent reduction 

target, 152
global temperature rise, 33
goal of developed countries to reduce, 

262
government policies to reduce, 32
integrated assessment model, 61–70
key questions about, 15
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greenhouse gas (GHG) (cont.)
Kyoto Protocol, 6 per cent reduction 

target, 217–18
Kyoto Protocol, US failed to ratify, 155
Kyoto-type framework, 155
L’Aquila G8 Summit agreement, 267
management schemes vs. potential 

damage to economic growth, 182
mitigating policies and technologies to 

reduce, 13, 55
mitigation measures, evaluation of, 142
mitigation policy, 32
natural carbon cycle, 8
post–Kyoto Protocol framework, 152
reduction policies, industrial sector, 

164–68, 171–74
reduction policies, Japanese corporations, 

165–71
reduction target of low-carbon society, 

267
reduction timings, 61
regulatory certainty and international 

agreements, delays in, 186
SRES scenarios on sea-level rise, 124
stabilization scenario based on IPCC 

report, 262
Stern Review, 197–301
United States, Russia, China and India, 

need for meaningful action by, 157
US as largest contributor of, 155

Greenland ice sheet, 51, 55
gross domestic product (GDP)

agricultural area, estimated, 273
climate change, economic strength and 

vulnerability to, 123
climate change and loss in global, 198
climate change and OECD outlook, 266
CO2 emissions per capita, as a controlling 

factor, 212–14
costs of stabilization, 199
in each country from CIESIN results,  

114
emission rights by population, 158
emissions reductions and, expected 

annual cost of, 198–99
global emissions trading scheme (GETS), 

158–61
goals of MDGs and indicators for Goal 

7, 259
land productivity changes and SRES B2 

scenario, 273

LCS project, scenarios in Japan for 2050, 
267

medium-term goal proposed by 
government, six alternatives of, 224, 
233

pollution levels plotted in relation to, 213
relative increase in flooded population 

and, 123
resource-circulating society (RCS), 267

groundwater, 47, 76–77, 127, 138, 266
GTAP. See Global Trade Analysis Project 

(GTAP)
GTAP 6, 271
GTOPO30, 114

heatwave warning systems, 33
high tides, 114, 117
Hundun (Chaos), 244–45
Hurricane Katrina, 46, 112
hurricanes, 3, 46, 120, 134, 264
hypercycles, 242, 253–54, 256. See also 

dual-function cycles

IEA. See International Energy Agency 
(IEA)

An Inconvenient Truth (film), 30
India, 84, 92–93, 119, 122, 152, 155–61
Indus delta, 117
Industrial Revolution, 205
insect intrusion, 49
insurance

schemes, 16, 137, 139, 141, 196
social, 196, 204

Integrated Research Systems for 
Sustainability Science (IR3S), 12, 271

Intergovernmental Panel on Climate 
Change (IPCC). See also Fourth 
Assessment Report (AR4); Special 
Report on Emissions Scenarios (SRES)

adaptation strategy and mitigation, 281
climate change, assessment reports on, 11
climate change, computer simulations of 

future, 282
climate change, magnitude of global, 72
climate change and world food 

production, 83, 91–94
climate change on ecosystems, 49–50
CO2 emissions, mitigation to reduce, 

279
coastal regions, vulnerability of world, 

124
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findings, application of, 16–22
Fourth Assessment Report, 1, 16, 30, 72, 

162, 172, 193, 232
GHG emission scenarios as business as 

usual, 262
GHG emissions in 2050, global, 267
GHG emissions reduction and developed 

countries, 172
GHG stabilization scenario, 136, 262
global society, influence on, 201
global temperature rise in next 20 years, 

33
global temperature rise over 10 years, 

average, 152, 194
global warming, negative effects of, 46
global warming, scepticism and science 

of, 36
global warming, sea-level rise from,  

129
global warming caused by human actions, 

162
keywords for extract research, 23
mapping framework for, 16, 18, 22
mass media on, Japanese reports, 232
mega-deltas and natural disasters, 125
Nobel Peace Prize, 232
policy-relevant stance, 17, 40
population in severely stressed river 

basins, 47
process with structured knowledge, 7
report, executive summary of, 83
runoff, mean change of annual, 48
scientific findings, 19–22
scientific research and relevant policy, 

17, 40
sea level, very large rise in, 55
sea-level rise rate and rate of flooded 

population, 119
surface warming, projected global from, 

53
vulnerable areas, 54
weather events, increased extreme, 195
Working Group II report, 111–13

International Energy Agency (IEA), 210, 
216, 271

inundation, 125–31, 139
IPCC. See Intergovernmental Panel on 

Climate Change (IPCC)
IR3S. See Integrated Research Systems for 

Sustainability Science (IR3S)
Irrawaddy delta, 117

Japan
Agency for Natural Resources and 

Energy, 220, 232, 240
Atmospheric General Circular Model 

(AGCM), 72–73
carbon-intensive energy for goods and 

services, 158
climate change and, 217–18
climate change and coastal zones, 59
climate change and floods, 62–67
climate change and forests, 59, 67–68
climate change and heat stress mortality, 

69–70
climate change and human health, 59–60
climate change and rice yields, 59, 68
climate change and sandy beach loss, 68
climate change and storm-surge flooding, 

69
climate change and water resources, 58
climate change policy and journalism, 

232–39
climate change policy based on scientific 

information, 42
CO2 emissions in large cities, per capita, 

210
Cool Earth Partnership Program, 223
destiny house, reversible, 256
editorials on setting the medium-term 

goal in four leading newspapers, 
236–38

energy supply and demand, future 
forecasts, 221

Federation of Electric Power Companies 
of Japan, 222

Fukuda Vision, 223
GHG emission reduction of 6 per cent, 

225–32
GHG emissions, chronological changes 

in, 228
Global Environment Charter, 221–22
Global Warming Prevention 

Headquarters, 220
government, 255
Industrial Structure Council, 222
industry, 217–18, 221–23, 225, 229, 235–39
international negotiations, 42
Kyoto Protocol, 217–18, 220–22, 225–26, 

231–32, 238–39
Law Concerning Promotion of Measures 

to Cope with Global Warming, 165–66, 
220
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Japan (cont.)
Law Concerning the Rational Use of 

Energy (Energy Conservation Law), 
168–70, 220–21, 226, 230

Law on Special Measures Concerning 
New Energy Use by Electric Utilities 
(RPS Law), 221, 226

Law on the Promotion of New Energy 
Usage (New Energy Law), 221, 226

Law Regarding the Rationalization of 
Energy Use, 166

medium-term goal proposed by the 
government, 224

Ministry of Economy, Trade and Industry 
(METI), 217–18, 220–22, 225–27

Ministry of the Environment (MOE), 
217–18, 221, 225, 227, 230–31

Nippon Keidanren (Japan Business 
Federation), 217–18, 221, 223

political decision making, three-way 
conflict, 218–25

Project for Comprehensive Projection of 
Climate Change Impacts, 60–62

public awareness of climate change, 30
rain and flooding, increased, 72–73
research programmes, governmental, 

22–26
sedimentation disasters, 75–77
strategic environmental assessment 

system, 227
sustainable projects, 255

Japan Federation of Basic Industry 
Workers’ Unions, 223

Japan Low-carbon Society Scenarios (LCS), 
262

JI. See Joint symposium (JI)
Joint symposium (JI), 23

K-1 Model Developers, 101, 104, 109
Keidanren’s publication on climate change 

policy, 222–23
Keidanren Voluntary Action Plan on the 

Environment, 166
Kiribati, 56, 122
Kyoto Protocol

Adaptation Fund, 204
Annex I countries emissions reduced by 

40 per cent below the 1990 levels, 157
base year of 1990, 164
cap-and-trade systems as alternative to, 

157

carbon trading framework, international, 
192

China and India lack emission targets, 
155

clean development mechanism (CDM), 
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Figure 4.3.1 Distribution of increase in potential damage cost from rainfall with 
50- to 100-year return periods
Note: Please see page 74 for this figure’s placement in the text.
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Figure 5.3.1 Final energy consumption by region in Scramble
Note: Please see page 182 for this figure’s placement in the text. 

Figure 5.3.2 Primary energy by source in Scramble
Note: Please see page 183 for this figure’s placement in the text.
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Figure 5.3.3 Final energy consumption of biomass in Scramble
Note: Please see page 184 for this figure’s placement in the text. 

Figure 5.3.4 Final energy consumption of electricity in Blueprints
Note: Please see page 188 for this figure’s placement in the text. 
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Figure 5.3.5 Final energy consumption by sector in Blueprints
Note: Please see page 190 for this figure’s placement in the text. 

Figure 5.3.6 Primary energy by source in Blueprints
Note: Please see page 191 for this figure’s placement in the text. 
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