
GLOBAL WARMING - THE
RESEARCH CHALLENGES

A Report of Japan's Global Warming Initiative

Edited by

ATSUNOBU ICHIKAWA
Council for Science and Technology Policy,
The Government of Japan, Tokyo, Japan
and
Professor Emeritus,
Tokyo Institute of Technology,
Tokyo, Japan

fyj Springer



Table of Contents

FOREWORD vii

PREFACE TO THE JAPANESE EDITION xi

PART 1:
ADDRESSING THE PROBLEM OF GLOBAL WARMING

1. A New Era of Global Environment Issues 3
2. Answering Questions About Global Warming 4
3. Top Priority Research and Development in the Field of Environmental

Studies 5
4. Global Warming Research Initiative 9

PART 2:
TO WHAT EXTENT HAVE RESEARCHES ELUCIDATED
GLOBAL WARMING?

CHAPTER 1
IS GLOBAL WARMING REALLY OCCURRING?
- WHAT GLOBAL MONITORING CAN TELL US 19

1.1 Introduction 19
1.2 How Has the Earth's Climate Changed? 20
1.3 Atmospheric Concentration of Greenhouse Gases and Aerosols:

Influence on Past, Present, and Future Climate 326
1.4 Terrestrial and Oceanic Sources and Sinks for Major Greenhouse

Gases 33

CHAPTER 2
CLIMATE MODELING AND THE PROJECTION OF
GLOBAL WARMING 55

2.1 History of the Projection of Global Warming 55
2.2 How is Global Warming Actually Projected? 58
2.3 Worldwide Research Efforts on Projecting Global Warming 63
2.4 National Efforts in Projection Research on Global Warming 66
Notes 83



vi Global Warming -The Research Challenges

CHAPTER 3
IMPACTS AND RISKS OF GLOBAL WARMING 85

3.1 Global Impacts ... 85 ~
3.2 Impacts on Japan 100

CHAPTER 4
ASSESSMENT OF GLOBAL WARMING RESPONSE
POLICIES 115

4.1 Introduction 115
4.2 Formulating Hundred-Year Scenarios 117
4.3 Estimated Costs of the Kyoto Protocol 121
4.4 Technological Innovation Making Greater Progress Than

Expected 124
4.5 Policy Design Growing in Sophistication 127
4.6 New Insights for the Rules of Consensus 129
4.7 The Difficulty of Judging the Balance of Losses and Gains from

Mitigation Measures 131
4.8 Response Policy Studies Entering a New Phase 134
Notes 137

REFERENCES 141

ABBREVIATIONS >. 151

AUTHORS 153

INDEX 157


