


120244
Causes of Climate

John G. Lockwood

®

Edward Arnold



Contents

Preface ix
Acknowledgements x

1 Introduction: the climatic system 1

1 Systems 1
1.1 Isolated, closed and open systems 2

2 The climatic system 4
2.1 The nature of energy 6
2.2 Energy transformations 9
2.3 The general circulation of the atmosphere 13
2.4 Climatic change and its causes 18

References 20

2 Radiation: the prime energy source 21
1 General introduction 21
2 Radiation laws 21
2.1 Kirchhoff’s law 22
2.2 Stefan—Boltzmann law 22
2.3 Wien displacement law 22
2.4 Solar and terrestrial radiation 22
3 Short-wave radiation 23
3.1 The solar source 24
3.2 The Milankovitch mechanism 29
3.3 Attenuation of solar radiation in the atmosphere 30
3.4 Global pollution and solar radiation 34
4 Long-wave radiation 39
5 Interaction of radiation with surfaces 42
6 Greenhouse effect 44
References 46

3 The nature of surface climates: climatic interaction models 48
1 Surface interactions 48
1.1 Dry surface with no atmosphere 48
1.2 Dry surface with atmosphere present 49



vi

2

3

Contents

1.3 Wet surface with atmosphere present 50
1.4 Radiative and advective landscapes 61
Examples of natural surfaces 63

2.1 Oceans 63

2.2 Grasslands 66

2.3 Deserts 69

2.4 Ice surfaces 74

Simple climatic models 77

References 79

The distribution of surface climates: atmospheric circulation
patterns 81

1
2

4

Controlling factors of the general circulation 81
Distribution of radiation 81

2.1 Global radiation 83

2.2 Albedo 83

2.3 Outgoing long-wave radiation 85

2.4 Radiation balance 90

Atmospheric motions 94

3.1 The earth’s rotation 95

3.2 Atmospheric thermal patterns 99

3.3 Atmospheric wind and pressure systems 102
3.4 The thermal Rossby number 109

3.5 The subtropical anticyclones 113

3.6 The trade winds 120

3.7 The equatorial trough 122

3.8 Middle and high latitudes 128

The hydrological cycle 132

4.1 Vertical motion and the formation of precipitation 134

References 138

The evolution of surface climates: glacial and interglacial periods

1
2

The feasibility of climatic change 140
Chronology of global climate 145

2.1 Time-scale of climatological changes 150
2.2 Historic climatic changes 151

Ice and snow 156

3.1 Seasonal snow 156

3.2 Sea-ice 157

3.3 Glaciers and ice-sheets 158

3.4 Glacial eustatic changes 160

3.5 Icesurges 160

3.6 The growth of the Laurentide ice-sheet 162
The changing solar constant and world climate 163
Glacial climates 167

5.1 The 18,000 BP continents 167

5.2 The 18,000 BP sea surface 169

140



Contents = Vil

5.3 Simulated climatic conditions at July 18,000 BP 170
5.4 The British climate during the last glaciation 175
References 179

6 The climatic future: climatic models and trends 182

1 Climatic models 182

1.1 Global radiation 183

1.2 Evapotranspiration 184

1.3 Run-off 188

1.4 Rainfall 191

1.5 Results of a general climatic model 192
2 The consequence of climatic changes 195

2.1 Drought 199
3 The climatic future 209

3.1 Global pollution 212

3.2 Anthropogenic heat sources 228

3.3 Land-surface alterations 232

3.4 Trends in global water balance 236
References 237

7 Conclusion: man and climate 242
References 249

Further reading 250
Glossary 251
Subject Index 255
Author Index 258



