El Nifo, La Nifia, and
the Southern Oscillation

. S. George Philander




o DIY 46
268]33 wsrror

¢OR METEOROLOGIE U. KLIMATOLOGCIE
UNIVERSITAT HANNOVER
MERRENHAUSER STR. 2 - 3000 HANNOVER 21

Fl Nifio, La Nifia, and 0k £54.545.5
the Southern Oscillation

S. George Philander

GEOPHYSICAL FLUID DYNAMICS LABORATORY / NOAA
PRINCETON UNIVERSITY
PRINCETON, NEW JERSEY

ACADEMIC PRESS, INC.

Harcourt Brace Jovanovich, Publishers

San Diego New York Berkeley Boston
London Sydney Tokyo Toronto



Contents

Preface vii

Introduction 1

Chapter 1 The Southern Oscillation: Variability of the
Tropical Atmosphere

1.1  Introduction 9
1.2 The Seasonal Cycle 13
1.3 Interannual Variability 23
1.4 A “Composite” El Nifio 35
1.5  El Nifo of 1982-1983 38
1.6  Interannual Variability in the Atlantic Sector 42
1.7 Teleconnections 48
1.8  Intraseasonal Fluctuations 51

Notes 56

Chapter 2 Oceanic Variability in the Tropics

2.1  Introduction 58
2.2 Mean Conditions 61
2.3  The Seasonal Cycle 74
2.4  Interannual Variability 78
2.5 The Atlantic Ocean 86
2.6  The Indian Ocean 93
2.7  Instabilities 95
2.8  Mixing Processes 99

Notes 101

Chapter 3 Oceanic Adjustment: [

3.1 Introduction 103
3.2 The Shallow-Water Model 106



vi Contents

3.3  The Equatorial Jet 108
34 Waves 111
3.5  Generation of Sverdrup Flow 132
3.6  Equatorial Adjustment 136
3.7 Response to Remote Forcing 141
3.8 The Effects of Dissipation 146
3.9  The Effects of Mean Currents 148
3.10 Instabilities 152
3.11 Discussion 154

Notes 156

Chapter 4 Oceanic Adjustment: 11

41 Introduction 158
42 A Continuously Stratified Model 160
4.3  Vertically Standing Modes 162
4.4  Vertically Propagating Waves 167
4.5  Equatorial Surface Jets 173
4.6  The Equatorial Undercurrent 177
4.7  Response to Time-Dependent Forcing 183
4.8  The Response to Cross-Equatorial Winds 188
4.9  General Circulation Models of the Ocean 203

Notes 206

Chapter 5 Models of the Tropical Atmosphere

5.1  Introduction 210
52  Waves 212
5.3  The Response to Steady Heating 214
5.4  Convection in the Tropics 217
5.5  The Atmospheric Response to Sea Surface Temperature Variations 220
5.6  General Circulation Models of the Atmosphere 224

Notes 229

Chapter 6 Interactions between the Ocean and Atmosphere

6.1  Introduction 230
6.2  Unstable Interactions 235
6.3 The Irregularity of the Southern Oscillation 246
6.4  Statistical Predictions 250
6.5  Dynamical Predictions 252

Notes 254
Bibliography 257
Index 285

International Geophysics Series 291



