
FUNDAMENTALS OF

METEOROLOGY ~~~T~~~

+[ouisJ.Battan



PRENTICE-HALL, INC., Englewood Cliffs, N.J. 07632



seCOND EOITION

Louis•.•.Battan
University otA.rizopa



43 t} 2J A t INSTITUT
FOR METEOROLOGIE U. KLIMATOLOGIE

UNIVE.RSIT.1I.T HANNOVER
IiI!lUU!NHAUSER STIl. 2 • lOOO HANNOVER 2'

CONTENTS

PREFACE XI

1
INTRODUCTION
AND OVERVIEW 1
Overview of the Book, 3

2
COMPOSITION
OF THE ATMOSPHERE 8
Gaseous Pollutants, 14 Acid Precipitation, 16 Aerosols, 18

v



vi Contents

3
STRUCTURE
CF THE ATMCSPHERE 23
Temperature, 23 Atmospheric Humidity, 25
Atmospheric Pressure, 29
Temperature Structure of the Atmosphere, 37

4
ENERGETICS
CF THE ATMCSPHERE 44
Nature of Radiation, 47 Energy from the Sun, 50
Radiation Budget of the Earth, 54
Air Temperatures at Sea Level, 59

5
ATMCSPHERIC STABILITV
AND VERTICAL AIR MCTICNS 64
Force, Acceleration, and Velocity, 64 Stability and Instability, 66
Temperature Lapse Rates and Stability, 67
Temperature Inversions, 70 Vertical Motion of Moist Air, 72
Turbulent Diffusion, 73

6
CLCUDS 78
Cloud Types, 78 Properties of Cloud Droplets, 87
Growth of Cloud Droplets, 89 lee Clouds, 92



Contents vii

7
PRECIPITATION 96
Measuring Precipitation, 99 Freezing Rain and Ice Particles, 102
Droughts, 104 Floods, 106
Modification of Clouds and Storms, 108 Hydrologie Cycle, 111

B
THE WINDS 115
Forces Causing the Winds, 116
Geostrophic and Gradient Winds, 119
Local Winds of Special Interest, 124

Effects of Friction, 122

9
AIR MASSESJ FRONTSJ

AND CVCLONES 128
Fronts, 133 Jet Streams, 136 Cyclones, 140
Favored Locations for Cyclone Development, 145

10
WEATHER ANALVSIS
AND FORECASTING 149
Weather Analysis, 149 Weather Forecasting, 154
Numerieal Weather Predietion, 157 Probability Forecasts, 161

11
SEVERE STORMS 168
Thunderstorms, 170 Lightning and Thunder, 173
Hailstorms, 179 Tornadoes, 181 Hurricanes, 191



viii Contents

12
ATMOSPHERIC OPTICS
AND ACOUSTICS 200
Refraction, 200 Rainbows, 203 Haloes and Coronas, 205
Mirages, 208 Sounds of the Weather, 210 Sonic Boom, 211

13
GENERAL CIRCULATION
OF THE ATMOSPHERE 214
Surface Winds and Pressure, 215 Pressure and Winds Aloft, 218
Interactions of Air and Sea, 221 The Cryosphere, 223
Modeling the General Circulation, 224

14
REGIONAL CLIMATES 228
Factors Governing Temperature, 229 Precipitation, 232
Climate Classification, 237 Trewartha's Classification, 238
City Climates, 246 Applied Climatology, 247
Climate and Agriculture, 248

15
CHANGES IN GLOBAL
CLIMATE 253
Climatic Change Hypotheses, 257
Recent Climatic Fluctuations, 260



Contents ix

APPENDIX I
UNIT CONVERSION FACTORS
AND SOME PROPERTIES
OF THE EARTH 263

APPENDIX 11
HUMIDITV TABLES 266

APPENDIX 111
CLIMATIC DATA
FOR SELECTED CITIES 268

APPENDIX IV
SOURCES
OF FURTHER INFORMATION 276

GLOSSARV 280

INDEX 287


