
A
Absolute humidity, 103–104
Absolute instability, 121, 122
Absolute scale, 88
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Absolute zero, 47, 88
Absorption of solar radiation, 50–51
Acceleration, centripetal, 184
Acid precipitation, 384, 393–96
Active solar collector, 56
Adair, Robert, 185
Adiabatic cooling, 132
Adiabatic temperature changes, 113–14,
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Advection fog, 140–41, 244
Advection (wind), 44. See also Winds

cold-air and warm-air, 358, 359
Aerosols, 18–19, 419
Aerovane, 191
Agricultural drought, 456
Agriculture, global warming and, 420–21,

422–23
Air, 16. See also Atmosphere

processes that lift, 114–20
Aircraft reconnaissance, 333–34
Airflow and air pressure, 174–76
Air mass, 234–49

classification, 236–37
definition, 234
modification, 237
properties, 237–46
source regions, 235–36, 237, 238

Air-mass thunderstorm, 287–90
Air-mass weather, 234
Air mixing, frost prevention with, 161
Air pollution, 376–97

acid precipitation, 393–96
historical perspective, 378–80
indoor, 388
meteorological factors, 391–93
primary pollutants, 379, 381–86
secondary pollutants, 381, 386–87
source categories, 381
trends in air quality, 387–90

Air pressure, 168–90
aviation and, 171
changes with altitude, 172–73
climate control and pressure system, 436
horizontal variations, 173–75
measuring, 169–72
vertical changes, 23–24

Air temperature. See Temperature
Albedo, 49, 75–77
Alberta Clipper, 269
Aleutian low, 210
Altitude

air pressure changes with, 172–73
temperature and, 74–75

Altocumulus, 134, 135, 136
Altostratus, 134, 136
Anaerobic bacteria, 19, 417
Analemma, 43
Analog method, 357
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Annual mean temperature, 66
Annual temperature range, 66, 77–78, 80
Antarctic ice shelves, polar warming and col-

lapse of, 425
Anticyclones, 188–89, 265–66, 269–70
Anticyclonic flow, 184, 186, 187
Aphelion, 35
Apparent temperature, 112
Aral Sea, shrinking, 448–49
Arctic, climate change in, 421–23
Arctic air mass, 236–39
Arctic sea ice, loss of, 423–24
Arctic sea smoke, 142
Arid. See Dry climate
Arizona monsoon, 212
Asian monsoon, 210–11
Atmosphere, 8–12

composition, 16–19, 26–27
defined, 12
energy absorbed by, 50–51
exploring, 8–10
extent, 23–24
heating, 51–53
movement of water through, 98–99
origin and evolution, 18–19
thermal structure, 24–26
window, 52, 53

Atmospheric hazards, 5–6
Aral Sea, shrinking, 448–49
billion dollar events, 5–6
debris flows, 348–49
drought, 456–57
flash floods, 292–93
Great Flood of 1993, 272–73
heat waves, 70–71
humidity and heat stress, 112
hurricanes, 318–43
lake-effect snowstorm, 239, 242–43
lightning safety, 299
microbursts, 296, 297
Santa Ana winds and wildfires, 204–5
severe thunderstorms, 287, 290–96
“Storm of the Century,” 252–53
storm-related deaths, 5, 7
tornadoes, 300–313
ultraviolet index, 46
worst winter weather, 152–53

Atmospheric stability, 120–23
air pollution and, 391–93

Atmospheric window, 52, 53
Aurora australis, 26, 27
Aurora borealis, 26, 27
Automated Surface Observing Systems

(ASOS), 348, 350
Autumnal equinox, 35, 37–40
Aviation, air pressure and, 171
Axis, 36
Azores high, 209, 210

B
Backing, 266
Backscattering, 49, 50
Balloons, exploring atmosphere with, 9

Barograph, 170
Barometers, 169–70, 172
Barometric tendency, 188
Bergeron, Tor, 145, 146
Bergeron process, 145–47, 149
Bermuda High, 210, 333
Bimetal strip, 86
Biosphere, 12–14, 400
Blackbody, 47
Blizzard, 152–53
Blocking highs, 269–70
Bora, 204
Butterfly effect, 356
Buys Ballot’s law, 182–83

C
Calorie, 101
Carbon dioxide, 17, 18

climate change and, 413–15, 417–18, 426
Carbon monoxide, 386
Celsius-Fahrenheit conversion, 87–88
Celsius-Kelvin conversion, 88
Celsius scale, 87
Centrifugal force, 184
Centripetal acceleration, 184
CFCs. See Chlorofluorocarbons
Changes of state, 99–103
Chinook, 203
Chlorofluorocarbons, 20, 21, 417
Chlorophyll, 53
Circle of illumination, 37
Circulation of atmosphere

global, 205–22
global distribution of precipitation,

222–25
local winds, 200–205
scales of motion, 198–200

Cirrocumulus, 134, 135
Cirrostratus, 133–35
Cirrus clouds, 133, 134, 135, 137, 138

contrail cirrus, 138
Clean Air Act Amendments of 1990, 390,

396
Clean Air Act of 1970, 387
Clear air turbulence, 217
Climate, 3–5

classification, 430–32, 434–35
continental, 432
controls, 432–36
diagrams, 433
dry, 443–50
dry-summer subtropical, 451, 453–55
highland, 462–64
humid continental, 455–58
humid subtropical, 450–52
ice cap, 461–62
marine, 432
marine west coast, 451, 452–53
overview, 436
polar, 459–62
subarctic, 458–59
tropical, 436–43
tundra, 459–61
urban, 71, 84–85, 205, 385
world, 428–69
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Climate change, 398–427
aerosols, 419
carbon dioxide, 413–15, 417–18, 426
consequences, 419–26
detection, 400–405
feedback mechanisms, 417–18
human impact, 413–17
natural causes, 405
orbital variations, 409–12
plate tectonics, 406–7
solar variability, 412–13
volcanic activity, 407–9

Climate-feedback mechanisms, 417–18
Climate maps, 4
Climate system, 400, 401

clouds and, 162
Climatological forecasting, 357
Closed system, 14
Cloudbursts, 150
Cloud condensation nuclei, 132
Cloud dispersal, 159–60
Clouds, 53, 132–38. See also Precipitation

classifying, 133–37
iridescent, 484
middle-latitude cyclone and distribution

of, 263
moisture and formation of, 98–125
radiation cooling from, 125
role in climate system, 162
role in heating Earth, 54–55
temperature and, 75–77
of vertical development, 133, 134, 136–37
warm, 147–49

Cloud seeding, 158–59
Cloud-to-ground lightning, 297
Cold-air advection, 358, 359
Cold conveyor belt, 279–81
Cold front, 257–58
Cold-type occluded front, 258
Cold wave, 153
Collision-coalescence process, 147–49
Color-enhanced infrared (IR) image, 337
Computer, weather forecasting by, 353–56
Computer models of climate, 414, 417
Condensation, 102, 103, 132

adiabatic cooling and, 114, 115
net, 105

Condensation nuclei, cloud, 132, 147
Conditional instability, 121–23
Conduction, 42–44
Conservation of angular momentum (law of),

324
Continental air mass, 236–37

polar and arctic, 237–39
tropical, 245–46

Continental climates, 432
Continents, distribution of precipitation over,

225, 226
precipitation regimes on hypothetical con-

tinent, 225–29
Contrails, 138–39
Controls of temperature, 68–77
Convection, 44
Convection cell, 205
Convective lifting, 115, 118–20
Convergence, 115, 117, 174, 186, 266–67

horizontal, 188, 189
Conveyor belt model, 279–81
Cooling degree-days, 89
Corals, climate change data from, 405, 406
Coriolis, Gaspard Gustave, 178–81
Coriolis force, 178, 206–7, 213
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Easterly wave, 326
Eccentricity, 409
Ecliptic, 36
Ecosystems, climate change and, 422
El Chichón eruption, 408
Electrical thermometer, 86
Electric hygrometer, 113
Electromagnetic radiation, 45–55
Elements of weather and climate, 4–5
Elevation, measuring air pressure and, 172
Elevation enhancement at Denver’s Coors

Field, 185
El Niño, 219–21, 222

tracking from space, 228
Energy, 41–42

for Earth system, 15
latitudinal energy imbalances, 73
wind, 192–93

Energy transfer, 42–48
Ensemble forecasting, 355–56
Entrainment, 114, 288–89
Environmental issues

acid precipitation, 393–96
aircraft contrails, 138–39
air pollution, 376–97
clearing the rainforest, 438–39
human impact on global climate, 413–17
indoor air pollution, 388
ozone as pollutant, 387
ozone depletion, 20–23
solar power, 56–57
ultraviolet index, 46
urban climate, 71, 84–85, 204, 385
wind energy, 192–93

Environmental lapse rate, 24
stability of atmosphere and, 120–23

Environmental Protection Agency (EPA),
387

Equation of state, 354
Equations of motion, 354
Equatorial low, 207
Equinox, 35, 37–40
Etna, Mount, 407
Evaporation, 102

net, 105
Evaporation fog, 142
Extratropical cyclone, 254
Eye of hurricane, 324
Eye wall, 321–24, 325

F
Fahrenheit-Celsius conversion, 87–88
Fahrenheit scale, 87–88
Fall velocity of water drops, 148–49
Fall winds, 203–4
False-color image, 162
Fata Morgana, 476
Feedback mechanisms, 14–15

climate-feedback, 417–18
Fixed points, 87
Flash, 298
Flood, 272–73, 292–93, 331–32
Foehn, 203
Fog, 138–42, 244
Fog dispersal, 159–60
Forecast accuracy, 365–68
Forecasting. See Weather forecasting
Forest productivity, climate change and, 423
Formaldehyde, 390
Fossil pollen, climate change data from, 405
Fractus, 137
Franklin, Benjamin, 207, 350, 407

Corona, 483–84
Country breeze, 204
Crepuscular rays, 50, 51
Cretaceous Period, climate of, 410
Criteria pollutants, 387
Cryosphere, 400, 402
Cumulonimbus clouds, 134, 137, 140, 288,

289
Cumulus clouds, 133, 134, 137
Cumulus congestus, 137
Cumulus humilis, 137
Cumulus stage, 288–89
Cup anemometer, 190, 191
Cw climate, 442–43
Cyclogenesis, 260, 265–67

major site of, 268
Cyclones, 321. See also Hurricane; Mid-

latitude cyclone
extratropical, 254
vertical airflow, 188–89

Cyclonic flow, 184, 186, 187

D
Daily mean temperature, 66
Daily temperature range, 66
Dart leader, 300
Data buoy, 334–35, 348, 349
Debris flows, 348–49
Degree-days, 88–89
Dehumidifiers, 108
Deposition, 102, 111, 143
Depression of wet bulb, 111
Desert, 444, 445–50

middle-latitude, 449–50
rain shadow, 115–16, 117, 118
west coast subtropical, 447–49

Dew, 142–43
Dew point, 110–11
Diffraction, 483
Diffused light, 50
Directional divergence, 266
Dispersion, 478
Dissipating stage, 289
Divergence, 174, 186, 188, 266–67
Doldrums, 207
Doppler effect, 310, 312–13
Doppler radar, 310–13, 334, 335
Downbursts, 296
Drizzle, 150
Dropsonde, 332–33
Drought, 363, 413, 456–57
Dry adiabatic rate, 114, 115, 118
Dry climate, 443–50

definition, 444
middle-latitude, 449–50
subtropical, 445–49
west coast subtropical, 447–49

Dry conveyor belt, 280, 281
Dryline, 260, 294, 295
Dry-summer subtropical climate, 451,

453–55
Dust devil, 201

E
Earth

heat budget, 55–57, 58, 215–17
motions, 34–35
orientation, 36–37

Earth sciences, 3
Earth-Sun relationships, 34–41
Earth system, 10–16
Earth system science, 14–15
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Freezing, 101–2
Freezing nuclei, 145, 147
Freezing rain, 145, 151, 153
Friction, 181

on cloud droplets, 144–45
surface winds and, 186

Frontal fog, 142
Frontal wedging, 115, 116, 117
Fronts, 116, 214, 254–60
Frost, 102, 103, 111, 143, 161
Frostbite, 92, 93
Frost point, 111
Frost prevention, 161–62
F-scale. See Fujita intensity scale (F scale)
Fujita intensity scale (F scale), 306, 308
Funnel cloud, 303
Fusion, latent heat of, 102

G
General Circulation Models (GCMs), 414
Geographic position

climate control and, 432–33
temperature and, 75

Geosphere, 12
Geostationary Operational Environmental

Satellites (GOES), 369–70
Geostationary satellites, 368–69
Geostrophic winds, 181–83, 213
Glaciers, 75, 401, 402, 403

climate change recorded in ice, 402–3
Glaze, 145, 149, 150, 151, 153, 256
Global circulation, 205–22
Global Positioning System (GPS) dropwind-

sonde, 332–33
Global warming, 15, 53–54, 415, 417, 418

possible consequences of, 419–26
Glory, 482–83
GOES, 369–70
Gradient winds, 183–84
Graupel, 150, 155
Gravitational force on cloud droplets, 144–45
Greenhouse effect, 53–54, 414
Greenhouse gases, 15, 54, 56. See also Car-

bon dioxide
Growing degree-days, 89, 90
Gulf stream, 217–18, 219
Gust front, 290–91, 295

H
Haboob, 205
Hadley, George, 205–6
Hadley cell, 206–7
Hail, 150, 151–54, 155, 157
Hail cannons, 160
Hail suppression, 160–61
Hair hygrometer, 113
Halo, 479–81
Haze, 380
Heat, 42

latent, 18, 100–102
latitudinal heat balance, 57–60
specific, 68

Heat budget, 55–57, 58, 215–17
Heating degree-days, 88–89
Heat island. See Urban heat island
Heat lightning, 300
Heat stress, 112
Heat stress index (heat index), 91
Heat transfer, mechanisms of, 42–48
Heterosphere, 26–27
High clouds, 133–35, 137, 138
High (high barometric pressure), 174

J
Jet streaks, 360
Jet stream, 213–15, 360, 361–62
JOIDES Resolution, 401, 404
Jungle, 437

K
Katabatic winds, 203–4, 462
Katrina, Hurricane, 320, 321

examining from space, 336–39
Kelvin-Celsius conversion, 88
Kelvin scale, 88
Kinetic energy, 41–42, 192
Köppen classification, 430–32, 434–35

L
Lag of the maximum, 81–82
Lake-effect snow, 239, 241, 242–43
Lakes, acid precipitation in, 395
Land

climate control and, 432
temperature over, 68–72

Land breeze, 202
Langmuir, Irving, 146
La Niña, 221–22
Latent heat, 18, 100–102
Laterite soil, 439
Latitude

climate control and, 432
Coriolis force and, 179, 180
middle, 253
temperature range and, 77, 79–80

Latitudinal energy imbalances, 73
Latitudinal heat balance, 57–60
Law of reflection, 472
Lead, 386
Leader, 298
Leaves, color change in fall, 53
Leeward coast, 75
Lenticular altocumulus clouds, 137
Lenticular clouds, 137, 140
Lifting condensation level, 114, 132
Light

diffused, 50
nature of, 472–74
speed of, 45, 473
visible, 45

Lightning, 287, 296–300
Liquid-in-glass thermometer, 83–86
Liquid water, 100
Local forecasts, 347
Localized convective lifting, 115, 118–20
Local winds, 200–205
Long-range forecasting, 364
Longwave radiation, 47
Looming, 475
Low clouds, 133, 134, 136, 137
Low (low barometric pressure), 174, 254

M
Macroscale winds, 199, 200
Mammatus sky, 137, 294, 295
Maps, weather. See Weather maps
Marine climates, 432
Marine west coast climate, 451, 452–53
Maritime air mass, 236–37, 239–45

polar, 239–44
tropical, 244–45

Mature stage, 289
Maximum thermometer, 83
Mechanical thermometer, 83–86

Highland climate, 462–64
Highlands, climate control and, 433
Hoar frost, 102, 111, 143
Homosphere, 26
Horizontal convergence, 188, 189
Horizontal pressure gradient, 176–77
Horse latitudes, 207
Humid continental climate, 455–58
Humidifiers, 108
Humidity, 103–13

absolute, 103–4
measurement, 111–13
relative, 106–10, 146
specific, 104

Humid subtropical climate, 450–52
Hurricane, 5–6, 7, 286, 318–43

deadliest, 320
decay, 327
destruction, 327–32
detection and tracking, 333–35
estimating intensity of, 332–33
formation, 325–27
names, 328
profile, 320–24
regions of formation, 321, 322
Saffir-Simpson scale, 327, 329, 331
warning, 335
watch, 335

Hydrocarbons, 385–86
Hydrogen bonding, 100–101
Hydrological drought, 457
Hydrologic cycle, 15, 16, 98–99
Hydrophobic nuclei, 133
Hydrosphere, 12, 400
Hydrostatic equation, 354
Hydrostatic equilibrium, 177
Hygrometers, 111–13
Hygroscopic nuclei, 132–33
Hygroscopic particles, 147

cloud seeding with, 158–59
Hypothesis, 6

I
Ice, 99, 100, 146, 402–3
Ice cap climate, 461–62
Ice cap (ice sheet), 402
Icelandic low, 210
Ice pellets. See Sleet
Ice point, 87
Ice shelves, Antarctic, 425
Ideal gas law, 174, 354
Illusions, optical, 473–74
Inclination of axis, 36
Inferior mirage, 475
Infrared images/imaging, 55, 369
Infrared radiation, 45, 55
Instrument shelter, 86–87
Insulators, 44
Intentional weather modification, 157–62
Interface, 13
Interference, 483–84
Intergovernmental Panel on Climate Change

(IPCC), 415, 416, 426
Internal reflection, 472–73
Intertropical convergence zone (ITCZ), 207,

208, 211, 439, 441–42, 443, 445
Ionosphere, 27
Iridescent clouds, 484
Isobar, 175–76, 177
Isohyets, 245
Isotach, 360
Isotherm, 67, 77



Mediterranean climate, 453–55
Melting, 101
Meniscus, 83
Mercury barometer, 169–70, 172
Meridional airflow pattern, 361
Mesocyclone, 291, 303, 304
Mesopause, 25
Mesoscale convective complex, 291, 295–96
Mesoscale winds, 199, 200
Mesosphere, 25
Meteorite, climate change caused by, 409
Meteorological drought, 456
Meteorology, 3
Methane, 416–17, 424
Microburst, 296, 297
Microscale winds, 199, 200
Middle clouds, 133, 134, 135–36
Middle-latitude climates, humid, 450–55
Middle-latitude cyclone. See Mid-latitude cy-

clone
Middle-latitude desert, 449–50
Middle latitudes, 253
Mid-latitude cyclone, 116, 117, 254, 260–81,

286
case study, 270–79
conveyor belt model, 279–81
cyclogenesis, 260, 265–67, 268
idealized weather of, 262–65
life cycle, 260–62
traveling, 267–69

Mid-latitude jet stream, 214
Milankovitch cycles, 409–12
Millibar, 169
Minimum thermometer, 83–86
Mirage, 474–76
Mist, 150
Mistral, 204
Mixing depth, 391
Mixing ratio, 104, 105

saturation, 105
Model, 6
Model Output Statistics (MOS), 355
Moderate-Resolution Imaging Spectrora-

diometer (MODIS), 162
Moisture, 98–125
Monsoon, 210–12, 217, 442
Monthly mean temperature, 66
Montreal Protocol, 22–23
Motion, Newton’s Laws of, 184
Mountain breeze, 202, 203
Mountains

climate control and, 433
precipitation records and, 116

Mountain sickness, 190
Multiple vortex tornadoes, 300–302
Multi-satellite Precipitation Analysis (MPA),

337

N
National Ambient Air Quality Standards,

387, 389
National Center for Environmental Predic-

tion, 347
National Ice Core Laboratory, 404
National Weather Service (NWS), 346–47,

348, 349, 364
Negative-feedback mechanism, 14–15, 418
Net condensation, 105
Net evaporation, 105
Newton’s Laws of motion, 184
Newton (unit of force), 169
Nimbostratus clouds, 134, 136, 137
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Positive-feedback mechanism, 15, 418
Potential energy, 42
Precession, 409, 411
Precipitation, 143–57. See also Climate;

Clouds
acid, 384, 393–96
in dry-summer subtropical climate,

454–55
formation of, 143–49
forms of, 149, 150–55
global distribution, 222–25
in humid continental climate, 458
in marine west coast climate, 453
measurement, 155–57
mountains and records for, 116
regimes on hypothetical continent,

225–29
in subarctic climate, 459
in subtropical desert and steppe, 445
in tropical wet and dry climate, 441–42
in wet tropics, 439–41

Precipitation fog, 142
Precipitation probability forecasting, 366
Pressure altimeter, 171
Pressure gradient, 175–78
Pressure-gradient force, 176, 181–82
Pressure tendency, 188
Prevailing westerlies, 207
Prevailing wind, 190–91

climate control and, 432–33
Primary pollutants, 379, 381–86
Prognostic charts, 354, 356
Proxy data, 400–405
Psychrometer, 111–13

Q
QuikSCAT satellite, 337, 338, 371

R
Radar

Doppler, 310–13, 334, 335
weather, 9, 10, 157, 158

Radiation, 44–55. See also Solar radiation
emitted by Earth, 51–55
laws of, 47–48

Radiation fog, 139–40
Radiosonde, 9, 349
Radon gas, 388
Rain, 149, 150

freezing, 151, 153
largest annual rainfall recorded, 149

Rainbows, 471, 472, 476–79, 480
Rain shadow, 449
Rain shadow desert, 115–16, 117, 118
Reflection, 48–50, 472–73, 479
Refraction, 473–74, 478
Relative humidity, 106–10, 146
Return stroke, 298–300
Revolution, 34–35
Ridge, 184
Rime, 146, 150, 155
Ring chronologies, 405
Roll cloud, 290, 291
Rossby waves, 215
Rotation, 34

S
Saffir-Simpson scale, 327, 329, 331
Sagan, Carl, 413
St. Helens, eruption of Mount, 408
Sand dunes, 450
Santa Ana, 203, 204–5

Nitrogen oxides, 384–85
Nitrous oxide, 417
Nor’easter, 243, 244, 269
Normal lapse rate, 24, 53
“Normal” weather, 368
North American monsoon, 211–12
North Atlantic Drift, 74, 218
North Atlantic mP air masses, 242–44
North Atlantic mT air masses, 244–45
Northern lights, 26, 27
North Pacific mT air masses, 245
Norwegian cyclone model, 253–54, 279
Nowcasting, 358
Numerical weather prediction, 353–56

O
Obliquity, 409
Occluded front, 258–60, 261
Occlusion, 262
Ocean currents, 73–74, 75, 77, 217–22

climate control and, 433–36
latitudinal heat balance driving, 58

Open system, 14
Optical illusions, 473–74
Optical thickness, 162
Orbital variations, 409–12
Orchard heaters, 161, 162
Orographic lifting, 115–16, 118–19
Outgassing, 18
Overrunning, 255
Overshooting, 290
Oxygen, 19, 52
Oxygen isotope analysis, 401–2, 403
Ozone, 19–23, 25, 52, 387

depletion in stratosphere, 20–23
hole, 20–22

Ozone-oxygen cycle, 21

P
Pacific mP air masses, 242
Paleoclimatology, 400
Pangaea, 407
Panhandle Hook, 268
Parcel, 114
Parhelia, 481, 482
Particulate matter, 381–84
Pascal (unit of pressure), 169
Passive solar collectors, 56
Pattern recognition, 357
Perihelion, 35
Permafrost, 402, 460, 461

climate change and, 423, 424
Persistence forecasts, 356–57
Photochemical reaction, 386
Photochemical smog, 20, 386–87
Photosynthesis, 17, 18, 19
pH scale, 393, 394
Pinatubo, eruption of Mount, 408–9
“Pineapple Express,” 244
Plane of the ecliptic, 36
Planetary-scale winds, 199
Plate tectonics theory, 406–7
Polar air mass, 236–44
Polar climates, 459–62
Polar easterlies, 207, 210
Polar front, 207, 214, 225
Polar-front theory, 253–54, 279
Polar high, 207, 210
Polar jet stream, 213–14, 361
Polar satellites, 368
Pollen, climate change data from fossil, 405
Pollution. See Air pollution
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Satellites, 368–71
monitoring climate change, 402
tracking El Niño with, 228
weather, 9–10, 11, 333, 336, 337–38,

368–71
Saturation, 104–6
Saturation vapor pressure, 104–5, 110, 145
Savanna, 441, 442
Scattering, 48–50
Scatterometer, 223
Scenarios, 420
Schaefer, Vincent, 158
Scientific inquiry, 6–8
Scientific law, 8
Scientific method, 8
Sea breeze, 176, 178, 202
Seafloor sediment, climate change evidence

in, 400–401
Sea level rise, 421, 422
Seasons, 35–41
Secondary pollutants, 381, 386–87
Semiarid, 445
Serendipity, 146
Severe thunderstorms, 287, 290–96

severe thunderstorm outlooks, 308
Sheet lightning, 297
Short-range forecasting, 367
Shortwave radiation, 47
Siberian Express, 240–41
Siberian high, 209, 210, 211
Single-cell circulation model, 205
Skill, forecasting, 365–67
Sleet, 149, 150, 151, 152, 153
Sling psychrometer, 113
Smog, 386–87

Great Smog of 1952 (London), 382–83
photochemical, 20, 386–87

Smudge fires, 161
Snow, 149, 150, 151, 152, 153, 402

lake-effect, 239, 241, 242–43
measuring snowfall, 156, 157
selective absorption by, 50–51

Snowbelt, 239, 240
Snow eaters, 203
Snowflakes, 147
Socioeconomic drought, 457
Soil-forming processes, 15
Soils, rain forest, 438–39
Solar flares, 27
Solar power, 56–57
Solar radiation, 45–47, 54

distribution of incoming, 48–51
heat budget and, 55–57

Solar system, 14
Solar variability, climate and, 412–13
Solar wind, 18
Solstice, 35, 37–40
Source regions, 235–36, 237, 238
Southern lights, 26, 27
Southern Oscillation, 220–21
Southwest monsoon, 212
Specific heat, 68
Specific humidity, 104
Speed divergence, 266
Speed of light, 45, 473
Speed wind shear, 303
Spring equinox, 35, 37–40
Sprinklers, frost prevention with, 161
Squall line, 291, 294–95
Stability, 120–25

impact on air pollution, 391–93
Stable air, 120

relative humidity and, 106–9
scales, 87–88
stability and changes in, 124–25
in subarctic climate, 458–59
in subtropical desert and steppe, 445–47
sunspots and, 412–13
in tropical wet and dry climate, 441
vertical changes, 24–26
in wet tropics, 438–39
world distribution, 77–80

Temperature inversion, 24, 121, 124, 291,
295, 326, 391–93

Terminal velocity of water droplet, 144–45
Theory, 6–8
Thermals, 44, 118
Thermistor, 86
Thermodynamics, first law of, 354
Thermograph, 80, 86
Thermometers, 82–87

electrical, 86
mechanical, 83–86

Thermosphere, 25
Three-cell circulation model, 206–7
Thunder, 300
Thunderstorm, 286, 287–96, 360

air-mass, 287–90
occurrence, 289–90
severe, 287, 290–96
stages of development, 288–89
supercell, 291–96

Tipping-bucket gauge, 156
TOPEX/Poseidon satellite, 228
Tornado, 5–6, 7, 277, 286, 287, 300–313

climatology, 303–5
destruction, 306–8
development, 303
dust devil compared to, 201
forecasting, 308–13
Fujita intensity scale, 306, 308
profile, 305–6
“super outbreak” (April 3-4, 1974), 309
warning, 310
watch, 308–10

Tornado Alley, 305
Torricelli, 169–70
Towering, 476
Toxic air pollutants, 386
Trace gases, 415–17, 418, 426
Trace of precipitation, 156
Trade wind inversion, 326
Trade winds, 207
Transpiration, 98
Travelers’ advisory, 153
Tree rings, studying past climates in, 403–5
Trend forecasting, 358
Tropical air mass, 236–37, 244–46
Tropical climates

wet and dry, 441–43
wet tropics, 436–41

Tropical depression, 326
Tropical disturbance, 326–27
Tropical Rainfall Measuring Mission

(TRMM) satellite, 11, 337, 371
Tropical rain forest, 436, 438–39
Tropical storm, 327, 328
Tropic of Cancer, 37, 60
Tropic of Capricorn, 37, 59
Tropopause, 25, 26
Troposphere, 24–25
Trough, 184
Tundra climate, 459–61
Typhoons, 321. See also Hurricane

Standard atmosphere, 173
Standard rain gauge, 155–56, 157
Stationary front, 258
Statistical methods of forecasting, 355
Steam fog, 142
Steam point, 87
Stefan-Boltzman law, 47, 48
Step leader, 298
Steppe, 445–50
“Storm of the Century,” 252–53
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Subtropical high, 207
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