
Index 

A 

Absorptance, integrated, see Equivalent 
width 

Absorption coefficient, 24 
Absorption of solar radiation, see Solar 

radiation, absorption rate 
Absorption spectra, 30-49 

carbon dioxide, 31, 43-46, 111 
carbon monoxide, 31 
chlorofluoromethanes, 48 
methane, 31, 49 
molecular oxygen, 31-38, 87, 111 
nitric acid vapor, 48 
nitrous oxide, 31, 48 
ozone, 31, 47, 87, 111 
water vapor, 31, 47, 48, 111 

Absorptivity, band, 50 
Aerosol layer, stratospheric, 458-460 
Annual cycle, 221-239 
Atmospheric tides, 152, 156-169, 308, 311 

B 

Backscatter Ultraviolet Spectrometer, 109 
Band models, 52-56 

Goody, 55 
isolated line, 53 
Malkmus, 55 
random, 54-55 
strong line limit, 54, 55, 58-59, 63 
treatment of pressure and temperature 

dependence, 57-60, 111 
weak line limit, 53, 55, 58-59, 63 
whole band, 56-57, 111 

ß-Plane, see Beta-plane 
Beta-plane, 118-123, 129, 149, 151, 175, 

239, see also Equatorial beta-plane 
Blocking, tropospheric, 274, 294 
Boltzmann factor, 35 
Boundary conditions, 116-118, 147-149 
Brewer-Dobson model, 352-354, 375 
Buoyancy frequency, 5-6 
BUV, see Backscatter Ultraviolet 

Spectrometer 

C 

Carbon dioxide 
infrared emission, 21, 22, 72-73, 82, 93 
perturbations in GCM, 447-450 
solar absorption, 21, 22, 96 

Carbonyl sulfide, 445 
CCM, see Community Climate Model 
Chapman layer structure, 83-84, 111 
Chapman mechanism, 401-403 
Charney-Drazin criterion, 178, 183, 240, 244 
Chemical eddy, 409 
Chlorofluoromethane, 14, 48, 349, 400, 

405, 412 
Circulation 

diabatic, 6, 381 
residual mean, 128, 149, 284, 287, 303, 

306-308, 335 
zonal mean, 221-226 

Climatology, 220, 226, 295, 296, 308 
Community Climate Model, 418-421 
Coordinates 

isentropic, 137-145, 149, 310 

483 
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log-pressure, 4, 113-114 
sigma, 418, 422 

COS, see Carbonyl sulfide 
Critical layer, 253-258 
Critical level, 177, 183 
Critical line, 183, 186, 240, 253 
Critical surface, see Critical line 
Curtis-Godson approximation, see Band 

models, treatment of pressure and tem-
perature dependence 

Curtis matrix, see Radiative exchange, 
Curtis matrix formulation 

D 

Degeneracy, 37 
Diabatic circulation, 6, 303, 304, 381, 

see also Residual circulation 
Diffusion tensor, 355-356, 378-379 
Dobson units, 393 
DU, see Dobson units 
Dynamical heating, 6, 298, 447 

E 

Eddy diffusion coefficient, one-dimensional 
model, 383-384 

EDH, SEE Equivalent displacement height 
El Chichon, 459-460 
Eliassen-Palm flux, 128-131, 136, 149, 187, 

231, 234, 242, 252, 254, 298 
equatorial waves, 210 
gravity waves, 196, 305 
in isentropic coordinates, 143 
in SKYHI model, 426 
in stratospheric sudden warmings, 268, 

270, 271, 276, 284-287, 294 
Eliassen-Palm theorem 

generalized, 130-132, 149, 187, 191, 210, 
217, 240, 248, 250, 275 

Emissivity 
atmospheric flux, 57 
surface, 28, 29 

Energy levels, molecular, 31-35, 41-42 
EP flux, see Eliassen-Palm flux 
Equatorial beta-plane, 200, 208, 210, 

see also Beta-plane 
Equatorial waves, 151, 200-215, 218-219 

Kelvin wave, 155, 200, 202-203, 207, 
209-214, 323-326, 334-335 

Rossby-gravity wave, 155, 205-207, 
209-211, 213, 214, 323-326 

in SKYHI model, 427 
Equivalent depth, 153, 154, 156-157, 

163-165, 180 
Equivalent displacement height, 369-370, 

441 
Equivalent width, 50, 62-63, 88 
Ertel's potential vorticity, see Potential 

vorticity 
Escape function, in radiative transfer, 

65-66, 111 
Eulerian-mean flow, 123-125, 127, 128, 

133, 134, 137, 142-144 
Evanescent disturbances, see Vertically 

trapped disturbances 
Extinction coefficient, 24 

F 

Fermi resonance, in C0 2 spectrum, 43 
Flux density 

boundary conditions on radiative 28, 29 
monochromatic, 23 
net, 23 
radiative, 23 

Form drag, 137, 143, 149 
Free radicals, 401, 403-404 
Frontogenesis, 372-373 

G 

GCM, see General circulation model 
General circulation model 

lower stratosphere, 417-422 
SKYHI model, 309, 422-428 

Generalized Lagrangian mean, 133-137, 
357-358, see also Lagrangian mean flow 

Geopotential height, 3 
GLM, see Generalized Lagrangian mean 
Global normal modes, 152, 169-175, 218, 

235, 245-248 
2-day wave, 172-173, 235, 246, 252 
4-day wave, 173-174, 251 
5-day wave, 156, 169-173, 218, 235, 245, 

246 
16-day wave, 173, 246, 247 

Gravity waves, internal, 188-197, 219 
beraking, 193-197, 305, 306, 409-411, 

see also Inertio-gravity waves 
drag and diffusion due to breaking, 305, 

311, 409 
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H 

Heating 
dynamical, 6, 298 
fixed dynamical, 447 

Heating rate 
contribution of C0 2 in IR, 22, 93-94, 112 
contribution of H 2 0 in IR, 22, 93-94 
contribution of 0 3 in IR, 22, 93-94, 112 
diabatic, 21, 65-69, 82-84, 91-97, 110, 

112 
vertical distribution in global mean, 22 
visible and ultraviolet contributions, 22, 

96 
Height 

equivalent displacement, 369-370 
geopotential, 3 

Herzberg bands and continuum, 34 
High Resolution Infrared Radiometer 

Spectrometer, 102 
HIRS, see High Resolution Infrared Radiom-

eter Spectrometer 
Homopause, 1, 10 
Hough functions, 155, 157, 163, 167, 200, 

205, 243 
Hydroxyl radical, 405 
Hypsometric equation, 3 

Inertial instability 
equatorial, 335, 338-341 

Inertio-gravity waves, 188, 189, 191, 197-
200, 218, see also Gravity waves 

Infrared, contributions to diabatic heating, 
see Heating rate, diabatic 

Infrared Interferometer Spectrometer, 101 
Instability 

baroclinic or barotropic, 175, 238, 
248-252, 258, 292, 294 

inertial, 335, 338-341 
self-tuned resonant, 291, 292, 451 

Interannual variability, 293, 453-461 
IRIS, see Infrared Interferometer 

Spectrometer 
Irradiance, 23 
Isentropic coordinates, 137-145, 149, 310 

K 

Kelvin wave, 155, 200, 202-203, 207, 
209-214 

in quasi-biennial oscillation, 323-326 

in semiannual oscillation, 334-335 

L 

Lacis and Hansen approximation, see 
Solar radiation, diffuse 

Ladenburg-Reiche function, see Band 
models, isolated line 

Lagrangian-mean flow, 133-137, 277, 280, 
284, 352, see also Generalized 
Lagrangian mean 

Laplace's tidal equation, 154, 163, 165, 170 
Laplace's tidal equations, 153, 157 
Lapse rate, adiabatic, 5 
Limb Infrared Monitor of the Stratosphere, 

107 
Limb Radiance Infrared Radiometer, 107 
LIMS, see Limb Infrared Monitor of the 

Stratosphere 
Line shape and width 

Doppler, 39, 62-63 
effect of Voigt shape on heating, 61-64 
Lorentz, 38-39, 53-54, 58-60, 61-63 
natural, 38 
Voigt, 40, 62-63, 111 

Local thermodynamic equilibrium, 25, 72 
departures from, 72-82, 111 
multilevel non-LTE model, 80-81 
two-level non-LTE model, 76-79 

LRIR, see Limb Radiance Infrared 
Radiometer 

LTE, see Local thermodynamic equilibrium 

M 

Methane, 14, 349, 362 
Mixing of tracers, 361-364 
Mixing ratio, 10 
Mount Agung, 459-460 
Multiplicity, in molecular term, 34 

N 

Newtonian cooling approximation, 67 
Newtonian cooling coefficient, 67, 70 
Nimbus satellites, 102, 107 
Nitrogen dioxide solar absorption, 22, 96 
Nitrous oxide, 14, 31, 48, 349, 362 
Nonacceleration theorem, 130-133, 135, 

149, 183, 253, 275, 305 
Non-LTE effects, see Local thermodynamic 

equilibrium, departures from 
Nontransport theorem, 357 
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O 

Omega equation, 123, 125, 130 
Optical depth, 30 

height of unit optical depth for absorp-
tion, 84 

Optical path, 26 
Overreflection, 255-257 
Oxygen, odd, 400 
Ozone, 12-13, 362-363, 392-393 

climatology, 393, 398 
infrared emission, 21, 22, 93 
mesopheric, 409-410 
perturbations, in GCM, 447-450 
solar absorption, 21, 22, 84, 87-88, 90, 

93-96, 111 
in sudden warmings, 272 
total, 393-395 

Ozone layer 
one-dimensional model, 410-413 
photochemistry, 401-406 
two-dimensional model, 406-409 

Ozonesonde, 365, 396 

P 

Parcel displacement, air, 136, 181, 182, 192, 
199, 219, 275, 277, 280-282, 355-356, 
358-361, 369, 385-389,437 

Phase function, 25 
Photochemical equilibrium, 400, 402 
Photochemical production and loss, 

399-406 
Photochemistry 

of ozone, 401-406 
rate-limiting step, 403 

Planck function, 25 
Plane parallel atmosphere, 26-27 
Planetary waves, 151 

breaking, 235-238, 257, 308 
forced, 175-188, 218, 260, 275 
free, 169-175, 235, 245-248 
response to topography, 451 
stationary, 151, 220, 226-235, 239-245, 

257-258, 309 
PMR, see Pressure Modulator Radiometer 
Polar cold bias, 418-421, 424-427 
Polar night jet, 226, 259, 272, 288, 292 
Polar vortex, 236, 262, 264, 268, 277, 288, 

292, 293 
Potential temperature, 5 

Potential vorticity 
Ertel's, 115, 122, 139-141, 145-146, 149, 

235-236, 257, 272-273, 280, 283, 289, 
291, 308, 311, 344-346, 363 

quasi-geostrophic, 122, 127, 239, 308 
Preconditioning, 272, 288, 292 
Predissociation, 35 
Pressure broadening, see Line shape and 

width, Lorentz 
Pressure Modulator Radiometer, 102, 104, 

112 
Primitive equations, 113, 114, 138, 149, 310 

Q 

QBO, see Quasi-biennial oscillation 
Quasi-biennial oscillation 

equatorial, 200, 211, 212, 274, 291, 294, 
314-331 

extratropical, 453-457 
mean meridional circulation in, 328-329 
meridional structure, 327-331 
in total ozone, 457-458 

Quasi-geostrophic potential vorticity, 122, 
127, 239, 308 

Quasi-geostrophic theory, 118-123, 126, 
129, 149, 175, 276 

R 

Radar measurement, 19, 159, 162, 189-191, 
196, 197, 218, 219, 311 

Radiance, 23 
angular integration of, 23, 51, 60-61, 111 
blackbody, 25 
isotropic, 25 
monochromatic, 23 

Radiation condition, 117, 164, 165, 179, 
240, 246 

Radiation-to-space approximation, see Radia-
tive exchange, cool-to-space approxima-
tion 

Radiative-convective equilibrium, 444-446 
Radiative damping, 70-72, 111, 300-302 

equilibrium, 97-98, 112 
optically thin limit, 72 

Radiative exchange, 64-70 
approximations for , 66-70, 111 
cool-to-space approximation, 66-67 
Curtis matrix formulation, 69-70 
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"diffusion approximation," 68 
exchange integral formulation, 65, 111 

Radiatively determined temperature, 226, 
296, 299-311, 314,419 

Radiative transfer equation, 24 
integral form, 26 

Ray tracing, 185, 186, 188, 192, 215-218 
Refractive index, 182, 240, 241, 287, 293, 

294 
Relaxation time 

chemical, 348 
radiative, 300-302 

Remote sounding, 18-19, 21-22, 99-110, 
112 

of aerosols, 109-110, 112 
of composition, 107-110, 112 
of geopotential and wind, 103-105 
limb sounding of temperature, 105-107, 

112 
at microwave frequencies, 110, 112 
nadir sounding of temperature, 99-103 
satellite orbit geometry, 98-99 

Residual circulation, 128, 149, 284, 287, 
303, 306-308, see also Diabatic 
circulation 

Richardson number, 338 
Rocket measurements, 159, 161, 218 
Rossby-gravity wave, 155, 205-207, 

209-211, 213, 214, 323-326 
Rossby waves, see Planetary waves 
Rotational constant, 41 
Rotational line structure, 41-42 
Rotational quantum number, 41 

S 

SAMS, see Stratospheric and Mesospheric 
Sounder 

SAO, see Semiannual oscillation 
Satellite Infrared Spectrometer, 101 
Satellite measurements, 18-19, 99-110, 157, 

159, 169, 172, 174, 214, 218, 221-238, 
247, 257, 261, 294, see also Remote 
sounding 

SBUV, see Solar Backscatter Ultraviolet 
Spectrometer 

Scattering, 24-25 
coefficient, 24 
effects on heating rate, 89-91 

Scattering ratio, 459 
Schumann-Runge, bands and continuum, 

34-38, 111 

SCR, see Selective Chopper Radiometer 
Selection rules, for molecular transitions, 

34 
Selective Chopper Radiometer, 102-103 
Semiannual oscillation 

equatorial wind, 200, 331-338 
mesopause, 336-338 

Single scattering albedo, 24 
SKYHI model, 422-428 
SME Satellite, see Solar Mesosphere 

Explorer Satellite 
Solar Backscatter Ultraviolet Spectrometer, 

109, 112 
Solar Mesophere Explorer Satelite, 108 
Solar radiation 

absorption in plane parallel atmosphere, 
28, 88-89 

absorption rate, 82-85, 111 
diffuse, 27, 89-91 
direct, 27, 82-85 
spectrum, 85-86, 111 

Source function, 24 
non-LTE, 24, 75-79 
scattering, 25 
thermal emission, see Planck function 

Spectral integration 
band models, see Band models 
line-by-line, 51-52 

Sphericity of atmosphere, effect on 
radiative transfer, 29-30, 111 

Static stability, 5-6 
Stokes drift, 137, 180-183 
Stratospheric and Mesopheric Sounder, 

102-112 
Stratospheric fountain, 377 
Stratospheric sudden warming, 235, 259-294 

forecasting, 428-433 
parcel trajectories in, 280-282, 387-389 

Strength, of a spectral line or band, 35-38, 
111 

for C02 in the infrared, 43 

T 

TEM, see Transformed Eulerian mean 
Temperature 

radiatively determined, 7-8, 296, 299-311, 
314, 419 

reference profile, 2, 4 
zonal mean, 7-9, 221-223, 420 
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Temperature profile 
radiative convective equilibrium, 444-446 

Term symbols, 34 
Thermal forcing 

equatorial, 313-314 
Thermal wind, 120, 126, 226, 296-297 

in equatorial quasi-biennial oscillation, 
317-318 

Tides, atmospheric, 152, 156-169, 308, 311 
Timescale 

chemical, 348 
radiative, 300-302 

TIROS Operational Vertical Sounder, 
103-107 

TOMS, see Total Ozone Mapping 
Spectrometer 

Total Ozone Mapping Spectrometer, 109 
TOVS, see TIROS Operational Vertical 

Sounder 
Tracer 

dynamical, 346-347 
long-lived chemical, 347-349 
quasi-conservative, 135, 236 
stratified, 434-439 

Tracer budget 
Eulerian, 436-437 

Tracer model 
GFDL, 433-441 

Tracer slope 
meridional, 439 

Tracer transport 
isentropic formulation, 358-361 

Tracer variance, 364-370 
Trace species, 11-14 
Trajectories 

isentropic, 366 
meridional projection, 437 
in sudden warming, 280-282, 387-389 

Transformed Eulerian mean, 127-130, 142, 
143, 149, 268, 284, 298 

formulation of tracer transport equation, 
357, 390 

model of quasi-biennial oscillation, 
324-325 

two-demensional tracer model, 407-409 
Transient eddies, 151, 220, 235-239, 245, 

258 
Transitions 

electronic dipole, 34 
between molecular energy levels, 32-35 

Transmission functions, 49-64, 111 
band, 50 
flux, 51, 
for laboratory path, 49, 58-59 
monochromatic parallel beam, 49 

Transport 
meridional, 349-361 

Transport model 
mechanistic, 384-389 
one-dimensional, 382-384, 410-413 
three-dimensional, 433-441 
two-dimensional, 407-409 

Traveling waves, see Global normal modes 
Tropopause 

dynamical, 371 
folds, 371-374 

Troposphere-stratosphere exchange, 371-377 
extratropical, 372-375 
tropical, 375-377 

U 

UARS, see Upper Atmosphere Research 
Satellite 

Upper Atmosphere Research Satellite, 105, 
110 

V 

Velocity, effective transport, 355-357 
Vertically propagating wave, 117, 153, 164, 

178, 200, 450-453 
Vertically trapped disturbances, 117, 151, 

164, 178, 246 
Vertical structure equation, 153, 163, 165, 

170 
Vibrational quantum number, 42 
Vibration-rotation bands, 30, 41-49, 111 

combination bands, 43, 44 
fundamental, of C0 2 , 44, 79, 82 
hot bands, 43, 44, 80-82 
overtone bands, 44 
P, Q, and R branches, 42 
rotational line spacing and strength, 41, 

42 
Volcanic emissions, 458-461 

W 

Water vapor, 11-12, 375-377 
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infrared emission, 21, 22, 93 
solar absorption, 21, 22 

Waves 
equatorial, 151, 200-215, 218-219, 427 
gravity, 15-17, 188-197, 219, 305, 306, 

409-411 
inertio-gravity, 188, 189, 191, 197-200, 

218 
Kelvin, 155, 200, 202-203, 207, 209-214, 

323-326, 334-335 
Rossby, see Planetary waves 
Rossby-gravity, 155, 205-207, 209-211, 

213, 214, 323-326 
vertically propagating, 117, 153, 164, 178, 

200, 450-453 

vertically trapped, 117, 151, 164, 177, 246 
Wave-action density, 217 
Wave-action law, 135 
Wave-activity density, 131, 133 
Wave-energy equation, 131 
Wave-energy flux, 242 
Weighting function in remote sounding, 

100-103, 104, 106, 108 
WKBJ method, 184, 185, 188, 192, 194, 

209, 211, 215-219 

Z 

Zonal-mean circulation, 221-226 


