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absorption, 3, 56 Avagadro’s number, 10
absorption coefficient (LTE), 49, 120 average spectral intensity, 40
absorption cross-section, 49 azimuthally-averaged intensity, 175
absorption line strength, 119 azimuthally-symmetric distribution, 42
actinic flux 40, 164
actinic radiation, 164 backscattering angle, 142
action spectrum, 164 backscattering coefficient, 261
activation temperature, 100 band area, 418
Addition Theorem for Spherical Harmonics, 178 band sequence, 124
adiabatic interactions, 72 band system, 122, 124
adiabatic process, 11 band-gap (in solids), 86
aeronomy, 10 basic radiance, 44
aerosol forcing, 467, 470 beam, 36
aerosols, 7 beam transmittance, 50, 145
air-mass factor, 182 Beer-Lambert-Bougher Law, 46
albedo, 138 Bessel function of imaginary argument, 387
allowed transition, 69, 114 bidirectional reflectance distribution function
Angstrom, 2 (BRDF), 134
angular beam, 36 bidirectional transmittance function, 145
angular scattering cross section, 74 biogenic gas, 13
angular wave number, 78 blackbody cavity, 93
anharmonic oscillator, 115 blackbody radiation, 94
anti-greenhouse, 449 Boltzmann distribution of photon energy states, 96,
anti-Stokes line, 81 101
apparent extinction coefficient, 362 Boltzmann equation for photons, 52
aqueous matter, 7 Boltzmann factor, 100
associated Legendre polynomials, 79, 178 Bond albedo, 146
asymmetric top molecule, 118 Bouguer-Langley method, 337
asymmetry factor, 178 bound-bound processes, 98
atmosphere-cm (atm - cm), 15 bound—free processes, 98
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bound-unbound molecular states, 86 damping parameter, 66
Boyle’s Law, 8 damping rate, 65
BRDF, 134 damping ratio, 71
brightness, 45 Debye relaxation, 87
bulk polarization, 61 decay of an excited state, 98
bulk properties of atmosphere, 8 delta-Henyey—Greenstein approximation, 195
delta-isotropic approximation, 192

Cabannes line, 68 delta-N approximation, 194, 195
canonical (Gibbs) distribution, 96 delta-two-term approximation, 193
Case 1 water, 347 dicothermal layer, 25
Case 2 waters, 347 differential elastic collision cross-section, 99
Chandrasekhar mean absorption coefficient, differential radiative transfer equation, 52

353 diffraction, 35
Chapman function, 182 diffraction fringes, 35
Chapman profile, 354, 425 diffraction peak, 189
Chappuis band (O;), 124 diffuse attenuation coefficients, 362
chemical equilibrium, 93 diffuse component of radiation, 138, 171
chlorophyll-a absorption, 347 diffuse radiation, 63
chromosphere, 4, 337 diffuse reflection problem, 199
Clausius—Clapeyron equation, 471 diffuse transmittance, 145
climate sensitivity, 20 diffuse, specular reflection, 135
cloud forcing, 432 diffusion equation, 228
cloud overlap, 468 diffusivity approximation, 422
cloud radiative forcing, CF, 467 diffusivity factor, 422
co-albedo, 150 dipole-allowed transition, 114
coherent scattering, 67 dipole-forbidden transition, 114
collimated radiation component, 138 Dirac §-function, 41
collimated (intensity) distribution, 41 direct component of radiation, 170
collision cross-section, 99 directional absorptance, 132
collisional excitation (de-excitation), 99, 100 directional emittance, 131
collisional line broadening, 69 discrete-dipole method, 88
collisional narrowing, 72 discrete-ordinate method, 281
collisional quenching, 99 discreteness of matter, 57
color of objects, 87 DISORT code, 307
column number, 15, 47 dispersion, 35
combination band, 114 Dobson unit, 338
compaction parameter, 143 Doppler broadening, 70
complete frequency redistribution, 107 Doppler line width, 71
compressible, incompressible media, 8 dose rate, 164
concentration, 8, 10, 46 Double-Gauss method, 284, 285
conservative (non-conservative) scattering, 68 doubling rules, 324
continuous spectrum, 124 dry (moist) adiabatic lapse rate, 11, 450
cooling-to-space approximation, 223 Duality Principle, 202
cooling-to-space function, CSF, 389, 424
correlated k-distribution, 394, 404-409 Eddington approximations, 194, 249-253
cosine law, 74 effective radius, 343
cross-wavelength process, 68 effective size (ice crystal), 345
cumulative k-distribution, 396 effective temperature, 19, 441
curve of growth, 387 eigenvalue problem, 294

Einstein coefficient (A, B), 104

§-function line intensity distribution, 391 Einstein relations, 105
Dalton’s Law, 10 elastic (inelastic) collisions, 98
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elastic (inelastic) scattering, 68

elastic collision cross section, 99
electric quadrupole transition, 113
elementary solution, 151

Elsasser band model, 388

emergent intensity, 153

emission of radiation, 56

emission coefficient, 51

emission coefficient for scattering, 150
emission height, 453

energy density (radiation), 40, 121
environmental lapse rate, 450
equation of state of water, 24
Equipartition Theorem, 96

equivalent width, 387

error function, 389

escape probability, 207, 211

euphotic zone, 363

Ewald—-Oseen Extinction Theorem, 60
exchange term (for cooling), 427
exponential integral (E,), 158
exponential line intensity distribution, 390
exponential sum fit transmittance (ESFT), 352, 396
exponential-kemel approximation, 235
extinction of radiation, 46

extinction coefficient, 47

Extinction Law, 46, 48

extinction optical path, opacity, 48
extinction efficiency, 343

FASCODE, 401

Feautrier method, 328

feedback processes, 6

fine, hyperfine structure, 118
First Law of Thermodynamics, 18
first-order scattering, 63

fluids, properties of, 7
fluorescence, 68

flux absorptance, 132

flux reflectance, 138

flux transmittance, 20, 146

flux, bulk emittance, 132
forbidden transition, 113

forward (backward) scattering, 74
Fourier cosine series, 180
Fraunhofer absorption lines, 337
free-free processes, 98

frequency, 2

Fresnel reflectance, 144

Fresnel’s equations, 36, 72, 87, 137
fundamental band, 114

513

Gaia hypothesis, 32

gain of climate system, 22

gas density, 9

gas pressure, 9

gaseous matter, properties of, 7
Gauss-Seidel iteration, 327
Gaussian function, 71
GENLN?2 code, 401

geometric optics, 35

Gershun’s Law, 162, 447
Gibbs distribution, 96
gigaHertz, 115

Godson line intensity distribution, 390
Goody-Meyer band model, 391
gray approximation, 158
graybody, blackbody, 131
grayness parameter, 389
Green’s function, 212
greenhouse effect, 443
greenhouse factor, 443
greenhouse gases, 13

half-range intensity, 155, 219

half-range source function, 219
harmonic oscillator, 65

Hartley bands (0O5), 98, 122

heating rate, 161, 162

hectoPascal, 9

Heiligenschein, 142

Heisenberg’s Uncertainty principle, 68
hemispherical flux, 37
hemispherically-isotropic (intensity) distribution, 41
Henyey—Greenstein phase function, 189
Herzberg, Schumann-Runge continuum (O,), 122
HITRAN data base, 121

hohlraum, 93

homeostasis, 32

homogeneous (intensity distribution), 39
homopause, 9

Hooke’s Law, 58

Hopf function, 241

Hopf-Bronstein relationship, 241

hot band, 121

hot-spot phenomenon, 142

hydrostatic equation, 8, 9, 423
hydrostatic equilibrium, 8

hygrosols, 7

ice water content IWC, 345
ice-albedo feedback, 31
ideal gas law, 8
ill-conditioning, 302
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illumination, 45

imaginary (real) index of refraction, 87
incoherent scattering, 62

independent scatterer assumption, 62
index of refraction, 35

induced dipole moment, 59

inelastic (elastic) collisions, 98
inelastic cross section, 99

integral equation, 160, 221
integrating factor, 151
integro-differential equation, 151, 205
Intensity Theorem I, 42

Intensity Theorem II, 43

Intensity Theorem III, 44

Interaction Principle, the, 323
invariant embedding, 327

inverse k-distribution, 397

irradiance, 3

isothermal medium, 153

isotropic (anisotropic) medium, 50
isotropic (intensity distribution), 39, 40

Junge layer, 341

k-distribution band model, 394-399
kernel of integral equation, 206
kilogram-mole, 10

Kirchhoff’s Law, 6, 17, 133, 148
Kramers—Kronig relations, 72
Kronecker delta, 178

L’Hospital’s rule, 233

laboratory frame of reference, 70
Ladenberg—Reiche function, 387
Lagrange’s interpolation formula, 282
Lambda iteration, 220

Lambda operator, 221

Lambert surface, 45, 135

Laplace (inverse) transform, 399
Legendre polynomial, 177

level of vibrational relaxation, 102
line core, 66

line profile function, 104

line strength or intensity, 66, 67, 119
line wings, 66

line-by-line transmission (LLBL) calculation, 401
linear molecule, 115

linear polarization, 76

linear regime (of curve of growth), 387
Liouville’s Theorem, 53

liquid water content, LWC, 343, 431
liquid water path, LWP, 432

Index

local radiative equilibrium, 17
local thermodynamic equilibrium (LTE), 102
locally stratified medium, 11
Lommel-Seeliger model, 141
longwave radiation, 2

Lorentz profile, 66

Lorentz theory of matter, 58
Lorentz width, 69
Lorentz—Lorenz equation, 73
Loschmidt’s number, 16, 69
luminance, 45

macroscopic radiative transfer equation, 106
magnetic dipole transition, 114

Malkmus line intensity distribution, 390
mass absorption coefficient, 49

mass density, 47

mass path, 47

matrix element for dipole transition, 113
Maxwell-Boltzmann Law, 70, 100

mean beam absorptance, 386

mean beam transmittance, 385, 386-387
mean free path (photon), 51

mean inclination i, 227

mean molecular mass, 8, 10

mean molecular speed, 101

mechanical equilibrium, 93

mesopause, 12

mesosphere, 12

micrometers, 2

microscopic radiative transfer equation, 106
Mie-Debye scattering, 78, 188

Mie-Debye Theory, 59

millibar, 9

Milne problem, 199

Milne-Schwarzschild equation, 206
Minnaert reflectance formula, 140

mixed layer of ocean, 25

mixing ratio, 16

mksa units, 29

MODTRAN band model, 392

moist (dry) adiabatic lapse rate, 450

molar fraction, 16

molar gas constant, 8

molecular band, 89

molecular mean speed, 71

monochromatic quantity, 35

Monte-Carlo method, 328

multiple scattering, 49, 63, 220
multiple-scattered component of radiation, 171
multiplication property of band transmission, 422
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Nakajima—-Tanaka correction procedure, 309
nanometer, 2

natural broadening, 69

negative absorption, 106

negative feedback, 17, 21

net flux, net irradiance, 37

Neumann series expansion, 221
Newton—Cotes formulas, 284

nomenclature, 29

non-local thermodynamic equilibrium (NLTE), 102
non-stratified medium, 181

nonisothermal atmosphere, 4

normal modes, 111

normal reflectance, 141

nuclear angular momentum, 116

nuclear spin (of electron), 116

ocean depth variable, 24
off-nadir angle, 141

opacity, 3

opposition effect, 142
opposition enhancement factor, 143
optical constants, 87

optical depth, 3, 154

optical lifetime, 69

optically active, 46
optically-thick medium, 51, 64
optically-thin medium, 63
oscillator strength, 66
overtone band, 114

ozone hole, 338

P-branch, 116

partial pressure, 9, 10

particle density, 47

particle size distribution, 430
pencil of radiation, 35
penetration depth (of atmosphere), 339
penetration depth (of ocean), 28
Perturbation Theory, 98

phase angle, 142

phase function, 74, 187

phase matrix for scattering, 187
phonons, 87

photochemical reaction, 86
photochemically-active gas, 13
photodissociation, 86

photolysis, 13

photolysis rate, 164

photometric surface property, 131
photon distribution function, 52
photon mean free path, 50, 51

515

photon partition function, 96
photosphere, 4

phytoplankton scattering, 348

Planck function, 94, 96

Planck mean absorption coefficient, 445

Planck-weighted flux emittance, transmittance, 417,
418

plane albedo, 138

plane-parallel medium, 11, 154
planetary problem, 174

planetary radiative equilibrium, 17, 93, 163
point-direction gain, 208

polar substance, 87

polarizability, 61

positive feedback, 21

positive ion, 86

Poynting vector, 37

precipitable water, 453
predissociation, 122

Principle of Detailed Balance, 100
Principle of Duality, 202

Principle of Reciprocity, 141
prototype problems, 197
pseudo-spherical approximation, 182
pycnocline, 25

quadrature formulas, 282

quantum yield, 164

quasi-single scattering approximation, 190
quenching coefficient, 100

R-branch, 116

radiant exitance, 38

radiation amplification factor, 359
radiation dose, 164

radiation resistance, 65

radiative damping force, 65

radiative decay, 98

radiative equilibrium, 93

radiative flux vector, 37

radiative forcing, 18, 456, 471

radiative lifetime, 69

radiative transfer equation (microscopic), 106
radiative transfer equation (differential), 52
radiative transfer equation (integral), 205-206
radiatively-active gas, 13

random band model, 391

random medium, 62

random walk (photon), 232

ray, 36

Rayleigh scattering, 24, 61, 72, 75
Rayleigh scattering coefficient, 73
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Rayleigh—Jeans limit, 94

real (imaginary) index of refraction, 87
Reciprocity Principle, 202

reflection, transmission operators, 324
remotely sensed reflectance, 366
resonance scattering, 65

resonances (in solids), 86

rest frame of reference, 70
Ricatti-Bessel function, 79

rigid rotator, 114

Robertson-Berger meter, 359

Rosseland mean absorption coefficient,
445

rotational constant, 114

rotational partition function, 119
rotational quantum number, 114
rotational Raman scattering, 68, 80-81
runaway greenhouse effect, 472

saturated regime (of curve of growth), 388
scalar approximation, 34, 187

scalar intensity, 34

scalar irradiance, 262

scale height, 8

scaling approximation, 190

scaling transformation, 190

scattered radiation component, 138
scattering, 57

scattering amplitude, 79

scattering angle, 76

scattering coefficient, 50

scattering cross-section, 50, 65
scattering efficiency, 78

scattering matrix, 187

scattering phase function, 74, 187
scattering plane, 75
Schumann—Runge bands (O,), 122
Schuster—Schwarzschild equations, 286
selection rules, 114

semi-classical theory of radiation, 98
shape factor, 365

shortwave radiation, 2

SI system, 29

similarity relations, 193

Simpson’s rule, 283

single scattering approximation, 218-219
single-flight escape probability, 211
single-scattering albedo, 150
single-scattering source function, 172
size parameter, 79

slab medium, 11, 154

slant column mass, 13

Index

Snell’s Law, 36, 54, 61

Sobolev approximation, 223

solar component of radiation, 170
solar constant, 3, 337

solar insolation, 373

solar zenith angle, 146

source function, 52, 101-102

specific gas constant, 9

specific greenhouse effect, 473
spectral beam absorptance, 385
spectral beam transmittance, 385
spectral energy density, 40

spectral flux, 3, 37

spectral intensity, 38

spectral quantity, 35

spectral reflection function, 135
spectral window, 4, 92, 454
spectroscopic constants, 118
spherical absorptance, 146

spherical albedo, 146

spherical harmonic method, 326
spherical shell medium, 181

spherical transmittance, 146
spontaneous emission, 103
square-root regime (of curve of growth), 388
standard problem, 174

standard temperature and pressure (STP), 9, 15
state variable, 34

statistical band model, 391

statistical equilibrium equation, 107
Stefan—-Boltzmann Law, 95
stimulated emission, 103

Stokes (anti-Stokes) components, 68, 81
Stokes vector, 37

stratosphere, 11

streaming term, 52

strong-line limit (of band model), 388
super (sub-) Lorentzian wings, 72
symmetric top molecule, 116

temperature tendency, 163

term value, 115

thermosphere, 12

terrestrial radiation, 2

thermal emission coefficient, 148
thermal energy content, 18

thermal equilibrium, 93

thermalization length, 232

thermocline, 25

thermodynamic equilibrium (TE), 39, 93, 102
Thomsen scattering, 80

total molecular angular momentum, 116
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total energy density, 40

total solar irradiance, 3, 337
translational (kinetic) temperature, 108
transmittance, 145

transparency factor, 454

transport approximation, 193
trapezoidal rule, 282

tropopause, 11

troposphere, 11

turbidity, 184

two-level atom, 102

two-stream approximation, 41, 194, 226

v'—, v”—progression, 124

van de Hulst-Curtis-Godson (H-C-G)
scaling, 400

vertical column mass, 15

vibrating rotator, 115

vibration-rotation band, 115

vibrational constant, 111
vibrational quantum number, 111
virtual states, 57

Voigt profile, 71

volume emittance, 109, 148

warming rate, 163

wavelength, 1

wavenumber, 4

weak-line limit (of band model), 387
wide-band emittance model, 417
Wien Displacement Law, 94

Wien’s limit, 94

window, 4, 92, 454

X-, Y-, and H-functions, 210

yellow substance, 29, 347
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