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accretion, 168
activation of cloud condensation nucleus (CCN), 69
adiabatic gradient of the ice water mixing ratio, 93
adiabatic gradient of the liquid water mixing ratio, 92, 662
adiabatic processes
adiabatic lapse rates with non-zero equilibrium
supersaturations, 157-158
dry adiabatic lapse rate, 89
dry adiabatic processes, 88-90
wet adiabatic lapse rate, 91, 92
wet adiabatic processes, 90-94
adsorption of gases on the crystal surface, 142
adsorption of gases on the surface of drops and aerosol
particles, 181
aerosol size spectra
algebraic approximation of the lognormal size
spectra, 206-211
approximation of the lognormal size spectra by the inverse
power law, 203-204
lognormal and inverse power law size spectra, 203
affinity, 291
algorithms for microphysics module in multidimensional
models, 173-179
altocumulus clouds, 10
altostratus clouds, 10
amorphous ice
high density amorphous ice (HDA), 101
low density amorphous ice (LDA), 99
Angstrom index of aerosol extinction coefficient, 182, 184
anomalous diffraction theory (ADT), 33
Arctic climatic front, 16, 17
artificial ice nuclei, 107, 404
Avogadro number, 291, 411

bin microphysics method, 168

boiling point elevation, 85

boundary sphere, method of, 129-130

broad size spectra in clouds and their theories, 613-614
bulk or parameterized microphysics method, 168

canonical ensemble, 50

canonical partition function, 50

Chapman—Kolmogorov equation, 669—-673

characteristic relaxation times of CCN size and solution
concentration, 435

chemical potential, 45, 47, 67, 72, 307

cirriform clouds, 10

cirrus clouds, 10

Clapeyron equation, 73, 101

Clausius—Clapeyron equation
equilibrium of a water drop with saturated vapor, 74
equilibrium of an ice crystal with saturated vapor, 75-78
equilibrium of liquid and ice bulk phases, 73
generalized, 79
cloud climatologies, 15
cloud condensation nuclei (CCN), 69
cloud microphysical properties
absolute dispersion of the spectrum, 30
droplet and crystal concentrations or number densities, 20
effective radius, 21
ice water content, 27, 30
ice water path, 21
liquid water content, 21
liquid water path, 21
mean radius of the droplets or the effective (mean) radius
of the crystals, 20
modal radius, 20
precipitation rate, 22
radar reflectivity, 22-23
relative spectral dispersion, 28, 30
spectral p-index or the shape parameter of the gamma
distribution, 30
supersaturation absorption (relaxation) times, 21
visibility or visual range, 22
cloud radiative properties
asymmetry parameter, 32
backscatter cross sections, 23
broadband parameterizations, 37-38
cloud emissivity, 39
complex refractive index for water and ice, 23
efficiency factors of extinction, scattering,
and absorption, 34
mass absorption coefficients, 39
mass extinction coefficients, 36
mass scattering coefficients, 36-37
optical thickness, 32
single-scattering albedo, 21, 32
volume absorption coefficients, 36
volume extinction coefficients, 36
volume scattering coefficients, 36
cloud seeding, 78
cloud-topped boundary layers (CTBL), 18-19
clouds
cloud types
boundary layer clouds Sc-St, 18-19
convective cloudiness, 19
frontal and cyclonic clouds, 16-17
orographic clouds, 19-20
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clouds (Continued)
global distribution and relation to general atmospheric
circulation, 1
International classification, 10-12
microphysical properties, 2023
optical properties, 32-43
particles size spectra and moments
algebraic distributions, 25-26
exponential distributions, 23
gamma distributions, 26-32
generalized gamma distributions, 26, 28
inverse power laws, 23-24
lognormal distributions, 24-25
‘Weibull distribution, 28
coagulation
Brownian, 168, 170
gravitational, 171
kinetic equation of, 168-171
coefficient of thermal expansion, 103
condensation coefficient, 131
condensation point elevation, 86
condensation rate, 90, 154
condensation trails or contrails, 86
confluent hypergeometric function, 642, 681
contact ice nucleation
empirical parameterizations, 535-536
general properties, 533-535
theory of contact ice nucleation
aerosol scavenging by drops, 536-541
Brownian diffusion, 536-537
diffusiophoresis, 539-541
freezing and scavenging rates, 541-546
thermophoresis, 537-538
cooling agents, 85
cooling mixtures, 85
correspondence principle, 2-3
critical freezing and melting temperatures of heterogeneous
freezing
general equations, 446-450
liquidus curves, 452
surface quasi-heterogeneous freezing, 450451
surface quasi-heterogeneous melting, 451
volume heterogeneous freezing, 414-419
critical freezing and melting temperatures of homogeneous
freezing
comparison with observations, 333-339
equivalence of solution and pressure effects, 339-345
general expressions based on classical theory, 328-330
liquidus curves, 331-332
relation of the freezing and melting point
depressions, 332-333
critical ice germ size, energy and homogeneous freezing rate
analysis and properties of the solution, 319-322
comparison with previous models and observations, 322-325
derivation, 313-318
critical or threshold saturation ratios and water activities for
homogeneous freezing
calculations of critical relative humidities over water and
ice, 354-357
derivation from classical theory of the water activity shift
method, 350-353
effects of various factors on the critical humidity, 353-354
general equations, 346-347
critical or threshold saturation ratios and water activities
of heterogeneous freezing
calculations of critical relative humidities for
heterogeneous nucleation, 458463
comparison of critical humidities for heterogeneous and
homogeneous nucleation, 463465
derivation from classical theory of the water activity shift
method, 456-458

general equations, 453-454
simplified equations for the heterogeneous critical
saturation ratio, 454-456
critical points of water
1st critical point, 78
2nd critical point, 122124
critical radius and energy of heterogeneous freezing
basic dependencies of heterogeneous freezing, 412—414
critical energy of volume freezing, 421-423
modification of critical energy with active sites, 423-425
particular cases of critical radius, 419-421
volume heterogeneous freezing, 414—419
critical radius of activation of an aerosol particle into a cloud
drop, 84, 182-183, 186, 197
critical supersaturations of activation of an aerosol particle
into a cloud drop, 182-183, 186, 187, 197
cryoscopic constant, 85
crystallizing agents, 78
cubic ice, 101
cumulonimbus clouds, 11
cumulus clouds, 11
Cunningham’s slip-flow correction, 170, 537
curvilinear coordinate system over a complex terrain, 171-172

Dalton’s law for gases, 67, 83
Debye’s cubic law for the heat capacity, 115
deliquescence-freezing mode of ice nucleation
(condensation-freezing), 411-412
deliquescence in atmospheric aerosols
a model for deliquescence of salt crystals based on the
entropy equation, 553-558
particular cases of the deliquescence model, 558-559
deliquescence relative humidity (DRH), 562-563
phase diagram of solution and eutectic point, 563-566
temperature dependence of solubility, 559-561
temperature dependence of the dissolution heat, 559
previous theories and models of deliquescence, 549-553
deposition mode of ice nucleation, 400-401
deposition rate, 92
derivation of the stochastic kinetic equations from the
Fokker—Plank equation
Chapman—Kolmogorov and Fokker—Planck
equations, 669-673
spatially homogeneous cloud, 673-676
spatially inhomogeneous cloud, 676678
differential supersaturation activity spectrum of cloud
condensation nuclei (CCN)
algebraic activity spectrum, 226-229
arbitrary dry aerosol size spectrum, 219-221
lognormal activity spectrum, 221-226
diffusional growth of the crystals
axial growth rates, 141-143
mass growth rates, 138-141
ventilation corrections, 137-138
diffusional growth of the drops
diffusional (Maxwellian) growth regime, 127-129
kinetic regime and kinetic corrections, 129-135
mass growth rate, 138-141
psychrometric correction to the latent heat, 132135
radius growth rate, 135-137
ventilation corrections, 137-138
direct aerosol effect on climate, 181
droplet activation on cloud condensation nuclei (CCN)
analytical modified power laws for the activation
time, maximum supersaturation and drop
concentration, 250-254
analytical solutions to the supersaturation
equation, 246-250
calculations of CCN activation kinetics, 254-263
interpolation among the limits and comparison with
exact solutions, 282-283
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limit #1: small vertical velocity, diffusional growth fog
regime, 265-273 advective, 12
limit #2: small vertical velocity, kinetic growth ice, 12
regime, 273-276 radiative, 12
limit #3: large vertical velocity, diffusional growth steam, 12

regime, 277-278
limit #4: large vertical velocity, kinetic growth
regime, 278-281
empirical and semi-empirical parameterizations of droplet
activation, 183-186
four analytical limits of solutions for drop
activation, 263-265
integral supersaturation in liquid cloud with drop
activation, 243-246
lognormal and algebraic CCN spectra, 230
modified power law for the drop concentration with
continuous parameters, 231-232
supersaturation dependence of power law
parameters, 233-236
dry adiabatic gradient (lapse rate), 88—90

ebullioscopic constant, 85
effective thermal conductivity coefficient, 132
effective vapor diffusion coefficient, 312, 320, 538
efflorescence in atmospheric aerosols
applications of the efflorescence model, 570-575
joint phase diagram for freezing-melting-deliquescence-
efflorescence, 573-575
a model for efflorescence of salt crystals based on the
entropy equation, 553-558
phenomenon of efflorescence, 547-549
theories and models of efflorescence, 549-553
Einstein—Debye thermodynamic equations of state for ice
and heat capacity, 114-116
Einstein’s formula for Brownian diffusion, 170
electrical charge, 583
electrostatic analogy of the water vapor field, 128
electrostatic capacitance, 128
electrostatic potential, 128, 138
enthalpy, 46
entropy, 45
entropy equation, 71
equations for water and ice supersaturation with
homogeneous ice nucleation, 311-313
equations of state based on the concept of the second critical
point, 122-124
equations of state for ice in terms of Gibbs free
energy, 116-120
equilibrium of two bulk phases around a phase transition
point, 83
equilibrium radii of deliquescent aerosol
interstitial aerosol at water saturation in a
cloud, 193-197
at subsaturation, 187-193
error function erf (z), 128, 378, 393
evaluation of some existing parameterizations of ice
nucleation and cloud phase state, 501-506
evaporation coefficient, 131
extensive thermodynamics potentials
enthalpy H, 46
entropy S, 46
Gibbs free energy G, 46
Helmbholtz free energy F, 46
internal energy E, 46
Landau potential (2, 46
externally mixed aerosol particles, 181

Feistel-Wagner equation of state and theory of heat
capacity, 118

finite-difference grid, 178-179

first law of thermodynamics, 88, 94

Fokker—Planck equation, 669-673
free energy and equations of state

ideal gas, 59-61

non-ideal gas, 62-66

van der Waals equation of state, 62—-66
freezing point depression, 84—-86
Frenkel-Zeldovich equation, 296

Gann—Marshall size spectrum, 28
gas mixtures and solutions
partial gas pressures, 82-83
Gauss hypergeometric function, 642, 682
Gauss—Ostrogradsky integral relation, 138
general circulation models (GCM), 16
general phase equilibrium equations for solutions
general phase equilibrium equation
(entropy equation), 70-72
Gibbs—Duhem relations, 72
generalized equations of state for fluid water
based on the concept of the second critical point
for water, 122-124
in terms of Helmholtz free energy, 120-122
of the van der Waals type, 120-122
geometric optics method (GOM), 41
Gibbs free energy or Gibbs function, 116120
Gibbs—Duhem relations, 72
glassy water, 99
global pressure field, 13

haze particles, 181, 440-444
heat capacity at constant pressure (isobaric), 47
heat capacity at constant volume, 48
Helmbholtz free energy, 120-122
heterogeneous ice nucleation, empirical and semi-empirical
parameterizations, 6
heterogeneous ice nucleation in a polydisperse aerosol
freezing of haze particles at water subsaturation in the
deliquescence-freezing mode, 440-444
simultaneous heterogeneous freezing in the
deliquescence-freezing and immersion modes
at water supersaturation, 444446
heterogeneous ice nucleation kinetics, analytical
parameterization based on extended classical
nucleation theory (CNT)
case 1: large N, and crystal concentrations limited
by kinetics, 516-520
diffusion growth limit, 520-521
kinetic growth limit, small and large particle
limits, 522-524
case 2: small IN concentration N, and crystal concentration
limited by N,,, 524-525
comparison of crystal concentrations with empirical
parameterizations, 515-516
heterogeneous nucleation rate derived from CNT and
comparison with the previous parameterizations,
510-514
nucleation rates in a polydisperse aerosol, 507-508
parameterization of deposition ice nucleation based
on classical nucleation theory, 529-533
temperature effects in heterogeneous freezing of cloud
drops, 414419
temporal evolution of supersaturation, 508-510
temporal evolution of the crystal
concentration, 514-515
heterogeneous nucleation of crystals in the deposition mode
on water-insoluble particles, 408—411
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heterogeneous nucleation of drops and ice
crystals, 395-506
heterogeneous nucleation of drops by vapor deposition
on water-insoluble particles, 395-400
hexagonal ice, 113
homogeneous ice nucleation, empirical and semi-empirical
parameterizations of, 289
homogeneous ice nucleation kinetics, analytical
parameterization based on extended classical
nucleation theory
diffusion growth limit, 381
evaluation of the deposition integral 1, 377-379
evolution of nucleation rate and crystal
concentration, 373-376
freezing rate and its simplification, 369-370
general features of homogeneous ice nucleation
kinetics, 368-369
kinetic growth and large particle limits, 381-383
physical interpretation of parameterization, 383-387
separation of temperature and supersaturation
dependencies, 370-373
solution of equations for the supersaturation and for
crystal concentration, 379-380
homogeneous nucleation of drops and ice crystals, 314,
326, 358
humidity hysteresis in aerosols, 548
humidity variables
absolute humidity, 78
fractional, absolute, and specific, 79
fractional relative humidities over water and ice, 79
mole fraction of vapor in the air, 78
relative humidities in percent, 79
saturated water vapor pressure, 87
saturation ratios over water and ice, 79
specific humidity, 79
supersaturations over water and ice, 79
water vapor density, 79
water vapor mixing ratio, 78
water vapor pressure, 74
hydrogen bonds, bonding, 122
hydrostatic equation, 89, 92, 149
hygroscopic growth of aerosol particles, 181-182
hygroscopicity parameter, 188

ice nucleation modes, 486
immersion mode of ice nucleation, 400
indirect aerosol effects on climate
first indirect or Twomey effect, 181-182
second indirect or Albrecht effect, 182
insoluble core of aerosol particles, 181
integral specific supersaturations over water and ice, 175
internal energy, 45
internally mixed aerosol particles, 185
International Association for the Properties of Water
and Steam (IAPWS), 117, 120
International Satellite Cloud Climatology Project (ISCCP),
15, 493, 665
intertropical convergence zone, 19
isobaric compressibility, 76

Junge-type inverse power law, 205, 217

Kelvin curvature parameter, 80, 135, 187
Kelvin equation, 80-81
kinetic equations of coagulation
Brownian coagulation, 168, 170
collection kernels for various coagulation
processes, 170-171
derivation of the equation, 161-163
gravitational coagulation, 171
various forms of the coagulation equation, 168—170

kinetic equations of condensation and deposition
in adiabatic process
analytical solution of the kinetic equations of regular
condensation, 165-167
derivation of the kinetic equations, 161-163
equation for the integral supersaturation, 167-168
properties of adiabatic condensation, 163—-165
kinetic equations of stochastic condensation and deposition,
analytical solutions, 618-622
applications of the solution for liquid clouds, 656-661
approximation neglecting the diffusional growth of larger
particles, 639-640
large particle solution, 640-641
merged solution, 641-643
small particle solution, 640
asymptotic solutions, 643—645
calculation of size spectra for a crystalline cloud, 665-669
comparison with previous theories and
observations, 661-665
physical interpretation of the solution parameters, 647
solution including the diffusional growth of large
particles, sedimentation and coagulation, 645-647
solutions in the form of gamma distributions, 649-654
solutions in the form of inverse power laws, 654—-655
various forms of solution parameters, 647-649
kinetic molecular flux, 52
Kirchoff’s equations, 77
Kohler equation, 81-82, 182, 186
Kummer equation, 679-683
Kummer function, 643

Landau potential, 46
Laplace’s equation, 71, 567
latent heat
condensation/evaporation, 81, 132
deposition/sublimation, 75
melting/freezing, 326
molar, 74, 83, 110
specific, 71, 77
Lennard-Jones potential, 106
liquid cooling (crystallizing) agents, 107
liquid films on the crystal surface, 142
longwave (infrared) radiation, 35

Magono and Lee scheme for different crystal shapes, 141, 604
Marshall-Palmer size spectrum, 608, 699
Maxwell equations for electromagnetic field, 138
mean thermal velocity of vapor molecules, 130
melting heat, effective, parameterization, 316, 347-350
melting point depression, 85, 332-333
metastable states and nucleation of a new phase, 290-293
metastable supercooled water, 99
meteotrons, 86
Mie theory, 32, 33, 37
modes of ice nucleation, 400401
modified anomalous diffraction theory (MADT), 40, 42
molality of solutions, 67
molar quantities, 290
mole fraction, 67
molecular concentration, 52, 130
molecular mean free path length, 129
multidimensional models
fast algorithms for microphysics module in
multidimensional models, 173-179
thermodynamic and kinetic equations for multidimensional
models, 171-173
multiple forms of water and ice, 4

nimbostratus clouds, 11
“No man’s land,” 99
normalized integral specific supersaturations, 175
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nucleation rates for condensation and deposition
application of Boltzmann statistics, 293-295
application of Bose—Einstein statistics for condensation
and deposition, 299-300
Fokker—Planck kinetic equation and Zeldovich factor,
295-299
nucleation rates for homogeneous ice nucleation
application of Bose—Einstein statistics for freezing, 303
nucleation rates with Boltzmann distribution, 300-302
parameterizations of activation energy, 303-305
numerical models, 168, 460, 592, 695, 716

ocean currents, 17
orographic clouds, 19-20
ozone hole, 107

parameterizations of water and ice thermodynamic properties
density of ice, 113-114
density of water, 113
heat capacity of water and ice, 109-110
latent heats of condensation, deposition and
melting, 110-111
saturated vapor pressures, 108—109
surface tension between ice and air or vapor, 111
surface tension between ice and water, 112
surface tension between water and air or vapor, 113
parcel model for a mixed-phase cloud with heterogeneous
ice nucleation
comparison of heterogeneous and homogeneous nucleation
theories, 485-491
comparison of simulated crystal concentrations
with experimental data and empirical
parameterizations, 491-497
kinetic equations for droplet and crystal size spectra with
particles nucleation, 470
kinetics of ice nucleation effects with stronger
updrafts, 482485
kinetics of ice nucleation in the mixed and crystalline
clouds with weak updrafts, 473-482
parcel model simulations of ice nucleation kinetics in
deliquescence-freezing mode, 470-491
supersaturation equation with nucleation of drops and
crystals, 466-469
parcel model simulations, kinetics of homogeneous ice
nucleation
parcel model description, 357-359
simulation results, 359-368
Peclet number (Pe), 132
phase relaxation times, 147
phase rules for thermodynamic systems
bulk phases, 57
systems with curved interfaces, 57-59
Planck constant, 50, 60
Poisson equation
for the electrical potential, 138
of the dry adiabatic process, 89
polar climatic front, 13
polar mesospheric (noctilucent) clouds, 99, 107
polar stratospheric clouds, 107
polyamorphism, 101
polymorphs of ices at different pressures and temperatures, 101
potential temperature, 89
Prandtl number (Pr), 132, 538
pressure induced ice transformation, 101
properties of ice nuclei (IN), 401-404
properties of the deliquescence-freezing mode of ice
nucleation, 411412

Raoult’s law for solutions, 67, 84
ray-tracing method in cloud optics, 32
Rayleigh—Gans limit, 33

Reynolds number (Re), 137, 580, 582
riming, 168

satellite images, 17
saturated vapor pressure
over ice, 61, 109, 139
over water, 61, 79, 158
Schmidt number (Sc), 137, 537, 539
separation of insoluble fraction between activated drops and
unactivated CCN, 434435
separation of temperature, supersaturation and aerosol
dependencies of the critical energy and nucleation
rate, heterogeneous nucleation, 429-434
separation of temperature, supersaturation and aerosol
dependencies of the critical energy and nucleation
rate, homogeneous nucleation, 370-373
Sherwood number (Sh), 137, 143
ship tracks, 12
shortwave radiation, 1
soluble fraction of aerosol (cloud condensation nuclei),
parameterization of
surface proportional, 185
volume proportional, 198, 218
solutions
(practical) osmotic potential, 68
activity of the k-th component, 67
activity of water in aqueous solutions, 68
chemical potential of the k-th component, 70-71
concentration, 72
diluted, 69
ideal, 67
molality, 70
mole fraction, 70
non-ideal, 86
rational activity coefficient, 68
solute, 69
solvent, 69
van’t Hoff’s factor, 68
weight concentration or weight percent w, 70
specific quantities, 45, 47, 48
spectral bin microphysics method, 168, 357, 665
spectral microphysics method, 168, 635
spheroids
electrical capacitance, 142
oblate, 141
prolate, 141-142
volume and mass, 142
spinodal limit, 99
spinodal temperature, 104
splitting method in multidimensional models, 149, 173
statistical energy distributions
Boltzmann distribution, 52-54
Bose-Einstein statistics, 54-55
Fermi-Dirac statistics, 55-56
Gibbs distribution, 49-51
Maxwell distribution, 51-52
statistical sum, 50, 54, 59
stochastic condensation, theory of
condensation in a turbulent cloud, 623-628
covariances with drop size distribution
function, 631-632
covariances with supersaturation, 630-631
evaluation of correlation functions, 628-629
expansions of random characteristics over the turbulent
frequencies, 628—629
general kinetic equations of stochastic
condensation, 633-635
supersaturation as a nonconservative variable, 629-630
supersaturation fluctuations, 625-628
system of equations of stochastic condensation in a
cloud, 624-625
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stochastic kinetic equations with condensation (deposition)
and coagulation (accretion), analytical solutions of
autoconversion and corrections to the general analytical
solutions, 712-716
coagulation equation as the integral Chapman—Kolmogorov
and differential Fokker—Planck equations, 716-722
derivation of kinetic equation in continuous collection
approximation, 688-692
example calculations for a crystalline cloud, 705-709
general analysis of the parameters, 703-704
general interpretation of the solutions, 709-712
general solutions for the large-size fraction with diffusion
growth and coagulation particular cases
aerodynamic regime for fall speed of large
particles, 700-701
coagulation growth rate much greater than diffusion
growth rate, 699-700
fall speed as a linear function of particle size, 698-699
solution for subcloud layer, 702
stratocumulus clouds, 10-11
stratus clouds, 11
supersaturation relaxation (absorption) times and their
diffusion and kinetic limits, 4
supersaturations over water and ice
adiabatic lapse rates with non-zero equilibrium
supersaturations, 157-158
equation for ice saturation ratio, 154
equation for the integral supersaturation, 167-168
equation for water saturation ratio, 151
equation for water supersaturation in terms of relaxation
times, 149-151
equations for fractional ice supersaturation, 152—-154
equations for fractional water supersaturation, 144—147
equilibrium supersaturations over water and ice
ice clouds, 154-155
liquid clouds, 154
mixed phase clouds, 156
equivalence of various forms of supersaturation
equations, 151-152
physical interpretation of the supersaturation equation
and of the relaxation times, 149-151
surface-active substances (surfactants), 131
surface freezing and melting
surface freezing, 436438
surface melting, 438440
surface tension, 71, 111-113

T-matrix of light scattering, 41
temperature effects in heterogeneous freezing of cloud
drops, 387-390
temperature effects in homogeneous freezing of cloud
drops, 525-529
temperature ranges in clouds of the Earth and other
planets, 4
terminal fall velocities of drops, crystals and other objects
altitude corrections for temperature and pressure,
591-593, 606-608
asymptotic values, 588-591
basic equations for fall velocities, 582-586
crystal aggregates, 598-603
drag coefficient and “crisis of drag,” 594-596
drops, 596-598
hail, 605-606
liquids and other planets, 610-612
parameterizations for large-scale models, 608—610
Re-X relation, 593-594
review of the previous theories, 577-582
spherical and nonspherical particles, 588-591
turbulent corrections, 587
various crystal habits, 603—-605
theories of water
liquid-liquid transition around 2nd critical point, 106
singularity free or percolation hypothesis, 104—105
stability limit conjecture, 103

thermal accommodation coefficient, 133
thermal conductivity coefficient, 132
thermal diffusivity coefficient, 132
thermodynamic constraints on heterogeneous ice nucleation
parameterizations, 497-501
thermodynamic degrees of freedom
bulk phases, 57
systems with curved surfaces, 57-59
thermodynamic equations of state for ice
Einstein—Debye equations, 114-116
equations in terms of Gibbs free energy, 116120
thermodynamic properties of gas mixtures and solutions, 3
thermodynamic properties of water and ice,
parameterizations of, 4
thermodynamic relations, 45-97
thermodynamic variables
extensive, 45
intensive, 45
molar, 45
pressure p, 45
specific, 45
temperature 7, 45
volume V, 45
thermodynamics of solutions, 67-70
threshold of deliquescence saturation ratio or threshold
deliquescence humidity, 181
transformation of the wet aerosol size spectra at varying
humidity
algebraic size spectra, 26
arbitrary initial spectrum of dry aerosol, 211-212
inverse power law spectrum, 216-218
lognormal initial spectrum of dry aerosol, 212-216
triple point of water, 77

van der Waals equation of state, 62—-66

vapor diffusion coefficient, 127, 312

ventilation coefficient, 137

ventilation corrections, 137-138

vertical velocity, 5, 359, 380, 623, 625-626, 651, 662

Wagner and Pruf equation for fluid water, 121
water
current theories of water, 103—106
equations of state for water, 106
forms of water at high pressures, 101-102
forms of water at low temperatures, 99—100
water activity
definition, 68
expression via saturated vapor pressures over ice
and water, 87, 108-109
relation to the freezing point depression, 86—87
various expressions in solutions, 68—70, 72, 307, 347-348,
500, 562, 565
wavelength of radiation, 21
Wegener—Bergeron—Findeisen (WBF) process and cloud
crystallization
first stage, 158-159
second stage, 159—160
Weibull distribution, 28
wet adiabatic gradient (lapse rate), 157
wet adiabatic lapse rate in ice clouds, 92, 648
wet aerosol processes
calculations based on the Kohler theory and its
generalizations
critical aerosol radius and supersaturation, 197-202
equilibrium aerosol radii at subsaturation, 187-193
equilibrium radii of interstitial aerosol in a cloud,
193-197
empirical parameterizations of droplet activation, 183-186
empirical parameterizations of hygroscopic aerosol
growth, 182-183
‘Widom lines, 106
wind speed, 172
World Climate Research Program (WCRP), 15
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