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absorbing layer, 309

acoustic time step, 301

adaptation terms, 47

advection terms, 47

aliasing, 71, 72, 78, 110, 113, 187

angular momentum, 17, 152, 160

approximation 

Eddington, 201

geostrophic, 107

hydrostatic, 15

quasigeostrophic, 2, 6

thin layer, 15, 17, 18, 25, 152

traditional, 17

two flux, 201, 205

asymptotic mixing length, 218

Bjerknes, 2

boundary layer, 213–19, 267, 293

atmospheric, 213

planetary, 213, 217, 311

surface, 213, 214, 311

system closure, 218

BruntVäisälä frequency, 238

buoyancy, 236

CFL condition, 4, 6, 9, 46, 51, 90, 103, 108, 119, 

121, 124, 174, 179, 187, 190, 266

Charney, 2, 15, 23, 106, 107, 166

cloudiness, 208–13

coefficient 

absorption/scattering, 206

entrainment, 236

evaporation, 230

exchange, 217, 219, 223, 307

Fourier, 71, 128, 186

horizontal diffusion, 242

interaction, 61

molecular diffusion, 228

normal mode decomposition, 261

snow melting, 229

soil thermal conductibility, 221

spectral, 63, 128, 186

thermal diffusion, 228

transfer, 214, 215, 216

computational solution, 91, 92, 95, 98, 102, 103

constant 

soil, 221

solar, 202

StefanBoltzmann, 199, 220

von Karman, 214

convection, 193, 211, 219, 231–37, 295, 312

shallow, 219, 240, 295

system closure, 236

coordinates 

Cartesian, 32, 33, 74, 167

curvilinear, 24, 27

geographic, 25, 127

Coriolis 

acceleration, 17

force, 213

parameter, 17, 23, 47, 49, 79, 84, 86, 87, 92, 96, 

98, 108, 116, 119, 125, 134, 241, 262

terms, 47, 126

curl, 24

damping 

implicit Rayleigh, 309

traditional Rayleigh, 310

data assimilation, 11, 244, 249, 250–58, 263, 271, 

275, 278, 281, 282, 295, 312

difference 

backward, 40

central, 40, 42, 44, 45, 82–87, 159, 162, 173, 179, 

186, 223, 264

forward, 40, 87, 174

diffusion 

horizontal, 241–43, 264, 292, 307

vertical, 217–19, 223–25

discretization 

horizontal, 291

spatial, 304

vertical, 288

divergence, 16, 22, 24, 26, 109, 121, 125, 134, 138, 

158, 169, 175, 183

discretized, 116, 119

horizontal, 18

mean, 107, 108, 109, 139, 179

term, 23

vertical, 160, 162, 198, 223, 241

eigenfunction, 57, 61, 67, 74, 260

EliassenPalm theory, 238

ENIAC, 2, 3, 12

ensemble forecasting, 245, 276–78, 281, 283
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enstrophy 

absolute, 111, 113

potential absolute, 114, 118, 171, 172

enthalpy, 230

equation 

continuity, 16, 20, 22, 119, 138, 146, 148,  

149, 150

divergence, 187

Helmholtz, 120, 125, 131, 177, 178, 189

motion, 16, 20, 144

nonlinear balance, 260

Poisson, 106, 127, 129, 183, 189

state, 16, 19, 137

surface pressure tendency, 139, 145, 158, 197

thermodynamic, 16, 145, 157, 184, 198

vertical velocity, 140, 145, 149, 150, 158, 161, 

169, 183, 184, 197

vorticity conservation, 3, 23, 106

water vapour conservation, 16, 145

equations 

filtered, 136

fluxform, 297

nonhydrostatic, 9, 15, 17, 136, 146–55, 285

perturbation, 299

primitive, 6, 8, 10, 15, 18, 19, 21, 47, 79, 135,  

137, 140, 149, 157, 195, 259, 260

error 

correlation coefficient, 272

mean, 250, 272

mean quadratic, 11

root mean square, 272, 273

standard deviation, 243, 272

truncation, 40, 60

expansion 

doubly periodic field, 74

Fourier, 109

into series of functions, 57

spherical field, 65, 67

factor 

acceleration/deceleration, 97

amplification/attenuation, 55, 88

backward scattering, 203

form, 219

forward scattering, 203

transmission, 203

filtering 

digital, 8, 263

divergence, 308

inertiagravity wave, 23, 108, 308

smallwave, 242

sound wave, 19

spatial, 53, 309

time, 102

flux 

diffuse, 201, 205

dry static energy, 214

evaporation, 223

latent heat, 214

precipitation, 197, 212, 227, 229, 230

radiative, 199, 200

sensible heat, 214

snow, 228

turbulent, 10, 198, 213, 311

force 

buoyancy, 236

centrifugal, 16

drag, 240

lift, 240

pressure, 22, 79, 138, 147, 154, 161, 162, 163, 

170, 172, 175, 188, 214

forecast skill, 11, 271

Rousseau score, 276

S1 score, 11

function 

associated Legendre, 62, 63, 64, 72

cardinal sine, 262

cost, 253, 255, 257

gamma, 227

hat, 60

liquid/solid water phase discrimination, 212, 226

Planck, 201

resonance, 239

spline, 267

trapezoidal, 59, 60

universal, 214–16

weighting, 249, 252

Gaussian 

elimination, 190, 224

grid, 69, 70, 71, 72, 128, 129, 130, 133, 134,  

185, 187

latitude, 70

quadrature, 70, 71, 129

weight, 70, 72

geopotential 

height, 3, 17

mean height, 86, 109, 121, 178, 179

geostrophic 

adaptation, 51

gradient, 16, 24

grid, 4, 6, 8, 30, 82, 109, 238

Atype, 47, 52, 53, 83, 104

Btype, 48, 83, 104

Ctype, 49, 53, 83, 104, 115, 116, 167, 304

D’type staggered (or Eliassen), 50,  

83, 104

model output, 266

reduced, 72

variable mesh, 266

Helmholtz relation, 68, 183

Hessian, 254

hydrostatic pressure, 286
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initialization, 6, 8, 259–63, 295

instability 

convective, 232, 236

nonlinear, 109, 118

numerical, 126, 132, 241

SHB, 175

integral invariants, 112, 113, 115, 141, 151, 157, 

165, 171

interaction 

among atmosphere constituents, 195

nonlinear, 71, 109, 241, 261

surfaceatmosphere, 220, 294, 311

surfacesoil, 220

inverse Froude number, 240

Jacobian, 106, 110, 112

Arakawa, 113, 118

kinetic energy, 20, 26, 47, 111, 115, 152,  

163, 236

turbulent, 219

latent heat, 198, 216, 220, 226, 233

linear analysis, 105, 126, 174, 182, 187, 190

linearization, 289

map scale factor, 27, 47–52, 78, 79, 107, 114, 116, 

128, 168, 178

massively parallel computer, 13

mean value theorem, 123

method 

3Dvariational, 253–55, 295, 312

4D variational, 255, 256

adding, 204

canonical analysis, 268

convective adjustment, 232

discrimination, 268

ensemble transform Kalman filter, 278

ensemble transformation, 278

finite difference, 7, 39–56, 60, 114

finite element, 57, 58, 60

Galerkin, 57

ideal optical path, 206

Kalman filtering, 257, 258, 270

model output statistics, 269

Monte Carlo, 277

Newton, 180, 181

optimal control, 253

optimal interpolation, 11, 252

overrelaxation, 120, 178, 179

perfect prog, 269

perturbation, 79

principal component, 268

regression, 268

spectral, 7, 8, 57–78, 82, 87

stochastic perturbations of physics, 278

stochasticdynamic forecast, 277

successive correction, 11, 249, 252

transform, 8, 69, 71, 73, 77

metric term, 17

microphysics, 294, 311

mode 

external, 179

inertiagravity, 7, 8, 178, 259–63

internal, 179

Rossby, 259–63

vertical, 260

model 

grid point baroclinic, 167–79

grid point barotropic, 115–27

hemispheric, 7, 64, 107, 174, 182

limited area, 8, 57, 73, 78, 107, 167, 174, 263, 

264, 278

nonhydrostatic, 146, 285, 296

shallow water, 15, 21, 22, 47, 51, 52, 79, 108, 

114–35, 167–75, 178, 179, 191

spectral baroclinic, 182–90

spectral barotropic, 127–35

zero divergence, 15, 23, 106–14, 118, 135

MoninObukhov 

length, 214, 215

theory, 214

Newtonian gravity, 16

numerical resonance, 191

objective analysis, 10, 155, 248–55

order of accuracy, 39

orography, 155, 193, 237

parameterization, 10, 71, 192–244, 256, 278, 282

phase speed, 51, 108

potential energy, 115, 152, 163

potential temperature, 213, 236, 298

Prandtl mixing length, 218, 219

Prandtl’s theory, 217

precipitation, 10, 196, 197, 225–31, 267

convective (or subgrid scale), 193, 211, 232

largescale (or resolved at the grid scale), 193, 

211, 225

probability density function, 276

projection 

conformal, 30, 47, 78, 106, 114, 128, 167, 297

Lambert conical, 32, 33, 167

Mercator, 31, 32, 167

polar stereographic, 29, 35, 167

Schmidt, 34, 47

quality index, 245, 273

radiation, 10, 193, 199–213, 247, 248, 282, 293, 311

Rayleigh scattering, 199

solar, 199, 201, 202, 205, 206, 220

thermal, 201, 203, 206, 207
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Richardson, 2, 3, 4, 6, 11, 39, 259

Rodrigues formula, 62

Rossby, 2, 23

radius of deformation, 82

roughness length, 10, 237

scale factor, 182, 187, 189

scheme 

centred explicit, 90–92, 107, 118–19, 129, 

172–74, 183–87

centred semiimplicit, 92–95, 119–21, 130–31, 

175–82, 187–90

centred semiLagrangian semiimplicit, 95–101, 

121–27, 131–35, 190–91, 286, 291

Euler (forward lateral), 87–89, 107, 119, 129, 

173, 186

RungeKutta, 300

splitexplicit, 285, 300

score 

statistical, 272

sensible heat, 216, 218, 220

Shuman notations 

difference operator, 41

mean operator, 41

Shuman spatial filter, 54

slow manifold, 262

soil moisture, 222

source and sink terms, 17

spherical harmonics, 8, 61, 67, 73

static energy 

dry, 213, 224, 233, 242

moist, 219, 232

statistical adaptation, 268–70

structure equation, 290

surface temperature, 199, 207, 220, 221,  

224, 267

Taylor expansion, 40

transform 

Fourier, 8, 61, 71, 73, 75, 77, 128, 129, 130, 134, 

186

inverse Fourier, 71, 134, 186

inverse Legendre, 71, 129, 134, 186

Legendre, 71, 128, 129, 130, 134, 186

trapezoidal quadrature, 71

truncation 

elliptical, 75–76

of the expansion, 66–67

rhomboidal, 66

trapezoidal, 67

triangular, 66, 69, 70, 187, 190

vector machine, 13

verification method, 245, 271–76

vertical coordinate 

altitude, 139, 146, 147

general, 136–40

pressure, 15, 19, 21, 26, 27

progressive hybrid, 141–42, 157, 182, 286

sigma, 140, 167

vertical velocity, 18, 20

generalized, 137, 139, 141, 160

in altitude coordinate, 148, 213

in pressure coordinate, 144

within the cloud, 233

vorticity, 20, 24, 26, 48, 49, 183

absolute, 2, 23, 111, 112, 113, 114, 118, 127

potential absolute, 115, 117, 168, 169

wave 

inertiagravity, 6, 8, 18, 19, 23, 79–105, 108, 136, 

259–63, 286

Rossby, 6

slow, 6, 46, 79–105, 260

sound, 19, 286

wind 

geostrophic, 108

horizontal, 18

nondivergent, 106

reduced, 28, 47, 68, 106, 127, 167, 182, 185

rotational, 107, 111

vertical, 18

zonal mean, 243
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