Index

Bold face denotes a primary entry or an extended discussion.

absolute frame of reference, 26, 47
absolute frequency, see frequency, absolute
absolute vorticity, 47
abyss, 4, see ocean, abyss
adiabatic, 14
adiabatic lapse rate, 5, 18, 70, 145 149
advection equation, 63, 235, 261
nonlinear, 261
advection terms, 11, 213, 217, 249
advection-diffusion equation, 69
Airy equation, 339 358
amplitude, see wave properties, amplitude
complex valued, 53
amplitude envelope, 60, 62, 88, 93, 264, 273
streamfunction, 277
analytic continuation, 266
anelastic
approximation, 34, 41
equations, 40, 42
gas, 34, 142
growth, 39
liquid, 144
anelastic equations, 361
anelastic waves, 200
available potential energy, 205

dispersion relation, 203
energy transport, 205

equations, 201, 203

kinetic energy, 205

momentum flux, 204

momentum transport, 204

polarization relations, 204

vertical displacement field, 204

wave-induced mean flow, 204
anticyclonic

trajectory, 134

vorticity, see vorticity, anticyclonic
atmosphere

internal waves

spectra, 370

inversion, 76, 98, 105, 230, 234

ionosphere, 6

isothermal, 32

mesopause, 5

mesosphere, 6

middle, 5

stratification, 5

stratopause, 5

stratosphere, 6

thermosphere, 6

tropopause, 5

troposphere, 5

upper, 5

373



374

attractors, 182

aurora, 6

autocorrelation, 68

available potential energy, see energy, available
potential

background density, 32
background hydrostatic balance, see hydrostatic
balance, background
background pressure, 32
background temperature, 145
baroclinic conversion, 311
baroclinic flow, 46
baroclinic torque, 45, 76, 102, 112, 152
baroclinic waves, 112
barotropic flow, 46, 51
barotropic waves, 111, 311
Benjamin-Feir instability, 222
Benjamin-Ono equation, 241
Bernoulli equation, 48, 51, 53, 77
Bernoulli function, 51
Bernoulli’s principle, 287, 289
Bessel function, 269
beta-effect, 29
beta-plane, 29
boundary conditions
Dirichlet, 66
free-slip, 78, 283, 295, 304
Neumann, 66, 78, 113
no normal flow, 78, 283, 295, 304
boundary layer approximation, 272, 280
boundary layer separation, 293
boundary layer theory, 271
Boussinesq
approximation, 34, 35, 37, 38, 151, 172, 188
in atmosphere, 42
buoyancy frequency, 142
equations
gas, 42
liquid, 37
liquid-gas equivalence, 43
vertical symmetry, 37
fluid, 142
gas, 42
liquid, 35
Boussinesq waves, see wave types,
interfacial/internal, Boussinesq
branch-cut, 307
Brunt-Vaisala frequency, see buoyancy
frequency

Index

bulk Richardson number, 123, 187
buoyancy flux, 168
buoyancy frequency, 141
anelastic gas, 147
Boussinesq gas, 148
Boussinesq liquid, 142
characteristic value, 143
gas parcel derivation, 145
liquid, 144
liquid parcel derivation, 143

caustics, 338
centripetal acceleration, 25, 27
characteristic curves, 235
Chinook winds, 308, 366
cnoidal waves, 240
co-ordinate systems, 7
across-beam, 268, 277
along-beam, 268, 277
Cartesian, 7
complex Cartesian, 266
cylindrical, 277
polar, 266
spherical, 8, 278
complex conjugate, 53
conformal mapping, 266
conservation laws
angular momentum, 43
available potential energy, 168, 169
Eulerian form, 11
flux-form of equations, 24
internal energy, 13, 48, 50
anelastic gas, 38
Boussinesq gas, 38, 42, 43, 154
Boussinesq liquid, 38, 43
gas, 14, 16
liquid, 18, 303
non-Boussinesq liquid, 38, 39
kinetic energy, 48, 169
Lagrangian form, 9
mass, 19, 21
anelastic gas, 38, 41
Boussinesq fluid, 37, 42
Boussinesq gas, 38
Boussinesq liquid, 38
non-Boussinesq liquid, 38
one dimensional, 20
mechanical energy, 48



Index

momentum, 24, 33, 49, 172
anelastic gas, 38, 40, 41, 204
Boussinesq gas, 38, 42, 153
Boussinesq liquid, 37, 38
internal wavepacket, 176
Navier-Stokes equations, 25
non-Boussinesq liquid, 38, 39
potential energy, 48
potential vorticity, 46
pseudoenergy, 172
pseudomomentum, 175
total energy, 168
wave action, 171
continuity equation, 19, see alsoconservation
laws, mass

convection, 5
convection condition, 255
convective instability, 255
convective terms, 11
Coriolis acceleration, 27
Coriolis force, see forces, Coriolis
Coriolis frequency, 28, 351
Coriolis parameter, 28, 132
critical level, 187, 328, 330, 345
cross-correlation, 67
cyclonic

vorticity, see vorticity, cyclonic

deep water waves
dispersion relation, 80, 110, 227
weakly nonlinear, 226
fluid parcel motion, 85
group velocity, 60
modulational instability, 227
modulational stability, 363
polarization relations, 84
Stokes drift, 92
wave-induced mean flow, 95
weakly nonlinear, 227
deformation radius, 134
density
background, 32, 40
characteristic, 35, 39
fluctuation, 32, 35, 40, 42
total, 36
density gradient, 198
density scale height, see scale height, density
diffusivity
heat, 18
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momentum, 271
salt, 18
Dirichlet boundary conditions, 66
dispersion effects
linear, 63, 65
linear-weakly nonlinear balance, 220, 239
dispersion relation, 56, see alsowave properties,
dispersion relation
interfacial waves, 319
unstable flow, 122
divergence theorem, 20, 50
Doppler-shifted frequency, see frequency,
Doppler-shifted
downslope windstorm, 308
downslope windstorms, 366
drag coefficient, 300
drag force, 299
duct, 191
ducted internal waves, 192

e-folding depth, 32, 41, 149
e-folding time, 122
Eckart resonance, 192, 341, 342, 368
energy, see alsowave properties, energy
available potential, 48, 50, 51, 167, 188
conversion from kinetic to available potential,
126
heat, 13, 14
internal, 13, 14, 48
sea water, 13
kinetic, 48
mechanical, 14, 48
potential, 48, 167
work, 14
energy production term, 170, 195
equation of state
air, 12
sea water, 12
equipartition of energy, 86, 103, 112, 168
Euler equations, 25
Eulerian frame of reference, 8, 11
evanescent, 348
evanescent disturbances, 164, 297, 339
evanescent waves, 164
even modes
interfacial, 110
internal, 192
Exner pressure, 15
exosphere, 6
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extrinsic frequency, see frequency, extrinsic

f-plane, 29, 132, 205
Fermi-Pasta-Ulam recurrence, 222, 230
flow blocking, 293
fluid parcel, 8
derivations
available potential energy, 167
buoyancy frequency of gas, 145
buoyancy frequency of liquid, 143
dispersion relation of internal waves, 150
internal wave dispersion relation, 156
shear flow stability, 188
motion
deep water waves, 85
inertia gravity wave, 209
inertial wave, 134
internal waves, 160, 175
shallow water waves, 85
solitary wave, 240
surface waves, 84
Foehn, 308
forces
buoyancy, 2, 18, 25, 33, 168
centripetal, 8, 70
conservative, 22
Coriolis, 7, 26, 27, 29, 33, 70
gravitational, 8
Newton'’s laws, 24
pressure gradient, 18, 26
viscous damping, 29, 30, 31
Fourier series
cosine series, 66
sine series, 66, 179
Fourier transform, 56
frames of reference
absolute, 26, 47
accelerating, 26
Eulerian, 8, 11
inertial, 26
Lagrangian, 8, 11, 175, 321
non-inertial, 26
rotating, 26, 47
free surface, 97, 110
free-slip boundary conditions, see boundary
conditions, free-slip
frequency

absolute, 318 see alsofrequency, intrinsic
Doppler-shifted, 318 see alsofrequency,

extrinsic

Index

extrinsic, 73, 171, 186, 191, 295, 312, 318,

329, 335, 337, 345

ground-based, 318 see alsofrequency,

intrinsic
inertial, 132, 353

intrinsic, 171, 191, 295, 318, 320-322,

328-330, 335

relative, 318 see alsofrequency, extrinsic

Frobenius expansion, 187

Froude number, 285, 292, 293, 304

external, 288
horizontal, 292
internal, 288
vertical, 292

Gamma function, 275

Garrett-Munk spectrum, 210, 350 354, 361, 369

Gauss' theorem, see divergence theorem

geometric focusing, 178, 182
geophysical fluid dynamics, 29

gradient Richardson number, 187
gravity wave drag parameterization, 370

gravity waves, 6
Green'’s function, 304

ground-based frequency, see frequency,

ground-based

group velocity, 59, see alsowave properties,

group velocity

haline expansion coefficient, 12

halocline, 4

Hamiltonian mechanics, 321
heat energy, 13

Helmholtz equation, 304
Holmboe instability, 122, 362

continuous stratification, 197

two layer fluid, 126
Holmboe waves

continuous stratification, 197

dispersion relation

two layer fluid, 126
growth rate

two layer fluid, 127
phase speed

two layer fluid, 127
structure

two layer fluid, 127

homogeneous fluid, 2



Index

hydrodynamic stability, 115, 184
hydrostatic balance, 18, 31, 40, 52
background, 33, 152
total, 161
hydrostatic flow, 284, 304
hydrostatic internal waves, 161
dispersion relation, 163
equations, 161
hydrostatic pressure, 26, 31
hydrostatic waves, 209, see internal waves,
hydrostatic

ideal gas law, 12
incompressibility condition, 22
incompressible fluid, 22
anelastic gas, 41
Boussinesq gas, 42
Boussinesq liquid, 37
non-Boussinesq liquid, 39
inertia gravity wave
fluid parcel motion, 209
inertia gravity waves, 7, 29, 205, 207
dispersion relation, 206, 207
equations, 206
hydrostatic, 207
polarization relations, 207
shear-unstable, 258
tidal generation, 312
inertial frequency, 28, 132
inertial waves, 7, 29, 131, 132, 205
available potential energy, 135
dispersion relation, 132
equations, 131, 132, 133
kinetic energy, 135
fluid parcel motion, 134
group velocity, 136
kinetic energy, 135
kinetic energy flux, 135
polarization relations, 134
vorticity, 135
inertio-gravity waves, 205 see inertia gravity
waves
instability
Benjamin-Feir, 222
convection, 254
convective, 255
growth rate
computed from energy equation, 195
Holmboe, 362
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continuous stratification, 197
two layer fluid, 122, 126
Kelvin-Helmholtz, 362
continuous stratification, 194
layered fluid, 122
three layer fluid, 122
uniform fluid, 120
modulational
criterion, 222
deep water waves, 222, 227, 363
interfacial waves, 228, 230, 231, 363
internal waves, 245, 363
surface waves, 363
theory, 220
overturning, 254
parametric subharmonic, 253, 364
ssec, 249
Rayleigh-Taylor, 255
self-acceleration, 258
shear, 362
continuous stratification, 194
layered fluid, 122
Richardson number criterion, 189
uniform fluid, 120
shear flows
continuous stratification, 194
Taylor, 128
two layer fluid, 122

instability criteria, 188
interface conditions, 99, 109, 117, 119
interfacial waves, see alsosurface/deep

water/inertial waves
amplitude, 109
three layer baroclinic, 112
three layer barotropic, 111
at thermocline, 104
baroclinic, 112
barotropic, 111
Boussinesq, 98
breaking, 237
dispersion relation
finite amplitude, 363
shallow waves, 105
three layer, 110
three layer fluid, 109
two layer with free surface, 111
two-layer finite-depth, 104
two-layer infinite depth, 101
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two-layer semi-infinite depth, 103
two-layer, semi-infinite depth, 104
weakly nonlinear, 230
displacement field
weakly nonlinear, 231
energy, 103
three layer baroclinic, 112
energy transport, 103, 105
equations
two-layer fluid, 99
generation
solitary waves, 366
topography, 288
kinetic energy, 102
modes, 114
modulational instability, 228, 230, 231
modulational stability, 363
multi-layer fluid, 107
phase speed
shallow waves, 105
polarization relations, 101
shallow waves, 106
two-layer finite-depth, 105
pressure fields
shallow waves, 106
shallow, 105
nonlinear, 238
solitary, 363, 366
steepening, 237
two-layer fluid, 98, 103
two-layer infinite-depth fluid, 100
velocity fields, 102
shallow waves, 106
vortex sheet, 102
weakly nonlinear, 222, 230
with rotation, see inertial waves
internal deformation radius, 134
internal energy, see energy, internal
internal gravity waves, 6, see alsowave types,
internal/interfacial
internal waves, see alsoanelastic/inertia
gravity/non-Boussinesq internal waves
amplitude
non-Boussinesq waves, 200
at slopes, 182, 362
available potential energy, 167
anelastic, 205

beams, 183
cyclical at attractor, 183

bounded modes, 178
Boussinesq, 151
constant-phase line orientation, 156
critical level, 330
critical levels, 367
density fluctuation field
non-Boussinesq waves, 199
dispersion relation
anelastic waves, 203
bounded modes, 179
Boussinesq, 150, 155
finite amplitude, 363
hydrostatic, 163
in uniform flow, 191
non-Boussinesq, 199
trapped modes, 192
drag parameterization, 370
ducted, 179, 191, 368
dynamic pressure field
non-Boussinesg waves, 200
energy transport, 166, 169, 362
anelastic, 205
equations
anelastic, 201, 203
Boussinesq, 153
Boussinesq gas, 153
Boussinesq liquid, 151
hydrostatic, 161
in uniform flow, 191
linear Schrodinger, 247
liquid-gas equivalence, 155
non-Boussinesq liquid, 197
nonlinear Schrddinger, 248
evanescent, 164, 173
fluctuation density field, 161
fluid parcel motion, 160
generation, 159, 263
oscillating cylinder, 264, 365

Index

oscillating cylinder in viscous fluid, 271, 365

oscillating sphere, 276, 365
tidal, 367
topography, 291, 366
group velocity, 158
horizontal, 158
vertical, 158
hydrostatic, 161
kinetic energy, 166
anelastic, 205



Index

mass transport, 166
modulational instability, 245
modulational stability, 245, 363
momentum flux, 173
anelastic, 204
momentum transport, 172, 362
anelastic, 204
non-Boussinesq liquid, 197
non-uniform stratification, 328
nonhydrostatic, 163
overturning, 254
parametric subharmonic instability, 253, 364
phase velocity, 158
polarization relations
anelastic waves, 204
Boussinesq, 159
pressure field, 161
propagation
transient flows, 368
veering flows, 368
pseudoenergy, 170
reflection
subcritical, 182
supercritical, 182
reflection levels, 367
saturation, 355
self-acceleration, 364
shear-unstable, 256
spectra, 369, 370
trapped, 191
even modes, 192
odd modes, 192
sinuous, 192
varicose, 192
tunnelling, 368
uniform shear, 330
velocity fields, 160
non-Boussinesg waves, 200
vertical displacement field, 160
anelastic waves, 204
non-Boussinesg waves, 200
vorticity field, 161
wave action, 170
wave-induced mean flow, 174, 362
anelastic, 204
intrinsic frequency, see frequency, intrinsic
inversions, see atmosphere, inversions
inviscid fluid, 43
ionosphere, 6

irrotational, 44, 77, 164
irrotational flow, 297
irrotational fluid, 287
isentrope, 46
isopycnal, 46
isothermal gas, 17, 32
isotropic, 352

Jacobian determinant, 303
Joukowski transformation, 266

Karman line, 6
KdV equation, 239

Kelvin-Helmholtz billows, 122
Kelvin-Helmholtz instability, 362
continuous stratification, 194

layered fluid, 122
three layer fluid, 122
two layer fluid

marginal stability curves, 124

uniform fluid, 120
uniform stratification

marginal stability curve, 194
Kelvin-Helmholtz modes

energy transport

uniform stratification, 195

growth rate

three layer fluid, 123
uniform stratification, 194

mass transport

uniform stratification, 194
momentum transport
uniform stratification, 194

structure

three layer fluid, 124
uniform stratification, 194
Kelvin-Helmholtz waves

dispersion relation

three layer fluid, 123
kinematic viscosity, 272
Korteweg-de Vries equation, 239
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Lagrangian frame of reference, 8, 11, 175, 321

Laplace’s equation, 77
lenticular clouds, 295

Long number, 292, 293

Long’s model, 303
low-order modes, 113
lunar tide, 311
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M2 tide, 311
Mach number, 286, 292
main thermocline, 4, 341
marginal stability curves
Kelvin-Helmholtz instability, 124, 194
mass flux, 20, see alsowave properties, mass
transport
mass streamfunction, 201
material derivative, 11, 321
meridional direction, 8
mesopause, 5
mesosphere, 6, 355
middle atmosphere, 5, 165
modulational stability, 221, see alsoinstability,
modulational
criterion, 222
theory, 220
molecular viscosity, 272, see viscosity, molecular
momentum deposition, 334
monochromatic waves, 53

Navier-Stokes equations, 25
Neumann boundary conditions, 66, 78
neutral stability, see marginal stability
neutral stratification, 2, 18
Newton’s laws, 24
Newtonian fluid, 30
non-Boussinesq
liquid, 34, 38
non-Boussinesq equations, 361
non-Boussinesq equations for liquid, 39
non-Boussinesq internal waves, 197
amplitude, 200
density fluctuation field, 199
dispersion relation, 199
dynamic pressure field, 200
equations, 197
velocity fields, 200
vertical displacement field, 200
non-Boussinesq liquid, 39, 142
nondispersive waves, 105, 220
nonhydrostatic flow, 304
nonhydrostatic internal waves, 163
nonhydrostatic waves, see wave types,
nonhydrostatic
nonlinear pendulum, 214
nonlinear Schrédinger equation, see Schrodinger
equation, nonlinear
normal modes, 186

Index

ocean

abyss, 4, 12, 149

halocline, 4

internal waves

spectra, 369

surface mixed region, 4

surface skin, 4

thermocline, 4, 76, 98, 105, 111, 230
odd modes

interfacial, 110

internal, 192
one-and-a-half layer fluid, 103, 289
one-layer fluid, 75
oscillating cylinder, 264, 337

in viscous fluid, 271
oscillating sphere, 276
over-reflection, 345
overturning condition, 254
overturning internal waves, 254
ozone, 6

parallel flow, 116 184
parametric subharmonic instability, 253, 364
ssec, 249
particle-bearing fluid, 197
perturbation density, see density, fluctuation
perturbation pressure, see pressure, fluctuation
phase velocity, 57, see alsowave properties,
phase velocity
plane waves, 53
planetary waves, 29
Poincaré waves, 132
polarization relations, 56, see alsowave
properties, polarization relations
potential density
gas, 18
sea water, 19, 20
potential equation, 77, 265
potential temperature, 17
background, 40
fluctuation, 40
gas, 15, 41, 153, 201
sea water, 19
potential vorticity, 46, 135
power spectrum
atmospheric internal waves, 355
oceanic internal waves, 349
ppt, 12



Index

pressure, 14, see alsoforces, pressure gradient

background, 32, 40

dynamic, 26, 32, 52

Exner, 15, 71

fluctuation, 32, 40

hydrostatic, 17, 26, 31

work done by, 14
pseudoenergy, 171, 345
pseudomomentum, 95, 175
pseudomomentum flux, 175
PSiI, see instability, parametric subharmonic
PV, see vorticity, potential

QBO, see quasi-biennial oscillation

quasi-biennial oscillation, 334

quasi-monochromatic wavepacket, 60, 88, 93,
169, 175, 241

ray theory, 180, 319, 348
ray tracing, 319
Rayleigh waves, 118
Rayleigh-Taylor instability, 255
reduced gravity, 100, 142, 288, 290
reflection coefficient, 345
reflection level, 335
relative frequency, see frequency, relative
relative vorticity, 47
Reynolds number, 30, 271
Reynolds stress, 173
Richardson number

bulk, 123, 187

gradient, 187, 257

stability criterion, 189
Riemann invariants, 237
rigid-lid approximation, 112
Rossby deformation radius, 134
Rossby waves, 29
rotating frame of reference, 26, 47

salinity, 12
saturation of internal waves, 355
scale height, 32
density, 17, 19, 32, 38, 41, 146, 197, 198, 210
potential temperature, 40, 146, 210
pressure, 145, 210
temperature, 19
Schrédinger equation, 63, 65
linear, 65, 247
nonlinear, 65, 219, 230, 245, 248, 262
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seasonal thermocline, 4, 341
secular terms, 215 218, 226
self-acceleration, 258, 364, 365
semi-diurnal tide, 311
shallow water waves, 80, 131, 234
dispersion relation, 80
equations, 97
nonlinear, 237, 238
fluid parcel motion, 85
interfacial, 105
nonlinear, 234
polarization relations, 84
speed, 58
interfacial waves, 105
surface waves, 82, 284, 285
theory, 284, 290
shear flows
affect on energy transport, 170
continuous stratification, 183
instability, 362
layered fluid, 115
uniform, 118
shear layer, 120
shear-unstable internal waves, 256
sills, 311
singular equation, 187
sinuous waves
interfacial, 110
internal, 192
solid-body rotation, 23, 47
solitary waves, 232, 233
closed core, 233
topographic generation, 366
wave train, 234
wavelength, 240
sound waves
filtering, 34
specific heat, 14
spectrum
atmospheric internal waves, 355
Garrett-Munk, 210, 350
oceanic internal waves, 349
spring equation, 143
St. Andrews Cross, 157
stability criteria, 188
stable stratification, 17, 148
stationary phase, 73
stationary turbulence, see turbulence, stationary
Stokes drift, 91, 92, 95, 174, 175



382 Index

stratification, 148 phase speed, 81, 82
continuous, 3, 142 polarization relations, 81, 82
stable, 2, 4, 6, 17, 148 Stokes drift, 91
strong, 3 surface displacement, 80
uniform, 155, 198 velocity fields, 83
unstable, 2, 149 velocity potential, 80, 83
weak, 3

stratified fluid, 2, see alsostratification Taylor instability, 128
gas, 4 Taylor waves
liquid, 3 phase speed, 129

stratopause, 5 structure, 130

stratosphere, 6, 355 Taylor-Goldstein equation, 186, 341, 346

streamfunction, 22 temperature
mass, 201 background, 145

streamlines, 23 thermal expansion coefficient, 12

subcritical flow, 286, 288, 297, 299 thermocline, 4, 76, 98

subcritical reflection, 182 main, 4, 341

subcritical slope, 182, 313 seasonal, 4, 341

subsonic, 286 thermodynamics, 13

supercritical flow, 286, 288, 297, 299 air, 14

supercritical reflection, 182 sea water, 18

supercritical slope, 182, 313 thermosphere, 6

supersonic, 286 tidal generation, 310

surface mixed region, 4, 165 tides, 131, 311

surface skin, 4 topographic generation, 173

surface waves, 7, 76 nonhydrostatic flow, 287
available potential energy, 86 topography
dispersion relation, 80, 81 large amplitude hills, 303

deep water, 57, 80 periodic hills, 293
shallow water, 80 small amplitude hills, 300
displacement fields, 83 two-dimensional, 307
dynamic pressure field, 83 troposphere, 5, 32
energy, 86 tunnelling, 341
energy equation, 86 two-layer fluid, 75, 110, 288
energy transport, 81, 85, 86, 87

uniform fluid, 2

uniformly stratified fluid, 152
unstable normal mode, 186
unstable stratification, 149
upper atmosphere, 5
upstream blocking, 291

equations

finite amplitude, 76

small amplitude, 78
fluid parcel motion, 84
generation by topography, 283
group speed, 81
group velocity, 82
kinetic energy, 86
kinetic energy equation, 85
modulational stability, 222, 363
momentum deposition, 89
momentum equation, 89

momentum flux, 89
momentum transport, 81, 93

Vaisala frequency, see buoyancy frequency
Vaisala-Brunt frequency, see buoyancy
frequency
varicose waves
interfacial, 110
internal, 192, 342
velocity potential, 44, 77, 79
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viscosity in uniform flow, 191
kinematic, 30, 280 linear Schrédinger, 247
molecular, 30 liquid-gas equivalence, 155

viscous attenuation, 264, 271, 273 274, 282 non-Boussinesq liquid, 197

viscous damping, 182 nonlinear Schrodinger, 248

vortex internal waves
generation, 102, 122 nonlinear, 241
sheet, 102 Korteweg-de Vries, 239
stretching, 44 non-Boussinesq liquid, 39
tilting, 44 nondispersive, 35, 56

vorticity, 44, 76 piecewise-linear
absolute, 47 continuous stratification, 189
baroclinic generation, 45 layered fluid, 116
equation, 152 Rayleigh, 117
potential, 46, 48 Schrodinger, 63, 219
relative, 47 shallow water, 97, 285
stratified fluid, 44 nonlinear, 234, 237, 238
uniform density fluid, 43 shear

continuous stratification, 184
uniform fluid, 116
surface
finite amplitude, 76
finite depth, 79
small amplitude, 78
Taylor-Goldstein, 186
wave modes, 65, 113, 352
wave modulation, 220
wave propagation, 317
wave properties
amplitude, 54, 292
as perturbation parameter, 216
half peak-to-peak, 55, 218, 240
interfacial waves, 112
interfacial waves, barotropic, 111
internal waves, 200
non-Boussinesq waves, 200
peak-to-peak, 55
attractors, 182
available potential energy, 167
anelastic waves, 205
inertial waves, 135
internal waves, 167, 205
surface waves, 86
buoyancy forces, 36
crest, 108, 158, 228
cross-correlation, 67
dispersion relation, 56
anelastic waves, 203

water waves, 7
wave action, 171, 330, 345
wave beams, 156
bimodal, 281
structure, 281
unimodal, 281
viscous attenuation, 279
wave breaking
atmosphere, 355
interfacial waves, 122
internal waves, 248, 331, 365
non-Boussinesq internal waves, 200
surface waves, 90
wave equation, 35, 56
wave equations
anelastic gas, 42
Benjamin-Ono, 240
Boussinesq gas, 42
Boussinesq liquid, 37
inertia gravity, 206
inertial, 131, 132, 133
interfacial
nonlinear Schrédinger, 230
two-layer fluid, 99
internal
anelastic, 201
Boussinesq, 153
Boussinesq gas, 153
Boussinesq liquid, 151
hydrostatic, 161
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deep water, 227 kinetic energy flux

deep water waves, 57, 80, 110, 226 inertial waves, 135

evolution equation derived from, 63 mass transport

finite amplitude interfacial waves, 363 internal waves, 166

finite amplitude internal waves, 363 Kelvin-Helmholtz modes, 194

general, 57 modes, 65

Holmboe waves, 126 modulational stability, 221

inertia gravity waves, 206, 207 internal waves, 245

inertial waves, 132 momentum transport, 362

interfacial waves, 101, 103-105, 109-111 anelastic waves, 204

internal waves, 150, 155, 163, 179, 191, internal waves, 172, 204

192, 199, 203 Kelvin-Helmholtz modes, 194

Kelvin-Helmholtz waves, 123 surface waves, 81, 89, 93

nondispersive, 56 period, 54

shallow water, 80 phase, 55

surface waves, 80, 81 phase speed

weakly nonlinear, 219, 221 Holmboe waves, 127
energy interfacial waves, 105

equipartition of, 103, 112, 168, 355 Rayleigh waves, 120

interfacial waves, 103, 112 shallow water waves, 82, 285

interfacial waves, baroclinic, 112 sound waves, 35

surface waves, 86 surface waves, 81, 82
energy transport, 362 Taylor waves, 129

anelastic waves, 205 phase velocity, 57

inertial waves, 135 internal waves, 158

interfacial waves, 103, 105 polarization relations

internal waves, 166, 169, 205 anelastic waves, 204

Kelvin-Helmholtz modes, 195 deep water waves, 84

surface waves, 81, 85, 86, 87 inertia gravity waves, 207
frequency, 54 inertial waves, 134

Rayleigh waves, 120 interfacial waves, 101, 105, 106
group speed internal waves, 159, 204

surface waves, 81 shallow water waves, 84
group velocity, 59, 60 surface waves, 81, 82

deep water, 60 potential energy, 51

inertial waves, 136 pseudoenergy

internal waves, 158 internal waves, 170

sound waves, 35 standing, 65, 114

surface waves, 82 wave action
growth rate internal waves, 170

Holmboe waves, 127 wave-induced mean flow

Kelvin-Helmholtz modes, 194 deep water waves, 95

Kelvin-Helmholtz waves, 123 internal waves, 174
kinetic energy wave-pulse, 63

anelastic waves, 205 wavelength, 54

inertial waves, 135 shallow water waves, 105

interfacial waves, 102 solitary waves, 240

internal waves, 166, 205 wavenumber, 54

surface waves, 86
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wavepacket, 60, 158
wave types
anelastic, 200
atmospheric, 153
baroclinic, 112
barotropic, 111, 311
bow waves, 308
deep water, 81
weakly nonlinear, 227
ducted, 191, 341
gravity, 6
Holmboe, 126
Holmboe waves, 127, 197
hydrostatic, 209
inertia gravity, 7, 29, 205, 207, 312
inertial, 7, 29, 132, 205
inertio-gravity, 205
interfacial, 6, 323
baroclinic, 112
even modes, 110
modes, 114, 178
multi-layer fluid, 107
nondispersive, 105
odd modes, 110
shallow, 105
sinuous, 110
thermocline, 104
two-layer fluid, 98, 103
two-layer infinite-depth fluid, 100
varicose, 110
weakly nonlinear, 222
internal, 6
anelastic, 200
bounded modes, 178
Boussinesq, 38, 43, 151
Boussinesq gas, 42
compressible, 201
ducted, 179, 191
evanescent, 164, 339
even modes, 192
hydrostatic, 161
non-Boussinesq, 39
non-Boussinesq liquid, 197
nonhydrostatic, 163
odd modes, 192
sinuous, 192

385

trapped, 191
varicose, 192, 342
internal gravity, 2, 6
Kelvin-Helmholtz
three layer fluid, 122
uniform fluid, 120
Kelvin-Helmholtz modes, 194
Kelvin-Helmholtz waves, 124
low-order modes, 113
monochromatic, 53
nondispersive, 56, 60, 63, 97
plane waves, 53
planetary, 29
Poincaré, 132
guasi-monochromatic, 60, 88
Rayleigh, 118
Rossby, 29
shallow interfacial
nonlinear, 238
shallow water, 80, 81
solitary waves, 363, 366
sound, 34, 39, 40
superharmonic, 218
surface, 7, 75, 76, 323
deep water, 81
shallow water, 81
Taylor, 128
water, 7
weakly nonlinear, 213 214
wave-induced mean flow, 92, 95, 174, 258
wave-wave interactions, 218, 350
atmosphere, 355
wavepacket, 63
Gaussian, 62, 64
guasi-monochromatic, 63, 64, 94, 219
weakly nonlinear theory, 214, 216
weakly nonlinear waves, 213
Witch of Agnesi hill, 301
WKB approximation, 352
WKB renormalization, 180, 181, 210, 349,
351-354
WKB theory, 182, 319
WKB-stretching, 180, 181
WKBJ theory, 319

zonal direction, 8



