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absorption 294, 296
accelerometer 13
acquisition (spectrum) 51
action 221
balance (equation) 257,261, 288, 335
density (spectrum) 261
advective 111, 343
air 177
bubble 108
flow 178, 182, 183
motion 182
pressure 18, 178, 179
airplane 19, 20, 21
Airy (wave theory) 53, 107, 138
aliasing 333
alphabet, Greek 31
altimeter
acoustic 22
laser 21
radar 22
altimeter (radar)
footprint (satellite) 22
wave height 22
amplitude
random 33, 45
response 53, 54,55
spectrum 34, 45
analysis
cross-spectral 324
spectral 324
Anderson-Darling test 89
anemometer, wind 146, 151
annual-maximum approach (long-term statistics) 85,
98
array
phase 17
slope 16
atlas 105
ATM (airborne topographic mapper) 21, 22
auto-covariance (function) 42, 316, 324

back scatter 262, 270

back tracing 204

balance (equation)
action 257, 261, 288, 335
energy 174,200, 242, 289, 301
mass 112, 343
momentum 112, 114, 318, 344
of number of waves 339
wave number 340

barrier 221

basin (wave-, tank) 181, 183
Battjes method 101

Beaufort wind scale 190
Berkhoff mild-slope equation 217
Bernoulli equation 117

linearised 117
nonlinear 323

biphase 271, 273, 274
blocking, current-induced 264
Boltzmann integral 185

bore 281

bottom

friction 109, 276, 295

roughness 279, 296

slope 74,224, 243,282

boundary condition 115, 116, 320, 323

boundary condition

kinematic, bottom 115, 116, 320, 323

kinematic, surface 114, 116, 319, 323

dynamic, surface, bottom 115, 117, 130, 142, 170,
320

boundary-element method 215, 240
boundary layer

atmospheric 147, 183
atmospheric (internal) 148
bottom 109, 276, 278

Boussinesq (equations, model) 198, 241
Bragg scatter 20, 270
breaking 188, 242, 276

criterion 189
index 282
wave types 242

breakwater 210, 213, 266, 288, 296
breeze 151, 181

bunching 201, 203, 218, 260, 263, 335
buoy 13

cloverleaf 15

heave 13, 14

pitch-and-roll 14

SMART 13, 14

spar 15

WAVEC 14

WAVERIDER (directional, GPS) 13, 14

capacitance 16

caustic 208

censoring 92

central limit theorem 312, 317
characteristic (ray) 203, 341

379
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clapotis 222
climate (wave) 7, 85, 87, 96, 105
cloverleaf buoy 15
cnoidal wave 142, 204
coast
lateral 153, 154
slanting 154
upwind 147, 246
confidence interval 330
conservation (equations)
action 257, 261, 288, 335
energy 174, 200, 242, 289, 301
mass 112, 343
momentum 112, 114, 344
of number of waves 339
wave number 340
continuity 108, 142
equation 112, 318, 343, 345
convection 111
convolution 332
co-ordinates (grid)
Cartesian 170, 260, 298
spherical 174, 289
Coriolis force (acceleration) 108, 345
correlation coefficient 313
Courant criterion 287
covariance (auto-, function) 42, 316, 324
crest 58, 62,179, 339
maximum crest height 64, 79, 81, 84
current 218, 335
induced refraction 221, 261, 335
meter 17
rip 226, 236
wave—current interaction 288
cyclone (hurricane, typhoon) 147, 160,
187

degrees of freedom 15, 330

delta function 39, 217, 332

depth
dimensionless 247, 291
induced refraction 147, 181, 198, 202, 217, 258,

263, 264, 288, 300

induced wave breaking 237, 281, 296
limited wave growth 246

DIA (discrete-interaction approximation) 188, 196,

269, 292

diamond pattern 166, 183
of quadruplets 185
of triads 183

diffraction 30
diagrams 214, 266
parameter 115,212, 266, 302
refraction 17,217

diffusion
coefficient 304
garden-sprinkler effect 176, 304
numerical 300, 301

direction
bimodal directional distribution 166
directional distribution 162, 164, 259
directional spectrum 43

directional spreading 52, 163, 175, 212, 256
directional turning rate 174, 212, 263, 336
directional width 163, 256
discrete-interaction approximation (DIA) 188, 196,
269, 292
dispersion
direction 175, 177
frequency 128, 175
frequency-direction 177, 188
relationship 51, 123, 130, 218, 341
dissipation
white-capping 173, 188, 276, 293, 294
bottom friction 109, 276, 295
(surf-)breaking 281, 285, 296
distance meter 21
distribution
chi-square (x2) 330
exponential 91, 98, 103, 104, 320
1D Gauss 312
2D Gauss 314
Fisher—Tippett I 101
Fisher—Tippett II 101
generalised extreme value (GEV) 98, 101
generalised Pareto 96, 98
Gram—Charlier 59
Gumbel 99, 101
joint 313
log-normal 91, 93, 98, 99
normal 312
Rayleigh 64, 68, 71, 91, 104, 254, 279
truncated Rayleigh 281, 291
Weibull 91, 99, 101, 103, 104, 299
wrapped-normal 166
Donelan spectrum 157, 256
Doppler (shift) 13,218, 260, 335
drag
coefficient 147,278
law 278, 295
droplet 190
duration
limited (condition) 150
measurement 27, 326, 327, 329
wind 147, 148, 246

echo-sounder (inverted) 17
electrical resistance 15
elevations, sea-surface
extreme 78
instantaneous 25, 57
energy 131
balance equation 174, 200, 242, 289, 301
bunching 201, 218, 260, 335
density 39, 40, 132
density spectrum 40
dissipation 177, 188, 293
flow in spectrum 192, 284
flux 132
kinetic 132
potential 131
propagation 132, 174, 199, 299, 335
scale (spectrum) 158, 160, 254, 273
ensemble 313
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equation FRF spectrum 255
energy balance 174, 200, 242, 289, 301 friction
mass balance 112, 343 bottom 109, 276, 295
momentum balance 112, 114, 235, 238, 298, 318, skin 279
344 surface 178, 182
of motion 319, 322, 323 velocity 147, 157, 179, 289
equilibrium spectral level 193, 194, 308 wind 147, 178
Euler
equations 240, 319 garden-sprinkler effect (GSE) 176, 304
Eulerian balance 172, 260 Gauss
evolution (equation) 169 distribution 312, 314
excitation 52 Gaussian process 316
expectation 312 Gauss—Seidel model 41, 59, 140, 173,
expected value 312 317
extreme-value theory 86, 96, 98 instantaneous sea-surface elevation 57
probability density function 312, 314
fetch 147 generation
dimensionless 150, 247 first-, second- and third-generation wave
equivalent 149 models 194
infinite 151 generation of waves by wind 177, 268, 289
laws 152, 247 Gerstner wave theory 123
limited wave growth 150 global positioning system (GPS) 13
limited wind-sea spectrum 160 global scale 174
Fisher—Tippett I distribution 101 Gram—Charlier distribution 59
Fisher—Tippett II distribution 101 great-circle
FLIP 15 definition 169
flow wave propagation 169, 174, 177
energy flow in spectrum 192 grid
air flow (separation) 178, 182, 183 boundary-fitting 307
flume (wind-wave) 31, 223, 283 curvilinear 305
Fourier nesting 306
analysis 31, 324 rectangular 298
1D, 2D and 3D Fourier transform 324 group 49,75, 225, 239
fast fourier transform (FFT) 43, 324 groupiness 67,77
integral 325 groupiness parameter 67
series 325, 326 velocity 125, 136, 168, 199
transform 42, 43, 326 growth
forecast 146, 174 curve 152,153, 247, 249
freak wave 83 exponential 180, 194, 195, 290
free wave 115, 123 initial 177, 193, 247, 290
frequency measurements 182, 272
absolute 219, 220, 338, 339 wave growth by wind 177, 180, 193, 194, 195,

aliasing 333

cut-off 294, 299

dimensionless peak 157, 159, 161, 162,
254

direction response 54

directional spectrum 43

dispersion 128, 175

eigen 13

mean 61, 192, 263, 294

mirror 332

Nyquist 61, 66, 332

peak 62, 158, 163, 166, 253, 272, 273, 290

Pierson—Moskowitz 159, 179

radian 41, 118, 261

relative 218, 220, 221, 261, 337

resolution 298, 327, 329

resonance 5, 184,270, 272

response 53

shifting 186, 260, 263, 288, 337

spectrum 33, 36

247,290
GSE (garden-sprinkler effect) 176, 304
Gumbel distribution 99, 101
gustiness (wind) 148

harmonic
component 25, 31,272
super 182,272,275
wave 118
heave
buoy 13, 14
motion 15
Helmbholtz equations 216, 217
hindcast 105, 146
HISWA wave model 300
hole-in-the-sea 84
homogeneous
weakly 316
Hyjo 28
Hy; 28
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hurricane (typhoon, cyclone) 5, 147, 160, 187
Huygens’ principle 212, 216

idealisations
of the water and its motions 108
of the wave generation 147, 246
of the wind 148
ILU-CGSTAB solver 305
initial-distribution approach of the long-term
statistics 85, 87
instrument measurements 12, 29, 160
integral, order of 133, 228
interactions
quadruplet wave—-wave 166, 183, 192, 196, 269,
285,292
self—self 188, 272,273
triad wave—wave 270, 283, 285, 293
wind-wave 173
Internet 105
interpretation of the variance density spectrum 38

Jacobian 42
Jeffreys’ theory 179
JONSWAP spectrum 160

KdV (Korteweg—de Vries) equation 142
kinematics 119
kinematic surface boundary condition 114, 116,
142, 170, 319, 323
Kitaigorodskii
scaling 256
spectral tail 250
Kolmogorov—Smirnov test 89
Korteweg—de Vries equation 142
kurtosis 312

Lagrangian approach 169, 174, 208, 209, 256
Laplace equation 115, 118, 119, 210, 215
laser 21

latitude 20, 142, 170, 174, 242, 289, 298
linearisation 113, 114, 115, 117, 323

linear system 52, 54

linear wave theory 197, 318, 337
L-moment 92, 312

log-normal distribution 91, 93, 98, 99
long-term statistics 85

longitude 170, 174, 289, 298

LTA (lumped-triad approximation) 274, 293
lumped-triad approximation (LTA) 274, 293

marker-and-cell (MAC) 240
mass balance 112, 343
maximum
crest height 64, 79, 81, 84
individual wave height 82
likelihood 92
significant wave height 95, 98, 99, 100
surface elevation 65, 77,78, 79
Miche criterion 189
mild-slope equation 217
Miles’ theory 178, 179, 191, 290

mirror frequency 332
Mitsuyasu spectrum 158
mode 79, 82
stationary 304
modulation (of capillary waves) 20, 123, 131
moments
of arbitrary functions 312
of probability density function 312
of spectra 57, 66
momentum
balance equation 112, 114, 318, 344
transfer 178, 227, 230
transport 225
motion
air 182
buoy 13
orbital 17, 20, 120, 122, 135
wave-induced particle 109, 114, 120, 121, 223,
229,335

National Data Buoy Centre (NDBC) 13
National Oceanic and Atmospheric Administration
(NOAA) 13
Navier—Stokes equations 239, 319
NDBC (National Data Buoy Centre) 13
near-resonant triad wave—wave interactions 245,
271
nest (grid) 306
Newton’s Laws 6, 112
NOAA (National Oceanic and Atmospheric
Administration) 13
noise 55, 61, 66, 334
normal stress 233
normal radiation stress 230
numerics
accuracy 299, 300, 302, 303, 304
boundary-element method 215, 240
BSBT scheme 301
discretisation 146, 287, 301, 303, 304
explicit scheme 287, 304, 307
four-sweep technique 301
ILU-CGSTAB solver 305
implicit scheme 287, 299, 302, 304, 305, 306
limiter 307, 308
marker-and-cell (MAC) method 240
mesh-free 240
particle-tracking 240
Poisson solver 346
resolution 198, 257,287, 298, 299, 304, 327, 329
S&L scheme 301, 303
SIP solver 305
SORDUP scheme 301, 304
stability 304, 305, 308
upwind scheme 300, 301, 302, 306
volume-of-fluid (VOF) method 240
Nyquist frequency 61, 66, 332

observation
instrument 12, 29, 160
satellite 105
techniques (in situ) 12
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techniques (remote-sensing) 18
visual 25,28, 29, 105
obstacle 198, 210, 215, 223, 268
order of integral 133, 228
orthogonal 210, 219, 335
overshoot 194, 195

Pareto distribution (generalised) 96, 98
particle
path 121
velocity 120, 121, 189, 226, 227, 277, 319
wave-induced motion 109, 114, 120, 121, 223,
229,335
peak
enhancement 160, 254
frequency 62, 158, 163, 166, 253, 272, 273, 290
high-frequency 255,272, 285
period 62, 150, 153, 249
primary 271,272,273
secondary 255,271, 272,273, 275, 276, 285
spectral 149, 159, 182, 186, 255, 272, 284
wave number 251, 293
peak-over-threshold (POT) approach of long-term
statistics 85, 95
persistence 94
phase 31
iso-phase line 203, 335
random 33, 45
random-phase/amplitude model 33,42, 107, 168,
173,262, 325
response 53
speed 119, 125, 127, 151, 180, 202, 211, 268, 272
Phillips
constant 309
mechanism of wave generation by wind 177
spectrum 155, 251, 254
photography
stereo- 19
Pierson—-Moskowitz
energy scale (spectrum) 158
frequency 159, 179
limit values 151, 154, 159, 162, 250
period 152
significant wave height 151
spectrum 158, 162, 195
pitch motion 15
pitch-and-roll buoy 14
plotting position 91
Poisson
equation 298, 309, 346
solver 346
pole (gauge, staff) 15,17
POT (peak-over-threshold) approach of long-term
statistics 95
pressure
air 18,178, 179
surface 115, 123, 129, 148, 178, 179, 182, 190
transducer 17
wave-induced 128, 136, 223, 227, 229, 230
wind (induced) 129, 178, 179, 181
probability density function

chi-square (x2) 330
exponential 91, 98, 103, 104, 320
1D Gauss 312
2D Gauss 314
Fisher-Tippett I 101
Fisher—Tippett II 101
generalised extreme value (GEV) 98, 101
generalised Pareto 96, 98
Gram—Charlier 59
Gumbel 99, 101
joint 313
log-normal 91, 93, 98, 99
normal 312
process
ergodic 58,316
Gaussian 36, 43, 45, 56, 316
random 31, 314
realisation of a random 31, 314
stationary (random) 31, 314, 316
stationary, Gaussian process 36, 43, 56, 316
stochastic (random) 31, 314
propagation
caustic 208
diffraction 17, 115, 191, 210, 212, 214, 217, 263,
266, 288, 302
energy 132,171, 174, 199, 263, 299, 335
group 125, 136, 175
momentum 113, 225
scheme (numerical) 287, 299
swell 174
pulse model for white-capping dissipation 190, 294

quadruplet wave—wave interactions 166, 183, 192,
196, 269, 285,292
quantile function 312

radar 21
altimeter (low-altitude) 22
altimeter (satellite) 22
clutter 20
ground-wave 21
HF 21
imaging 20
non-imaging 20
sky-wave 21
surface contouring 22
synthetic-aperture radar (SAR) 20, 123
radiation stress 225, 234, 261, 296, 309, 345
tensor 233
radius to maximum wind 148
random-phase/amplitude model 33,42, 107, 168,
173, 262, 325
random variables 310
Rayleigh distribution 64, 68, 71, 91, 104, 254,
279
ray (wave-) 168, 169, 203, 210, 217, 219, 257, 264,
335
realisation
of a random variable 313
of a stochastic process 31, 314
reflection 221, 264, 296
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refraction stabilisation 160, 186
coefficient universal spectral 157, 158, 160, 254, 255

current-induced 221, 261, 335
depth-induced 147, 181, 198, 202, 217, 258, 263,
264, 288, 300
diffraction 17, 191, 210, 217, 288
remote-sensing (techniques) 18
resistance gauge (staff, pole) 15, 17
resolution
directional 298
frequency (logarithmic) 298, 327, 329
geographic 198, 257, 287, 298, 299
spatial 198, 257,287, 298, 299
spectral 304
resonance
conditions 184, 270, 292
near-resonant wave—wave interactions 245, 271
resonant wave—wave interactions 183
wind-wave resonance mechanism 178
response
function 53, 54, 101
spectrum 53
return period
maximum significant wave height per storm 95
maximum significant wave height per year 98
significant wave height 54, 101
rip current 225, 235
ripple 130, 277
rogue wave 83
roll motion 15
rotation 109, 115, 207, 297, 320, 338, 339, 346
roughness
bottom 279, 296
sea surface 22

sampling 32, 313, 330
sand 276,278, 295
SAR (synthetic-aperture radar) 20, 123
satellite 13, 18, 20, 21, 22, 29, 105
scalar 232
scaling 256, 293
scatter
back 262,270
Bragg 20, 270
ray 208
scintillation 208
season 87
seasonal scaling 92
sea state
fully developed 151, 152, 155, 158, 247
mixed 25, 88, 187,271, 299
swell 5, 25,47, 62, 87, 174, 188, 196, 279, 295
wind sea 5, 25, 47, 62, 87, 196, 295
young 47, 149, 151, 152, 182, 249, 250, 255
seiche 5
set-down 225, 234, 296, 309
set-up 225, 234,296, 309
seventh wave 77
shallow-water equations 240, 241, 342
shape
spectral shape parameters 160, 254, 255, 345

shear stress
bottom 277
radiation 232
wind 147
sheet-flow 277,279
sheltering 179
Shields parameter 279
shifting (frequency) 13, 20, 186, 260, 263, 288,
337
shoaling 198, 199, 201, 218, 258, 263
coefficient 201
short-term statistics 56, 58, 101
significant wave height
from spectrum 70
from time record 28
visually observed 25
significant wave period
from spectrum 61
from time record 29
visually observed 25
similarity (surf) 224,242
skewness 59, 312
SMB (Sverdrup—Munk-Bretschneider) curves 152
Snel’s Law 207
solitary wave 142
soliton 144
solver
ILU-CGSTAB 305
SIP 305
Sommerfeld diffraction solution 213, 214, 266
source term 169, 173, 192, 261, 284
absorption 294, 296
bottom friction 109, 276, 295
depth-induced (surf-)breaking 237,281, 296
first-, second- and third-generation 194
quadruplet wave—wave interactions 166, 183, 192,
196, 269, 285, 292
reflection 296
scattering 270
transmission 296
triad wave—wave interactions 270, 283, 285,
293
white-capping 173, 188, 276, 293, 294
wind generation 177, 268, 289
spectral analysis 324
cross 324
spectrum
1D 36,47, 49
2D 43,49
3D 50
action density 261
alternative definitions 41
amplitude 34, 45
definition 41
arbitrary-depth 250
bimodal 166, 273
deep-water 155, 162, 187
design 160, 187
directional 43
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Donelan 157
energy density 39, 40
fetch-limited 160
finite-depth 250
frequency 36
frequency—direction 43
FRF 255
fully developed 158
JONSWAP 160
Mitsuyasu 158
phase 31
Phillips 254
PM (Pierson—-Moskowitz) 158
spectral tail 155, 157, 187, 250, 253, 254, 255, 271,
276
TMA 157,255
Toba 157, 255
variance density 33, 36
Wallops 158
wave number 48
spectrum
diagnostic range 299
prognostic range 300
speed
propagation 125, 136
wind 146, 148, 157, 178, 180, 190, 289
spreading
directional 148, 163, 165, 175, 212, 256
function 164
waves spreading across the ocean 175
stability
atmospheric 154, 183
numerical 304, 305, 308
standard deviation 38, 57, 312
stationarity
stationary process 35, 36, 316
weakly stationary 316
statistics
long-term 85
short-term 56
steepness (wave) 138, 140, 189, 224, 294
stereo-photography 19
Stokes
theory 138, 139
wave 59, 139,273
storm 10, 82, 95, 160, 175, 187
surge 3
streamline 142, 219, 335
stress 233
normal 233
radiation 225
shear 233
tensor 232
surf
beat 5,239, 275
breaking 237, 281, 285, 296
similarity 224, 242
zone 225,271
surge
motion 15
storm 3

SWAN wave model (numerical techniques) 298

negative source terms 307
numerical stability 308
positive source terms 307
wave-induced set-up 309

SWAN wave model (physics) 288
action balance 288
bottom friction 295
depth-induced (surf-)breaking 296

quadruplet wave—wave interactions 269
reflection, transmission and absorption 296

triad wave—wave interactions 293
wave generation by wind 289
wave-induced set-up 296
white-capping 294

sway motion 15

swell 47,62, 87, 188, 279, 295
origin of 5,25, 174
propagation 174, 196

tank (wave-, basin) 181, 183
tension 233

surface 5, 20, 129
tensor 233
tide 218, 335
time-domain analysis 25, 56
TMA spectrum 157, 255
Toba

constant 157, 255

law 152

spectrum 157, 255
TOMAWAC wave model 287
Tyj10 29
Ty 29
transmission 296
trans-tidal wave 3
travel time (swell) 6, 127

triad wave—wave interaction 270, 283, 285, 293

tsunami 5
turbulence 109, 183

typhoon (hurricane, cyclone) 5, 147, 160, 187

up-wind fetch average 153
Ursell parameter 138, 271

variance
definition 312
density 312
density spectrum 36
vector 233
vegetation 261
velocity
group 125, 136, 168, 199
orbital 120

potential function 115, 118, 143, 215, 240, 321

viscosity

eddy 278,295

kinematic 321

molecular 321
voluntary observation fleet (VOF) 10
volume of fluid (VOF) 240
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von Kdrman constant 291 height 27
vorticity 109, 115,207, 297, 320, 338, 339, 346 momentum 112
wave (parameters, statistical)
Wallops spectrum 158 annual maximum wave height 99
WAM wave model 196, 288 maximum individual wave height in storm 82
Cycle III 288 maximum significant wave height 95
Cycle IV 288 mean wave height 27, 69
wave root-mean-square wave height 28, 69
age 304 significant 25, 28
atlas 105 spectrum 36
climate 7, 85, 87, 96, 105 variance 38
definition of 25 wave (geometry, single)
forecast 146, 174 direction 213
hindcast 105, 146 frequency 118
linear wave theory 197, 318, 337 height 118
motion 120 length 118
nonlinear wave theories 137, 239, 242 number 118
prediction, see forecast period 118
tank (basin) 181, 183 wave (geometry, compound)
wave (linear) crest 62
carrier 126 group 75
dispersive 125 ray 203, 341
harmonic 118 short-crestedness 14, 162
non-dispersive 125 slope 14, 16,272
standing 5, 215, 222, 268, 303 steepness 138, 140, 189, 224, 294
surface gravity 107 wave (physical processes, sources)
capillary 5, 20, 129 absorption 294, 296
wave (nonlinear) breaking 188, 242,276
cnoidal 142,204 current interaction 288
evolving 239 dissipation 188,276, 281, 293
infra-gravity 5,239, 272, 275, 285 generation by wind 177, 268, 289
permanent 137,242 transmission 296
solitary 142 wave—wave interactions 183, 270
Stokes 59, 138, 139, 273 wave (physical processes, properties)
tidal 3 diffraction 210
trans-tidal 3 propagation 299
trochoidal 141 reflection 221
wave (descriptive) refraction 147, 202, 335
arbitrary-depth water 120, 122, 128, 246, 255 wave (physical, compound)
deep water 58, 70, 120, 122, 129, 147, 158, decay 194
160 evolution 152, 155, 247, 250
depth-limited 58, 73, 121, 122, 246, 255 growth 177, 180, 247
duration-limited 150 wave (induced)
fetch-limited 150 force 234
freak 83 kinetic energy 132
free 115,123 orbital motion 122
rogue 83 potential energy 131
seventh 77 pressure 128
shallow-water 58, 73, 121, 122, 246, 255 radiation stress 225
unidirectional 212,266, 272 set-up/set-down/ currents 225
wave (instrument) wave (model)
array 16, 17 Boussinesq 241
buoy 13, 14,15 first-generation 194
follower 17, 182, 341 second-generation 194
pole (gauge, staff) 15,17 third-generation 194
wave (parameters, physical) wave theory
action 257, 261, 288, 335 Airy 107
direction (mean) 14, 17, 154, 163, 202, 213, cnoidal 142
221 Gerstner 123
energy 131 nonlinear 137, 239, 242
group 49,75, 225, 239 Stokes 138, 139
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wavelet 324 sea 5
WAVERIDER 13, 14 speed 146
directional 15 WRT 196
Weibull distribution 91
white-capping 188, 293 Xnl 292,293
white horse 190
wind 146 yaw motion 15
direction 179, 195 young sea 151
effect on surf breaking 282
friction 178 Zero-crossing
friction velocity 147 analysis 25, 56
induced pressure 108, 178 mean zero-crossing wave period 61
input 177 wave period 29
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