| ndex

Symbols L, alinear operatof[58
f-plane 258 251 257,258 289 lm, Mixing length11
Cy, drag coefficien{I08 ¢, Numerical approximation of tracer
Cp, heat capacity at constant press[@Z2 concentratior,
C,, heat capacity at constant volurii@ 4, generic numerical field of physical field
H, vertical length scal@q
K, Decay rateI50 «, numerical approximation of, Bd
L, Length scald3 1, unit vector in absoluté direction 31
L, horizontal length scal24 J, unit vector in absolut&” direction 34
Lg, Critical meander scalb4 Q, vector rotationZd
N2, square of the Brunt-Vaisala frequency,i, unit vector in local direction 34
j» unit vector in localy direction 34
Q, source termfyd k, unit vector in locak direction34
R, Rossby radius of deformatid@s2 r, position vectoif34
S, Sourcel50 O(a), Order of magnitude of, 3
S, salinity,[73 g, flux,B1
T, temperaturd/3 Pn.n, Legendre functiorg00
T, time scalelZ4 Y,..», Spherical harmonic functio@lQd
At, time stepB0d k, Kinetic turbulent energ{08
3, imaginary part of a complex numbBg4 A, a matrix[143
Q, rotation ratel34 L, lower triangular matrixZ29
R, real part of a complex numb&s4 U, upper triangular matrix/23
«, implicit level of a numerical schemB3 %o, parts per thousanii3
(u), average of:, @1 K, Von Karman constari22{
Bu, Burger numbef331 U, transport int—direction[I94
C, Courant numbe€ = uAt/Ax, 151 V, transport inv—direction 191
di;, Kronecker symbol (0 if # j , 1 V2, Laplace operatoZ4
otherwise240 v, kinematic viscosityi78
D, dimensionless number for discretized v, eddy viscosity in verticall3
diffusion 133 w, frequency3d
¢, Dissipation403 ¢, phase angl&2
7, sea surface heighf03 1, StreamfunctiodI 70
F'r, Froude numbeB29 arg(p), Argument of a complex number
~, constant of an ideal gas,/C,,[822 i.e.,angle with the real axif34
i, square root of -1i,> = —1 ,[I33 p, density (in kg/m), [
kg, coefficient of salt diffusiorl/g Ri, Richardson numbd403
A, longitude4 7%, wind stress in direction.,[I04
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7%, wind stress in direction.,[L08

7Y%, shear stresf2

7, x component of bottom stre$&39

0, potential temperaturB24

%, vector producid

o, latitude B4

o, Amplification factor[I34

¢, Relative vorticity[I94

b, position of a bottom boundaif¥03

¢, Tracer concentratiof.24

du/dt, material derivative ofi, [72

f, Coriolis parameteBd

f+, reciprocal Coriolis parametdg{

k7, thermal conductivitf/4

psu, practical salinity unitfZ3

q, Potential vorticity[l94

q, specific humidityl4

t, time, 34

t™, value oft at discrete momerit= nAt,
=10

u, any physical variablé&4

u, Xx-component of velocity (in m/{J

v, y-component of velocity (in m/d{1

w, Z-component of velocity (in m/dy

x, local coordinate west-eal{

y, local coordinate south-nor{&4

z, local coordinate upward84

Ek, Ekman numbe[00

Pe, Peclet numbefi53

Ra, Rayleigh numbeH30

Re, Reynolds numbef00

Ri, Richardson numbdi0]

Ror, temporal Rossby numb&00

Ro, Rossby numbell00

A, eddy viscosity in horizontd83

Sv, 1 Sv=16 m3/s,Bd

A
Absolute acceleratiof§9-40 A4 Z45T,
Zara
Absolute temperaturf3 [74,
Absolute velocityZ8H42
Abyssal circulationsee also thermohaline
circulation

Adams-Bashforth metho@0
Adaptive time steppingl14
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Advection 81, 102 07 13 [IZ0
I7HI7A 077
192 P18 P24 P71 272
273274 B02{304 BT

Advection schem@78

Ageostrophic257

Air massesgd

Algorithm,20

Aliasing, 30, 3021304 306 310 B13

Alternating direction implicit,144

Ambient vorticity,see also Planetary
vorticity,[194

Amphidromic point,283

Amphidromic points 352

Amplification factor,134,

Amplitude [[73 [[58 71 221223
278
B12

Angular momentunil93

Antarctic Circumpolar CurrenB94

Anticyclones see also Weather patterng,
L3018

Approximations[I09 [T17,
21538

Arakawa, A. E7a

Arctic OceanZ34

Arithmetic operation§l 4

Aspect ratio 95,104 314

Asselin filter,306

Atlantic Oceansee also Gulf stream2g

AtmosphereZ3 [74 [7878, (0%}
(1048 [129 [144 149 [150 [153
(KL 278

Atmospheric boundary laydZ3Q 236,243

Available potential energyee also Potential

energyl3h3

B
Backward difference26
Backward scheméy7
Baltic Sealk(d,
Banded matrix139
Baroclinic,291
Barotropic,192, 253
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Barotropic flow[Z92

Barotropic instability291

Basis functions237

Beam-Warmingsee Advection scheme

Beam-Warming schemé&64

Beta effect263

Beta parametel2hg

Beta plandZ44 257, B132

Bickley jet, 314

Bjerknes, V.[Z8 B9 248

Bottom slopelI84HI9 212

Bottom topographysee Topographic
variationsZ12

Boundary condition$g8, 01 MOHIO3 107
10 136 147 143
Iy |
210
231
274 278271
B11

periodic[I18

Boundary elemenB06

Boundary layer105, 223

Boundary layerssee also Ekman layer;
Western[gg, 100, 74
DT8P
271

Boundednesd,52

Bounds on wave speeds and growth rates,
see Semicircle theorenfZ93

Boussinesq approximatidd], 76,73 B0,
i |

Boussinesq, J&838

Brunt—Vaisala frequencgee Stratification
frequency

Bryan, K. 204

Bullet train 63

Buoyancy forcesee Gravitational forcesee
also Gravitational forcelZ8

C
Cambridge UniversityZ11
Cannonballg3
Cartesian coordinatdgd 213 213
Cauchy condition107

INDEX

Centrifugal forceld E0HRT, [72,

Centripetal acceleratiosee Centrifugal
force

CFD,[I02

CFL parameterl57

Characteristic158

Characteristic line268

Characteristics102, B13

Charney, J. G[IZ3

Checkerboard mod&,70

Circulation,195, P13

Clouds[Ix1

Coastal upwellingsee Upwelling,[I3 T4

Coherent structureB1d

Collocation method<37

CompressibilitylZ8, [74 [79 I781179

Computational mode,59

ComputerdI7 18 20 27 23 28,

Conditional stability,134

Conduction[74 21

Conjugate gradieng07

Conservative formulatior80

Consistent52, 268 P73

Continental shelf wave263

Continuity equation71, [Z8H78,
=1 192 192

Contour surgery311

Convection@8, B13

Convergencéd 33 54,6458 [7],
ITHTT3 143 124
193 208211,
P14P13

Convergence/divergen@82

Coriolis,@8,B3 [I15 ard ) i

Coriolis force 34 B3 B2 4, &7,

[OSHI00 [113 [188 1986 243 58 261
(268 2724 292

Coriolis parametesee also Reciprocal
Coriolis parameteld B3 B0 [72 B3,
(188 [189 194 T2 20 P73 P74
Coriolis, G. G. de[I8% [192 223 224 P23
Courant numben 57,154 [65HT72
Courant, R[ISF, I83{184
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Crank-Nicholson schemé&g5

Crest300H301

Critical level, 291,294

CTuU,171

CurvaturelZIH72 B10

Cutoff frequency3l

Cyclonessee also Weather patternB3 I8
1

D

Data assimilation§71

Dead waterdd 7,

Deformation radiussee Radius of
deformation253 P74

Density equatiori/9, 107 129

Density variationssee also Stratification
effects[I2 [79 181

Diagnostic,102,[309

Dimensionless numbdt31

Dimensionless numbei@] B9 [T19

Dirichlet condition,107

Discretization 23,
B13

Discretization erro 264

Discretization errorsl10

Dispersion relatiorf[35 73181
273
B13

Divergencesee Convergence/divergence,
[[13 70 076 171
192 192 mog

Domain decompositiori,16

Donor cell,see Advection schemel60

Double diffusion,79

Downwelling,see Upwelling 228 £33

Drag coefficient277

Drag forcelg4

Dynamic pressure9, 13193197
P12

E
Earth[I713 [144 230 243 248 253 2586
73087
Earth’s radiud/g
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Easterly?42

Eddiessee also Vortices[T3 [T4, 25, [78
M44 194
BI1E12

Eddy diffusivity, 79, 94,

Eddy viscositysee also Viscosity 83 93,
113 P13
34234

Eigenvalue problenZ94

Ekman drift,see also Ekman transpor234

Ekman layeZI3 224,

Ekman number1 00, [I00 187

Ekman pumpindZZ28 233 233,

Ekman transporsee also Ekman drift 233
Ekman, V. W.[244

Elliptic, BI4
Elliptic equation,198
Energy budgef/4 15

Energy equation/3, [78 78480

Energy methodl61

Equation of state73,[78, [73-80

Equilibrium tide,282

Equipotential41

Errors 273274

forecastc72

Essential boundary conditioB39

Euler method50

Euler schemd314

Explicit scheme52

External radius of deformatiosee Radius
of deformation

F
f-plane,189
Field estimation671
Finite differences21, 73
Finite elements239
Finite-volume 81
First law,see Thermodynamic$§/4
First-order accuraté&?2

FLOPSPH
Forecas{Zhg

Forecastingl8
Forward difference?6
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Forward scheméy7

Fourier law[Z4

Fractional stepsl73,289

Francelgg

Free surfacel03,[I03H104

Frequencysee also Stratification frequency,

2633 4449 133
Friction velocity,see also Turbulent friction
velocity,2273,
Frictional force[L00 219
Frontolysis,460
Fronts[89

G

Galerkin method239

Garrett—Munk spectrunsee also Munk, W.
H.

Geoid,41

Geopotentiald1

Geostrophic adjustmeifiId

Geostrophic balancB30(

Geostrophic contourd91

Geostrophic equilibriunil33, | eard(}
273

Geostrophic flowI8HI8Y [9IHI92 [194
p1,

Gibraltar|gd

Gill, A. E.,B1[Z3

Global conservatiorg5

Governing equation§4 [78 [74 B3 117,
102 M32 M53 P29 P38
278271
B11E13

Gravitational forcesee also Buoyancy
force 8 14 A0-42 [72 78

Gravity wavesiZ3g 273
278

Great Red SpoE94

Grid Peclet numbed,63

Growth rate[Z94 B13

Gulf StreamB [13 [18 1153 P13

Gulf streamZ58

H
Halo, 116

INDEX

Heat budgef83

Heat capacitf/4

Heat diffusivity [78

Heat flux 107 18

Height scaleI00

Helmholtz, H. L. F. voni83 288

Heun method59

Hindcasting18

Hockey field |63

Homogeneous fluidl83, 92 103
191212 231

Howard, L. N.294 319

Hydrostatic balanc&8, 97,108,

Hydrostatic pressurfg B4 113 194

Hyperbolic,102,

|

Icebergs230 232
Implicit scheme52,
Incompressibilityl/3
Inertia-gravity waved2b4 255,
Inertial framework34 Ed
Inertial oscillationE3, 44,5052 [113
Inertial oscillationsi3d B354

Be3Heg,
Inertial period 43,
Inertial range 125
Initial conditions,101, 264268
Instability,[[32 I35 120 [iKex |
Interior,[TO8HI0Y 114 [18d 223,
Internal energy74
Internal radius of deformatiosee Radius of

deformation
Internal wavel@g
Internal waved235,
Inverse barometric responf83 283
Inversion[I3HI40 145
Isobars[I88{192
IsobathdI93 191,[192 [198 212
isopycnal surface337
Iteration errors110
Iterative solvers]143
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J
Jet streani294 313
Jets[147 B13
Jupiterg3 [74

K
Kalman gain matrixg81
Kelvin wave 257,
Kelvin waves[Z58
Kelvin's theorem[I93
Kelvin, Lord,B3
Kibel’, I. A., 19
Kinematic viscosity,/8
Kinetic energylR3,
Kirchhoff vortex,314
Kolmogorov, A. N.[I22{123 [T44 [147

L

Laboratory experimentg§00 2117,

Lagrangian derivativesee Advection

Laplace, P. S8

Latent healZ4

Latitude Z4 B0d 51, 65 [72 B4 BT,
194 PT3213 2431222
B13

Lax, P. 54458 138 74 T7HI82
asa

Lax-Wendroff,see Advection scheme

Lax-Wendroff schemel 64

Layered model§[94

Lead time4, 671

Leapfrog methodg0, 304

Lee wavessee Mountain waves

Length scalesee also Radius of
deformationlZHIQ 23 [71, [73
[104 108 22 1224123
24 153 163 210
219 P73

Linearization[I38

Local conservatior§3

M
Malkus, W. V. R.313
Mass conservatiorsge also Continuity

equation[Z] 74182
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Material derivativesee Advection,72,[74,
[73 [0 194 198

Max-min property152

McWilliams, J. C.213

Mediterranean Seg3, [88, [149

Mid-point method 59

Mixing, 127 72 233 303

Mixing length [79 P22 P41

Mode splitting,358

Modeling errors;110

Modified equatioril62

Moisture [76 [79 [TO1

Momentum equationF4 [78, el zien}
(108 [1T13 188 192
278 271

Monotonic schemel52,

Monotonicity preservingl52

Mountain wavessee also Topographic
waves[14

Moving boundary problenl 04

Multi-stage method<$9

Multi-step methods59

Multigrid, 210

N
Nansen, F[230 232 243
Natural condition239
Navier, C. L.I72
Neumann conditioril 07
Neumann, J. voifiL30 133 [143 [158 [161],
167 187 184 199 P03 239
Newton's law[39 42 [72, P78 273
Noise B3
Norway 63 89 248 P53
Nowcasting,18
Null-space 270
Numerical analysi€d
Numerical diffusion 163,309
Numerical instability 132, 303 304
Numerical mode@d [18 [18 32 126 [121
[[44 154 P04
Numerical model$d [T10 P63 P84
Numerical stability2d
Numerical stencil29
Nyquist frequency30
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O
Oceanic circulatioiZTd
Oceanic current&d 218
Oceanic gyressee also Oceanic circulation
Operator splitting173
Orbital velocity68 I2ZHIZZ
Outcrop[I04
Overstability53

P
Pacific OcearlI80
Padding,735

Parabolic,102

Pedlosky, JZ33

Period 13

Persistencd& 71

Phaseid 68 13 80 87 P51 o] P58

Phase speel94293

Piston velocity,116

Planetary effec258

Planetary numbeB57

Planetary vorticitysee also Ambient
vorticity

Planetary wavef19 258,
272

Poincaré wavesee Inertia-gravity waves,
255,

Poisson equatiof81],

Positivenessl]52

Potential energysee also Available potential
energyll2 A1

Potential temperatur&3 [73

Potential vorticity[I81 [[99 196,212

Potential-vorticitylc3,

Prandtl, L.[88

Precipitation[I03

Predictor-corrector methods9

Pressurdd, B0 [72H74 [74 [78 80 B807
[102 044107 143 170 184194
2132718
238 ER72
Brae71

Pressure anomafZl3

Pressure forc&2 [74 278 271

INDEX

Primitive equations21, 98
Pseudo-compressible approati6
Pseudospectral methodsl2

R

Radius of deformatiofl I3,

Rapidly rotating fluid<I83 1

Rayleigh equatior293

Reanalysis671

Reciprocal Coriolis paramet&, [72

Red-black206

Reduced gravity341

Relative acceleratioffg E3 [192 P79

Relative velocity38-40 [74

Relative vorticity[IT94

Relaxation timele7d

Reynolds numbef00 100,118 022123
124219

Reynolds, 088 BIH93 113 118 1247

Richardson extrapolatiofi13

Richardson numbdid] 101

Richardson, L.F[IZ8

Rigid lid, 104

Rigid-lid, 273

Rigid-lid approximationI04 [I937 197,212

Robin condition,107

Rossby numbegee also Temporal Rosshy
number,100, (100 [I15 187 194 197

Rossby radius of deformatiosge Radius of
deformation252

Rossby wavesee also Planetary waves,
258

Rossby, C.-GIII3

Rotating framedd

Rotating frame of referend@4 38 AJ 24

Rotating pland42 23

Rotating tableZ4 44,

Rotation effectd223

Rotation ratel374 EJ A4,

Rotation vectoldd,

Rounding errors110

Runge-Kutta method$9

S
Sailing 214
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Salinity,[I04 24 170
Salt diffusion[Z8 [/9 144
Salt fingerslZ9

Scale 95

ScaleslZd 62 B9 B3 3196 B8 [103 [104

012122123 130 138
=3 191 210
B1
Seawatef/3 [74 [7G [[4 [[S
Semi-discrete] 31, 273
Semicircle theorenZ94 B13 319
Shallow-water modell94,[198 271

Shear73 [[13 173 188 194 219,219 222

B12313
Shear instability310
Ship dragsee Dead waters
Skill, 672
Sloping bottomZ12,
Smagorinsky, J&4, [I15
Solar radiationsee Radiation[I4, [74
Specific humidity,73
Spectral method240, 271
SpectrumI28 125,128 [[44 P243243
Givr
Spherical coordinate&2 [B1
Spherical geometrfZd
Spiral 224
Spurious model40, 159, Ernera
Squeezingsee Vertical
stretching/squeezin@.Z8
Stability condition, 134,284
Staggered grid200, 267, P73
State variablesl 02,270 271
Steepest descer)7
Stommel, H. M.EQ 1
Strang splitting 175
Stratification[Z4 B4, 107,
Stratification effectdI3
Streamfunctiorfl43 70 170,193
215218
StreamlinedI72 [174 [188

769

Stresssee also Wind stresd/72 [78, [02H93
[108 1718 18 PT343
232234 278
27

Stretching see Vertical stretching/squeezing,
34 78

Subgrid-scale parameterizati@3,

Sun[74 M43

Superinertial 255

Surface displacemersge also Free surface,

Sverdrup unitZ44

SwedenII9

T

Taylor column[I94 PTIHZT2

Taylor columns 191,254

Taylor curtainsy

Taylor, G. |.[I83 [191 211

Taylor—Proudman theoreii88 P11

Tea cupZ43

Temperaturd/Z3H74 [79H87 107 TT3HITE
I7a

Temperature of the earth measuremesss,
also Absolute temperature

Temporal Rossby numbe39,

Thermal conductivityiZ4

Thermal expansiof/3

Thermodynamic$§/4,

Thermohaline circulatiorsee also Abyssal
circulation

Thomson, Sir Williamsee Kelvin, Lord,

Tidal force,279

Tidal potential 281

Tides 68 P43 253258 P76 P78 280 282

Time scalef3 [132 135 197 219

Time step 24,283

Topographic variation&259

Topographic wavesee also Mountain
waves[Zh9 262,

Trade windsB1l

TrajectorieslI73

Transform methode74
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TransportllZ] 73 197,

232
Trapezoidal schem&y
Trial solution,237

TropospherdZa B13
Trough 300

Truncation errorg4,

Turbulencesee also Geostrophic turbulence,
[72 88 @194 B8 18 I2HI22
243 M44 143 PTH2T9
23342348 B16

Turbulent friction velocityZZ20 233

TVD, see Advection scheme

Two-point methods58

U
Unconditional instability140
Unconditional stability137
Unimportance of centrifugal forcEQ
Upwelling,[L80 233

Upwind, see Advection schemel60

Vv

Variance,152

\ector rotationsee Rotation vector

Velocity

profile, 219

Velocity scale[lZ4 44 [153

Veronis, G.[Z9

Vertical displacemenid, 104

Vertical rigidity,[187 88 [I91

Vertical squeezindl93

Vertical stretchingI93,

Vertical velocity 84, [102 104
[I92H193 196 P12
278

Viscosity,78 0293 [0, [05HI0R
P11 219
233234 234 B11
B16

Volume conservatiofi8Q, P13
278

Volume-transport streamfunctio202

Vortices,see also Anticyclones; Cyclone§
B11
BI4B18

INDEX

Vorticity, see also Potential vorticity[I8 4
(148 94198
306371 B14 BT8

w

Walsh Cottagd34

Walsh cottagesee also Woods Hole
Oceanographic Institution

Wave numbe4],

WavelengthlT04 [[78 (31 [[60 51
B13

Waves(Z4 [103 [104 [1086 13 138 163
191218

Weatherf@3 [104 15 28 B13

Weather forecastin@@3

Weather patternE3 [[4 [[4 [74 13

Westerlies244

Western boundary currersge also Gulf
Stream, Kuroshio

Wind stresd14, 108 213 P31H233
278271

Winds, 150 157 [89 P13 233 P44 294

Woods Hole Oceanographic Institutid¥,
[SHI]

Z
Zabusky, N. J304d 319



