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absorption bands, 27

acceleration

at a fixed point in a fluid, 56

following a particle of fluid, 56

geostrophic, 54

relative to Earth, 54

accessory pigments, 133

Acoustic Doppler Current Profiler (ADCP),

16–17, 19, 242

acoustics

observing plankton, 14, 19

active fluorescence, 136

advection-diffusion equation, 108–9

for Fickian diffusion, 111

ageostrophic flow, 247

albedo, 27

Amazon ROFI, 275

ammonium, 13, 144, 146, 197

preferential uptake by phytoplankton, 146

Arctic shelf

freshwater supply, 359

future challenges, 358–60

sea ice, 359

Argo floats, 18

atmospheric absorption, 27, 29

attenuation coefficient

PAR, 132

attenuation of motion with depth

surface waves, 92

attenuation, light, 132–3

autonomous underwater vehicles (AUVs), 19

autotrophs, 129, 135

back radiation, 29–30

bacteria, 146, 197, 299

heterotrophic, 160–1

recycling organic matter, 155, 160

baroclinic flow, 63. See also barotropic flow

baroclinic instability, 245

eddy scale, 246

energy source, 246

in frontal regions, 245–7

of coastal currents, 270

barotropic flow, 63. See also baroclinic flow

basking sharks, 256, 257, 344

Bay of Fundy tides, 85

bed stress

boundary condition in model, 206

drag coefficient, 179

effect on along-slope flow, 316

quadratic drag law, 179, 206

Benguela current, 313

Benguela upwelling system, 334

Bering Sea

downwelling and primary production, 338

fisheries, 343

Green Belt, 338, 339

Bernoulli equation, 92

Bigelow, Henry, 7

biological pump, 157, 163

black body, 26, 29

blooms, 140, 154, 169. See also spring bloom

harmful, 226

timing in Region of Freshwater-Influence, 295

bottom Ekman layer, 70–2

boundary layers in shelf seas and deep ocean, 305

Boussinesq approximation, 60

Bowden, Kenneth, 8, 9, 87, 114

brine rejection, 360

Bumpus, Dean, 9

buoyancy

changes due to heating, 35–6

buoyancy force, 68

from heat input, 178

buoyancy frequency, 68, 118

limit on internal wave frequency, 104

buoyancy inputs, 173

buoyancy of water particles, 26

caesium tracer distribution, 86, 298

California current, 313, 337

California upwelling, 333, 335, 345

hypoxia, 336

canyons

carbon export, 345, 348

effects on downslope flow, 318

carbohydrates, 131

carbon

supply by rivers, 298

carbon export, 155–8, 171, 337, 344–5

biological pump, 157

by slope current, 347

canyons, 348

continental shelf pump, 348
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carbon export (cont.)

DIC, 345

downwelling, 345–6

mesozooplankton role, 163, 171

North Sea, 364

phytoplankton cell size, dependence on, 156

role of the thermocline, 345–7

shelf seas0 role, 157
sinking phytoplankton, 156

upwelling systems, 345

carbon fixation, 131–3, 140. See also primary

production

global map, 3

in the dark, 140

measurement using 14C, 134–5

rates during spring bloom, 192

carbon supply by rivers, 298

cascades, 317–20

carbon export, 348

force balance in down-slope flow, 317

global impact, 320

Gulf of Lions, 348

Malin shelf edge, 318

cascading

desalination plants, 320

case 1 water, 136

case 2 water, 136

CDOM. See gelbstoff

cell quota, 148

maximum quota, 150

subsistence (minimum) quota, 150

Celtic Sea, 7, 166

frontal jet, 242

internal tide, 322, 327, 339

internal tide and phytoplankton community,

341

internal tide and primary production, 341

macronutrient profiles, 144

shelf edge and fisheries, 163, 343–4

shelf edge fisheries, 343–4

shelf edge primary production, 193

spring-neap cycle, 196

subsurface chlorophyll maximum, 218

vertical profile of phytoplankton species, 227

centre of gravity of the Earth-Moon system, 41

centrifugal force, 40, 42

Chesapeake Bay

phytoplankton transport by residual flow,

293–5

residual flow, 275

chlorophyll a, 12, 133

fluorometer, 13

measurement from satellites, 20, 136

measurement using fluorescence, 133

tidal mixing fronts, 249

ciliates, 161, 197

climate change, 368–9

ecosystem changes, 369

impacts of, 196

ROFIs, 369

stratification, 368

tidal energy dissipation, 368

warming of shelf seas, 369

CO2

air-sea flux, 136, 155

air-sea flux in upwelling systems, 345

fixing to organic compounds, 131

inorganic carbon release to the atmosphere, 161

mixed water column, 346

phytoplankton and climate, 130

source to atmosphere, 298

trapping by thermocline, 347

uncertainties in fluxes, 363–4

uptake by cooler water, 348, 349

coastal buoyancy current, 270–2
137Cs transport around the UK, 298

Norwegian Coastal Current, 270

Rhine, 270

coccolithophores, 153–4

Emiliania huxleyi, 153

compensation depth, 140–2

compensation light intensity. See compensation

depth

conservation rules, 52

continental shelf pump, 348, 368

continuity

continuity statements, 51

fluid, 50

volume continuity, 50

convective chimneys, 52

convective mixing, 191, 360

due to tidal straining, 281, 283

phytoplankton growth in winter, 191

convective overturning. See convective mixing

convectively unstable, 173

copepod, 161, 162, 165, 169, 195, 333

egg production, 169, 255, 334

nauplii, 161, 165

response to phytoplankton bloom, 169

co-range lines, 80

Coriolis force, 54–5

derivation for a particle moving east, 55

horizontal components, 54

vertical component, 55

Coriolis parameter, 54

co-tidal lines, 80

critical depth, 142, 143, 191, 192, 198

critical mixing, 143, 198

cross-isobath flow, 307

cross-slope transport, 313–20

bottom boundary layer, 316–17

filaments, 314, 337
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net exchange in boundary layers, 317

surface boundary layer, 314–16

CTD, 10–11, 19

accuracy, 11

rosette, 11

currents

measurement, 15–18

Cushing, David, 196

cyanobacteria, 152, 154, 161, 227, 343

Trichodesmium, 146

D’Alembert’s principle, 54

Dalton number, 30

dark reactions. See photosynthesis –

light-independent stage

deep water waves, 93

group velocity, 96

Delaware Bay

coastal current, 289

transport of crab larvae, 292

denitrification, 147

density, calculation of, 11

density-driven circulation, 267. See also estuarine

circulation

crab larvae, Delaware Bay, 292

dependence on stratification, 287

dinoflagellate transport, Chesapeake Bay, 295

Heaps solution with rotation, 273

transport of organisms, 292–5

desalination plants, 320

diatoms, 145, 154, 155, 167, 193, 226

importance to food chain, 195

shelf edge, 341

sinking, 154, 195

storage of nitrate, 148

upwelling regions, 332

diazotrophs, 146

diffuse attenuation coefficient, 28

diffusion by random walk, 112–13

diffusivity

for random walk, 112

increase with scale, 113

Osborn relation, 121

vertical mixing time scale, 114

dinoflagellates, 152–3, 155, 161, 194, 225, 227

food for fish larvae, 335

harmful algal blooms, 299

swimming speeds, 225

transport by density-driven circulation, 293–5

upwelling regions, 333

dissipation in shelf seas and deep ocean, 46

dissipation of turbulent kinetic energy (TKE)

conversion to heat, 120

dissolved inorganic carbon (DIC), 130, 155

dissolved organic carbon (DOC), 160

dissolved organic matter (DOM), 160

dissolved organic nitrogen (DON), 160, 161

dissolved organic phosphorus (DOP), 161

dissolved oxygen, 131, 134, 161, 335

measurement, 13

saturated concentration, 131

super-saturation, 336

Dohrn, Anton, 6

Doppler effect, 16. See also Acoustic Doppler

Current Profiler

downward flux of the total radiant energy, 28

downwelling

carbon export, 345–6

Mid Atlantic Bight, 338

shelf edge primary production, 338

drifters

current measurement, 17–18

frontal jet, 244

gyre circulation, Irish Sea, 259

slope current, 308

dye tracer experiments on cross-frontal flow, 247

East Australian Current

upwelling, 337

ecosystem models, 355

emergent properties of communities, 356

new approaches, 354–6

eddies

along-slope current, 320–1

baroclinic instability at fronts, 245–7

in upwelling regions, 331

eddy diffusivity, 111

Osborn relation, 211

eddy viscosity, 69, 110

efficiency of mixing, 179

by tides, 181

by wind, 184

estimates for tide and wind, 185

reduction by stratification, 175

Ekman depth, 69

Ekman drain, 316

Ekman dynamics, 68–70

Ekman layer, 69

at the seabed, 70–2

Ekman number, 273

Ekman spiral, 70

Ekman transport, 70, 314

at a boundary, 72–5

baroclinic coastal response, 74–5

barotropic coastal response, 72–4

Ekman veering, 72

Ekman, V. W., 15

El Niño (ENSO), 334–5, 337

energy dissipation

in wave breaking, 96

energy flux exponential decay, 28

energy input at the top of the atmosphere, 26
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Energy sources, 25–6

entrainment velocity, 175

equations of motion, 59–60

estuarine circulation, 267–9. See also

density-driven circulation

components due to density gradient and river

flow, 269

enhancement by tidal straining, 288

velocity profile, 269

versus stirring in an estuary, 275–7

estuarine stratification

criterion, 276

eukaryotes, 152

Eulerian current, 17

Eulerian velocity, 56–7

eutrophication, 146, 161, 299

evaporation, 38

export production, 156

nutrient requirements, 330

nutrient requirements in shelf seas, 330

export ratio, 156

fast repetition rate fluorescence. See active

fluorescence

fast repetition rate fluorometer. See active

fluorescence

Fick’s law, 106, 110

Fickian dffusion, 110–13

filaments

carbon export, 345

East Australian Current, 337

upwelling regions, 314, 331, 337

finite amplitude waves, 93–5

fish larvae, 169

diet, 344

food requirements, 164

shelf edge, 344

subsurface chlorophyll maximum, 335

transport by frontal jet, 260

fisheries, 195, 363

shelf edge, 163, 343–4

tidal mixing fronts, 256–7, 262

flagellates, 152–3, 161, 227

upwelling regions, 333

flow components

mean and turbulent, 107–8

flow in horizontal plane, simplification, 52

flow instability

in slope currents, 321

fluorescence, 133. See also active fluorescence

fluorometer, 133

force due to frictional stress, 57, 59

force due to pressure gradient, 58

forcing by atmospheric pressure, 40

forcing by wind stress, 39–40

f-ratio, 155, 157

at a tidal mixing front, 251

shelf edge, 341

spring bloom, 193

summer surface layer, 197

freshwater, 26

buoyancy source, 36–9

freshwater buoyancy

contrast with buoyancy from heating, 266–7

frictional and pressure forces, 57–9

frictional stress, 48, 58

restraining torque on the Earth, 48

front. See tidal mixing (TM) front

frontal convergence, 52

frontal jet, 241

baroclinic instability, 245

contribution to summer circulation, 245

retention of larvae, 260

transport of fish larvae, 260

frontal position

condition including wind stress, 184

tidal mixing only, 180

Gaussian function

solution for 1D diffusion, 111

gelbstoff, 20

Georges Bank, 9, 200

fish stocks, 260–2

frontal jet, 244

subsurface chlorophyll maximum, 218

tidal mixing front, 239, 244, 247

tidal mixing front and primary production,

251

tidal mixing front and zooplankton, 255

geostrophic acceleration, 54

geostrophic balance, 61–2

tidal mixing (TM) front, 241–2

geostrophic flow

control by topography, 306–7

direction, 61

equations, 61

level of no motion, 65

thermal wind

shear, 65

thermal wind equations, 65

thermal wind relation at a front, 240

velocity profile, 64

gliders, 19

global distribution of freshwater input, 37–8

global overturning circulation, 360

gradient equation, 64

grazers

effect on spring bloom, 192

group velocity, 96

internal waves, 103

Gulf of Maine, 7, 196, 229

Gulf of Thailand, 37, 277, 362
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Gulf Stream

influence on Irish Sea, 87

Haeckel, Ernst, 6

Hansen and Rattray

estuarine circulation theory, 267

estuarine classification scheme, 269

harmful algal blooms (HABs), 226, 299

Harvey, H. W., 12

heat exchange

back radiation, 29–30

by conduction, 30–1

by evaporation, 30

solar radiation, 26–9

with sediments, 32

heat flux

for onset of stratification, 185

variation with latitude, 34–5

heat input to surface layer, 177

heat storage and rate of surface heating, 34

heat stored in the water column, 32

heat transport by currents, 32

heating and cooling

two mixed layer model, 186

Hensen, Victor, 6

heterotrophs, 129, 135, 158–64

history of shelf sea science, 6–9

holographic analysis of particles, 14

holoplankton, 162

holoplanktonic, 162

horizontal density gradients, 26

hydrostatic approximation, 60

hydrostatics, 59–60

hypoxia, 4, 336

bottom waters of ROFI, 299–301

Louisiana dead zone, 299

upwelling regions, 335–6

Iberian upwelling system, 331, 345

ICES, 7

inertial frequency

limit on internal wave frequency, 104

inertial oscillations, 66–7, 353

contribution to pycnocline mixing, 215

mixing, 353

inertial period, 66

infinitesimal waves, 92

internal Rossby radius, 75, 246

internal tide, 321–6

breaking, 324

Celtic Sea, 339

energy propagation onto the shelf, 327

examples, 322–4

generation over slope, 321–2

intermittent character, 324

nitrate flux at the shelf edge, 339–40

phytoplankton community, 341–3

propagation and solibore development,

322–6

shelf edge primary production, 341

internal waves

allowed frequency range, 104

bands of surface material, 102

continuous stratification, 103–4

contribution to pycnocline mixing, 214–15

convergence and divergence, 102

energy propagation, 103

finite amplitude, 101

group velocity, 103

importance, 104–5

in models, 216

kinetic energy, 103

mode 1, 104

modelling, 353, 354

packets in breaking internal tide, 324

parameterisation of pycnocline mixing, 216

particle orbits, 100–1

potential energy, 103

residual transport, 102

streamlines of flow, 102

two-layer stratification, 99–103

velocity components, 100–1

velocity potential, 99–100

Irish Sea, 7, 8, 86, 200

attenuation of PAR, 200

gyre and nephrops norvegicus, 257–60

modelled turbulence, 209

sediment nutrient flux, 146

Sellafield discharge, 298

tidal mixing front, 181, 240, 241

tidal mixing front and phytoplankton, 253

tidal mixing front and seabirds, 256

tidal mixing front and zooplankton, 255

irrotational, 90

island mixing front, 251

isobar

definition, 61

slope, 64

JEBAR

defined, 311

forcing mechanism, 311–13

theory, 311–13

Kelvin wave, 79

direction, 78

energy loss, 80

equations, 78

incident and relected, 79

reflection at the head of a gulf, 81

tide in Rhine ROFI, 286

kinematics, 50–2
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kinetic energy

internal waves, 103

surface waves, 95

Knudsen, Martin, 8

Kolmogorov, Andrey, 121, 124

Kuroshio

deflection into Sea of Japan, 321

laboratory experiments

baroclinic instability in fronts, 246

estuarine circulation and mixing, 279–81

stratification and mixing, 174

Lagrangian

current, 17

currents in tidal mixing front, 244

model of phytoplankton trajectories, 201, 225

velocity, 56–7

laminar flow, 105

Langmuir circulation, 97

Laplace, Pierre-Simon, 44

Laplace’s equation, 91

laser particle size analyser, 14

Lasker Event, 335

Lasker, Reuben, 228

latent heat transfer, 30

Liebig’s Law of the Minimum, 150

linearising approximation, 57

Liverpool Bay ROFI

biological response, 296

semi-diurnal stratification, 281

standing wave tide, 283

stratification time scales, 277

tidal straining, 283

lock-exchange experiment, 279

long wave

amplitude change across the shelf edge, 79

energy flux, 79

equation, 76

internal, 100

particle velocity, 76

reflection, 76

with rotation, 77–9

without rotation, 75–7

Louisiana Dead Zone, 299–301, 335

macronutrients, 330

vertical profile, Celtic Sea, 144

Marine Biological Association, Plymouth, UK, 7

Massachusetts Bay, 198

match-mismatch hypothesis, 195–6, 256

Mekong River, 37

Meridional Overturning Circulation, 367.

See also Global Overturning Circulation

meroplankton, 162

mesozooplankton, 162–4, 195

swimming, 162

swimming in a tidal environment, 228

vertical migration, 162

microbial loop, 160, 161, 169

microscale

in shelf seas, 124

microzooplankton, 161–2, 195

mixed layer development

laboratory analogue, 174–6

mixing in pycnoclines

candidate mechanisms, 214–16

mixotrophs, 161

models. See also ecosystem models

challenges in linking to observations, 357

importance in oceanography, 21–2

Occam’s razor, 22

potential energy anomaly model of heating-

stirring, 179

ROFIs, 290–1

turbulence closure (TC) model, 205–9

two mixed layer (TML) model, 185–90

unstructured grids, 354

molecular diffusion, 106

molecular diffusivity, 106

molecular viscosity, 106

momentum flux, 109

Monod growth curve, 139

Monterey Bay, 337

phytoplankton thin layer, 218, 226

zooplankton layers, 228

negative buoyancy

from winter cooling, 317

net transport

due to large internal waves, 324

new production, 155

shelf seas, 158

New Zealand

internal tide, 322, 324

mixing by tropical cyclone, 198

sub-surface chlorophyll maximum, 218

upwelling, 314

Newton, Isaac, 43

second law in a rotating frame of reference, 54–6

second law of motion, 52

nitracline, 218

nitrate, 13, 144, 145, 197

atmospheric supply, 146

conversion to ammonium by

phytoplankton, 146

demand at a tidal mixing front, 251

distribution at a tidal mixing front, 249

flux from deep ocean, 145

flux from sediments, 146

flux through thermocline, 155, 157, 221

measurement on a mooring, 198

supply by rivers, 330
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nitrate flux

comparison between shelf sea and ocean, 343

control on thermocline primary production, 223

internal tide, 339–40

into the thermocline, 221, 224

nitrification, 146

nitrite, 146

nitrogen

atmospheric gas, 146

fixation by diazotrophs, 146

flux from rivers, 145

nitrogen cycle, 147

nitrogen fixation, 146–7

nodes of wave motion, 77

non-linear terms, 57

North Sea, 6, 36, 86, 196, 298

carbon export, 346–7, 364

fisheries, 4

primary production, 223

salinity and Rhine ROFI, 270

spring bloom, 192

Norwegian Coastal Current, 270

nutrient uptake, 148–9

cell size, role of, 149, 167, 197

half-saturation concentration for nitrate

uptake, 149

measurement, 148–9

Michaelis-Menten uptake kinetics, 148

nitrate uptake rate, 149

nutrient quota, 148

specific nutrient uptake rate, 149

nutrients. See also nitrate, phosphate, silicate,

ammonium

depletion by spring bloom, 192

inorganic nitrogen, 145. See also nitrate

iron, 144, 339

limiting nutrient, 144–5, 197

macronutrients, 13, 144

measurement, 13

micronutrients, 144

nitrogen, 146

nutrient quota, 148

phytoplankton requirements, 143–4

pre-formed, 156

requirements for phytoplankton, 143

sources, 145–7

storage in phytoplankton cells, 148

supply by upwelling, 75

units of concentration, 145

Okubo, Akira

diffusion diagrams, 113

ontogenic, 163

Optical Plankton Counter (OPC), 14

organic matter

consumption by heterotrophs, 155, 158

export. See carbon export

fate of, 155

Osborn relation for vertical diffusivity, 121, 211

PAR. See photosynthetically available radiation

(PAR).

particulate organic carbon (POC), 156

Péclet number, 152, 225, 228

Peru upwelling system, 332, 335

phase speed

internal waves, 100

Kelvin wave, 78

long wave, 76

surface waves, 92

phosphate

flux from rivers, 145

phosphate, 13, 144, 145

flux from deep ocean, 145

photic zone, 137

photoacclimation, 140, 355

mixed water column, 200–2

photoautotrophs, 130, 135

photoinhibition, 140

photosynthesis, 131–3, 134

energy required, 131

light-dependent stage, 131

light-independent stage, 131

maximum light utilisation coefficient, 139

non-photochemical quenching, 133, 140, 192

photosynthesis-PAR curve, 138–40

photosystems I and II, 131

rate of, 139

reaction centre, 131, 140

saturation of, 133

summary of reactions, 131

photosynthetic quotient, 134

photosynthetically available radiation

(PAR), 27, 131

units, 140–1

phytoplankton, 130

community, 135–6, 154–5, 158

community, the role of grazers, 167–9, 194

functional types (PFTs), 355

groups, 133, 150–4

internal tide and phytoplankton community,

341–3

sinking, 156

species. See phytoplankton, groups

spring bloom succession of groups, 194

support of fisheries, 363

swimming, 152–3, 218, 225

Planck radiation law, 26, 29

pollutants

agricultural and wastewater run-off, 4, 145,

298, 330

nutrients supplied via rivers, 298–301
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potential energy

increase due to mixing, 116

internal waves, 103

surface waves, 95

water column, 177

potential energy anomaly Φ, 176

contribution due to estuarine circulation, 275–7

contribution from tidal straining, 282–3

decrease due to cooling, 179

decrease due to tidal stirring, 179

effect of wind stress, 184

equation

for heating versus stirring, 179

increase due to heating, 178

integrating forward in time, 184

regression analysis for mixing efficiencies, 185

potential function, 91

practical salinity scale, 11

practical salinity unit (psu), 11

Prandtl number, 118

predator-prey interaction, 164–5

turbulence and encounter rates, 165

viscosity, 164–5

pressure, 57

pressure force, 57

pressure gradient

in estuarine flow, 268

primary production, 130

cycles of stratification in ROFIs, 295–8

downwelling shelf edge, 338

effects of spring-neap cycle, 222–3

export production, 156

gross, 133

gross community, 134

in upwelling regions, 331–3

limitation by light or nutrients, 150

measurement of, 134–5, 140

measurement using 14C, 134–5, 138–40

measurement using active fluorescence, 136–7

measurement using oxygen, 134

measurement using satellites, 3, 136

mixed water column, 199–202

net, 133

net community, 134

new production, 155

regenerated production, 155, 197

semi-diurnal tidal cycle in a ROFI, 296–8

shelf edge, 338, 341

simulated in situ, 137–8

spring bloom, 192–3

spring-neap adjustment of a tidal

mixing front, 252

spring-neap cycles in ROFIs, 296

sub-surface chlorophyll maximum, 223

tidal mixing front, 251

triggered by a storm, 198

turbulent environment, 136, 142, 199–202

progressive wave, 77

prokaryotes, 152

pycnocline. See thermocline

rainfall, 38

Redfield ratio, 150

carbon export, 156–7

reduced gravity, 74, 100

reference frame

rotating and non-rotating, 54

regenerated production, 155

Region Of Freshwater Influence (ROFI),

36, 266

Arctic shelf, 359

bloom timing, 295

climate change, 369

contrasts with estuaries, 266–7

density-driven circulation, 272–5

effects of riverine nutrients, 298–301

effects of wind stress, 288–90

hypoxia in bottom water, 299–301

modulation of residual circulation, 287–8

numerical models, 290–1

primary production over semi-diurnal tidal

cycle, 296–8

spring-neap stratification and primary

production, 296

springs-neaps cycle in stratification, 279

stratification, 277–9

time scales of mixing and stratification, 277

transport of organisms by density-driven

circulation, 292–5

tropical regions, 360–2

remote sensing. See satellite remote sensing

research vessels, 19–20

residence time

phytoplankton above critical depth, 143

residual circulation, 86–7, 287

residual flow model, 86

residual currents

from tracer distributions, 86

residual transport

surface waves, 94

resonance, 85

respiration

cellular, 133

net community, 134

Reynolds number, 105

at microscale, 123

fish, 165

for plankton, 106

mesozooplankton, 165

Reynolds stress

components, 109

formal derivation of components, 110
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relating to mean flow, 110

tensor, 109

Reynolds, Osborne, 107

pipe flow studies, 105

Rhine ROFI, 270–2

semi-diurnal behaviour, 286

buoyancy input to the North Sea, 36

coastal buoyancy current, 270

nitrate, 299

progressive wave tide, 283

river discharge rate, 36

salinity and nutrients, 271

sub-tidal flow, 273

Richardson number, 176

control of stabiity functions, 208

derivation, 115–18

flux form, 118, 121

gradient form, 118

parameterisations of eddy coefficients, 125

Riley, Gordon, 9, 12, 191

river plumes. See Region of Freshwater

Influence (ROFI), coastal buoyancy current

ROFI. See Region Of Freshwater

Influence (ROFI)

Rossby number

criterion for geostrophy, 321

Rossby radius of deformation, 73, 78

salinity

measurement, 10, 11

units, 11

satellite remote sensing, 20–1

chlorophyll, 339

chlorophyll a, 249

chlorophyll in upwelling regions, 331

infra-red mapping of sea surface temperature, 30

ocean colour and chlorophyll, 20

primary production, 3, 136

SAR images of internal waves, 103

synthetic aperture radar (SAR), 21, 324

temperature, 20

tidal mixing fronts, 249

sea surface micro-layer, 30

seabirds

at tidal mixing fronts, 256

seasonal cycle

freshwater input, 38

heat budget, 33

heat fluxes and budget, 32–4

heating and cooling, 26–36

heat storage, 189

heating and cooling, 25

potential energy anomaly model, 179

temperature in mixed region, 187

temperature in stratified region, 187

twomixed layermodel of heating-stirring, 185–90

SEEP (Shelf Edge Exchange Processes

experiment), 344

sensible heat, 30

shear dispersion, 113–15

horizontal diffusivity, 114

maximum horizontal diffusivity, 115

shear profilers, 210–11

shelf edge

band of cooler water, 327

band of increased chlorophyll, 329

biogeochemical fluxes, 330

carbon export, 344–5

cold water coral, 344

cross-slope transport mechanisms, 313–21

enhanced mixing, 326–9

fisheries, 338, 343–4

future challenges, 364–6

isopycnals spread due enhanced mixing, 327

nutrient supplies to support shelf sea export

production, 330

organic matter export, 364

phytoplankton community, 341–3

primary production, 338

shelf seas

contrasts with open ocean, 1–4, 304–6

contribution to global carbon export, 4

contribution to global fish catch, 4

contribution to global primary production, 3

definition, 1

economic value, 4–5

fishing pressure, 4–5, 6–7

future challenges, 23

pressures from humans, 4–5

resources, 4

silicate, 13, 144, 145, 147

source to the ocean, 330

supply by rivers, 298

Simpson-Hunter parameter (SH)

choice of current speed, 180–1

frontal position, 180

mapping in different regions, 182

test using frontal positions, 181–3

slope current, 307–8. See also JEBAR

carbon export, 347

continuity, 308

deflection in bottom boundary layer, 316

eddies, 320–1

forcing, 311–13

Hebridean shelf edge, 308

joint effect of baroclinicity and

relief (JEBAR), 311

measurements with drogue buoys, 308

seasonal change, 313

spatial consistency, 308

steadiness, 308

wind stress forcing, 313
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solar energy input

average attenuation coefficient, 28

total energy absorption, 28

solar heating, 26–9

spectral energy distribution, 26

Spencer Gulf, S. Australia, 38

draining of high salinity water, 320

spring bloom, 9, 191–3

control by spring-neap tidal cycle, 196

diatoms, 194

importance to annual primary production, 217

match-mismatch hypothesis, 195–6

mechanism, 191–2

observations, example, 192

phytoplankton species, 193–5

rates of primary production, 192–3

timing, 195–7

spring-neap cycle, 46

contribution to pycnocline mixing, 215

internal tide and nitrate flux, 340

mixing at the thermocline, 222

spring bloom timing, 196

variation in tidal mixing, 235

stability functions

for local equilibrium, 208

stability of the water column, 68

standing wave, 77

Stanton number, 30

Stefan’s law, 29

stirring and mixing, 106

stirring by wind and tide

two mixed layer model, 186

stirring power

variation over spring-neaps cycle, 235

Stokes drift, 94

Stokes wave, 94

Stommel, Henry, 9

strain induced periodic stratification (SIPS), 281

condition for periodic stratification, 282

stratification

barrier to bottom water oxygen

replenishment, 299, 346

bottom layer inorganic carbon, 346

climate change, 368

criterion for seasonal stratification, 180

cycle due to tidal straining, 283

effect on density-driven circulation, 287

estuarine, 275–7

induced by estuarine circulation, 269

inhibition of mixing, 175, 207, 238

primary production in ROFIs, 295–8

spring onset, 191

suppression of vertical motion, 52

trigger for phytoplankton growth, 192

subsurface chlorophyll maximum (SCM)

contrasts with open ocean, 224

effects of spring-neap cycle, 222–3

examples, 218

importance of interior mixing, 219

importance to annual primary

production, 223–4

light, 223

nitrate flux, 221

phytoplankton species, 226–7

possible mechanisms, 218

primary production rates, 223

role of phytoplankton swimming, 225–6

shelf edge, 341

targetting by zooplankton, 228–9

surface boundary layer

cross-slope transport, 314–16

surface microlayer, 32

surface waves

boundary conditions, 91

energy propagation, 95–6

finite amplitude, 93–5

kinetic energy, 95

orbital motion, 93

potential energy, 95

pressure variation, 92

residual transport, 94

velocity components, 92

velocity potential, 90–2

wave breaking, 96–9

whitecapping, 96

Sverdrup, Harald, 142, 191

Synthetic Aperture Radar

internal wave observations, 324

Taylor hypothesis, 121, 124

Taylor, Geoffrey, 8, 82, 113

Taylor-Proudman theorem, 306–7

Thailand, Gulf of, 361

thermal wind, 65–6. See also geostrophic flow

thermocline. See also stratification

carbon export, 345–7

inhibition of turbulence, 192, 346

thin layers

phytoplankton, 226

zooplankton, 228

tidal ellipse

in Rhine ROFI, 285

response to changes in stratification, 285

shear dispersion, 115

variability in Rhine ROFI, 283–7

tidal forcing, 25

tidal mixing (TM) front

baroclinic instability, 245–7

basking sharks, 256

change in density gradients with depth, 241

chlorophyll distribution, 249

condition for location, 180

difference in sea surface elevation, 241

enhanced primary production, 251

equilibrium adjustment over

spring-neap cycle, 235–7
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fisheries, 256–62

flow direction, 241

frontal jet, 241

geostrophic balance, 241–2

gyre circulation and larval retention, 257–60

horizontal temperature gradients, 234

infra-red imaging of temperature, 238, 245, 249

larger marine animals, 256

measurements of residal velocity, 242

mechanisms for enhanced chlorophyll, 251

mechanisms for primary production, 251–4

mixing efficiency and spring-neap

adjustment, 238

nitrate distribution, 249

non-equilibrium adjustment, 238

ocean colour imaging of chlorophyll a, 249

positions from satellite imagery, 233–4

seabirds, 256

seasonal adjustment, 239

since the last ice age, 368

spring-neap adjustment and primary

production, 252

springs-neaps adjustment, 235–9

stored buoyancy and spring-neap

adjustment, 237

transverse circulation, 247–8

velocity from density section, 241

zooplankton, 254–6, 257

tidal rectification, 245, 260

tidal stirring

for M2 constituent, 179

tidal straining, 281

contribution to the potential

energy anomaly, 282

convective mixing, 281, 283

enhancement of estuarine circulation, 288

impact on sediment transport, 288

Liverpool Bay ROFI, 283

mechanism, 281–3

over-straining, 283

primary production, 296–8

Rhine ROFI, 283–7

tides

amphidrome, 80

amphidromic systems, 80–3

amplitude at the head of a gulf, 85

angular momentum of Earth-Moon system, 48

centre of gravity of the Earth-Moon system, 40

centrifugal force, 42

co-range lines, 80

current amplification at the shelf edge, 79

degenerate amphidrome, 81

difference between the gravitational and

centrifugal forces, 42

diurnal and semi-diurnal constituents, 45

effect of the sun, 40

equilibrium theory of the tides, 43

equilibrium tide range, 43

frictional losses in a gulf, 80

global distribution tidal energy dissipation, 46

harmonic method of tidal analysis, 45

Moon’s gravitational attraction, 40, 42

Moon’s orbital acceleration, 48

neap tides, 46

power supply from Moon and Sun tides, 46

slope forcing in model, 206

spring tides, 46

tidal constituents, 44–6

tidal ellipses, 82

tidal energy, 25

tidal energy dissipation

in the past, 366–8

tidal energy supply to shelf seas, 46–7

tidal forcing, 40–6

tidal resonance in a gulf, 84–6

tidal species or bands, 44

tidalwave behaviour crossing the shelf edge, 79–80

tidal waves, 46, 77

tide generating force (TGF), 40, 42

tide generating force horizontal component, 43

tide generating force variation around globe, 43

tide generating force vertical component, 43

wave amplification across the shelf edge, 79

wave amplification and reflection, 79–84

wave reflection at the head of a gulf, 81

top-down control, 168

total derivative, 57

towed vehicles, 11

trophic levels, 151

tsunami waves, 77

turbulence

billows in the atmosphere and ocean, 119

criterion for development from

a laminar flow, 118

criterion for maintenance, 118

development of billows in a shear flow, 118

diffusivity dependence on scale, 113

dispersive tendency, 106

energetics, 115–20

energy dissipation, 106–7

intensity, 207

Kolmogorov constant, 123

Kolmogorov microscales, 123

laboratory experiments on billows, 118

length scale, 207, 208

local equilibrium, 121

mean and turbulent flow components, 107–8

momentum flux component, 109

Ozmidov length, 125

power available in a shear flow, 117

predator–prey encounter rates, 165, 262

properties and relation to mixing, 105–7

Reynolds and Richardson numbers, 120

scales of turbulence, 121–5

spectrum, 121

Taylor hypothesis, frozen field, 121, 124

423 Index

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-87762-6 - Introduction to the Physical and Biological Oceanography of Shelf Seas
John H. Simpson and Jonathan Sharples
Index
More information

http://www.cambridge.org/9780521877626
http://www.cambridge.org
http://www.cambridge.org


turbulence (cont.)

Thorpe scale, 125

turbulent Prandtl number, 118

vertical mixing time scale, 114

turbulence closure, 125–6

length scale, 125

stability functions, 126

turbulence closure (TC) model, 205–9

eddy viscosity and diffusivity, 207

missing mixing, 213–14

tidal forcing, 208

turbulence closure scheme, 207–8

feedback mechanisms, 208

turbulent dissipation

delay of maximum with height

above seabed, 212

in the thermocline, 213

levels in shelf seas, 213

model-observation comparison, 210–13

quarter diurnal variation, 212

relation to velocity shear, 210

shear profiler measurement, 210

tidal cycle in a ROFI, 283

turbulent flow, 105

turbulent fluxes

of momentum, 109–10

of scalar properties, 107–8

turbulent kinetic energy (TKE), 120

diffusion, 120

dissipation, 120

energy cascade, 123

equation, 120–1, 207

equilibrium spectrum, 122–4

inertial sub-range, 123

inertial sub-range in spectrum, 123

production, 117

scalar energy spectrum, 122

total water column production, 178

universal equilibrium spectrum, 124

turbulent stress, 69

Turner, J. S.

tank experiment and grid turbulence, 175

two mixed layer (TML) model, 185–90

upwelling

at shelf edge, 314–15

biogeochemical response, 331–3

carbon export, 345

filaments and eddies, 314, 331, 337

fisheries, 334–5

front, 314

frontal instabilities, 314

hypoxia in bottom waters, 335–6

in Rhine ROFI, 286

nitrate supply, 330, 331–3

nutrient supply, 75

sections of temperature, nitrate

and chlorophyll, 331

surface chlorophyll, 331

surface temperature, 331

time scale of phytoplankton response, 332

time scale of zooplankton response, 333

under western boundary current, 337

zooplankton response, 333–4

upwelling/dwonwelling, 74–5

Ushant tidal mixing front, 245

variable-efficiency model

S–N frontal adjustment, 239

velocity potential

internal waves, 99–100

surface waves, 90–2

vertical migration (of zooplankton), 162, 228

vertical mixing

by waves in ROFIs, 290

induced by air bubbles in laboratory

experiments, 280

vertical motions in the ocean, 52

vertical oscillations, 67–8

vorticity, 91

waves. See also deep water waves, internal waves,

Kelvin waves, long waves, surface waves

angular frequency, 92

group velocity definition, 96

phase speed, 92

wavenumber, 92

western boundary current

trapping on continental slope, 311

whitecapping, 96. See wave breaking

wind stirring

contribution in seasonally stratifying regions, 183–5

contribution to mixing in ROFIs, 285

wind stress, 25, 39

boundary condition in model, 206

drag coefficient, 39, 184

drag coefficient variation with stratification and

wind speed, 40

drag law, 39

effects in ROFIs, 288–90

primary production after a storm, 198

rate of working, 183

variability and primary production, 221

Woods Hole Oceanographic Institute, 6, 7

Yellow Sea

co-tidal charts, 82

zooplankton

at a tidal mixing front, 254–6

dispersion and life history, 257, 333

patchiness, 257
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