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ablation, 11–12, 19–20, 84–6, 137–50
Greenland, 141, 393, 397, 399–401, 408–15,

421–3, 437–9, 443–54
sea ice, 275–7, 321–3, 367–70

accumulation, 11, 18–28, 135–7
Antarctic, 464–5, 467, 469–70, 499–509
Greenland, 400, 402–5, 418–30, 439–43
sea ice, 92, 367–74

acoustic tomography, 52
airborne topographic mapper (ATM), 73, 82, 422
albedo, 123–6
altimeters, see airborne topographic mapper;

CryoSat; laser altimeters; radar altimeters
Antarctica

Amery ice shelf, 31, 85, 504
East Antarctic ice sheet (EAIS), 193, 447, 479,

500, 510, 511–15
Filchner-Ronne ice shelf, 31, 85, 504, 508, 585,

629
Pine Island Glacier, 395, 468, 477, 483–4, 504,

627
Ross ice shelf, 176, 186, 193, 204, 208, 215, 473,

477, 480–3, 508, 510
Thwaites Glacier, 210, 395, 468, 472, 477, 483–4,

626, 627
West Antarctic ice sheet (WAIS), 479–84, 510–18

Arctic Ocean, 44, 53, 92, 96–101, 106, 314–17, 338,
340–5, 352, 359, 360–3, 534, 551

Arctic oscillation, 245, 312, 360, 377, 533, 613, 632
ASTER, 65, 68, 83, 575, 631
ATM, see airborne topographic mapper
atmospheric correction, 71–2
atmospheric models, 145–56; see also general

circulation models
AVHRR, 65–8, 84, 99, 106, 411

back pressure, 512
backscatter coefficient, 69, 81, 403
balance velocity/flux, 28, 91
balance year, 535, 536, 607
Baltic Sea, 340–2

basal drag/shear stress, 170–8, 187–94, 213, 253–4,
497

basal water pressure, 186
Beaufort Sea, 229–31, 240, 261, 301, 312, 352, 357,

377
bedrock adjustment, 452
bottom melting/mass balance, 31–5
boundary conditions, 118, 146, 147, 158, 188, 192,

198, 203–7, 211, 213, 255, 270, 295, 411, 498,
507, 517

bridging effects, 178

calving, see iceberg calving
Canadian Arctic, 351–2, 367, 529–35, 548–50, 552,

572, 601–3
carbon dioxide, 144, 315, 337, 361, 415, 441–3,

449–51, 503–4, 507
clouds, 60, 68, 73, 92, 99, 106, 118, 121–8, 142–3,

148, 154
coffee-can method, 17–18
condensation, 21, 117, 147, 151
constitutive laws

Ice, 308, 171
sea ice, 247–52

continuity equation, 172, 183, 185, 193, 195, 197,
279, 286, 495

control methods, 211, 636
coulombic model of sea ice, 253–9
creep of ice, 394
crevasses, 18, 210, 395, 429, 473, 480
CryoSat, 73, 77, 104, 123–6, 363

Defense Meteorological Satellite (DMSP), see

passive microwave radiometers, SSM/I
deformation

of ice, 169–72, 178–85
of sea ice, 98–102, 227–35, 241–6
of subglacial till, 185–6, 518, 633

degree-day method/models, 118, 137–9, 157–9, 437,
444–9

densification, 18, 20, 75, 172, 421
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density
of firn, 15, 403, 448
of ice, 48, 83, 87, 135, 172, 174, 183, 208, 216,

273, 281, 369, 463, 465, 467
of snow, 15, 20, 21, 23, 25, 81, 135, 140, 149,

412, 448, 463, 465–7
diffusion, 132, 145, 148, 217, 218, 275, 439, 514
digital elevation model (DEM), 16, 65, 83, 86, 144,

544
driving stress, 172–96, 492, 494, 513–14
dry snow, 70, 75, 84, 97, 122, 403, 408, 412–13,

465, 502, 635
dust (in ice), 21, 123–5, 402

effective pressure, 186–8
EISMINT, 197, 202–6
electrical conductivity, 43
electromagnetic radiation, 43, 50, 59–63, 65, 68, 71
elevation change, measurement of, 13–18, 415–21
emissivity, 62–3, 84, 128, 273, 339, 403, 412, 464
energy balance models, 118–20, 140–4, 158, 306,

437, 444–8; see also surface energy balance
enhanced thematic mapper, see Landsat
ENVISAT, 72, 361, 634
equilibrium-line altitude (ELA), 597–602
ERS-1/2, 68–77, 81–2, 88–99, 103, 417, 467, 551

fast ice, 85, 212, 241, 295–7, 301, 371
faults, 253, 280, 284
feedback mechanism, 2–3, 446–8
finite difference method, 495
finite element method, 498
firn, 15, 18–26, 75, 84, 87–8, 172, 216, 402–3, 408,

412–13, 418, 448, 453, 464, 547, 551, 563–4,
572, 590

first-year ice, 50, 53, 55, 93–7, 349–51, 355
floe, 52, 240, 369
flotation criterion, 495
flux divergence (method), 35, 83, 86, 463–4, 470
force budget/balance, 172–8, 188–94, 200–1, 211,

627
form drag, 132, 177

general circulation models, 145–56, 383–5, 441,
443, 449, 453, 503–4, 507; see also

atmospheric models
Geosat, 72–3, 76, 82, 417, 421, 467
geothermal heat, 31, 213, 216, 517, 633
glacier

classification, 573–4
relation to climate, 585–7, 606–13
response time, 6, 527, 564, 570, 572, 575, 581,

607, 629
Glen’s flow law, 171–92
GLIMS, 65, 83, 574–5
GPS, 14–18, 34, 37, 212, 396, 413–18, 423–7, 473,

564, 584
GRACE (gravity recovery and climate experiment),

461–3, 479, 634
greenhouse warming, 169, 337–8, 360, 453, 459–60

greenland ice sheet
ablation, see ablation
accumulation, see accumulation
meteorology/climate, 395, 413, 418
north-east Greenland ice stream (NEGIS), 213,

406, 423, 452, 454, 626
thickness, 31, 86, 415, 418
velocity, 31, 44, 86, 87, 401–2, 415, 418, 423,

428, 429, 451–2
Greenland Sea, 44, 53, 351, 357, 361
ground-penetrating radar (GPR), 24–6
grounding line (zone), 31–2, 85–90, 193–7, 201,

399, 401–2, 406, 422–3, 465, 466–77, 483–4,
492–513

heat budget (of snow/ice surface), 272–7, 323,
361

heat flux
geothermal, 31, 200, 208, 213, 216, 517, 633
latent, 129–34
precipitation, 134–5
sensible, 129–34
turbulent, 98, 106, 120, 129–31, 134, 138, 284,

444–8
Holocene period, 5, 209, 452, 499–501, 531, 569,

570
hydraulic conductivity, 228

ice
deformation, 98, 101, 178, 208, 227, 231–2, 245,

248, 256, 261, 266, 288–91, 301, 310, 314,
322, 494–5

density, 48, 83, 87, 216, 463, 465
fabric of, 171, 178–9, 200, 209, 493, 633
growth, 92, 104–6, 270–3, 315, 516
impurities in, 123–5, 182, 209, 212, 215
methods of dating, 22, 104, 275
thermal conductivity, 208, 213, 270, 271, 277,

306, 381
thermal diffusivity, 183
thermodynamics, 182–4, 270, 278, 371
thickness (measurement of), 405–6, 474–7; see

also radio-echo sounding
Ice Age cycle, 515
ice cores, 20–1, 402–3
ice divide, 216, 483, 595
ice draft, 45, 52–4, 93, 103, 106, 340, 352–9
ice drift, 229–32, 240–5, 259, 261, 264, 286, 301–2,

315–16, 322
ice edge, 93, 95, 297, 341, 350, 384
ice sheet

digital elevation models, 13, 15, 16, 65, 83, 86,
144, 400, 543–4, 596

profile (surface), 18–20, 23–4
thickness (change of), 13, 172, 418, 513
velocity, 83, 86–91, 170, 172, 189–92, 208–12,

423–4, 472–4
see also Antarctica; Greenland

ice stream
definition, 5
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description, 5, 186, 354–5, 394, 406, 423, 459,
473, 480, 483, 497, 512, 515, 595, 627

driving stress, 172, 176–7, 186, 190, 201, 211,
497

dynamics, 197, 211, 423, 480, 483, 497, 500,
510–14, 518

temperature, 213, 627
iceberg, 28, 85, 394, 399, 438, 451, 459, 472, 579,

515, 517, 528–9, 539–40, 545–6, 548–53, 614,
626, 629

iceberg calving, 28–31, 85, 401–2, 451, 465–7, 472,
479, 512, 517, 539–48

Icelandic low, 360, 380, 443
Icelandic Sea, 96, 340
ICESat, 73, 430, 461–3, 634
impurities (in ice), 123–5, 182, 209, 212, 215
infra-red radiometer, see AVHRR
interferometric SAR (InSAR), 13, 16, 88, 90–1,

210–12, 473, 483–4
interferometry, see interferometric SAR (InSAR)

Landsat, 63–5, 551–2
lapse rate, 140–2, 150, 401
laser altimeters, 14, 73, 83, 104, 394, 396, 405–17,

424, 430, 461, 528, 581, 596, 634
last glacial maximum (LGM), 183, 205, 207, 425,

459, 498–501
latent heat (flux), 129
lateral drag, 190–3
lithosphere, 459, 493
Little Ice Age, 5, 531, 533, 535, 536, 542, 564
long-wave radiation/flux, 120, 127–8, 138, 142, 156,

273–5, 306, 315, 445–8

marine instability, 195–7
microwave radiometers, see passive microwave

radiometers
moraine, 124, 561, 607
multispectral scanner (MSS), see Landsat
multi-year ice, 44, 48, 55, 93, 95–8, 237–40, 272,

349–51, 355, 360, 372, 381

Nordic Sea, 348
normal stress, 173–4, 179, 185
North Atlantic oscillation, 5, 229–31, 312,

343–5, 360, 377, 380, 403, 418, 419, 533,
572, 632

numerical modelling
Antarctic ice sheet, 493–8, 512–13, 517–18,

627–8
glacier, 571
Greenland ice sheet, 449, 454
heat flow, 145
ice flow, 186–98, 212
ice sheet growth/decay, 202–9
temperature, 145, 172
sea ice, 227

orbits, 61, 72–3, 88, 406, 461, 467
oxygen isotopes, 21–3, 531

PARCA, see Program for Arctic Regional Climate
Assessment

passive microwave radiometers, 74–5
AMSR, 75, 84, 95, 408, 430
EMSR, 74
SMMR, 74–5, 84, 93, 340, 347, 349, 350, 408,

635
SSM/I, 56, 74, 85, 93, 99, 340, 347–50, 408, 421

percolation, 21, 23, 137, 408, 572
perennial ice, 93, 98, 275, 349
photogrammetry, 13, 16, 30, 65, 83, 571, 575
polynya, 4, 529
polythermal glacier, 215
porosity, 627
pressure ridge (in sea ice), 44–5, 50, 53, 102, 227,

229, 235–7, 278, 280, 284, 295, 340, 352, 354
Program for Arctic Regional Climate Assessment

(PARCA), 208, 393, 394, 396–408, 413–30,
624, 631–6

pure shear, 249, 254, 256, 282

radar, see radar altimeters radio-echo sounding;
synthetic aperture radar

radar altimeters, 70, 75, 103, 363, 417, 527, 529, 551
RADARSAT, 85, 97, 100–1
radiation, see electromagnetic radiation
radiation balance, see surface energy balance
radio-echo sounding (RES), 43, 87–8, 207, 214–18,

474–7, 518, 632, 636
radioactive layers, 543
range resolution, 81
recrystallization, 171, 198
refreezing (meltwater in firn), 135–9, 413, 445, 448,

449, 531, 547, 625
regelation, 185
response time, 4–6, 252, 437, 459, 491, 508,

512–13, 517, 527, 564, 570, 572, 575, 581,
607, 624, 627, 629, 632, 635

rheology, 200, 209, 211, 244, 248–56, 259, 261,
266, 282, 291, 295, 297, 298, 307, 315,
369–70, 372–4, 381, 633, 636

roughness, 44–5, 55–6, 73, 96, 130–2, 137, 144,
186–7, 340, 406

runoff, 13, 75, 117, 120, 136–40, 147, 151, 153,
413, 423, 429, 438, 448, 465, 470, 497, 502,
508, 509–10, 543, 563, 579, 587

Russian Arctic, 241, 529, 533, 540–1, 548

salinity of sea ice, 227, 238, 240, 273, 275, 277,
323, 342, 380

scatterometer, 68–70, 97–9
sea ice

advection, 104, 266, 269, 287–9, 293, 301, 308–9,
312, 314, 369

age, 96, 100, 104; see also first-year ice;
multi-year ice; second-year ice

Antarctic (Southern Ocean), 45, 48, 56, 95, 98,
232, 242, 278, 290, 339, 345–8, 367, 372, 380,
385

arching, 241, 259, 266–9, 288, 293, 301, 306, 310
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sea ice (cont.)
Arctic, 48, 56, 95, 98, 242, 339, 345–8, 372, 380,

385
brine in (effect of), 43, 50, 227–8, 238, 272–3,

277–8, 323, 371, 382
deformation, 98–102, 229–38, 241–6, 290–3
divergence, 101, 244–5, 255, 257, 261, 264, 280,

290, 291, 297, 298, 321, 367–8, 371
drift, 48, 50, 100, 104, 228–38, 240, 241–8, 259,

260, 261, 264, 282, 286, 289–90, 301–2, 310,
315–16, 322, 354, 361, 381

dynamics, 101, 228–9, 248, 273, 278, 298, 305,
307–8, 312, 314–22, 337, 352, 357, 374, 381,
385–6

extent, 93–6, 340–51, 360, 382–5, 623
kinematic waves in, 288–90, 322
mechanics, 44, 229–31, 241, 245–69, 279,

288–97, 309, 322, 324
motion, 98–102, 229–38
plastic model, 280–4, 295, 323
thermodynamics, 270–8, 370–1
thickness, 102–6, 278–98, 351–9, 372–82
tide (interaction with), 295–8
variability, 374–80
viscous plastic model, 370, 373

sea level (changes in), 205, 395, 459, 463, 468, 477,
479, 497, 500, 504, 507–8, 546, 571, 579, 585,
593, 613, 628

sea water, 21, 31, 87, 178, 192, 227, 271, 278
Seasat, 70–6, 82, 403, 417, 421, 467
seasonal variations, 22, 272, 402
second-year ice, 350
sensible heat (flux), 120, 273–5, 315
shallow-ice approximation, 454, 497–8
short-wave radiation/flux, 120–3
Siberian Sea, 295, 378, 529
simple shear, 179, 494
sliding, 185–8
slope-induced error, 82
slush zone, 412, 421
snow line, 85, 125, 136, 551
sonar

AUVs, 44, 52
moored, 44, 102–6, 340
submarine, 43–4, 52, 102–3, 340

Southern Ocean, 3–4, 7, 59, 92–3, 516, 623
specific heat capacity, 129–34, 136, 183, 213, 270
SPOT, 65
SSM/I, see under passive microwave radiometers
strain rate, 180–2, 217, 571
stream function, 298, 301
sublimation, 117, 120, 129, 136, 139–40, 148, 152,

154–5, 399, 415, 502
summer (mass) balance, 19, 541, 584, 587–90
superimposed ice (and internal accumulation), 26–7,

135–6, 547
surface energy balance, 120–37
surge, 28, 187, 199, 422–3, 429, 480, 511, 513,

514–15, 539, 545, 561
Svalbard, 536–40
synthetic aperture radar, 68–70, 99–101; see also

interferometric SAR (INSAR)

temperate glacier, 20, 561, 564
thematic mapper, see Landsat
thermodynamic models, 270–3, 298, 306, 315,

323–4, 498
thermohaline circulation, 31, 361, 504
tidal ice drift, 248, 295–8
tide-water glacier, 536, 539, 626
till, 186–7, 212, 515
transition zone (stream/shelf), 495, 497, 512
tunnel, 179, 187
turbulent heat transfer, 444–8

upward-looking sonar, see sonar

velocity of ice drift, 241–4
viscosity, 132, 187, 203, 208, 212, 242, 245, 249,

265, 459, 463, 491, 497–8, 510
volcanic deposits (in ice), 216, 402

water pressure, 186–8, 207, 495
waveforms, retracking of, 76–8, 81
wet snow, 408
wind drift of ice, 229–38
winter (mass) balance, 19, 587–90, 613

yield stress, 323, 370
Younger Dryas period, 5
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