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AA phenomenon, 561-562, 579-580 ice surface melt, 428430, 431, 437
a axis, 194 open leads, 76
Abel’s equation, 130-131 scattering, 299
absorption seawater, 302, 335
of EM wave, 296 sediment-laden sea ice, 368, 369
of microwave signal in snow, 337 snow, 192, 302, 335-336, 336, 444
of radiation by atmospheric gases, 325, 325-326 spectral, 301, 364-368, 367-368, 370, 428-429
accumulated thawing degree-days (ATDDs), 78 Surface Heat Budget of Arctic Ocean (SHEBA) field experiment,
active microwave 271-272, 272
sensors, 286-287, 287 white-sky (diffuse), 301
surface melt observations, 434, 434-437, 437-438 algae, 17, 76, 87, 230-232, 231-252
advanced horizontal range algorithm (AHRA), 432 ALOS-2 SAR, 468, 468-469
Advanced Microwave Scanning Radiometer (AMSR), 339, 340, 353, ALOS-PALSAR, 314315, 318, 414, 464
354, 398, 427 altimeters, 24, 323-325, 324
ice surface temperature, 521, 521 laser, 323-325, 324
sea ice concentration, 483-486, 484-486 radar, 308, 323-324, 324
sea ice extent (SIE), 580 sea ice thickness (SIT) observations, 502, 510-514, 511-512, 514
sea ice thickness (SIT), 506-508, 508, 508, 509, 513 sensors, 359-360, 360
snow depth, 445, 445-446 amorphous, 194
Advanced SAR (ASAR), 314, 355, 384-385 anatomy, ice, 10
identification of sea ice ridges using, 417 anchor ice, 200
sea ice classification, 464 anisotropic reflectance factors (ARFs), 302

Advanced Scatterometer (ASCAT), 323, 323, 358, 358-359, 435, 436 anisotropy, 379, 319-320
Advanced Topographic Laser Altimeter System (ATLAS), 360,423,513  annual ice. see seasonal ice
Advanced Very High- Resolution Radiometer (AVHRR), 269-271, 275,  Antarctic Circumpolar Current (ACC), 586, 586

279, 327
albedo observations, 365, 370
ice surface temperature, 518-521, 521
leads, 422, 422, 424
SAR image compared, 455, 455
sea ice concentration, 473, 474
sea ice thickness, 505, 505-508, 507
sensors, 352, 352
surface melt, 429-430, 430
advection, 62, 87-88, 90
aerial photography
ridge identification by, 416
surface melt, 437, 438
age-based sea ice classification, 321-322
age of sea ice. see sea ice age (SIA)
agglomerate ice (R type ice), 201, 203, 211-212, 212, 220
aging of sea ice, 29, 259-260
airborne SAR (AIRSAR), 314-315, 318, 467
air bubbles, 47-50, 48-49, 54, 56, 56, 58, 58, 63, 66, 81, 81-82, 194
geometric characteristics, 242-244, 243, 244
in hummock ice, 223-226, 227
in melt pond ice, 227-228
in MYT, 81-82
in seasonal ice, 220-221, 223
aircraft, landing on sea ice, 20-21, 20-21
air dissolved in seawater, 33
air temperature, near-surface (nSAT), 560-561, 560-562
air volume fraction, 124-125
albedo, 13, 23, 301-303, 364-370
atmospheric spherical, 302
black-sky, 301
broadband, 301-302, 364-367, 365, 366, 366367, 370, 428
ice decay, 77

Antarctic Oscillation, 585-586
Antarctic region

climate change impact, 558-559

geography, 564, 565

growth rate of ice, 41

icebergs, 98, 99, 576-577, 577

ice of glacier origin, 95-96, 99

ice sheet, 558, 561

ice shelves, 96

latitude, 1

marginal ice zone, 94

platelet ice, 203

sea ice characteristics, 564-565, 566

sea ice extent, 565-569, 567-568

sea ice growth, 39

sea ice motion, 533, 533

sea ice salinity, 115, 715

sea ice thickness (SIT), 2, 571-572

snow cover, 45

superimposed ice, 40

surface air temperatures, 561, 561-562
Antarctic sea ice interaction with environment, 585-590

atmospheric factors, 585-586

oceanic forcing, 586-587

between sea ice, ice shelves, and icebergs, 589-590
Arctic amplification (AA), 561-562, 579-580
Arctic Ice Dynamic Joint Experiment (AIDJEX), 250, 250-252
Arctic Ice Mapping (AIM) program, 422, 422
Arctic Oscillation (AO), 579, 583-584, 586
Arctic Radiation and Turbulence Interaction Study (ARTIST), 478
Arctic region

climate change impact, 558-559

geography, 562-564, 563
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Arctic region (cont’d)
historical and community synopsis, 4-8
ice shelves, 96, 96
latitude, 1
marginal ice zone, 93-94
sea ice age, 572-575, 5§73, 573-574
sea ice characteristics, 564-565, 566
sea ice dynamics, 575
sea ice extent, 565-569, 567-568
sea ice growth, 39
sea ice motion, 532, 532-533
sea ice salinity, 115, 115
sea ice temperature profiles, 109
sea ice thickness, 2, 14, 569-571, 570
snow cover, 45
surface air temperatures, 13, 560-561, 560-561
wind patterns driving ocean circulation, 524
Arctic sea ice interaction with environment, 578, 578-585
atmospheric factors, 578
sea ice cover and oceanic forcing, 584-585
warming due to sea ice advection, 580-582, 580-583
warming due to sea ice cover changes, 578-580, 579
wind, 582-584
area of sea ice, 498-501, 499, 501
ASI algorithm, 478-479
Atlantic meridional overturning circulation (AMOC), 584-585
Atmosphere Environment Services (AES), 252-253, 253-254, 256, 260
atmospheric correction, 302, 325-327
commercial software packages for, 327
for passive microwave observations, 328-330
atmospheric factors
changes in Antarctic sea ice, 585-86
changes in Arctic sea ice, 578
atmospheric oscillation (AO), 14
atmospheric transmission windows, 285, 286, 325, 325-326

backscatter, 376-395
co-polarization data, 378, 379, 384-387, 385, 386, 389, 391, 394
databases from single-channel SAR, 378-384
dual polarization data, 384-387
example of the implementation of an altimeter model to study the
impact of saline snow on backscatter, 547, 547-548, 548
frost flowers, 441-442, 442
fully polarimeter data, 387-394, 393-394
models for level ice, 544545
models for ridged ice, 545
snow influence, 334-341, 336, 338
backscatter coefficient, 310, 312, 316, 322, 324, 335, 336, 338, 338
basal plane, 194
Bayesian Likelihood Ratio Test (BLRT), 467
Beaufort Sea Gyre (BSG), 68, 80, 564, 575, 584
Beer-Lambert law, 299
Bernal-Flower rules, 198
bidirectional reflectance distribution function (BRDF), 300-302
biomass accumulation at ice bottom, 230-232, 23/-232
birefringence, 153-155, 154, 164
blackbody radiation, 285, 298, 298, 543
blue ice, 365, 365
borehole indentation, 22, 79, 80
borehole strength, 82
Born approximation, 543, 546
Bottom Ice, 202
Bragg scattering, 317, 318, 321, 331-332, 332, 382, 387
brash ice, 413-414, 414-415, 416
breathing hole, seal, 16, 16, 77, 564
Brewster angle, 152, 152, 168, 295, 295
brightness, 156-157
brightness temperature, 297-299
dry snow depth and, 337
microwave data, 370-373, 370-376, 375-376
PM remote sensing, 305, 306, 308, 329-330
sea ice classification and, 458, 458
from snow, 337, 339, 341
snow grain size and, 339

snow wetness and, 339, 341
surface melt, 432-434
thermal infrared sensing, 304
brine
dielectric constant of, 136
inclusions, geometric characteristics of, 232-234
mobility through subgrain boundaries, 66-67
permittivity, 142
thermal conductivity of, 126-128, 128
brine channel, 47, 48, 54, 56, 56-57, 60, 65-67, 67, 77
brine drainage, 9, 47, 48, 59, 65, 67, 67
brine expulsion, 62-65
brine flushing, 66
brine-layer spacing, 234, 236-239, 238-240
brine pockets, 31, 41, 47, 48, 50, 52, 54-58, 54-58, 61-64, 66, 79,
81-82, 194
EPS in, 232
formation, contents and distribution in sea ice, 5458
in frazil ice, 218
geometric characteristics of brine pockets in first-year ice, 236-242,
238-242
migration, 61-62
in seasonal ice, 220, 223
brine (platelet) spacing, 194
BSG, 524
bubbles. see air bubbles
bubbly ice, 171, 200, 223-224, 224
bulk salinity, /15, 115-116
buoyancy, 324, 501-502

calcite, 154, 154
calibration, of sensor data, 289
cameras, for photographing thin sections, 167-168
Canada
historical and community synopsis, 4-8
map of the Canadian Arctic Archipelago, 5
Canadian Ice Service-Automated Sea Ice Tracking System
(CIS-ASITS), 527-528, 529-530
capillary waves, 331
carbon dioxide, dissolved in seawater, 33
¢ axis, 152, 152, 155, 156, 194
CERTSAT, 380
characteristic radiometric values (CRVs), 479-480, 483, 483
chemical etching, 183188, 185-187
circularly polarized light, 172-173
CIS Community Ice-Ocean Model (CIOM), 128
classification of ice, 84-85, 85-87, 200-216
freshwater ice, 200, 201, 202
R, 201, 203, 211-212, 212
S1, 201, 202, 205-207, 206-207
S2, 201, 202, 207-210, 208-210
S3, 201, 202, 211, 211-212
S4, 201, 202, 204-205, 205
S5, 201, 203, 204-205, 205-206
T1, 201, 203-204, 204
classification of sea ice, 454471
age-based versus SAR-based and scattering-based, 321-322
from optical and TIR systems, 456, 456-457
from PM data, 457-458, 458-459
from SAR, 458-471, 462-468, 470
clear ice, 200
climate change, 1. see also global warming
icebergs, 4, 11
impacts on polar ice, 557-590
terminology, 558
climate forcing, 557
climatology and sea ice, 13-14
Cloude-Pottier eigen decomposition, 318
cloud liquid water (CLW), 328-330
cloud masking, 327-328
cloud radiation, 271
coherency matrix, 316-320
Cold Regions Research and Engineering Laboratory (CRREL), 4, 275,
277-278, 3717, 379, 401



Collaborative-Interdisciplinary Cryospheric Experiments (C-ICE), 335,
429, 430
columnar crystal, 195
columnar-grained ice (S3 type)
crystallographic classification, 201, 202, 211, 271-212
crystallographic structure, 218-219, 220-221
fabric diagram, 214-215, 215
columnar-grained with ¢ axis horizontal and random (S2 ice)
crystallographic classification, 207-210, 208-210
double-microtoming technique (DMT), 209, 209, 210
fabric diagram, 215, 215
columnar-grained with ¢ axis vertical (S1 ice)
crystallographic classification, 201, 202, 205-207, 206-207
fabric diagram, 214-215, 215
complex permittivity. see dielectric constant
compositional supercooling, 50, 50-51
composition of sea ice, 9
compression, 68, 68-70, 73, 76
conductivity, 134-135
Confederation Bridge, Canada, 19, 19
congelation ice, 38-39
conical scanners, 288, 288-289
conservation of energy, 296
Constellation of Small Satellites for Mediterranean Basin Observation
(COSMO-SkyMed), 357
convection current, 34, 34
conventional neural network (CNN)
for sea ice classification, 464-465, 465
for sea ice concentration, 498
convergence, 414, 417-418, 419
Coordinated Eastern Arctic Experiment (CLEAREX),
275-276
Copernicus Imaging Microwave Radiometry (CIMR), 354
co-polarization, 462-464, 469, 497, 515
Cordilleran ice sheet, 558, 558
Coriolis force, 67, 99
corneal birefringence, 155
Couloumb’s law, 134-135
covariance matrix, 316, 318, 320
CP SAR (compact polarimetric SAR), 315-316, 316
CP (compact polarization) SAR, 468, 470-472, 517
cracks, 74-75, 74-76, 421-422, 430
cross-polarization, 469, 498
cross-polarization backscatter, 378, 384-388, 386
cross-polarized light, 168-172, 169
cross-polarized/scattered light viewing of thin sections,
169-172
cross-polarizers, 157, 164, 165, 173
cross-track scanners, 288, 288
CRREL Experiment (CRRELEX), 377, 379
CryoSat-2, 360, 427, 512-514, 514, 570-572
crystal
definition, 194
optic axis of, 152
crystal defects
definition, 194
dislocations, 194-195
point defects, 194
stacking faults, 195
crystalline texture, 195
crystallographic structure of perennial sea ice, 221-230
hummock ice, 223-226, 224-227
melt pond ice, 226-240, 228-230
crystallographic structure of seasonal sea ice, 217-221
agglomerate ice (R type), 220
air entrapment, 220-221, 223
columnar-grained ice (S3 type), 218-219, 220-221
frazil ice (S5 type), 217-218, 218-219
cubic ice (Ic), 198

damaged zones, 197
DB. see double-bounce (DB) scattering mechanism
deep learning (DL)

sea ice classification, 464

sea ice concentration, 498
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deformation, 63
dislocations, 79
ice classification, 84-85
wind effect on, 583-584
dendritic ice-water interface, 51-52, 52
density
ice, 10, 121-122, 121-123, 199-200
seawater, 32, 32-33
depolarization correlation coefficient, 318
depolarization of the radar signal, 290, 292, 312-314, 330, 338
desalinization during sea ice growth, 58-67
deuterium, 30, 153
diatoms, 17
dielectric constant, 134-136
of brine, 136
complex, 135
field measurements of, /142-145, 142-146
dielectric mixing models, 136
dielectric properties, 134-146
dielectric constant of brine, 136
dielectric mixing models, 136-142
field measurements of dielectric constant, /42—-145, 142-146
overview, 134-136
Digital Mapping System (DMS), 426, 427
directional solidification (DS), 216
dislocation etch pit, 174-177, 175-176, 181, 181, 185
dislocation lines, 177
dislocations
definition, 194-195
glide, 177, 185
pile up, 63-64
slipping basal, 64
divergence, 417-418, 419, 421
dog teams, 21, 22
Doppler shift, 311, 332
double-bounce (DB) scattering mechanism, 312-313, 313,
317-318, 320-321, 321, 332, 332
from rafted ice, 412-413, 413
sea ice classification, 469470
double-microtoming technique (DMT), 233
overview, 158-159
precautions for thin sectioning by, 163
S2 ice, 209, 209, 210
section examples, 162—164
for thin sectioning of ice, 158
for thin sectioning of snow, 161-163
double refraction, 153-155
dual-channel SAR, ice classification from, 461-466

Earth Resources Technology Satellite (ERTS) programs, 349
ECICE algorithm, 466, 466, 479-486, 581
edge detection, 414, 416
Eigen decomposition, 319
eigenvector decomposition, 387
elasto-delayed-elastic-viscous (EDEV) model, 22, 63, 192
Electrically Scanning Microwave Radiometer (ESMR), 23, 350, 370,
370, 372
electromagnetic (EM) wave, 151, 152
absorption, 296
brightness temperature and, 297-299
circular, 290-291, 290-291
elliptical, 290-291, 291, 292
emission, 296-297, 297
linear, 290-291, 290-291
orientation, 291, 291, 292
penetration depth, 299-300
polarization, 290-292, 312
processes and properties, 289-300
propagation, 135
reflection, 293-295, 294-295
scattering, 296, 326, 326
transmission, 295
ellipticity of EM wave, 291, 291, 292
El Nifio-Southern Oscillation (ENSO), 585, 589, 589-590
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emission models
inversion modeling, 552-553
sea ice, 543-544, 548-552
emissivity, 293, 296-299, 297, 329-330, 333, 339
brightness temperature and, 297-299
data in the microwave bands, 395-403
PM sensing, 305, 307-308
thermal infrared sensing, 303-305
emitted radiation, 296-297, 306
EM spectral regions, 284-286, 285-286
energy balance
ice thickness estimation and, 501-503
at the ice-water interface, 42
ENSO (El Nifno-Southern Oscillation), 585, 589, 589-590
entropy, 319, 319
environmental interactions, 577-590
Antarctic sea ice, 585-590
Arctic sea ice, 578, 578-585
ENVISAT, 359, 515, 516
EO satellites
geostationary, 287
polar orbiting, 286-287, 287
sun-synchronous, 287, 287
equiaxed crystal, 195
ERS. see European Remote Sensing (ERS) satellites
etching
chemical, 183-188, 185-187
process, 176-188
etch pit, 173-178, 175176, 181, 181-187
EUMETSAT, 287
European Centre for Medium-Range Weather Forecasts
(ECMWEF), 542
European Remote Sensing (ERS) satellites, 351, 355, 358, 359
backscatter data, 378-380, 380-382
scatterometer, 323, 323
sea ice thickness, 511
surface feature images, 414, 415
extent of sea ice, 498-501, 499-501
extinction position, 195
extracellular polymeric substances (EPS), 232
extraordinary ray, 152

fabric diagram, 195, 214-216, 215

far infrared region (FIR), 285, 285

Fast Fourier Transform (FFT) shift theory, 527
fast ice, 84

field expeditions, 3-4, 249-280

Arctic Ice Dynamic Joint Experiment (AIDJEX), 250, 250-252

high arctic experience with ice of land origin, 262-266
Ice Exercise (ICEX), 277, 277-278

Labrador Ice Margin Experiment (LIMEX), 266-267, 266-268

marginal ice zone (MIZ) experiments, 274-276
Mould Bay experiments (1981-1984), 252-262

Multidisciplinary Drifting Observatory for the Study of Arctic

Climate (MOSAIC), 278-280, 279

multi-year rubble field around Hobson’s Choice ice island, 265-266,

265-266

Norwegian Young Sea Ice Experiment (N-ICE), 272-274, 273
Sea Ice Monitoring and Modeling Site (SIMMS) program, 268-270
Surface Heat Budget of Arctic Ocean (SHEBA), 270, 270-272, 272

Ward Hunt Ice Shelf (WHIS), 262-264, 263-265
First Nations, 8
first-year ice (FYI), 11

aging to MY1, 259-260

air bubbles in, 58, 58, 242-243

albedo, 364-367, 368

brine drainage, 61

cracks in, 74, 74-75

density, /22, 122-123

dielectric properties, 138, 139-140, 140, 142-143, 143, 144

emissivity, 395, 397, 397-398, 398, 402

geometric characteristics of brine pockets in, 236-242, 238-242

ice aging, 80-83
ice decay, 76-79, 80
inclusions, 47, 48

microwave brightness temperature, 370, 370-373, 371, 373
microwave penetration depth, 403, 403-405, 404-405
Mould Bay field experiments, 254-262, 255, 261-262
permittivity, /39-140, 140, 143—144

physical and electrical properties, 109

radar backscatter, 378, 379, 380-381, 382, 385, 385, 385-389,

388-389, 390, 391, 391-392, 394
ridging, 72, 72, 72-73
salinity, 113, 715, 115-116
snow depth, 445-446, 447, 448
thermal conductivity of, 126-127, 129, 129
floating ice, 8-12, 84
Formvar, 174, 177-179, 182, 184
forward model inversion, 541, 552-553
forward models
gross features of, 542
input to, 545-547
optima estimation and, 552-553, 553
overview, 541-542
primary input parameters, 545-546
secondary input parameters, 546
tertiary input parameters, 546-547
foxes, Arctic, 16
FP SAR (fully polarimetric SAR), 315-316, 316, 467-471
fractures in ice cover, 74-75, 74-76
frazil ice, 200
accumulation of, 36, 36
algal growth, 230
crystallographic classification, 201, 204-205, 205-206
crystallographic structure, 217-218, 218-219
initial formation, 36
lateral growth, 37
microwave penetration depth, 403, 403, 405, 405
platelet ice, 203, 203, 213-214, 214
randomly oriented (S4), 201, 204-205, 205
salinity, 115, 120, 128
vertically oriented (S5), 201, 204-205, 205-206
freeboard, 501-502, 510-514, 511, 520
Freeman-Durden decomposition, 320
freezer burn, 174
freezing degree days (FDD), 42-44, 43
freezing point, 32, 32-34
freezing process, 33-35
freshwater
density, 32, 32
freezing processes, 33-34
salinities, 31
specific heat capacity, 131
thermal conductivity, 126
freshwater ice
classification, 200, 201, 202
latent heat of fusion, 133-134
Fresnel equations, 293-294, 295, 297
Fresnel reflection model, 333
frost flowers, 438440, 438442, 442
fully convolutional network (FCN) model, 498
FYL see first-year ice (FYT)

Gaofen-3 (GF-3) satellite, 357, 466, 467
gases, dissolved in seawater, 33
gas inclusions, 47. see also air bubbles
GEM weather model, 339, 340
general circulation model (GCM), 126, 270-271
geometric characteristics
of air bubbles, 242-244, 243, 244
of brine pockets in first-year ice, 236-242, 238-242
of crystalline structure, 232-236, 234-237
geophysical parameters of sea ice, 453533
classification of sea ice, 454471
concentration, sea ice (SIC), 471-498
extent and area of sea ice, 498-501, 499-501
ice surface temperature (IST), 517-521, 519, 521
motion and kinematics, 524-533
retrieval of, 453-533
sea ice age (SIA), 522-524, 523
thickness of sea ice (SIT), 501-517



Geoscience Laser Altimeter System (GLAS), 360
Geostationary Operational Environmental Satellite
(GOES), 287
geostationary orbit, 287
geostrophic wind, 421-422, 422
glacier ice
air bubbles in, 48
cracks, 48-49
microstructure, 212-213, 213, 262
glaciers
effect of sea ice on, 587
ice of glacier origin, 95-99, 96
glaze, 333
Global Environmental Multi-scale (GEM), 328, 382, 504
Global Navigation Satellite System Reflectometer
(GNSS-R), 280
global warming, 557-590
manifested in polar regions, 560-562
terminology, 558
global warming influence on polar sea ice, 565-577
Antarctic icebergs, 576-577, 577
Arctic sea ice age, 572-575, 573-574
Arctic sea ice dynamics, 575, 575-576
sea ice extent (SIE), 565-569, 567-568
sea ice thickness (SIT), 569-572, 570-571
sea ice volume, 571-572, 572
goniometer, 165, 166, 166
Gore, Al, 560
grain boundaries
definition, 195
in frazil ice, 218, 219
geometric characteristics, 233, 239, 242
large-angle, 196
low-angle, 196
thermally etched, 176-182, 178, 180182
thin section viewing issues, 163
grains
geometric characteristics, 233-236, 235, 237
in sea ice, 53-54, 53-55, 193-194
grain size, in snow, 324, 334, 335-339, 338

granular ice, crystallographic classification of, 203-204, 204

gravity drainage of brine, 65
gravity waves, 331-332, 332, 331-332
gray ice, 220, 222
albedo, 366, 366-367
backscatter, 386
Gray Level Co-occurrence Matrix (GLCM), 460,
461, 462
grease ice, 36
albedo, 364-365, 366, 367
backscatter, 379
emissivity, 399, 399
salinity, 121
Great Lakes, ice coverage of, 2
great salinity anomaly, 16
greenhouse gases, 557, 560, 569, 583, 586
Greenland ice sheet, 558, 558
growth, of sea ice, 2, 3747
lateral, 37-38
salinity loss, 58-67
simplified models of, 41-45
superimposed ice, 39-40
thermodynamic, 40-47
vertical, 38-39
growth direction of ice crystals, 199

Hadley Centre climate model (HadGEM3), 559
Hai Yang (HY) satellites, 358, 359-360
HDO, 30
heat budget, 271-272, 272
heat capacity, 131
heat exchange, 13, 126
heat flux, 13-14
in model of sea ice growth, 42, 42, 44
oceanic, 46
polynyas and, 442-443

heat of fusion, 13
heat transfer, 42-43
hexagonal crystals, 196, 196
hexagonal ice (Ih)
density, 199
growth direction of crystals, 199
Miller indices for, 7198, 198-199
High Arctic region, 4-7, 262-266
Himalayan cryosphere, 1, 2
Hobson’s Choice ice island, 253, 263-266, 263266
hot-plate technique, 158, 159
hummock ice
air bubbles, 243, 398
crystallographic structure, 223-226, 224-227
density of, /22, 122-123
emissivity, 396, 398, 400-401, 400401
Hobson’s Choice ice island, 264, 264-265
microwave penetration depth, 403, 403
permittivity of, /45, 145-146
radar backscatter, 381, 387-388, 388
radar scattering mechanisms and, 321, 32/
hummocks, 47, 48, 77, 81, 81-83, 85
hydrogen isotopes, 30

ice-albedo feedback loop, 364-365

ice arch, 88-90, 90-91

icebergs, 95-99
Antarctic, 4, 576-577, 577
bulbous bows, 12, 12
calving, 4, 11, 96, 99, 589, 589-590
charting of, 11-12
classification, 97
interaction with sea ice and ice shelves, 587-590, 589
response to global warming, 576-577
shapes, 97
size, 96-97

icebreakers, 3, 18, 19, 19-20, 84, 88, 98

ice charts, 456, 460-461, 464-466, 465-466, 468, 468-469, 486, 493-494,

496, 498, 512
ice classes, 84-85, 85-87
ice class ship, 84

Ice Cloud and Elevation Satellite (ICESat), 360, 512, 512, 514

sea ice extent (SIE), 580
sea ice thickness, 570-572
ice congelation, 29
ice crystals
dendritic or stellar growth, 35, 35-36
forms of, 197-198
frazil ice, 36
growth direction, 199
initial formation of, 35-36
types, 196
ice decay, 76-79, 77-80
ice deformation, 67-76, 7475, 74-76
compression and shear forces, 68, 68
leads, 75-76, 75-76
rafting, 68, 69, 69-70, 70, 72-73
ridging, 68, 70-73, 70-73, 72
rubble field, 68, 73-74, 73-74
spatial scales, 68
ice density, 10, 12/-122, 121-123, 199-200

ice drift, 251, 259, 262-263, 263, 265, 268, 271, 273-274, 276-278

ice dynamics

Arctic Ice Dynamic Joint Experiment (AIDJEX), 250, 250-252

Norwegian Young Sea Ice Experiment (N-ICE), 273
ice edge, 94-95, 95
Ice Exercise (ICEX), 277, 277-278
ice flux out of the Arctic Basin, 580-582, 581, 583
ice formation, initial, 33-36
ice hinges, 9
ice island, 11, 49, 49, 95, 98, 98-99
air bubbles, 49, 49
hazards, 262
Hobson’s Choice, 253, 263-266, 263-266
man-made, 262
ice layering, 337, 341
ice lenses, 333, 337-338, 341
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ice motion laboratory techniques, 149188
Arctic Ice Dynamic Joint Experiment (AIDJEX), 251 etching processes, 176-188
in Arctic region, 575, 575-576 ice thin sectioning, 158-164
wind effect on, 582 overview, 149-151
ice numeral, 86 sublimation of ice, 173-176
ice of glacier origin, 95-99, 96 viewing and photographing thin sections, 164-173
ice of land origin, field study experience with, 262-266 Labrador Ice Margin Experiment (LIMEX), 266-267, 266-268
ice point, 196 Lagrange function, 481-482
ice polygon, 494-495, 494-496, 497, 530 Lagrangian particle, 260
ICESat. see Ice Cloud and Elevation Satellite (ICESat) Lagrangian representation, 417, 418
ice shelf, 95-96, 96 lake ice, air bubbles in, 48-49, 49
interaction with sea ice and icebergs, 587-590 Lambertian surface, 300-301
Ward Hunt Ice Shelf (WHIS), 262-264, 263-265 land-based ice, microstructure of, 212-213, 213
ice strength, 77, 79, 80 landfast, 9
ice surface temperature (IST), 303-304, 517-521 Landsat, 250-251, 269, 275, 423
from PM observations, 520-521, 521 La Nina, 585
from TIR observations, 517-520, 5719 laser altimeter, 323-325, 324
ice tongue, 95 laser image detection and ranging (LIDAR), 323
ice-water interface laser ranging, 251
compositional supercooling, 50, 50-51 latent heat of sea ice, 133-134, 134
dendritic, 51-52, 52 latent heat polynya, 87
heat exchange, 126 lateral ice growth, 37-38
salinity across, 120-121 lattice, 196
salt rejection at, 59-61 lattice straining, 196
temperature at, 110-111 Laurentide ice sheet, 557, 558
imaging radar sensing, 308-322 leads, 75-76, 75-76, 421-428, 422-425, 427
multichannel SAR, 313-315 effect on local air temperature, 579
principles of imaging radar, 308-313 width, 422, 422-423, 426
SAR polarimetry, 315-322 light
impurities, 9, 34 circularly polarized, 172-173
impurity entrapment, 13 cross-polarized, 168172, 169
inclusions in ice, 31, 41, 47-67, 48-49, 52, 54-58, 54-58, 66, 66, 79, 81, parallel-polarized, 168-169, 169
81-82. see also air bubbles; brine pockets polarized, 151-153, 163
compositional (constitutional) supercooling at the ice-water scattered, 169-172, 169-172
interface, 50-51 speed of, 151, 154
dendritic ice-water interface, 51-52, 52 linear kinematic feature (LKF), 417, 420421
dielectric properties of ice, influence on, 136-140, 137, 139-140, liquid zone migration, 61
142, 145 Little Ice Age, 558
grains and subgrains, 53-54, 53-55 loss factor, 135
in seasonal ice, 220-221, 223 Low Arctic region, 4-5
incoming solar radiation (ISR), ice decay and, 77-78 LOW-resolution atmospheric TRANsmission (LOWTRAN), 305

An Inconvenient Truth (film), 560
indentation tests, 22, 264, 265-266, 266

Indian National Satellite System (INSAT), 287 machine learning, 416-417, 464-465
inference of colors, 156 Making Earth System Data Records for Use in Research Environments
infrared observations, influences of atmosphere on, 325-328, 326 (MEaSUREs), 417
Integral Equation Model (IEM), 544, 547 MAp-Guided Ice Classification (MAGIC), 461
integrated field of view (IFOV), 289 marginal ice zone (MIZ), 39, 92-94
integrated water vapor (IWV), 328-330 field expeditions, 274-276
interference colors, 157, 157-158, 164 radar backscatter data, 385
Intergovernmental Panel on Climate Change (IPCC), 14, 559, 563 ridges, 413
internal stress, ice motion and, 524525 marginal ice zone Department Research Initiative (MIZ-DRI), 276
International Arctic Buoy Program (IABP), 271, 532-533, 575 marginal ice zone observations and processes experiment (MIZOPEX),
Inuit, 4-8, 7 275-276
dog teams, 21, 22 marine biology, sea ice in, 16-17
knowledge about sea ice, 11 marine navigation, sea ice in, 17-19, 18
names for sea ice, 10—11 Markov Random Field (MRF) labeling model, 461, 462
inverse modeling, 552553 maximum cross-correlation (MCC), 526, 526-527
irradiance, 286, 300, 302, 303 MB. see multiple-bounce (MB) scattering mechanism
isotopic composition of water, 30-31 Med.ium Resolution Imaging Spectrometer (MERIS), 370
ivuniit, 11 melting

ice aging, 81, 81-83
ice decay, 76-79, 77

Japanese Earth Resources Satellite (JERS-1), 351, 414, 415 melting point, 196
Joint Altimetry Satellite Oceanography Network (JASON) series, 359 melt pond ice, 223
Joint Polar Satellite System (JPSS), 353 air bubbles, 243
crystallographic structure, 226-230, 228-230
katabatic wind, 421 emissivity, 396-397, 400401

microwave penetration depth, 403, 403
radar scattering mechanism and, 321
melt ponds, aerial photography of, 437, 438

Kerr electro-optic effect for water, 153

kinematics meteorologically driven surface features, 442-448
processes, 417-421, 418-420 polynya, 442-444, 444
sea ice motion and, 524-533 snow depth, 444-448, 445, 447

Kirchhoff’s law, 296, 297 meteorology, sea ice in, 14-15



microorganisms, in sea ice, 17
microscope, polarizing, 165-166
microstructure, 10, 11, 12, 193-194
microwave brightness temperature, 370-373, 370-376, 375-376
microwave data. see also active microwave; passive microwave (PM)
observations
seawater influences, 331-333
snow influences, 336-341
microwave emission, 285, 285, 286
emissivity in microwave bands, 395-403
modeling, 541-553
Microwave Emission Model for Layered Snowpacks (MEMLS), 274,
444, 446, 542-544
Microwave Imaging Radiometer with Aperture Synthesis (MIRAS),
508, 510
Microwave Model (MWMOD), 329-330, 397, 543
microwave penetration depth, 403-407
microwave sensors, 23, 285
active, 23
passive, 23
Mie scattering, 326, 326, 543
migration, of brine pocket, 61-62
Miller indices for hexagonal Ice, /98, 198-199
models/modeling
altimeter model to study the impact of saline snow on backscatter, 547,
547-548, 548
forward models, 541-542, 545-547
inverse, 552-553
large-scale sea ice modeling, 542
microwave emission and scattering from snow-covered sea ice,
541-533
sea ice backscatter models for level ice, 544-545
sea ice backscatter models for ridged ice, 545
sea ice emission, 543-544, 548-552
of sea ice growth, 41-45
for sea ice thermal microwave emission, 543-545
to simulate the noise in sea ice concentration estimates, 548-552
Moderate Resolution Imaging Spectroradiometer (MODIS), 352-353
ice surface temperature, 517-518, 519
leads, 422-423, 423, 425-426
sea ice concentration, 489
sea ice thickness (SIT), 504, 506, 508
snow depth, 446
spectral albedo and, 367-368
surface melt, 430431, 431
MODIS Cloud Mask, 328
molecular composition of water, 30
monocrystalline materials, 193
morphology of ice, 197-200
Mould Bay experiments (1981-1984), 252-262
aging of sea ice (from FYI to MYI), 259-260
sea ice conditions, 254-259, 255-259
second-year ice profile, interface between old and new ice in, 260261,
260-262
site, resources, and logistics, 252-254, 253-254
Multi-angle Image SpectroRadiometer (MISR), 457
Multidisciplinary Drifting Observatory for the Study of Arctic Climate
(MOSAIC), 278-280, 279
Multi-functional Transport Satellite (MTSAT), 287
multiple axis photometer (MAP), 173
multiple-bounce (MB) scattering mechanism, 312-313, 373, 317,
320-321, 321, 469-470
multi-year ice (MY]), 2
air bubbles in, 58, 242-244, 243, 244
albedo, 364-367, 368
Arctic ice flux, 581-582, 582-583
Arctic sea ice age, 572-575, 573-574
bubble formation in, 81-82
crystallographic structure, 221-230
density, /22, 122-123
dielectric properties, 138, 140, 141, 142, 145, 145-146
emissivity, 397, 397-398, 398, 400, 400
first-year ice (FYI) aging to MY, 259-260
ice aging, 80-83
inclusions, 47, 48
microwave brightness temperature, 370, 370-373, 371, 373
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microwave penetration depth, 403, 403-405, 404-405

Mould Bay field experiments, 254, 259-260

permittivity, 140, 141, 145, 145-146

physical and electrical properties, 109

radar backscatter, 378-381, 379, 382, 385, 385, 385-388, 388-389,

391, 391-392, 394, 395

radar scattering mechanisms and, 321, 32/

ridging, 72, 72

rubble field around Hobson’s Choice ice island, 265-266, 265-266

salinity, 113, 115

snow depth, 445-446, 447, 448

surface during melt season, 8/

SYTI distinguished from, 83

thermal conductivity, 127-128

top and bottom surface profiles of MYI in the Nares Strait, 82, §3
mush ice, salinity of, 120-121

National Research Council (NRC) field experiments, 252-253, 256,
260, 264
National Snow and Ice Data Center (NSIDC), 276
ice type maps, 456
sea ice age, 489, 490, 522-523, 523, 573, 575
sea ice concentration, 454, 472
sea ice extent, 454, 498, 500, 566-568, 567-568
Sea Ice Index, 566
sea ice motion, 525, 528, 530, 532-533, 532-533
sea ice thickness, 513, 514, 570
near-infrared region (NIR), 285, 285
near-surface air temperature (nSAT), 560-561, 560-562, 568
new ice (NI)
emissivity, 397, 397-398, 399
physical and electrical properties, 109
radar backscatter, 379, 381, 386
nilas, 37, 37-38, 220, 222
albedo, 364, 366, 366-367
backscatter, 378-379, 385, 385
emissivity, 397, 399, 399
microwave penetration depth, 404, 404
Nimbus program, 349-350
non-selective scattering, 326, 326
normalized difference snow index (NDSI), 500-501
Northeast Passage (NEP), /8, 18-19
North Water polynya (NOW), 87, 88, 90, 455, 507, 519
Northwest Passage (NWP), 2, 5, 10, /8, 18-19, 82
Norwegian Young Sea Ice Experiment (N-ICE), 272-274, 273, 446
NSCAT, 380
NT?2 algorithm, 476478, 478
NT algorithm, 475-476
nuclei, 35

ocean currents, 584, 586, 586
ice deformation and, 68
ice motion and, 524
ocean foam, 331-332
oceanic forcing
Antarctic, 586-587
Arctic, 584-585
oceanography, sea ice in, 15, 15-16
Ocean Scatterometer (OSCAT), 323, 358, 358-359
ocean-sea ice—atmosphere (OSA) system, 269
Odden sea ice, 15, 15, 92
offshore structures, sea ice and, 79, 19-20
open water
albedo, 366, 367, 369
backscatter data, 378-379, 381-382, 381-386, 382, 384, 385, 389, 390,
391, 393-394
brightness temperature, 370-373, 371-373, 373
emissivity, 396-399, 397, 398, 400
Operational Linescan System (OLS), 423, 424
optical data/observations
ice classification from, 456, 456-457
influences of atmosphere on, 325-328, 326
SAR compared, 455, 455
sea ice concentration from, 472-473
seawater in, 330-331
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optical data/observations (cont’d)
snow influence, 335-336

optical properties, 151-158

optical reflectance, 364-370

optical retardation, 155-157, 156157, 163

optical sensing, 300-303, 303

optical sensors, 23

optic axis, 152, 152, 155, 196

optimal estimation, 552-553, 553

ordinary ice (Ih), 196. see also hexagonal ice (Ih)
birefringence of, 153-155, 154

oxygen isotopes, 30-31

pack ice, 39, 84
ice edge, 92, 94-95, 95
leads in, 75
marginal ice zone (MIZ), 93
ridge zones, 71, 71
strength of, 68
palm-technique for thin sections, 158, 168
Pan-Arctic Ice Ocean Modeling and Assimilation System (PIOMAS),
570-571, 571-572
pancake ice, 37-38, 38, 90-92, 91-92
parallel-polarized light, 168-169, 169
passive microwave (PM) observations
atmospheric correction for, 328-330
ice surface temperature (IST), 520-521, 521
ocean surface roughness, influence of, 332-333
remote sensing, 305, 305-308, 306-308
sea ice classification, 457-458, 458-459
sea ice concentration (SIC), 473-496
sea ice thickness (SIT), 506-510, 507-510
surface melt, 432-434, 433
passive microwave (PM) sensors, 287, 287
historical perspective, 350-351
modern, 353-354, 354
Pauli target vector, 316-317
penguins, 16, 564
perennial ice, 2, 84, 108, 221-230
permafrost, melting of, 579-580
permittivity, 134-135, 139-141, 139-145, 143-145
phase-correlation matching technique, 527-528
Phased Array type L-band Synthetic Aperture Radar (PALSAR),
355-356, 516
ALOS-PALSAR, 314-315, 318, 414, 464
phase diagram of ice, 33, 33, 197, 197-198
phase shift, 156, 291, 292
photographing ice thin sections, 164-173
Photosynthetically Active Radiation (PAR), 17, 270, 303
phthalate, 161-162
physical properties. see properties of sea ice
physics, sea ice in, 12-13
Planck’s equation, 285, 298, 298
platelet ice
formation, 203, 203
interface, 196
microstructure, 213-214, 214
structure, 196
plate tectonics, 21-22
PM. see passive microwave (PM) observations
PM Algorithm (PMA), 433
PM SIC algorithms, 476-493
ASI algorithm, 478-479
assessment of ice concentration results against ice charts,
493-496
comparison of algorithms, 486-490
ECICE algorithm, 479-486
error sources, 490-492
NT2 algorithm, 476-478, 478
NT algorithm, 475-476
sensitivity of, 492-493, 493
point defects, 194
polar bears, 16, 564
Polar Continental Shelf Program (PCSP), 6, 250, 263-264, 264, 269,
269-270

polarimetric decomposition parameters, 387, 389, 390, 391, 391-394
Polarimetric Scanning Radiometer (PSR), 444
polariscope, 153, 153, 165-169, 166-167, 169, 196
polarization
degree of, 291, 293, 312
of EM wave, 290, 290-292
of radar signals, 311-312
vertical and horizontal polarization signals, 312, 312
polarization signature, 317-318, 318
polarized light, 151-153, 163
polarizer, 150, 152-153, 153, 156-157, 162, 164-168, 169, 171-172, 172
polarizing filter, 152, 165-168, 197
polarizing microscope, 165-166
polar molecule, water as, 121, 121, 153
Polar-Orbiting Environmental Satellites (POES) series, 352, 352
polar orbiting satellites, 286-287, 287
polar regions. see also Antarctic region; Arctic region
geographic differences, 562-564, 563, 565
manifestation of global warming in, 560-562
sea ice characteristics, differences in, 564-565, 566
sea ice regimes, 562-565
polycrystalline ice structure, 191-244
biomass accumulation at bottom of ice, 230-232, 231-232
classification of natural ice, 200-216
definition, 197
examples, 216-230
geometric characteristics of air bubbles, 242-244, 243, 244
geometric characteristics of brine pockets in FYI, 236-242, 238-242
geometric characteristics of crystalline structure, 232-236, 234-237
information contents in, 234-244
laboratory techniques for revealing, 149-188
morphology of ice, 197-200
perennial sea ice, 221-230
seasonal sea ice, 217-221
stereographical projection (fabric diagram), 214-216, 215
terms and definitions, 191-197
polycrystalline solids, 193
polygonization, 63, 64, 197
polynya, 16, 86-90, 88-91
coastal, 88, 89
identification and properties, 442-444, 444
latent heat, 87-88
open-ocean, 87
optical and SAR images compared, 455, 455
sensible heat, 87-88
polyvinyl alcohol (PVA), 165-166
polyvinyl formal (Formvar), 174, 177
Pond Inlet, 253
Practical Salinity Unit (PSU), 31
precipitation of salts, 31-32, 32, 57-58
pressure ridges, 68, 70-72, 71, 413, 418
pressure (compression) ridges, 70
primary ice, freshwater, 200, 201, 202
primary production, 17, 230, 232
properties of sea ice, 107-146
air volume fraction, 124
brine volume fraction, 123-124
bulk salinity, 775, 115-116
density, 121-122, 121-123
dielectric, 134-136, 137-145
equations to determine parameters, 109
pure ice volume fraction, 124
salinity, 113-121
salinity profile, 116-121, 117-120
solid salt volume fraction, 124
temperature profiles, 108-113, 1710-114
thermal, 126-134, 128—134
typical values of key physical parameters, 107-108, 108-109
volume fraction of constituents, 123, 123-126
pure ice volume fraction, 124
PVD (Polder and Van Santen) model, 136-137, 142, 144-145
pycnocline zone, 34, 34

qgavvag, 11
ginu, 10-11



QuikSCAT, 339, 340, 341, 358, 358-359
scatterometer, 323, 323
sea ice concentration, 484, 484-486, 486, 489

radar altimeter, 308, 323-324, 324
radar backscatter. see backscatter
radar cross section (RCS), 293, 309-310
radar equations, 309, 309-311
Radar Imaging Satellite (RISAT), 357
radar pulse, 308-309

coherency, 311

illustration of, 309

polarization, 311-312

scattering mechanisms, 312-313, 3/3
RADARSAT, 252, 267, 269, 277, 308, 314-315, 318

ice classification, 461, 462

optical image compared, 455, 455

radar backscatter data, 377, 380, 382, 382-383, 384, 385-387, 389,

390, 391, 393-394, 394
rafted ice images, 412, 412
ridged, rubble, and brash ice, 4/4-416, 416
sea ice classification, 467471, 468
sea ice concentration, 487, 489, 490, 495, 495-498, 497
sea ice motion tracking, 528, 529
sea ice thickness, 505, 505, 512, 516, 517, 519
sensors, 355-358, 356
single look concept, 311
surface deformation, 417, 418, 420, 420-421
surface melt, 434, 435-436
RADARSAT Constellation Mission (RCM), 355, 357-358, 471

RADARSAT Geophysical Processing System (RGPS), 417, 419—

420, 420
radar scattering coefficient, 293
radar scattering mechanisms. see scattering mechanisms
radar sensors, 23
radar system, monostatic, 309
radiance, 286, 298, 298, 300, 302, 303
radiation power, 543
radiative processes
in atmosphere, 325-330
in seawater, 330-333
in snow over ice, 333-341
radiative transfer, 543
radiative transfer equation (RTE), 307, 517
rafted ice, identification and characterization, 412-413, 412413
rafting, 37, 68, 69-70, 69-70, 72-73
randomly oriented (S4) frazil ice
crystallographic classification, 201, 204-205, 205
three-dimensional schematic diagram, 205
Rayleigh scattering, 155, 326, 326, 406, 543
real aperture radar (RAR), 287, 308-309
recrystallization, 197
reflectance, 293, 300-302, 303, 327, 364-370
leads, 437
surface melt, 429-431, 430431
top-of-atmosphere (TOA), 429
reflection, 152, 152, 293-295, 294-295
scattered (diffuse), 293
spectral (mirror), 293
reflectivity, 293-294, 295, 296-297
refraction, 152
double, 153-155
refractive index, 152, 154, 293-294, 330, 364, 395
rejection of solutes/salts, 31, 36-37, 40, 47, 50, 54, 58-61
remote sensing
altimeter systems, 323-325, 324
atmospheric influences on, 325-330
fundamentals, 283-341
general principles, 284-289

imaging radar sensing, 308-322, 309, 311-313, 316, 318-319, 321

optical sensing, 300-303, 303

overview, 22-24, 283-284

passive microwave (PM) sensing, 305, 305-308, 306-307
scatterometer systems, 322-323, 323

seawater influences on, 330-333

INDEX

snow on ice, influences of, 333-341
thermal infrared sensing, 303-305, 304
replicating ice surfaces, 183-187
re-radiation, 296-297
ridges
backscatter models/mechanisms for ridged ice, 321, 321, 545
identification and characterization, 413-418, 414, 416,
420-421
pressure, 413, 418
shear, 413-414, 415
ridge zones, 71
ridging, 68, 70-73, 70-73, 72
pressure ridges, 68, 70-72, 71
shear ridges, 68, 70
Rigsby stage, 165-166, 166, 214-215
Ross Ice Shelf, 4
rotten ice, 77, 411, 428, 429, 430
R type ice, 201, 203, 211-212, 212, 220
rubble ice, 68, 68, 73-74, 73-74
Hobson’s Choice ice island, 264-266, 264-266
identification and characterization, 413-414, 414, 416

S1ice
crystallographic classification, 201, 202, 205-207, 206-207
fabric diagram, 214-215, 215
S2 ice
crystallographic classification, 207-210, 208-210
double-microtoming technique (DMT), 209, 209, 210
fabric diagram, 215, 215
S3 ice
crystallographic classification, 201, 202, 211, 271-212
crystallographic structure, 218-219, 220-221
fabric diagram, 214-215, 215
S4 ice
crystallographic classification, 201, 202, 204-205, 205
three-dimensional schematic diagram, 205
S5 ice
crystallographic classification, 201, 203, 204-205, 205-206
crystallographic structure, 217-218, 218-219
three-dimensional schematic diagram, 205
salinity, 113-121
algal growth and, 230
brine volume fraction, 123-124
bulk, 7715, 115-116
latent heat of fusion, influence on, 133-134, 134
loss during sea ice growth, 58-67
microwave penetration depth and, 403-405, 405
of near shore water, 202
seawater, 31-32, 32
specific heat, influence on, 131-133, 733
surface, 114
temperature dependence of brine salinity, /25, 125-126
temporal evolution of, 120, 120
salinity profiles, 116-121, 117-120
salt precipitation, 57-58
salt rejection, 15, 40, 47, 50, 54, 58-61
from bulk ice, 61-67
initial rapid at ice-water interface, 5961
salts in sea ice, 31, 32
SAR
sea ice classification, 458-471, 462—468, 470
sea ice concentration (SIC), 496-498, 497
sea ice thickness (SIT), 514-517, 515-517
SAR (synthetic aperture radar)
backscatter databases from single-channel, 378-384
concept, 310-311, 371
detecting ridges, rubble, and brash ice, 413
dual polarization, 384-387
field experiments, 252, 256, 267-271, 273-276, 279
frost flowers, 441
full polarization, 387-394, 393394
historical perspective, 351
lead detection, 422-424, 426
modern systems, 355, 355-358
multichannel, 313-315
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SAR (synthetic aperture radar) (cont’d)
multi-frequency, 314
multi-polarization, 314
optical images compared, 455, 455
radar backscatter data, 376-394, 382, 392
rafted ice images, 412, 412-413
ridged, rubble, and brash ice, 413-417
sea ice classification, 321-322, 458-471
single channel, 313
SLC (single look complex), 315, 332
surface melt, 428, 434, 434-436, 436
SAR, ice classification from, 321-322, 458-471
dual-channel SAR, 461-466, 463—467
overview, 458-460
polarimetric SAR, 467-471, 468, 470
single-channel SAR, 460-461, 462
SAR interferometry, 311
SAR polarimetry, 315-322
formulation of polarimetric measurements, 316-317
linking radar scattering mechanisms to ice features, 320-321, 321/
polarimetric parameters derived from the FP SAR data,
317-320
polarization modes, 316, 316-316
sastrugi, 85
satellite sensors, 349-360
altimeter sensors, 359-360, 360
historical perspective, 349-351
modern imaging radar, 355-358
optical, 352-353
scatterometer systems, 358, 358-359
thermal infrared (TIR), 352-353
Satellite with ARgos and ALtiKa (SARAL), 359
SB. see single-bounce (SB) scattering mechanism
Scanning Multichannel Microwave Radiometer (SMMR), 308,
350-351, 354, 432, 434
surface melt, 432, 434
scanning radiometers
conical, 288, 288-289
cross-track, 288, 288
ScanSAR, 311, 315, 378, 414, 435, 471, 497-498
Scat-Sealce composite color scheme, 394, 394
scattering
in the atmosphere, 326, 326
dense media volume scattering, 543
of EM wave, 296
Lambertian, 300
of microwave signal in snowpack, 336
Mie, 326, 326, 543
non-selective, 326, 326
Rayleigh, 155, 326, 326, 406, 543
scattering-based ice classification, 321-327
scattering matrix, 316-318
scattering mechanisms, 312-313, 3/3
double-bounce (DB), 312-313, 373, 317-318, 320-321, 321, 332, 332,
412-413, 413, 469470
linking to ice features, 320-321, 321
multiple-bounce (MB), 312-313, 313, 317, 320-321, 321, 469-470
from ocean wave, 331-332, 332
from rafted ice, 412-413, 413
sea ice classification, 469-470
single-bounce (SB), 308, 312-313, 313, 318, 320, 321, 321, 469470
scattering power, 313, 317, 320-321
scattering vector, 316
scatterometer systems, 322-323, 323, 358, 358-359
fixed fan-beam configuration, 322-323, 323
rotating fan-beam (pencil beam) configuration, 323, 323
Schmidt net, 214
Scientific Ice Expeditions (SCIEX), 422, 422
sea ice age (SIA), 522-524, 523
Arctic, 572-575, 573, 573-574
response to global warming, 572575, 573-574
Sea Ice and Terrain Assessment (STAR), 312
sea ice characteristics, 8—12
sea ice concentration (SIC), 471-498
from coarse-resolution microwave observations, 473-496
from fine-resolution SAR, 496-498, 497

map vendors, 472
modeling, 548-552
from optical and TIR images, 472-472, 474
overview, 471-472
sea ice cover, enhanced Arctic warming due to changes of, 578-580, 579
sea ice extent (SIE), 498-501, 499-501
Antarctic, 585-586
Arctic, 580, 580-582
response to global warming, 565-569, 567-568, 580, 580-582
Sea Ice Monitoring and Modeling Site (SIMMS), 268-270, 327, 335, 338
sea ice motion, 524-533
Antarctic region, 533, 533
Arctic region, 532, 532-533
operational ice motion products, 532-533
overview, 524-525
tracking using image features, 526, 526-528, 529-530
tracking using individual sea ice floes, 528-531, 531
sea ice regimes, 85-99
ice edge, 94-95, 95
ice of glacier origin, 95-99, 96
marginal ice zone, 92-94
overview, 85-86
pancake, 90-92, 97-92
polynyas, 86-90, 88-91
sea ice thickness (SIT), 501-517
from altimeter observations, 502, 510-514, 511-512, 514
Antarctic, 2, 571-572
Arctic, 2, 14, 569-571, 570
drownings, 11
FYL, 82
growth (see growth, of sea ice)
ice classification by, 84
ice decay, 76-79, 79
interannual evolution, 82
for landing aircraft, 20, 20-21
model of sea ice growth, 41-45, 43-44
MYT, 82-83, 83
overview, 501-503
from PM observations, 506-510, 507-510, 508
pressure ridges, 70-72
response to global warming, 569-572, 570-571
sampling, 3, 3
from SAR observations, 514-517, 515-517
from TIR observations, 503-506, 505
sea ice types
based on ice concentration, 84-85, 86
based on ice form, 84, 86
based on surface feature, 85, 87
classification overview, 454-456
sea ice volume, 571-572, 572
seals, 16, 1617, 564
Search and Rescue aircraft, 20, 21
sea salt aerosol, 441
seasonal ice, 2, 84
air entrapment in, 220-221, 223
crystallographic structure of, 217-221
properties of, 108
Seasonal Ice Zone Experiment (SIZEX), 378, 381
sea surface temperature (SST), 303-304
seawater
albedo, 335
density, 32, 32-33
freezing processes, 33-35
in the microwave data, 331-333
in the optical and thermal infrared data, 330-331
radiative processes, 330-333
salinity, 31-32, 32
SeaWinds scatterometer, 323, 323
secondary cryospheric regions, 1
secondary ice, freshwater, 200, 201, 202
second-year ice (SYI), 2
air bubbles, 244, 244
ice aging, 80, 82-83
interface between old and new ice, 260-262, 260-262
Mould Bay field experiments, 256-262, 256-262
SYI-FYI interface, 260-262, 260-262



second-year ice profile, interface between old and new ice in, 260-261,
260-262
sensible heat polynya, 87-88
sensors
illumination source for, 287, 288
overview, 23
passive versus active, 287
scanning versus non-scanning, 287
Sentinel satellites, 354, 355, 356-357, 360, 426, 428,
434-435
icebergs, 588, 589
ice motion, 53/
sea ice classification, 464-466, 465467
sea ice concentration, 498
shear, 417-419, 419
shear ridges, 54, 63, 68, 68, 70, 74, 76, 413-414, 415
shift function, 192
shortwave IR (SWIR), 285, 285
side-looking airborne radar (SLAR), 253, 254, 267, 275
siku, 11
sikuag, 11
sinaaq, 11
single-bounce (SB) scattering mechanism, 308, 312-313, 373, 318, 320,
321, 321, 469-470
single-channel SAR, ice classification from, 460461
single look complex, 315, 332
Sinha’s rule, 110, 171
skeletal layer, 52, 52, 197
Snell’s law, 155
Snow
albedo, 335-336, 336, 365, 367, 367-368, 369
density, 334, 334, 337
DMT for thin sectioning, 161-163
in emission models, 549
grain size, 324, 334, 335-339, 338
hoar layer, 333-334, 335, 338
metamorphism, 300, 303, 305, 314, 322, 333-335, 491, 502
in microwave data, 336-341
microwave penetration depth, 403-404, 403-407, 404, 406
in optical and thermal infrared data, 335-336, 336
oxygen isotopic composition, 31
stratigraphy of snow on Arctic sea ice, /30
temperature profiles, 108-113, 7171-114
thermal conductivity, 45, 129-131, 131-132
thick sections, 161
typical values of key physical properties, 107-108, 108
snow cover, 4
effect on sea ice, 45, 4546
ice decay, 77, 79, 79
oxygen isotope content, 40
superimposed ice, 40
weather effect on, 491
wind slab, 491
snow-covered sea ice
emissivity, 395-396, 399
microwave penetration depth, 403, 406
snow depth
effect on microwave data, 337
mapping, 4-46
observations, 444-448, 445, 447
snowflakes, 35
snow ice
crystallographic classification, 201, 203-204, 204
three-dimensional (3D) schematic diagram, 204
Snow Model Radiative Transfer (SMRT) project, 544
Snow on sea ice
microwave data, influence on, 336-341
physical and radiative processes, 333-341, 334, 336, 338
snow water equivalent (SWE), 269
snow wetness
effect on microwave data, 339-341
emissivity and, 401-402
Soil Moisture and Ocean Salinity (SMOS), 349, 354, 354
sea ice thickness, 509-510, 510, 514
solid earth sciences, sea ice in relation to, 21-22
solid salt volume fraction, 124
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Southern Annular Mode (SAM), 585-586
South Temperate Zone (STZ), 39-40
SPAN (total power), 387-388, 389, 390-391, 391-392, 394, 395-396,
412, 412-413, 416, 470, 470
Special Sensor Microwave Imager (SSM/I), 306, 306, 337, 350-351, 354,
354, 372-373, 372-373
backscatter data, 383, 384
ice surface temperature, 518, 520
sea ice concentration, 487, 489, 496
sea ice thickness (SIT), 504, 506-508, 508, 509
snow depth, 445
surface ice concentration, 473, 477, 477-478
Special Sensor Microwave Imager Sounder (SSMIS), 351, 353, 354, 570
specific heat of sea ice, 131-133, 133
split window technique, 304
stacking faults, 195
stamps, 8, 9
Stamukhi, 70
standard mean ocean water (SMOW), 31
stereographical projection, 214-216, 215
stoichiometric composition of water, 30
Stokes vector, 291-292, 312
stress
around brine pockets, 62, 63
ice deformation, 67-76
structural aspects of ice, general terms for, 193-194
subgrain boundaries, 30, 53-56, 5355, 58, 61, 63-64, 64, 66, 66-67, 79
algal growth along, 231-232, 232
definition, 195-196
geometric characteristics, 233-234, 236, 239, 242-243
thermally etched, 176, 178-184, 181-183
subgrains
geometric characteristics, 233-236, 235, 237
in sea ice, 53-54, 53-55, 194
sublimation, 46
definition, 197
ice, 173-176
snow, 333-334, 335, 438
sublimation pits, 174-176, 175-176, 180
sun glint, 331, 33/
sun-synchronous orbit, 287, 287
supercooling, 32, 34, 36, 50-51
superimposed ice, 39-40, 220, 262, 264, 274
freshwater, 200, 201, 202
surface ablation, 46-47
surface air temperature, global warming and, 560-561, 560-562
surface-based radiometers (SBR), emissivity estimates from, 396
surface deformation, 412-428
cracks and leads, 421-428, 422-425, 427
kinematic processes, 417-421, 418-420
rafted ice, 412-413, 412413
ridged, rubble, and brash ice, 413-417, 414-416
surface energy, 177-178
surface features
mechanically generated deformation, 412-428
meteorologically driven, 442-448
thermally induced, 428-442
Surface Heat Budget of Arctic Ocean (SHEBA), 270, 270-272, 272,
426, 518
surface melt, 46-47
active microwave data, 434, 434-437, 437-438
airborne photography, 437, 438
albedo, 428-430, 431, 437
brightness temperature, 432-434
optical observations, 428-432, 430431
passive microwave data, 432-434, 433
phases, 428-429, 429
reflectance, 429-431, 430431
surface roughness
emissivity and, 395, 401, 402
ocean, 330-333
radar backscatter and, 378, 387, 391, 391
surface topography, AIDJEX and, 251
swell, 332, 332
SYI. see second-year ice (SYI)
Synthetic Aperture Interferometric Radar Altimeter (SIRAL), 427
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T1 ice
crystallographic classification, 201, 203-204, 204
fabric diagram, 215, 215
three-dimensional (3D) schematic diagram, 204
Television and Infrared Observations Satellite (TIROS), 349, 350
temperature profiles in ice and snow, 108-113
TerraSAR-X, 356-357
thaw hole, 77, 77
thermal conductivity, 4
in model of sea ice growth, 42-43
of sea ice, 13, 126-129, 128-129
of snow, 45, 129-131, 131-132
thermal diffusivity, 126

thermal etching, 54, 54, 63, 6364, 161-162, 173, 176-183, 178, 180183

thermal infrared (TIR) observations, 335-336
ice surface temperature (IST), 517-520, 519
lead detection, 423, 424
sea ice classification, 456, 456-457
sea ice concentration (SIC), 472-473, 474
sea ice thickness (SIT), 503-506, 505
seawater in, 330-331
surface temperature data, 303-305, 304
thermal infrared region (TIR), 285, 285
thermal infrared (TIR) sensors, 23, 286, 352-353
thermally induced surface features
frost flowers, 438-442
surface melt, 428-437
thermal properties of sea ice, 126-134, 128134
latent heat, 133-134, 134
specific heat, 131-133, /33
thermal conductivity, 126-129, 128-129
thermal state of ice, 9-10, 12, 192-193
thermodynamic ice growth, 4047
growth rate, 41
models, 41-45
oceanic heat flux, effect of, 46
snow on ice, effect of, 45-46, 46
surface ablating, effect of, 46-47
thermohaline circulation (THC), 15, 15, 584-585
thick ice
albedo, 366, 366
emissivity, 402
microwave brightness temperature, 375
thickness and enthalpy distribution (TED) sea ice model, 503
thickness of ice. see also sea ice thickness (SIT)
albedo and, 503, 503
altimeter data, 323-325, 324
Arctic Ice Dynamic Joint Experiment (AIDJEX), 251
bulk salinity and, 115
emissivity and, 398-399, 399
microwave penetration depth, 405, 405
thick sections, 158, 158, 160, 161
thin ice
albedo, 366, 367
backscatter, 372-374, 375-376, 377-379, 385, 385, 391-394
emissivity, 398-400
microwave brightness temperature, 372-374, 375-376
thin sectioning techniques, 158-164
double-microtoming technique (DMT), 158-163
hot-plate, 158, 159
optimum thickness for sections, 163-164
overview, 158-159
palm-technique, 158, 168
thin sections, viewing and photographing, 164-173
circularly polarized light, 172-173
cross-polarized light, 168-169, 169
overview, 164-165
parallel-polarized light, 168-169, 169
polariscope, 165-169, 166-167, 169
scattered light, 169-172, 169172
tie points, 372-374, 373, 375
TIE region emission, 296-299
tilt boundaries, 63, 63-64, 197
Titanic, 97

total backscatter power. see SPAN (total power)

transmission of EM wave, 295

transmittance, and ice thickness, 503, 503

transpolar drift (TPD), 575

Transpolar Drift Stream (TDS), 68, 524, 564

Transportable Microwave Active Spectrometer (TRAMAS), 378
transportation platform, sea ice as a, 20-21, 20-21

tritium, 30

tsunamis, 331-332

tuvag, 11

unmanned airborne systems (UASs), 276
upward-looking sonar sensors (ULS), 505

Variation Arctic/Antarctic Sea Ice Algorithm 2 (VASIA2), 489
vertical ice growth, 38-39
vertically oriented (S5) frazil ice
crystallographic classification, 201, 204-205, 205-206
crystallographic structure, 217-218, 218-219
three-dimensional schematic diagram, 205
Visible Infrared Imaging Radiometer Suite (VIIRS), 353
visible spectrum (VIS), 285
volume fraction of sea ice constituents, 123-126
air, 124-125
brine, 123-124
pure ice, 124
solid salt, 124
temperature dependence of, /25, 125-126
vorticity, 417, 419

walruses, 16
Ward Hunt Ice Shelf (WHIS), 49, 262-264, 263265
water
atomic and the molecular structure of, 121, 121, 153
molecular composition, 30
wave action
marginal ice zone (MIZ), 93-94
pancake ice formation and, 92
wave equation, 135
wavelength, 151
wave propagation, 135
waves
classes based on their wavelengths, 331-332
internal, 332
scattering from, 331-332, 332
weather forecasting, 6, 14-15
weather models, 14-15
weather stations, 6-7, 7
Weddell Gyre, 80
wind
geostrophic, 421-422, 424
ice deformation and, 68
interaction of the Arctic sea ice with, 582-584
lead formation, 421-423, 424, 426
patterns driving Arctic circulation, 524
polynya, 87-88
sea ice motion, 524-525
wind scatterometer, 287
wind slab, 491
windspeed over open ocean, correction for, 328-330
Wulff net, 214

Yamaguchi decomposition, 316, 318, 320, 387, 469
young ice (YI)

emissivity, 395, 399-400

microwave brightness temperature, 374

Mould Bay field experiments, 255, 255

Norwegian Young Sea Ice Experiment

(N-ICE), 272-274, 273

physical and electrical properties, 109

salinity, 113

thermal conductivity, 127



