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The Arctic Climate Impact Assessment scientific report was published in 2005 by Cambridge University Press. The
publication schedule and resources did not allow the inclusion of an index at that time. Given the length and
complexity of this detailed, technical report, it was felt that an index would be a valuable reference tool.

In 2006, the ACIA Secretariat and the Cooperative Institute for Arctic Research (CIFAR) at the University of
Alaska Fairbanks arranged for the production of this index. The index will not be published in print form but will be
made available on the ACIA web site (www.acia.uaf.edu) and the Arctic Monitoring and Assessment Programme
(AMAP) web site (www.amap.no/acia).

ACIA is an assessment of climate impacts, thus, index references to “projected impacts” or “projected change”,
unless otherwise stated, are references to “projected impacts of climate change” or “projected change as a result of
climate change”. In general, “projected change” refers to changes in physical climate variables, while “projected
impacts” refers to the impacts of changes in various physical variables on humans and their activities and the
ecosystems of the Arctic.

Place names, while appearing in the index, are not exhaustively indexed. Species are indexed under their common
name when used in the report, with a cross-reference from the scientific name.
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A
abalone (Haliotis rufuscens), 716
Abies sibirica. see Siberian fir
Abies spp. see firs
Abramis brama. see carp bream
abrupt climate change, 1018
ACIA

conclusions, 1019–1020
description, 2–10, 16–17
recommendations for future assessments, 1018–1019
regions, 2, 990, 1003 (see also Region 1; Region 2; Region 3;

Region 4)
actinarians, 483
actinomycetes, 540
active layer. see permafrost
adaptation to climate change, 949–950, 981, 1020

of agriculture, 806
by arctic residents, 609
by arctic species, 578–579
assessing, 9
barriers to, 663–665
and co-management, 613
cultural, 1000
definition, 685, 951, 955
by forest managers, 792
by freshwater fisheries, 415–416
of human-environment systems, 946–949
and human health, 865, 898–900
by indigenous peoples, 558–559, 665–666, 955–957, 963, 993
by Inuvialuit of Sachs Harbour, 668–670
by Saami, 81
by wildlife management systems, 599, 605, 617, 638, 640
by Yamal Nenets, 677

adaptation to past climate variability and change
by arctic species, 11
by boreal tree species, 788–789
by Dene people, 81
by indigenous peoples, 9, 15, 62, 64, 67, 90–91, 92, 651,

662–663
by Inuit, 672
by Saami, 82, 89

adaptive capacity, 980–981
of arctic species, 254–255, 266, 271, 284, 286, 542, 543, 548,

583
of Atlantic herring, 485
of boreal tree species, 553–554
of commercial fisheries, 707, 708–709, 722, 729–730, 745,

768
definition, 950
of Dene people, 80–81
of freshwater biota, 384–385, 386, 395, 398, 406, 433, 437
of indigenous peoples, 76, 91, 92–93, 95, 658, 682–683,

685–686
of Inuit, 675
of Inuvialuit of Sachs Harbour, 670–671
of marine biota, 624
of marine fish, 507, 544
of marine mammals, 509, 545, 624
of reindeer husbandry, 794–795
research recommendations, 1019–1020
of Saami reindeer husbandry, 969
of Sachs Harbour, NWT, 963
of seabirds, 509, 545
of social systems, 15, 729–730, 770–771
and vulnerability analysis, 957–958
of wildlife management systems, 620
of Yamal Nenets, 676, 678

adfreeze bond, 909, 914
aerosols. see also arctic haze

latitudinal gradient, 163
and ozone depletion, 155
and UV radiation, 153, 160, 162–163, 167, 174, 995

Aethia cristatella. see crested auklet
Aethia psittacula. see parakeet auklet
Aethia pusilla. see least auklet
afforestation, 798, 800
agriculture, 806–814

in Alaska, 808
in Canada, 807–808
climate limitations, 807–809
climate projections, approach, 809–810
disease and insects, 813
in Finland, 808
global context, 806–807
and government policy, 813–814
growing degree-day analysis, 811–812
in Iceland, 809
increases, impact on contaminants, 432
management and adaptation, 805–806
in Norway, 808–809
and predator control, 617
present-day, 807–809
projected impacts, 188, 200, 807, 808–809, 810–814,

1002–1003, 1007, 1008, 1010
projected impacts on biodiversity, 554–555, 562–564
projected impacts on reindeer overgrazing, 601
projected impacts on wildlife habitat, 1006
research recommendations, 810, 854
subsistence, 807
surprise responses, 804–806
in Sweden, 796–797
and temperature, 786–787
vulnerability analysis, 957

Agrilus anxius. see bronze birch borer
Ahnfeltia plicata, 481
air freezing index, 910–912, 913–914, 933, 938–939. see also

temperature, air
air thawing index, 910–912, 913–914, 938–939. see also

temperature, air
Aklavik, NWT, 654
akpiks. see cloudberry
Alaria esculenta, 481
Alaska

agriculture, 808
biodiversity, 1016
demographics, 868–869
forest area, 784
forest tenure and management, 793–794
observed change in glaciers and ice sheets, 204
projected impacts on boreal forest, 793–794
sanitation systems, 884
spruce bark beetle, 831–833
wildfire regimes and management, 838–839
wildlife management, 617–621, 632–634

Alaska and Inuvialuit Beluga Whale Committee, 612
Alaska Eskimo Whaling Commission, 633, 637, 666
Alaska Maritime National Wildlife Refuge, 604
Alaska Native Claims Settlement Act, 618, 665, 793
Alaska plaice (Pleuronectes quadrituberculatus), 487, 751
albedo

of boreal forest, 785, 789
feedbacks, 998, 999
projected change, 1006
projected impacts of change in snow cover, 200
and sea ice, 459, 474, 476–477, 519, 999, 1005
of terrestrial ecosystems, 314, 319
of tundra, 550, 785
and UV radiation, 153, 160, 163–164, 166–167, 278, 995, 996
and vegetation change, 322, 324

Alca torda. see razorbill
Alces alces. see moose
alcids. see seabirds
alcohol abuse, 896, 897
alder (Alnus spp.), 257, 271, 293, 371, 799
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Aleut, 76–77, 633, 652, 681
Aleut International Association, 13, 68–71, 76–77, 602, 968
Aleutian Islands, 605

indigenous knowledge case study, 76–77
Aleutian tern (Sterna aleutica), 635
alewife (Alosa spp.), 410
alfalfa, 807, 810, 812
algae, 284, 549. see also microorganisms

adaptation to arctic environment, 270–271
diversity, 262
impacts of oil pollution, 565
knowledge of arctic species, 540
projected change in distribution, 569
in sea ice, 480
species numbers, 580

alien species. see non-native species
Alle alle. see little auk
Allium schoenoprasum, 258
Alnus spp. see alder
Alopecosa hirtipes, 258
Alopecurus alpinus. see alpine foxtail
Alopex lagopus. see Arctic fox
Alosa spp. see alewife
alpine bistort (Polygonum viviparum), 247
alpine foxtail (Alopecurus alpinus), 278
alpine saxifrage (Saxifraga nivalis), 247
alpine timothy (Phleum alpinum), 285
Alutiiq, 652, 681
Alvania sp., 483
American plaice. see long rough dab
American robin (Turdus migratorius), 70–71, 260, 585
American wigeon (Anas americana), 300
Ammodytes spp. see sand lance
ammonia, 312
amphibians, 282, 571. see also wildlife
amphipods, 480, 482, 483, 488, 489, 506
Anarhichas lupus lupus. see wolffish
Anas acuta. see pintail
Anas americana. see American wigeon
Anas crecca. see common teal
Anas penelope. see Eurasian wigeon
Anas platyrhynchos. see mallard
anchovy (Engraulis spp.), 508, 703. see also northern anchovy
ancient murrelet (Synthliboramphus antiquus), 633, 635
Andromeda polifolia, 302
anemia, 883
Anguilla anguilla. see eel
animals. see also birds; fish; mammals, marine; mammals,

terrestrial; individual species
adaptations to arctic environment, 266–269
community response to experimental warming, 296–297
diversity, present day, 259–260, 1016
genetic response to change, 285–286
impacts of projected UV radiation change, 281–282
impacts of recent climate change, 279–280
indigenous observations of change, 70–71, 287, 660
predator-prey interactions, 301–302
projected distribution change, 287–289, 290–291
projected impacts, 281
projected impacts on cyclic populations, 300–301
projected impacts on disease, 302–303
projected impacts on parasites, 302–303
vulnerability, 269

aniuvak. see snow beds
Anser albifrons. see white-fronted goose
Anser albifrons flavirostris. see Greenland white-fronted goose
Anser anser. see greylag goose
Anser brachyrhynchus. see pink-footed goose
Anser caerulescens. see snow goose
Anser caerulescens caerulescens. see lesser snow goose
Anser canagicus. see emperor goose
Anser erythropus. see lesser white-fronted goose

Anser fabalis. see bean goose
Anser fabalis fabialis. see taiga bean goose
Anser fabalis rossicus. see tundra bean goose
Antarctic Bottom Water, 473
apatite. see mineral extraction
Apherusa glacialis, 480, 482
aphids (Acyrthosiphon spp.), 268, 296
aquaculture

in Bering Sea region, 747
in Greenland, 716
in Iceland, 716
impacts on biodiversity, 555, 564, 576
impacts on wild fish market, 765, 767
in northeast Atlantic, 695
in northwest Atlantic, 739
in Norway, 702–703, 704, 706
projected impacts, 417, 708, 745, 770
in Russia, 703
and wild species, 716, 880

arachnids, 540, 580
Arctic, definition of, 2

by CAFF, 259
fisheries regions, 693, 695, 710, 731, 746
for forests, 784
for freshwater ecosystems, 355
marine Arctic, 26, 27, 454
for model projections, 110
for past and present climate, 22
in Russia, 624–625
for terrestrial ecosystems, 244–245

Arctic Athabaskan Council, 13, 68–71, 77–78, 79, 602, 968
Arctic Borderlands Ecological Knowledge Co-op, 646, 684–685
Arctic char (Salvelinus alpinus), 11, 570

adaptive capacity, 386
anadromous behavior, 409
aquaculture, 417, 716
biodiversity monitoring, 586
distribution, 396–397
fisheries importance, 410
genetic diversity, 563–564
in Greenland, 388–389
harvest by indigenous peoples, 652, 654, 667, 672
importance of estuaries, 361
indigenous observations of change, 70–71, 83
in Lake Saanajärvi, 382
life history and environment, 400–401
paleoecology, 251
projected change in distribution, 407, 409
projected impacts, 373, 436, 1010, 1012–1013, 1017
projected impacts on fisheries, 411–412, 417
temperature and metal accumulation, 429
and water temperature, 385, 398

Arctic cisco (Coregonus autumnalis), 361, 395, 410, 436
Arctic Coastal Dynamics (ACD) project, 219, 232, 921–922
Arctic cod (Arctogadus glacialis), 70–71, 486, 495, 496, 758. see

also polar cod (Boreogadus saida)
Arctic Council, 6, 560, 623, 666, 686–687, 956

Permanent Participants, 13, 602
Arctic dryad (Dryas integrifolia), 249, 278
Arctic Environmental Protection Strategy (AEPS), 956
Arctic flounder (Pleuronectes glacialis), 385
Arctic fox (Alopex lagopus), 619, 670

adaptation to arctic environment, 266–267, 268
displacement by red fox, 281, 548
genetic diversity, 285–286
harvest by indigenous peoples, 653, 667
harvest in Russia, 607, 609
impacts of industrial development, 677
impacts of late freeze-up, 75, 76
as invasive species, 605
as mustelid predator, 300–301, 550
observed change, 608, 1005
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projected impacts, 882, 1006
as seabird predator, 489, 576, 605
and UV radiation, 268

Arctic grayling (Thymallus arcticus), 373, 378, 388, 395, 402, 403,
407, 414, 436, 652

Arctic hare (Lepus arcticus), 71, 266–267, 302, 654, 667
arctic haze, 106, 143, 162–163, 429–430
Arctic lands, area, 245–246
Arctic lemming, 258
Arctic loon (Gavia arctica), 363, 633, 635
Arctic Mediterranean, 454, 461, 478
Arctic Monitoring and Assessment Programme (AMAP), 6, 652,

952, 959
Arctic National Wildlife Refuge (ANWR), 604, 621
Arctic Ocean. see also marine Arctic

area of, 26
boundary, 26
and carbon sequestration, 34
carbon storage, 1014
change in "freshwater" storage, 45
circulation, 27–30
climate model representation, 106–107
described, 10
"freshwater" defined, 27
freshwater inflows, 27–29
influence of temperate latitudes, 27–29
observed change, 44–45, 923–924
physical characteristics, 29–30
productivity, 493
projected impacts, 187–188, 188, 208, 506, 1008
thresholds of change, 473–475
variability of temperature and salinity, 467

Arctic Ocean Model Intercomparison Project (AOMIP), 109, 135
Arctic Oscillation (AO), 10, 23, 24–25, 1018. see also North

Atlantic Oscillation
and air temperature, 25, 39
attribution of change, 25
and Bering Sea fish, 502, 503
and contaminant transport, 890–891
and cyclone activity, 25
impacts on ocean temperature, 572
and ocean circulation, 467
projected change, 119, 127, 143, 470, 472–473
and sea ice, 44, 192, 457–458, 471
and stratospheric ozone, 143
and ungulates, 974
and winter precipitation, 279

Arctic poppy (Papaver polare), 556
Arctic redpoll (Carduelis hornemanni), 267

indigenous observations of change, 71
Arctic Regional Climate Model Intercomparison Project

(ARCMIP), 109, 130, 131
arctic residents. see also indigenous peoples

adaptation to climate change, 609, 613
demographics, 13–14, 866, 867, 868
economic impacts, 1000, 1002
ecosystem impacts, 247
impacts on ecosystems, 252, 545
impacts on habitats, 554–555, 566–567
multiple stresses, 946–949, 1000
projected impacts, 15, 188, 195, 1000–1001, 1007, 1008–1009,

1010–1011, 1013–1014
research recommendations, 1019
societal conditions and trends, 959
20th-century immigration, 13

Arctic skua. see parasitic jaeger
Arctic sorrel (Oxyria digyna), 271, 272
Arctic tern (Sterna paradisaea), 71, 489, 627, 629, 630, 631, 633,

635, 653
Arctic warbler (Phylloscopus borealis), 258
Arctic willow (Salix arctica), 247, 258, 278, 294–295
Arctocetraria nigricascens, 258

Arctogadus glacialis. see Arctic cod
Arctophila fulva, 258
Arenaria interpres. see ruddy turnstone
arrowtooth flounder (Atheresthes stomias), 487, 495, 502, 503,

503, 748, 755, 756, 758
Artemisia spp., 293
Arthrobacter, 260–261, 283
arthropods, 552, 557
Arviat, Nunavut, Canada, 68, 70
ascidians, 756
Asio flammeus. see short-eared owl
aspen (Populus tremuloides), 551–552, 792, 823, 833, 834, 836,

845
aspen leaf miner (Phyllocnistis populiella), 834
Asplanchna priodonta, 422
assessment, science, 7–8
Asteraceae, 293
Athapaskans, 652, 655–656, 681
Atheresthes stomias. see arrowtooth flounder
Atka mackerel (Pleurogrammus monoptergius), 758, 760, 767
Atlantic cod (Gadus morhua), 486

aquaculture, 745
around Iceland and Greenland, 710
in central North Atlantic, 711–712
commercial fishery, 698–699, 704–707, 714, 715, 722–723,

736–737, 742–744, 765
distribution, 484
economic importance, 741
export value, 704
historic fisheries, 695, 696–697, 710, 712–713, 732, 733
impacts of past climate variability, 501, 700, 716–717,

718–719, 736–737, 866
impacts of temperature, 495, 700
impacts of UV radiation, 513, 515
in northwest Atlantic, 732–733
overharvesting, 561, 700, 736–737
past distribution change, 500
as predator of crab, 739
as predator of shrimp, 719, 738
as prey, 696
productivity, 484
projected change in distribution, 545
projected impacts, 507, 508, 700, 708, 721, 728, 740, 741,

1006–1007, 1013
and seal predation, 739
temperature and migration, 496

Atlantic halibut (Hippoglossus hippoglossus), 652, 703, 716
Atlantic herring (Clupea harengus), 484–485

in Central North Atlantic, 711
commercial fishery, 697–698, 705, 714, 722, 734
distribution, 484
export value, 704
historic fisheries, 696–697, 714
impacts of past climate variability, 500, 500, 501, 700,

717–718, 738
impacts of temperature, 495
impacts of UV radiation, 514
in northeast Atlantic, 696
in northwest Atlantic, 732
Norwegian spring-spawning, 485, 496, 501, 698, 707
overharvesting, 561, 700
as prey, 486, 488, 489, 572
projected change in distribution, 545
projected impacts, 507–508, 700, 708, 720, 741, 1006–1007

Atlantic meridional overturning circulation. see thermohaline
circulation

Atlantic puffin (Fratercula arctica), 489, 556, 572, 627, 629, 630
Atlantic salmon (Salmo salar), 11, 359

aquaculture, 417, 576, 702–703, 767
fisheries regulation, 417
harvest by indigenous peoples, 652
importance of estuaries, 361
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life history, 544
in northwest Atlantic, 732
past distribution change, 500
projected impacts, 408–409, 1012
projected range extensions, 407, 410
and water temperature, 411, 496

Atlantic saury (Scomberesox saurus), 500
atmosphere-ocean general circulation model (AOGCM), 102–109.

see also climate models; climate models, ACIA-
designated

atmospheric components of, 105–106
climate drift, 105
coupling, 104–105
cryosphere component, 107–108
ensemble simulations, 143–144
flux corrections, 105
grid size, 105
improving projections, 140–144
initialization, 104–105
land-surface component, 107
model resolution, 106
ocean components, 106–107
"pole problem," 106–107
transient response experiments, 104
uncertainties in projections, 120
and vulnerability assessments, 958–959

atmospheric circulation, 23–26
and ozone levels, 154, 157
and pollutant transport, 954

atmospheric general circulation model (AGCM), 102–103
Atmospheric Model Intercomparison Project (AMIP), 108
atmospheric pressure, 24–26

attribution, 42
observational data for model evaluation, 116, 117
observed trends, 23, 42
observed trends compared to models, 42
projected change, 127, 128, 134–135

attribution of cause of climate change, 3, 105, 909, 991
aufeis, 208, 358
auks, 504, 626, 627, 653. see also great auk; little auk
Aulacomnium turgidum, 258
autumnal moth (Epirrita autumnata), 268, 280, 281, 299, 300,

549–550, 557–558, 834
avalanches, 200, 869, 917, 918–919
avian influenza, 881, 882
Aythya affinis. see lesser scaup
Aythya collaris. see ring-necked duck
Aythya marila. see greater scaup (Aythya marila)
Aythya valisineria. see canvasback duck
Azotobacter, 260

B
Bacillus, 260, 283
Back Basin, 227
bacteria, 260, 303, 312–313, 479, 481–482, 540, 544. see also

microorganisms
Baffin Bay, 476–477, 493
Baker Lake

indigenous knowledge case study, 82–84
indigenous observations of change, 69, 71
water level, 83–84

Balaena mysticetus. see bowhead whale
Balaenoptera acutorostrata. see minke whale
Balaenoptera borealis. see sei whale
Balaenoptera musculus. see blue whale
Balaenoptera physalus. see fin whale
Balanus balanoides, 483
Balanus balanus, 483
balsam poplar (Populus balsamifera), 252, 836
Baltin, 653
bar-tailed godwit (Limosa lapponica), 258
Barents Sea

commercial fisheries, 695–709
ecosystem description, 696
factors affecting ecosystem, 490, 544
"Loophole," 695
nutrient levels, 491
past climate variability and fish, 501
productivity, 481, 483, 491, 492–493
projected impacts, 122, 475–476, 505–506, 1005
projected impacts on fish distribution, 508
variability of temperature and salinity, 467–468

Barents Sea Impact Study (BASIS), 947
bark beetles, 834. see also spruce bark beetle; spruce engraver

beetle
barley, 807–809, 810, 811, 852
barnacle goose (Branta leucopsis), 288, 574, 575, 617, 630, 1005
barnacles, 483
Barrow, Alaska, 68
basking shark (Cetorhinus maximus), 500
beach ice, 921
bean goose (Anser fabalis), 363, 616. see also taiga bean goose;

tundra bean goose
beans, dry, 810, 811
bear (Ursus spp.), 301, 549, 609, 881, 953. see also individual

species
bearded seal (Erignathus barbatus), 488, 624

in Bering Sea, 752
harvest by indigenous peoples, 652, 667
harvest of, 622, 625, 627, 628, 632
projected impacts, 504, 510, 1011

Beaufort Gyre, 44, 458, 467, 471, 473, 474, 475
Beaufort Sea, 476–477, 493, 506
beaver (Castor canadensis), 363, 654, 879, 880, 881, 897
beech (Fagus sylvatica), 568, 571
beetles, 256, 549, 552, 553, 1016
Beijerinckia indica, 260
beluga whale (Delphinapterus leucas), 489

in Bering Sea, 752
harvest by indigenous peoples, 652, 654, 669, 753
harvest management in Canada, 612, 627
harvest of, 622–623, 625, 629, 633
historic change, 663
importance of sea ice, 659
indigenous observations of change, 70
migration, 546
overharvesting, 487
projected impacts, 380, 504, 510–511, 759, 1013
tracking, 631

Bering land bridge, 252
Bering Sea. see also marine Arctic

climate regime shifts, 753–754, 1018
commercial fisheries, 746–770
"Donut hole," 747, 750, 765
ecosystem description, 747
factors affecting ecosystem, 544
high-seas fishing moratorium, 694
nutrient levels, 491
observed ecosystem change, 659, 1009–1010
"oscillating control hypothesis," 755
past climate variability and fish, 501–504
productivity, 493, 754–755
projected impacts, 476–477, 757–761, 1010
variability of temperature and salinity, 469

Bering Shelf, 480–481, 483, 491–493, 506–507
Bering Strait, 28, 69, 71
Beringia, 259, 328, 332, 584, 997, 998, 1016. see also Region 3
berries, 796, 797
Berryteuthis magister magister. see commander squid
Betula exilis. see dwarf birch
Betula nana. see dwarf birch
Betula papyrifera. see paper birch
Betula pendula. see silver birch
Betula pubescens ssp. czerepanovii. see mountain birch
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Betula spp. see birch
Beverly-Qamanirjuaq Caribou Management Board, 612–613, 637,

960
bilberry. see blueberry
biodiversity, 11, 543, 1015–1018

of animals, 259–260
definition, 541
in Finland, 795, 1016
of freshwater ecosystems, 358, 998
genetic diversity and adaptation, 583
and genetic variability, 582
human impacts on, 560–567
of human-modified areas, 554–555
in Icelandic forests, 799
impacts of change in UV radiation, 424, 425
impacts of land and water management, 562–564
impacts on biogeochemistry, 310–311
importance to indigenous peoples, 540
indicators, 585, 588–589
influence of seasonal change, 543
of lakes, 362–363
latitudinal gradients, 256–260, 605, 606, 1016
of lichens, 273
of microorganisms, 260–262
monitoring change in, 579, 585–589
paleoecological change, 584
of plants, 255–259
pollution impacts, 564–566
projected impacts, 263, 326, 328–329, 384–386, 418, 435–436,

567–579, 588–589, 997, 998, 1012
projected impacts on genetic diversity, 572–574
in Region 1, 1005
research and monitoring recommendations, 580–589
of rivers, 359
sensitivity to climate change, 247
of soils, 540
of Svalbard, 1016
of terrestrial ecosystems, 246, 255–263
of tundra and polar desert ecosystems, 548–549
of wetlands, 364

biodiversity conservation
approaches, 541, 558, 559–560, 579–591, 602–605
freshwater ecosystems, 547
genetic diversity, 572–574
and indigenous knowledge, 558–559
marine key issues, 546
modeling change, 568, 569
projected impacts, 541
and protected areas, 605
research and monitoring recommendations, 580–589
species conservation, 556–558
strategic issues, 541–542

biological diversity. see biodiversity
birch (Betula spp.), 262, 293, 551, 784. see also individual species

defoliation by autumnal moth, 299, 300
impacts of UV radiation, 852
indigenous observations of change, 685
past distribution, 368–369
projected change in distribution, 584
regeneration, 836

birds. see also seabirds; waders; wildlife; individual species
cavity-nesting insectivorous, 797
change in nesting timing, 571
and contaminants, 600
diversity, 259–260, 1016
diversity and latitude, 258
diversity and temperature, 256
endangered status, 558
harvest of, 247
importance to indigenous peoples, 599
indigenous observations of change, 70–71, 86, 89, 668, 993
number of species, 556, 580

observed change in distribution, 287
overharvesting, 601
projected change in distribution, 287, 290–291
projected impacts, 660
and UV radiation, 268
warming and disease, 880

birds, aquatic. see also birds, migratory; waders
and avian influenza, 881, 882
breeding and resource availability, 418
and contaminant transport, 431
diversity, 259
harvest by indigenous peoples, 654
harvest in Russia, 609
and introduced predators, 605
observed habitat change, 897
potential decoupling of environmental cues, 437
predation pressure and climate change, 301
projected habitat loss, 288–289
projected impacts, 417–419, 436, 604, 659, 660
protected areas, 602

birds, migratory, 247, 252
and avian influenza, 882
and boreal forests, 785–786
breeding areas, 1005, 1006
and disease transmission, 881
diversity, 259
impacts of human activities, 564
management and conservation needs, 599
and multiple stresses, 290–291
observed change in arrival timing, 571
projected impacts, 267, 574–575, 1017
threats to, 581
and West Nile virus, 880
and wetland drainage, 562
wildlife management challenges, 601–602

bison (Bison bison), 80, 881
bivalves, 483
black bear (Ursus americanus), 619
black-bellied plover (Pluvialis squatarola), 258, 361
black brent. see Brent goose (Branta bernicla)
black cottonwood (Populus trichocarpa), 800
black-footed albatross (Phoebastria nigripes), 635
black guillemot (Cepphus grylle), 480, 489, 627, 629–630, 635
black-headed gull (Larus ridibundus), 626, 629–630, 630
black-legged kittiwake (Rissa tridactyla), 489, 629–631, 633, 635,

1009–1010
black scoter (Melanitta nigra), 86, 630
black spruce (Picea mariana), 370

in Alaska, 826–828
albedo, 789
in Canada, 792, 826–828, 850–851
carbon dioxide fertilization, 845
carbon storage, 843
observed change, 832
projected impacts, 828
regeneration and temperature, 851
regeneration and wildfire, 836
temperature response, 826–828
and wildfires, 838, 840

black-tailed godwit (Limosa limosa), 287
blackfishes (Dallia spp.), 397
blue-green algae. see cyanobacteria
blue mussel (Mytilus edulis), 483, 504, 716, 739
blue tit (Parus caeruleus), 1006
blue whale (Balaenoptera musculus), 489
blue whiting (Micromesistius poutassou), 508, 700, 714–715
blueberry (Vaccinium myrtillus), 273, 275, 276, 276, 277, 278,

568, 571, 654, 792
bluefin tuna (Thunnus thynnus), 500, 508, 732, 740
bluegill (Lepomis macrochirus), 398
bluntnose sixgill shark (Notidanus griseus), 500
bog bilberry. see bog whortleberry
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bog blueberry. see bog whortleberry
bog whortleberry (Vaccinium uliginosum), 271, 276, 277, 571
Bombus spp. see bumblebees
Bonn Convention. see Convention on the Conservation of

Migratory Species of Wild Animals
Boreal Ecosystem-Atmosphere Study (BOREAS), 789, 826, 828,

845
boreal forest ecosystems

albedo, 785
arctic importance, 786–787
and beaver, 879
biodiversity, 790
biodiversity conservation, 551–554, 789
and carbon dioxide fertilization, 845–846
carbon storage, 305, 785, 791, 841, 844–845
characteristics, 292
climate projections, 802–806
climate projections, approach, 801–802
climate variability, 788–789, 803–804
climatic features, 787–788
defined, 784
disease, 805
distribution, 787
disturbance and carbon cycle, 841–842
global importance, 784–786
growth response and climate, 820–830
impacts of pollution, 565, 566
impacts of UV radiation, 851–853
influence on climate, 789
insect disturbances, 576, 792, 794, 804, 805, 830–835
land tenure and management, 789–801
latitudinal gradients of growth response, 821–824
management and adaptation, 805–806
management and carbon balance, 785
multiple stresses on, 797
and nitrogen availability, 845–846
observed change, 1009
projected change in distribution, 321, 326, 327–328, 569–570,

999, 1005–1006, 1007–1008, 1012
projected impacts, 551–554, 570, 789, 792–794, 797, 802–806,

821, 822–824, 831, 845–846, 1009
rate of migration, 321
research recommendations, 854
role in freshwater discharge, 786
surprise responses, 804–806
and wildfires, 553, 835–841

boreal woodlands. see tundra-taiga ecotone
Bosmina longirostris, 422
bottlenose dolphin (Tursiops truncatus), 629
botulism, 867, 880
boundary layer, atmospheric, 106
bowhead whale (Balaena mysticetus), 489, 623–624

in Bering Sea, 752
harvest by indigenous peoples, 652, 663, 672, 674, 753, 956
harvest of, 627, 633
historic harvesting, 699, 701, 753
impacts of past climate variability, 504
overharvesting, 487, 560, 1016
projected impacts, 380, 504, 510–511, 1013

Branta bernicla. see Brent goose
Branta bernicla bernicla. see dark-bellied brent goose
Branta bernicla hrota. see light-bellied brent goose
Branta canadensis. see Canada goose
Branta leucopsis. see barnacle goose
Branta ruficollis. see red-breasted goose
Brassicaceae, 293
Brent goose (Branta bernicla), 288, 363, 630
brittle stars, 487, 561
broad whitefish (Coregonus nasus), 395, 399, 411, 436
bromine, 154, 155, 170
bronze birch borer (Agrilus anxius), 576, 834
brook trout (Salvelinus fontinalis), 398, 407, 409, 410, 1012

Brosme brosme. see tusk
brown bear (Ursus arctos), 252, 258, 545, 1016

in Fennoscandia, 616, 977
harvest by indigenous peoples, 653
indigenous observations of change, 70
in Norway, 616
population monitoring, 620
population status in Alaska, 619

brown lemming (Lemmus sibiricus), 258
brown trout (Salmo trutta), 382, 403, 407, 409, 410, 412, 563,

1012–1013
brucellosis, 880, 881, 1011
Brünnich's guillemot. see thick-billed murre
bryophytes, 552, 580, 1016
bryozoans, 483
Bryum cyclophyllum, 258
buff-breasted sandpiper (Tryngites subruficollis), 557
buffalo. see bison
buildings. see infrastructure
bull trout (Salvelinus confluentus), 402
bumblebees, 258
burbot (Lota lota), 378, 397, 412, 563, 654
Buteo lagopus. see rough-legged buzzard
buttercups (Ranunculus spp.), 272. see also individual species
butterflies, 256, 287, 571
buzzards, 71, 304. see also rough-legged buzzard

C
cadmium, 952, 954, 964, 979, 982. see also heavy metals
Cajander larch (Larix cajanderi), 815–817
Calamagrostis lapponica, 295
calanoid copepods, 711–712, 732, 754–755
Calanus spp., 494

impacts of past climate variability, 497, 498
impacts of UV radiation, 513, 515, 516
as indicators of climate change, 482
as prey, 507, 511, 512, 721
projected impacts, 504, 506

Calcarius lapponicus. see Lapland longspur
Calidris acuminata. see sharp-tailed sandpiper
Calidris alba. see sanderling
Calidris alpina. see dunlin
Calidris canutus. see red knot
Calidris ferruginea. see curlew sandpiper
Calidris fuscicollis. see white-rumped sandpiper
Calidris maritima. see purple sandpiper
Calidris mauri. see western sandpiper
Calidris melanotos. see pectoral sandpiper
Calidris minuta. see little stint
Calidris ruficollis. see red-necked stint
Calidris tenuirostris. see great knot
Calliopidae sp., 483
Callorhinus ursinus. see northern fur seal
Calluna vulgaris, 275
Canada. see also individual provinces

forest area, 784
forest tenure and management, 791–793
observed change in glaciers and ice sheets, 204–205
projected impacts on boreal forest, 792–793
protected areas, 604
sanitation systems, 884
wildfire regimes and management, 837–838
wildlife management, 610–615, 626–628

Canada goose (Branta canadensis), 70–71, 288, 363, 574, 662
Canadian Archipelago, 476–477
Canadian Climate Impacts and Adaptation Research Network

(CCIARN), 79
cancer, 880
Cancer magister. see Dungeness crab
Canis lupus. see wolf
canola, 807, 810, 852
canvasback duck (Aythya valisineria), 363



Arctic Climate Impact Assessment Index 7

capacity building
and co-management of wildlife, 613
and human health, 893
for indigenous peoples, 686–687

capelin (Mallotus villosus), 484
in Bering Sea, 747–748
in Central North Atlantic, 711–712
commercial fisheries, 697, 704, 707, 714, 734, 737–738, 748,

761
distribution, 484
food requirement, 484
harvest by indigenous peoples, 652
impacts of past climate variability, 500, 501, 503, 717–719,

737–738, 739, 755, 766
impacts of temperature, 495, 496
migrations, 711
in northeast Atlantic, 696
in northwest Atlantic, 732
overharvesting, 624
past distribution change, 500
as prey, 486, 488, 489, 504, 512, 696
productivity, 479, 484
projected change in distribution, 545
projected impacts, 504, 507–508, 720–721, 740–741, 758, 759,

768, 1007, 1013
capercaillie. see wood grouse
Carabus truncaticollis, 258
carbon balance

approaches, 315–316
and arctic biodiversity, 541
Arctic Ocean storage, 34
of arctic wetlands, 364–365, 434–435
and boreal forests, 785–786
carbon dioxide contribution, 317–318
and ecosystems, 34
and growing season timing, 274
impacts of recent climate change, 315–318
marine Arctic, 519–520
marine Arctic uncertainties, 521
marine ecosystems, 479
methane contribution, 317–318
and nutrient cycles, 846
and peatlands, 32
and permafrost degradation, 319, 391–393, 434–435
projected impacts, 309–310, 316–318, 321–324, 325, 327–328,

547, 998, 1004, 1006, 1012
role of lichens, 563
and sea ice extent, 505
storage in terrestrial ecosystems, 305
and UV radiation, 310
and vegetation change, 999
and wildfires, 841–842, 843

carbon cycle
alkalinity pump, 518
biological pump, 518
and boreal forests, 841–846
oceanic role, 515–519
physical pump, 515–518
and terrestrial ecosystems, 305–311

carbon dioxide (CO2)
and boreal forests, 785
contribution to carbon balance, 317–318
fertilization effect, 568, 813, 845–846
and ozone chemistry, 155
and permafrost degradation, 459
plant response, 265, 275–276, 299
soil sources and sinks, 312
and stratospheric temperature, 155

carbon dioxide emissions
impacts of permafrost degradation, 391–393
impacts of projected change in coastal permafrost, 219
impacts of projected change in lakes, 393

recent change in terrestrial ecosystems, 316–317
soil processes affecting, 313
from terrestrial ecosystems, 308–309
from wildfires, 842
and winter respiration by microorganisms, 269–270

carbon monoxide, 312, 313
carbon storage, 1014

in boreal forest, 550, 785, 791, 830, 841
in Icelandic forests, 800
and land use change, 844–845
in Norwegian forests, 798
in peatlands, 841
projected change, 323, 851, 1015
and soil temperature, 820–821
in tundra, 34, 550
and vegetation type, 842–844
and wildfires, 835

Cardamine pratensis, 258
cardiovascular disease, 866, 869, 872, 880, 883, 894–895, 897,

1000
Carduelis chloris. see greenfinch
Carduelis hornemanni. see Arctic redpoll
Carex aquatilis, 285
Carex bigelowii, 273, 285, 294, 582
Carex bigelowii/arctisiberica, 257, 258
Carex chordorrhiza, 258
Carex duriuscula, 258
Carex ensifolia, 582
Carex lugens, 582
Carex spp., 285, 311, 317, 386
Carex stans, 257, 258, 285, 294, 582
Carex subspathacea, 300
caribou (Rangifer tarandus). see also International Porcupine

Caribou Board; reindeer/caribou
barren-ground, 969
Bathurst herd, 611
Beverly herd, 611, 620
Bluenose herd, 611
and brucellosis, 880, 881
early Holocene range, 51
Grant's caribou, 969
harvest and late freeze-up, 75
harvest by indigenous peoples, 654, 667, 669, 672, 674, 675,

680–685
harvest management in Canada, 612
historic range, 680–681
impacts of freeze-thaw events, 660
impacts of ice layers, 675
impacts of late freeze-up, 75
impacts of oil and gas development, 621
impacts of projected change in sea ice, 659
importance to tourism, 600
indigenous observations of change, 70–71, 73, 81, 280, 585,

611, 615, 651, 660, 661, 677, 684–685, 993
management arrangements, 637, 644–648
management arrangements and indigenous subsistence

activities, 664–665
migration cues, 67
multiple stresses on, 610
observed change in distribution, 287, 681
observed change on Banks Island, 666–667
paleoecology, 250
Peary caribou, 570, 613, 614–615, 675, 969, 1012
and permafrost degradation, 883
population monitoring, 620
population status in Alaska, 619
populations in Canada, 611
Porcupine herd, 618, 620, 654, 681–685
Porcupine herd management, 644–648
projected impacts, 615, 645, 660, 684, 883, 1010, 1011, 1012
Qamanirjuaq herd, 611, 620
and spread of Giardia, 880
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subspecies distribution, 681
threats from hunting, 613–614
Western Arctic herd, 611, 618–620
woodland, 969

carp bream (Abramis brama), 406–407
carrots, 808
Caryophyllaceae, 293
Caspian seal, 625
Cassin's auklet, 635
Cassiope spp., 262, 293
Cassiope tetragona, 247, 257, 258, 272, 273, 289, 302
Castor canadensis. see beaver
cataract, 877, 878, 899, 953, 1001
caterpillars, 268, 282
Catharacta skua. see great skua
cephalopods, 488, 489, 511, 758. see also squid
Cepphus columba. see pigeon guillemot
Cepphus grylle. see black guillemot
Cerastium beeringianum, 247
Cerastium regelii, 258
cerebral vascular disease, 872
Ceriodaphnia quadrangula, 422
Cervus elaphus. see red deer
Cervus nippon. see Sika deer
Cetorhinus maximus. see basking shark
Cetraria islandica, 258, 276
Cetrariella delisei, 258
Chaetozone setosa, 483
char (Salvelinus spp.), 71, 83, 395, 397, 1010. see also individual

species
Charadrius semipalmatus. see semipalmated plover
chemical transport models, 106
Chernobyl, 565, 979
Chiloxanthus pilosus, 258
chinook salmon (Oncorhynchus tshawytscha), 654, 752, 760
Chionoecetes bairdi. see Tanner crab
Chionoecetes opilio. see snow crab
Chipewyan, 680
chironomids, 364, 365–366, 564
Chlamys islandica. see Iceland scallop
chlorinated dioxins and furans, 565
chlorine, 154–156, 170
chlorofluorocarbons (CFCs), 154, 155, 994
chlorophyll-a, 515, 520
Chone paucibranchiata, 483
Choristoneura fumiferana. see eastern spruce budworm; spruce

budworm
Chrosomus eos. see northern redbelly dace
Chrysaora melamaster, 497
chrysophytes, 481
Chrysosplenium alternifolium, 258
Chukchi peoples, 626, 652, 968
Chukchi Sea, 381, 476–477, 481, 483, 491, 492–493
Chukotka, Russia, 609, 610, 625, 1016
chum salmon (Oncorhynchus keta), 71, 75, 752, 760
ciliates, 480, 481–482
Cinclidium arcticum, 258
Circumpolar Active Layer Monitoring Program (CALM), 216,

319, 676, 910
Circumpolar Biodiversity Monitoring Program, 585, 588–589
Circumpolar Protected Area Network (CPAN), 541, 559, 587,

589–590, 603
cisco (Coregonus spp.), 654. see also whitefish; individual species
Cladina spp., 258, 270
Cladocera, 365–366
Cladonia spp., 247, 270, 276
clams, 74–75, 483, 487, 504
Clangula hyemalis. see long-tailed duck
Clethrionomys rufocanus. see grey-sided vole
Clethrionomys spp., 549
Climacium dendroides, 258
climate, past, 788–789. see also paleoclimate

in Alaska and Canada, 818–819
impacts on fish stocks, 699–700, 716–719, 736–737, 753–757

climate, present-day, 10, 22–32, 244–245, 356–357
climate data

observational for model evaluation, 110–112
reanalyses, 110–112

climate models. see also atmosphere-ocean general circulation
model; general circulation model; regional climate
models

criteria for ACIA selection, 108–109
described, 102–109
equilibrium response experiments, 104
hierarchy of, 102–103
intercomparison projects, 108, 108–109
research recommendations, 1019
selection for ACIA, 108–109
uncertainties related to, 331–332

climate models, ACIA-designated, 8, 103
atmospheric pressure projections, 127, 128
and CMIP, 128–129
evapotranspiration projections, 187–188
features of, 110
geocryological hazard projections, 927–928
ocean projections, 476
permafrost zone projections, 211–215
precipitation projections, 126–127, 128–129, 187–188, 918,

994
projections, use in assessment, 118–119, 122
scenarios, use for agriculture projections, 809–810
scenarios, use for forest projections, 800–806
scenarios of future climate, 119–129
scenarios of future vegetation, 570
sea ice projections, 192–194, 195, 471, 472, 924–926
simulation of observed air temperature, 114, 115
simulation of observed climate, 109–119
simulation of observed cloudiness, 116–118
simulation of observed precipitation, 115–116
simulation of observed sea-ice extent, 118
simulation of observed sea-level pressure, 116, 117
simulation of observed snow cover, 118
simulation of observed solar radiation, 117, 118
snow cover projections, 199–200, 201, 918
temperature projections, 121–125, 128–129, 913–914, 918,

994
climate observations

history, 34–35
limitations of, 22, 31, 35, 39
station density, 34–35

Climate of the 20th Century project, 108–109
climate scenarios

ACIA climate baseline, 8, 112–113
ACIA model projections, 119–129, 373–376
ACIA time slices, 8
analogue, 8, 101
defined, 7, 101
improving, 140–144
selection of, 7–8, 102–103
synthetic, 101
types of, 7–8
uncertainties in model projections, 120

climate variability
and biodiversity, 384–385
in boreal forest region, 788–789
and caribou migration routes, 610
in climate model projections, 803–804
and glacier mass balance, 206
impacts on Arctic char, 400
impacts on Atlantic cod, 718
impacts on fish, 412, 414, 494, 497, 500, 503, 507
impacts on fisheries, 412, 416, 417, 767
impacts on indigenous peoples, 665, 668, 669, 676, 685, 963,

1001
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impacts on marine ecosystems, 659, 740
impacts on reindeer, 967
impacts on reindeer husbandry, 970, 974–976
impacts on ungulates, 676
indigenous observations of change, 74, 81, 82–83, 85–90, 88,

94, 660, 685
and model projections, 100, 103–105, 109, 112, 119, 120, 124,

134, 140, 143–144
modes of, 24–26
and ozone depletion, 156–157, 995
paleoclimatic, 46–54, 819
and reindeer husbandry, 658
20th century, 34–46

climate warming. see temperature, air
Clostridium, 260
cloudberry (Rubus chamaemorus), 88, 271–272, 288, 654
clouds

climate model representation, 106
and DMS, 143
feedback, 994
impacts of projected change in sea ice, 195
impacts on plants, 277–278
and marine ecosystems, 520
observational data for model evaluation, 116–118
projected change, 127, 470
and UV radiation, 153, 162, 166–167, 174, 278, 995, 996

clover, 807, 810
Clovis hunters, 252–253
Clupea harengus. see Atlantic herring
Clupea pallasi. see Pacific herring
Clyde River, Nunavut, Canada, 664

impacts case study, 671–675
indigenous knowledge case study, 82–84
indigenous observations of change, 69, 70

co-management. see wildlife management
coal fish. see saithe
coal mining. see mineral extraction
coastal communities

and change in fish stocks, 561
economic importance of fisheries, 763–764
and erosion, 921, 940, 1010–1011
erosion protection, 923
impacts of observed change, 660
multiple stresses on, 771
observed change, 661–662
and permafrost degradation, 897
projected impacts, 195, 208, 219, 235–236, 659, 767, 1004,

1014
vulnerability to sea-level rise, 231

coastal erosion, 659
and carbon balance, 518–519
contributing factors, 233–234, 920–921
and late freeze-up, 75
at Nelson Lagoon, Alaska, 77
observed change, 897, 921–922, 963, 999, 1010–1011
and permafrost degradation, 217, 219
projected impacts, 235–236, 922–923, 927, 952, 999, 1004,

1009, 1013
responses to, 93
and sea ice, 76–77, 232–233
and sea-level rise, 231
at Shishmaref, Alaska, 888–889
St. George Island, 77
in Tuktoyaktuk, Canada, 940
at Varandei oil storage facility, Russia, 940
and wetlands, 998

coastal management, 559, 601
coastal stability. see coastal erosion
cod. see also Arctic cod; Atlantic cod; Greenland cod; Pacific cod;

Pacific tomcod; polar cod
aquaculture, 703, 708, 716, 765
food requirement, 484

historic change, 663–664
impacts of past climate variability, 500
impacts of UV radiation, 516
marine biomass, 479
marine productivity, 479
projected impacts, 504, 508, 770–771, 1010

Coelodonta antiquitatis. see woolly rhinoceros
coho salmon (Oncorhynchus kisutch), 654, 752, 760
cold halocline, 30, 45
cold urticaria, 873
cold waves, 119
collared lemming (Dicrostonyx groenlandicus), 249, 251,

266–267, 301
collembolans, 260, 268, 296, 540, 580, 1016

diversity of, 549, 1016
colored dissolved organic matter, 370, 373, 419–425, 420, 421
Commander Islands, 605, 626
commander squid (Berryteuthis magister magister), 761
commercial activities

projected impacts, 200
common dace (Leuciscus leuciscus baicalensis), 406
common eider (Somateria mollissima), 363, 489, 573, 617, 626,

627, 630, 633, 635, 653
common frog (Rana temporaria), 422
common guillemot. see common murre
common loon (Gavia immer), 630, 633, 635
common merganser (Mergus merganser), 629
common murre (Uria aalge), 489, 572, 623, 629, 630, 633, 635,

1009
common snipe (Gallinago gallinago), 287
common teal (Anas crecca), 258
common tern (Sterna hirundo), 630
Conservation of Arctic Flora and Fauna (CAFF), 6, 541, 559–560,

600, 623. see also Circumpolar Biodiversity Monitoring
Program; Circumpolar Protected Area Network (CPAN)

contaminants. see also heavy metals; persistent organic pollutants;
specific chemical species

in arctic food chains, 600, 640, 867, 964
and biodiversity, 1016
human health impacts, 890–892, 953–954
impacts on biodiversity, 564–566
impacts on boreal forests, 795, 797, 798, 1017–1018
impacts on indigenous peoples, 678
impacts on reindeer, 657
impacts on wildlife, 615, 620
and increased precipitation, 545
in marine food chain, 624
in marine wildlife, 602
monitoring needs, 640
projected impacts, 412, 415, 427–433, 436–437, 566, 947,

954–955, 1011
research recommendations, 982
in traditional foods, 654, 657
transport pathways, 890–892
and UV radiation, 424

Convention on Biological Diversity, 541, 558–559, 572, 582, 590,
604, 956

Convention on the Conservation of Migratory Species of Wild
Animals, 564, 574, 630

copepods, 480, 481–483, 489, 493–494, 512, 513, 700, 758
coping capacity, 981, 1014

constraints on, 976–980
of fisheries, 708–709, 729–730, 745
of indigenous peoples, 665
of reindeer husbandry, 974–976

coping mechanisms
definition, 955

coping strategies, 1020
and human health, 900
for indigenous peoples, 666, 955–957
in Sachs Harbour, NWT, 668–670, 963
and vulnerability analysis, 957
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copper. see mineral extraction
coral reefs, 561, 564
Corallorrhiza spp., 258
Coregonus. see whitefish
Coregonus albula. see vendace
Coregonus artedi. see lake cisco
Coregonus autumnalis. see Arctic cisco
Coregonus clupeaformis. see lake whitefish (Coregonus

clupeaformis)
Coregonus nasus. see broad whitefish
Coregonus pidschian. see Siberian whitefish
Coregonus sardinella. see least cisco
cormorant (Phalacrocorax spp.), 627, 633. see also double-crested

cormorant; great cormorant; Pallas's cormorant; pelagic
cormorant; red-faced cormorant

corneal damage, 996
Cortusa matthioli, 258
Corvus corax. see raven
Cotesia sp., 550
cottongrass (Eriophorum spp.), 257, 258, 262, 273, 275, 278, 293,

311, 317, 549
Cottus cognatus. see slimy sculpin
Couesius plumbeus. see lake chub
cougar (Puma concolor), 78
Coupled Model Intercomparison Project (CMIP), 108, 119,

128–129, 193
crabs. see also Dungeness crab; king crab; red king crab; snow

crab; Tanner crab
in Bering Sea, 746
commercial fishery, 742, 762, 763, 764, 766
historic harvesting, 762
impacts of past climate variability, 503, 756–757, 766
management regimes, 765
predation by Atlantic cod, 739
projected impacts, 504, 760–761, 768

cranberry (Oxycoccux spp.), 654
Cree, 662, 680, 681
creep, 909, 914, 916
creeping alkaligrass (Puccinellia phryganodes), 300
creeping juniper (Juniperus communis), 799
crested auklet (Aethia cristatella), 633, 635
crossbills (Loxia spp.), 267
crowberry (Empetrum nigrum), 273
crows, 71
crustaceans, 483, 488, 504, 512, 513, 540, 580, 754. see also

barnacles; copepods; Daphnia; krill; shrimp
cryosphere, 22, 184. see also glaciers and ice sheets; ice, river and

lake; permafrost; sea ice; snow
cryoturbation, 210, 215
Cryptococcus laurentii, 262
cryptogams, 256
cryptophytes, 481
cryptosporidium, 880, 881, 884
cultural diversity. see arctic residents; indigenous peoples
cultures. see arctic residents; indigenous peoples
curlew sandpiper (Calidris ferruginea), 258, 288, 290
Curtonotus alpinus, 258
cyanobacteria, 262, 271, 275, 284, 481. see also microorganisms
Cyclops scutifer, 422
Cygnus columbianus. see tundra swan
Cyperaceae, 293
Cystophora cristata. see hooded seal

D
Dactylina madreporiformis, 258
Dactylina ramulosa, 258
Dahurian larch, 292
Dall sheep (Ovis canadensis dalli), 654
Dallia spp. see blackfishes
Dall's porpoise (Phocoenoides dalli), 489, 752, 759, 765
dams. see impoundment
dandelion (Taraxacum officinale), 605

Dansgaard-Oeschger events, 49–50
Daphnia spp., 387, 388, 422, 425, 514, 564
dark-bellied brent goose (Branta bernicla bernicla), 574
dark-leaved willow (Salix myrsinifolia), 853
DDT. see persistent organic pollutants
deepwater prawn (Pandalopsis dispar), 483
deepwater shrimp. see northern shrimp
deforestation, 1017–1018

and carbon dioxide emissions, 844
impacts on indigenous peoples, 678
impacts on reindeer pastures, 657
by reindeer overgrazing, 680
and tundra, 247, 320, 1005
and wind speed, 324

Delphinapterus leucas. see beluga whale
deltas, 1016. see also estuaries

ecosystems of, 360–361
impacts of sea-level rise, 235
projected impacts, 360, 379–381, 418, 434

Denali National Park, 567
Dendroctonus rufipennis. see spruce bark beetle
Dendrolimus sibiricus. see Siberian silkworm
Dene, 599, 652, 664, 680, 681

observations of change, 1014
subsistence activities, 653

Dene Nation
indigenous knowledge case study, 78–82
vulnerability, 962

Denendeh, 78–82. see also Dene Nation
Denendeh Environmental Working Group, 78–82, 962
dental cavities, 883
diabetes, 866, 880, 883, 895, 897, 1000
diamond mining. see mineral extraction
diatoms, 365–366, 481, 506
Dicentrachus labrax. see sea bass
Dicranoweisia crispula, 258
Dicrostonyx groenlandicus. see collared lemming
Dicrostonyx spp. see lemmings
Dicrostonyx torquatus. see Arctic lemming
dimethyl sulfide (DMS), 143, 312
dinoflagellates, 481
Dioryctria reniculelloides. see spruce coneworm
disease. see also human health

and emigration of new species, 386, 395, 419, 436
in human populations, 866–869
impacts on biodiversity, 588
projected impacts, 413, 415, 417, 419, 436, 879–881, 999,

1004
and sanitation infrastructure, 886–888
and traditional foods, 867
and UV radiation, 878
zoonotic, 880–881

dissolved inorganic carbon (DIC), 515, 518
dissolved organic carbon (DOC)

and carbon cycle, 518
impacts of change in, 390–391, 393, 420, 434
projected change in, 377–379, 420, 423
and UV radiation exposure, 515, 516, 520

dissolved oxygen (DO), 379
diurnal temperature range, 119
Dogrib, 680
Dolgans, 599
Dolly Varden (Salvelinus malma), 75

anadromous behavior, 409
importance of estuaries, 361
importance of groundwater, 402
projected impacts, 385, 410, 411
thermal preferences, 395

double-crested cormorant, 635
dovekie. see little auk
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downscaling
of model-projected arctic change, 137–140
and regional climate modeling, 137
research recommendations, 982
statistical methods, 103, 136–137
for vulnerability assessments, 958–959

downy birch (Betula pubescens), 557–558, 562, 563, 795, 799–800
Draba spp., 258, 293
Dreissena polymorpha. see zebra mussel
Drepanocladus intermedius, 258
drought

adaptations of microorganisms, 270
and agriculture, 812
and arctic animals, 281, 296
and arctic plants, 272, 302
and boreal ecosystems, 552, 783, 826, 829, 1001
and eastern spruce budworm, 833
and human health, 881, 885
and migratory birds, 290
paleoclimatic, 466
projected change, 869, 999
and sensible heat flux, 318
and spruce bark beetle, 832–833
and wildfires, 679, 835

Dryas integrifolia. see Arctic dryad
Dryas octopetala/punctata. see mountain avens
Dryas spp., 262, 293, 294–295, 549
duck plague, 880
ducks, 358, 436, 490, 616–617, 654, 659, 668. see also individual

species
duckweed (Lemna spp.), 89, 363
Dungeness crab (Cancer magister), 483
dunlin (Calidris alpina), 251, 258, 288, 361
Dupontia spp., 247, 258, 311
dwarf birch (Betula exilis), 257, 258
dwarf birch (Betula nana), 247, 257, 258, 273, 274, 295, 299, 799
dwarf Siberian pine (Pinus pumila), 293
dwarf willow (Salix herbacea), 265

E
earthworms, 580
East Siberian Sea, 493, 506, 518
eastern spruce budworm (Choristoneura fumiferana), 833–834
echinococcus, 880, 881, 1011
echiuran worms, 487
economic impacts, 4, 1013. see also agriculture; arctic residents;

fisheries; forestry; indigenous peoples; mineral
extraction; natural resources; oil and gas development;
recreation; resource development; tourism

of projected change in fisheries, 416–417
research recommendations, 1019

ecosystems. see also boreal forest ecosystems; freshwater
ecosystems; marine ecosystems; polar desert
ecosystems; terrestrial ecosystems; tundra ecosystems;
wildlife management

conservation, 543–560, 602–605, 651
decomposition in, 540–541
fragmentation and protected areas, 577–578
habitat groupings, 543–544
impacts of UV radiation, 995
multiple stresses, 605
novel, 550, 569, 570, 571, 789, 822–823, 851, 998, 1017
photosynthesis in, 540–541
processes within, 540–541
projected impacts, 4, 215, 606

ecosystems, terrestrial. see also boreal forest ecosystems;
freshwater ecosystems; polar desert ecosystems; tundra
ecosystems

approach for assessment, 248–249
biogeochemical cycling, 305–311
carbon balance, 315–318
disturbances, 245, 247

energy balance, 314
global links, 247
human impacts on, 253
impacts of experimental manipulation, 295–298
impacts of poaching, 679
importance to humans, 247
latitudinal variation, 292–295
prehistoric human impacts, 252
projected impacts, 253–254, 998
surprise responses, 249
trophic interactions, 298–303
water balance, 314

eel (Anguilla anguilla), 410, 544
eider, 617. see also common eider; king eider; spectacled eider;

Steller's eider
harvest of, 626, 627, 629, 631, 633, 634–635
impacts of sea level rise, 636
indigenous observations of, 77
management agreements, 623
overharvesting, 631

El Niño-Southern Oscillation (ENSO), 3
and caribou behavior, 287
and fish recruitment, 503
impacts on aquaculture, 703
impacts on walleye pollock, 756
and infectious diseases, 879–880
and lake water temperature, 429
and sea ice variability, 469
and sea otter populations, 632–633
and wildfires, 836–837

Eleginus gracilis. see saffron cod
Elim, Alaska, 68
Emberiza pusilla. see little bunting
emerald shiner (Notropis atherinoides), 398, 405
Emiliana huxleyi, 481. see also phytoplankton
emissions scenario, 119–121, 958, 993–994

A2, described, 8
A2, temperature projections using, 119
A2 and B2 compared, 806
ACIA rationale, 120
B2, described, 8
B2, temperature projections using, 119
defined, 7
IPCC IS92 scenarios, 119–121
IPCC Special Report on Emissions Scenarios, 7–8, 109, 109,

119–121
selection of, 7–8

emperor goose (Anser canagicus), 288, 289
Empetrum hermaphroditum. see mountain crowberry
Empetrum nigrum. see crowberry
Empetrum spp., 293, 294
enchytraeid worms, 540, 580
endangered species

bowhead whale, 753
definitions, 581–582
Eskimo curlew, 363
monitoring, 587
Red Lists, 541, 585, 624
spectacled eider, 363
Steller sea lion, 753
Steller's eider, 363
and undisturbed forests, 790, 795, 797

energy balance
of boreal forest, 789
of terrestrial ecosystems, 314, 318–319
and vegetation distribution, 324

energy budget, surface
impacts of projected change in snow cover, 200
importance of mosses, 273
importance of sea-ice albedo, 190

energy consumption
projected change in heating requirements, 936, 937
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Enets people, 679
engineering. see infrastructure
Engraulis mordax. see northern anchovy
Enhydra lutris. see sea otter
epiphytic organisms, 480
Epirrita autumnata. see autumnal moth
epishelf lake, 381
equilibrium response, 104
Equisetum spp. see horsetail
Eremophila alpestris. see shore lark
Erignathus barbatus. see bearded seal
Eriophorum spp. see cottongrass
Eritrichium nanum, 249
ermine (Mustela erminea), 247, 258, 259, 301, 607
erosion. see also coastal erosion

impacts of permafrost change, 659, 913
and infrastructure, 923
and landslides, 917–918
projected change, 917
and sanitation infrastructure, 888
and water supply, 886

Eschrichtius robustus. see grey whale
Eskimo curlew (Numenius borealis), 363
Esox lucius. see northern pike
estuaries, 544

ecosystems of, 360–361
nutrient limitation in, 491
projected impacts, 235, 379–381, 385, 418, 547, 923
timing of spring phytoplankton bloom, 492

ethics of climate change, 4, 64
Eubalaena glacialis. see right whale
Eubalaena japonica. see North Pacific right whale
Eucalanus bungii, 482
eulachon (Thaleichthys pacificus), 503, 755
Eumetopias jubatus. see Steller sea lion
Euphausia pacifica, 482
euphausiids. see krill
Euphrasia frigida, 263
Eurasian oystercatcher (Haematopus ostralegus), 630
Eurasian wigeon (Anas penelope), 258
European aspen (Populus tremula), 799
European eel. see eel
European perch (Perca fluviatilis), 405, 406
European pine sawfly (Neodiprion sertifer), 835, 1007
European shag (Phalacrocorax aristotelis), 629–630, 630
European storm petrel (Hydrobates pelagicus), 630
European whitefish (Coregonus lavaretus), 395, 397, 411, 412,

563, 576
Eurynorhynchus pygmaeus. see spoon-billed sandpiper
evaporation

measurement limitations, 185
present-day, 245
projected change, 126–127, 133–134

evapotranspiration
measurement limitations, 31
projected change, 812
for projecting agriculture impacts, 810
and vegetation change, 324

Even peoples, 652
Evenk peoples, 652
Evenkiya, Russia, 609
exclusive economic zone (EEZ), 694
Exobasidium, 302
exotic species. see non-native species
extreme events, 1018. see also drought; floods; storms

and human health, 869–870, 881
impacts on aquaculture, 708
impacts on ecosystems, 999
impacts on freshwater fisheries, 413, 415, 416
indicators for, 899
modeling, 143–144
projections of, 144

in vulnerability analysis, 959
and water supply, 885–886

Exxon Valdez, 565
Eyak people, 656
eye irritations, 63

F
Fagus sylvatica. see beech
Falco peregrinus. see peregrine falcon
Falco rusticolus. see gyrfalcon
falcon, 71. see also gyrfalcon; peregrine falcon
Faroe Islands, 868, 869
fast ice. see land-fast ice
feedbacks, 7, 23, 990, 994, 998, 999, 1015

albedo-temperature, 3, 196, 252, 315
and ecosystem processes, 315, 321–324, 550
ecosystems and greenhouse gases, 11
freshwater flux and thermohaline circulation, 315
and glacial cycles, 47
greenhouse gas emissions and vegetation change, 315
ice-albedo, 33, 190
methane hydrates, 315, 519
and ocean carbon processes, 518
permafrost thawing, 459, 520
and rapid temperature change, 50
salinity, 478
sea ice-albedo, 459, 474, 476–477, 1005
soil carbon, 785
thermohaline, 459
vegetation-albedo, 785, 844
wildfire and carbon emissions, 842
wildfire and vegetation distribution, 840

Fennoscandia
forest tenure and management, 794–801
projected climate change, 971–972
reindeer husbandry, 965
and Scots pine growth, 829–830
wildfire regimes and management, 839–840
wildlife management, 616–617, 628–631

ferns, 580
fieldfare (Turdus pilaris), 258, 260
fin whale (Balaenoptera physalus), 489, 615, 629, 652, 715, 732,

736, 753, 965
Finland

agriculture, 808
demographics, 868–869
forest area, 784
forest tenure and management, 795–796
indigenous observations of change, 69, 71
projected impacts, 584, 795
protected areas, 541

Finnmark, Norway
vulnerability case study, 962, 965–980

fire. see wildfires
firn, 31, 784
firs (Abies spp.), 551. see also Siberian fir
First Nation Council of Yukon Indians, 645
fish. see also fisheries; freshwater ecosystems; marine ecosystems;

individual species
indigenous observations of change, 70–71, 993
as source of Vitamin D, 877
warming and disease, 880

fish, anadromous, 544, 547. see also fish, diadromous; salmonids;
individual species

definition of, 356
indigenous harvesting, 747
mercury concentrations in, 433
and nutrient/energy transfer, 361
observed change, 1010
projected impacts, 360–361, 402–403, 437, 998
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fish, catadromous, 544
definition of, 356
projected impacts, 410

fish, demersal. see groundfish
fish, diadromous

definition of, 356
projected impacts, 393–406, 408–410, 436
species, number of arctic, 396–397
thermal preferences, 394–399

fish, freshwater
adaptation to current climate, 357
biodiversity, 547, 1016
inventory needs, 580
mercury concentrations in, 405, 433
migratory timing change, impacts on fisheries, 413–414
projected impacts, 393–408, 402–403, 412–413, 436, 437, 547,

570, 998
projected range shifts, 588
species, number of arctic, 11, 396–397
thermal preferences, 394–399
threats to migratory species, 581

fish, marine, 484–487
adaptation to arctic environment, 557
and benthos, 483
distribution and migration, 496
diversity, 1017
and human health, 897
impacts of climate factors, 494–496
impacts of oil pollution, 565
impacts of past climate variability, 499–504, 699–700,

716–719, 736–739, 753–757
impacts of UV radiation, 514
inventory needs, 580
number of species, 484
and ocean currents, 710–711
and ocean temperature, 520
projected change in distribution, 569, 588, 694, 761
projected change in migration, 694
projected impacts, 504, 507–508, 544–545, 570, 719–721,

739–741, 744–745, 757–761
reproductive cycle and temperature, 495
temperature impacts on distribution, 496
threats to migratory species, 581

fish farming. see aquaculture
fisheries

impacts of changing sea ice on harvests, 195
impacts of projected change on indigenous peoples, 663–664
impacts of UV radiation, 953, 999
and individual transferable quotas, 665
projected impacts, 999

fisheries, commercial, 990
Alaska plaice, 751
arrowtooth flounder, 748
Atlantic cod, 698–699, 707, 712–713, 714, 715, 722–723, 733,

736–737, 742–744
Atlantic herring, 696–698, 707, 714, 734
in Barents and Norwegian Seas, 695–709
in the Bering Sea, 1009
blue whiting, 714–715
and boreal forests, 794
capelin, 714, 734, 737–738, 748
cod, 500, 696–697
coping capacity, 709, 729–730, 768
crab, 742
economic and social impacts on, 706–709, 721–725, 725–729,

744–745, 766–768
economic and social importance, 16, 700–704, 741–744,

761–766
employment, 703–704
exclusive economic zones, 694
and fish distribution, 496
flatfish, 748, 751

in Greenland, 709–731, 964–965
Greenland halibut, 697, 713, 714, 715, 733–734, 737, 748–749
haddock, 698
humpy shrimp, 749
in Iceland, 709–731
impacts of past climate variability, 756
impacts on arctic residents, 1000
impacts on biodiversity, 555, 561, 564
impacts on indigenous communities, 657
impacts on indigenous harvesting, 559
impacts on marine mammals, 633
invertebrates, 748
the "Loophole," 496
management and indigenous subsistence activities, 665
management regimes, 694–695, 704–706, 707–708, 729, 742,

746–747, 763, 765–766, 766–767, 770–771
markets, 704, 764–765
multiple stresses on, 706–707
Newfoundland and Labrador, 731–746
in North Pacific and Bering Sea, 746–770
in Northeast Atlantic, 695–709
northern flathead sole, 751
northern shrimp, 697, 713, 714, 715, 722–723, 734–735,

738–739, 749
Pacific cod, 750–751
Pacific herring, 748
Pacific salmon, 748, 752
pandalid shrimp, 749
polar cod, 697, 748
productivity of, 4
projected impacts, 739–741, 757–761, 770–771, 1001, 1002,

1004, 1005, 1006–1007, 1010, 1013, 1017
red king crab, 749
redfish, 698, 714, 715
in Region 1, 1006
research recommendations, 771–772
rock sole, 751
role in mixed economies, 656
roundfish, 748
shrimp, 742
snow crab, 735, 749
Tanner crab, 749
uncertainties in projections of change, 693–694
walleye pollock, 748, 749–750
yellowfin sole, 751, 756

fisheries, freshwater and anadromous
impacts on biodiversity, 555
and indigenous peoples, 558–559
projected impacts, 410–416, 436
projected impacts on specific fishery sectors, 416–417
value of, 411, 416–417

Fisheries Joint Management Committee, 670
flagellates, green, 481
Flakaliden experiment, 820–821
flatfish. see also individual species

in Central North Atlantic, 711
commercial fisheries, 748, 751
impacts of past climate variability, 503, 756, 766
projected change in distribution, 545
projected impacts, 504, 507–508, 758, 759, 760–761, 768

flathead sole (Hippoglossoides elassodon), 487, 502, 503
flaw leads, 457
flies, 540
floods

factors affecting, 917
impacts of projected change in freshwater runoff, 229
impacts of projected change in river and lake ice, 223
impacts of projected precipitation change, 188
impacts of sea-level rise, 235–236
impacts of temperature change, 23, 32
and infrastructure, 917
projected impacts, 917, 923, 997, 998, 1008, 1009
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and rain-on-snow events, 43
vulnerability analysis, 957

flounder (Pleuronectes ferrugineus), 652
Folsomia spp., 260, 281, 282, 549
food chains, 540
food webs, 540
forest fires. see wildfires
forest tent caterpillar, 833–834
forest tundra. see tundra-taiga ecotone
forestry

in Alaska, 793–794
and biodiversity, 552–554, 560–561
in Canada, 791–793
and carbon storage, 785–786
economic importance, 786
and energy production, 796, 797, 799
in Finland, 795–796
in Iceland, 800
impacts on biodiversity, 562–564
impacts on habitat, 616
impacts on indigenous peoples, 679–680, 685
impacts on reindeer overgrazing, 601
in Norway, 798–799
projected impacts, 791, 1001, 1002–1003, 1007, 1008, 1010
and protected areas, 604
role in mixed economies, 656
in Russia, 790–791
in Sweden, 796–797

forests, 247, 563, 784. see also boreal forest ecosystems;
deforestation; forestry; treeline

fork-tailed storm petrel, 635
Formitopsis rosea, 582
Fort Chipewyan, Alberta, 654
Fort Smith, NWT, 654
fourhorn sculpin (Myoxocephalus quadricornis), 385
fox, 880, 881, 953. see also Arctic fox; red fox
Foxe Basin. see marine Arctic
Franz Josef Land, 206
Fratercula arctica. see Atlantic puffin
Fratercula cirrhata. see tufted puffin
Fratercula corniculata. see horned puffin
freeze-thaw events

and ecosystem diversity, 293
impacts on animals, 142, 269, 279, 296, 301
impacts on arctic species, 557
impacts on aspen, 833
impacts on caribou, 660
impacts on soil microorganisms, 297
impacts on tundra vole, 280
indigenous observations of change, 660
projected increase in, 200, 282

freezing rain
impacts on caribou, 279, 615, 661, 670, 883
impacts on Collembola, 281
impacts on contaminant transport, 430
impacts on seabirds, 512
impacts on snow geese, 280
indigenous observations of, 77
projected change, 200, 668, 952

freshwater discharge. see also Arctic Ocean; river discharge
background, 223–225
impacts of projected change, 228–229
measurement limitations, 225
observed trends, 225–227, 228
projected change, 227–228, 229
research recommendations, 229–230
role of boreal forests, 786
and thermohaline circulation, 477

freshwater ecosystems
and acidification, 565
adaptability to rapid climate change, 433
barriers to species movement, 568

biodiversity, 547
biodiversity conservation, 546–548
biodiversity monitoring, 586
carbon storage, 1014
characteristics, 1017
and chlorinated dioxins and furans, 565
and contaminants, 427–433, 565
described, 11–12
historic change in, 365–372
impacts of industrial development, 677
impacts of non-native species, 576
impacts of projected change in freshwater runoff, 229
impacts of projected change in glaciers and ice sheets, 208
impacts of projected change in river and lake ice, 223
impacts of recent climate change, 371–372
impacts of UV radiation, 419–427, 947, 996
and mercury, 432–433, 565
and PCBs, 565
and persistent organic pollutants, 427–432
projected impacts, 32, 372–438, 384–386, 433–437, 547–548,

997–998, 998, 1012–1013
projected impacts on carbon dynamics, 391–393
projected impacts on fish, 393–410
projected impacts on food webs, 386–388
projected impacts on hydro-ecology, 373–384
projected impacts on production, 388–391, 434–436
projecting impacts, 372–438
protected areas, 577
research recommendations, 437–438
structure and function of, 358–365
and toxaphene, 565
uncertainty in impacts projection, 354–356
water budgets, 357–358

freshwater hydrology, 31–32
freshwater shrimp (Gammarus lacustris), 382
fritillary butterfly, 586
frogs (Rana spp.), 282, 422
frost days, 119
frost heave, 909, 914–916, 930
frost jacking, 909
frostbite, 871–872
Fucus spp., 483
Fulmaris glacialis. see northern fulmar
fungi, 260–261, 298, 303, 540, 552, 571, 580, 797. see also

microorganisms

G
Gadus macrocephalus. see Pacific cod
Gadus morhua. see Atlantic cod
Gadus ogac. see Greenland cod
Galium densiflorum, 258
Gallinago gallinago. see common snipe
Gambell, Alaska, 69
Gammarus lacustris. see freshwater shrimp
Gammarus oceanicus, 483
Gammarus setosus, 483
Gammarus wilkitzkii, 480, 482
Gasterosteus aculeatus. see threespine stickleback
gastroenteritis, 884
gastropods, 483
Gavia adamsii. see yellow-billed loon
Gavia arctica. see Arctic loon
Gavia immer. see common loon
Gavia pacifica. see Pacific loon
Gavia stellata. see red-throated loon
geese, 358, 490. see also individual species

adaptive capacity, 291
arctic-breeding species, 259
biodiversity monitoring, 586
habitat requirements, 268
harvest by indigenous peoples, 654
indigenous observations of change, 89
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migration routes, 574
overharvesting, 560
projected impacts, 436, 574–575
and snow duration, 280

general circulation model (GCM), 102–103. see also climate
models

Gentiana nivalis. see snow gentian
geography, 10

marine Arctic, 26
geometrid moths, 268, 281. see also autumnal moth; winter moth
Geum, 278
giant deer (Megaloceros giganteus), 250
Giardia, 879, 880, 881, 884, 897
glacial cycles, 47–50, 543. see also climate, past
glacier buttercup (Ranunculus glacialis), 278
glaciers and ice sheets. see also Greenland Ice Sheet

area by region, 202
background, 201–203
and contaminants, 954
dynamics and biodiversity, 550–551
equilibrium line defined, 31, 203
extent at last glacial maximum, 249
impacts of projected change, 208
impacts of temperature change on, 3
mass balance, 203
melting and landslides, 918
melting and thermohaline circulation, 999–1000
observed change, 53, 997, 1009
observed change by region, 204–207
and precipitation, 31
projected impacts, 3, 119, 207–208, 659, 997, 1010
research recommendations, 208–209
and sea level rise, 994, 997
sensitivity to temperature change, 203
and temperature, 31
volume and sea-level equivalent, 201
as water source, 547

glaucous gull (Larus hyperboreus), 361, 489, 566, 624, 629–630,
635

glaucous willow (Salix glauca), 278
glaucous-winged gull (Larus glaucescens), 626, 635
global climate, links to, 4–5, 12, 32–34, 55, 459, 541

marine Arctic, 473, 519–520
sea ice, 23, 30
thermohaline circulation, 32–33, 54

global economy. see also economic impacts; fisheries; forestry;
indigenous peoples; mineral extraction; oil and gas
development

arctic contribution, 5, 16, 934, 937, 990, 1002, 1008
and emissions scenarios, 8, 119–120, 332, 958, 993–994
impacts on Arctic communities, 650–651, 771
impacts on Arctic fisheries, 708
impacts on Arctic residents, 948, 950
impacts on indigenous peoples, 91, 657–658, 664–665, 685,

955, 961, 1001, 1014
impacts on the Arctic, 636

Global Terrestrial Network for Permafrost (GTN-P), 209, 211,
216, 910

Global Terrestrial Observing System (GTOS), 587
global warming. see temperature, air
global warming potential (GWP), 318
Globicephala melaena. see pilot whale
Glyptocephalus cynoglossus. see witch
Gmelin larch (Larix gmelinii), 815–816, 822–824
gold. see mineral extraction
goldeye (Hiodon alosoides), 396
government

role in addressing climate change, 78, 79, 91, 92, 640, 665,
686–687, 900

grains, cereal, 809, 812
grazing, 562–563. see also Iceland; reindeer; reindeer husbandry
great auk (Pinguinus impennis), 12, 487, 560, 601, 1016

Great Bear Lake, 381
great black-backed gull (Larus marinus), 629–631
great cormorant (Phalacrocorax carbo), 629–630
great knot (Calidris tenuirostris), 288
great northern diver. see common loon
Great Salinity Anomaly, 45, 468, 717
great skua (Catharacta skua), 288, 630
Great Slave Lake, 381
greater scaup (Aythya marila), 363
greater shearwater (Puffinus gravis), 732
greenfinch (Carduelis chloris), 1006
greenhouse gases. see carbon dioxide; methane; nitrous oxide;

trace gases
Greenland

commercial fisheries, 709–731, 866
demographics, 868–869
economic importance of fisheries, 722–723, 724–725
fisheries development, 663–664
forest tenure and management, 799–801
human health, 894–895
impacts of past climate change, 866
impacts on fisheries, 727–729
marine ecosystem description, 710–711
Norse settlement, 250, 562, 584
sanitation systems, 884
settlement, 799–800
social change, 865–866
vulnerability case study, 962–963, 964–965

Greenland cod (Gadus ogac), 484, 486, 500
Greenland halibut (Reinhardtius hippoglossoides), 486–487

in Bering Sea, 748–749
in Central North Atlantic, 711–712
commercial fishery, 697, 713, 714, 715, 737, 748–749, 964
distribution, 484
harvest by indigenous peoples, 652
historic fisheries, 733–734
impacts of past climate variability, 503, 737, 756
in northeast Atlantic, 696
in northwest Atlantic, 732
past distribution change, 500
as prey, 488
projected change in distribution, 545
projected impacts, 504, 507–508, 740–741, 758, 759, 965,

1007, 1013
temperature and distribution, 496

Greenland Home Rule, 665, 724, 956, 964
Greenland Ice Sheet, 201–202

area, 202
freshwater storage, 31
impacts of projected change, 208
observed change, 205–206, 1012
prehistoric size, 46, 48
projected change, 207, 997, 1004, 1012, 1018
research recommendations, 208–209
and sea-level rise, 203, 231
sensitivity to temperature change, 203
simulation of observed change, 131–132

Greenland right whale. see bowhead whale
Greenland Sea, 493
Greenland shark (Somniosus macrocephalus), 486
Greenland turbot. see Greenland halibut
Greenland white-fronted goose (Anser albifrons flavirostris), 574
grey phalarope. see red phalarope
grey seal (Halichoerus grypus), 488, 504, 510, 622, 626–627, 628,

699, 715
grey-sided vole (Clethrionomys rufocanus), 280, 301
grey whale (Eschrichtius robustus), 489, 504, 510, 511, 624, 633,

652, 753
greylag goose (Anser anser), 574, 617, 630
grizzly bear. see brown bear
ground squirrel (Spermophilus parryii), 267, 653, 654
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groundfish
in Bering Sea, 746
collapse of Newfoundland/Labrador fishery, 741–744
commercial fisheries, 710, 747, 762–764
fisheries and Steller sea lions, 747
historic harvesting, 712–713, 761–762
impacts of past climate variability, 503, 733, 739, 756
management regimes, 665, 699
management under changing climate, 720, 766–767
monitoring, 502
past changes in abundance, 737
predators, 741
projected impacts, 739, 740, 746, 759, 768, 1013
species, 487

groundwater, 547
and avalanches, 919
contribution to freshwater discharge, 225
extraction and sea level, 231
and frost heave, 916
and human health, 885
impacts of permafrost change, 45, 377
impacts of projected change on fish, 402
impacts of projected change on freshwater ecosystems, 998
and landslides, 917–918
and methane emissions, 317
systems, types of, 357–358

grouse, 616–617, 654. see also hazel grouse; willow grouse; wood
grouse

growing degree-days, 801
for agriculture projections, 809–812
crop requirements, 810
impact of change on wetland vegetation, 392
observed change, 1009
projected change, 391, 811–812

growing season length and timing, 245
in boreal forests, 794
and carbon balance, 274
and contaminant transport, 890
impacts of projected change on carbon cycling, 391–392
impacts of projected change on plants, 274
impacts on agriculture, 807–809
impacts on carbon balance, 317
observed change, 274
projected change, 391

Grus americana. see whooping crane
guillemot, 392, 561, 626. see also black guillemot; pigeon

guillemot; thick-billed murre
gulls, 358, 627–628, 629, 633, 634–635, 636. see also individual

species
Gulo gulo. see wolverine
Gwich'in, 81, 645, 680, 681

observations of change, 660, 1014
Gwich'in Council International, 13, 68–71, 602, 968
Gymnocephalus cernuus. see ruffe
Gynaephora groenlandica, 557
gypsy moth (Lymantria dispar), 834
gyrfalcon (Falco rusticolus), 267, 556

H
habitat

availability and reproductive success, 418
classification and inventory needs, 582–583
defined, 543–544
fragmentation, 605, 609, 616
impacts of fragmentation on biodiversity, 559, 566–567, 588,

1016
loss and reindeer husbandry, 976–977
monitoring, 587
projected change in extent, 570–571

habitat protection. see protected areas; wildlife management
haddock (Melanogrammus aeglefinus), 495, 500, 508, 696, 698,

704, 711, 712, 717, 740–741

Haematopus ostralegus. see Eurasian oystercatcher
hairy lousewort (Pedicularis hirsuta), 258
hairy willow (Salix lanata), 799
halibut, 663, 708, 712, 765. see also Atlantic halibut; Greenland

halibut; Pacific halibut
Halichoerus grypus. see grey seal
Haliotis rufuscens. see abalone
halocline, 460
halogens, 154–156, 170, 312. see also bromine; chlorine
harbour porpoise (Phocoena phocoena), 489, 629
harbour seal (Phoca vitulina), 488

in Bering Sea, 752
commercial harvest, 715
harvest, 699
harvest by indigenous peoples, 652
harvest of, 622, 628, 632
population trends, 633
projected impacts, 504, 510, 759

hares (Lepus spp.), 71, 268, 281, 300. see also individual species
harp seal, 488

as cod predator, 737, 739, 741
commercial harvest, 699, 715, 735–736
diet, 480
harvest by indigenous peoples, 652, 675
harvest of, 622–623, 625, 626, 628
historic change, 663
impacts of capelin overharvesting, 624
impacts of past climate variability, 501, 739
in Northeast Atlantic, 696
in northwest Atlantic, 732
projected impacts, 504, 510, 740–741

Harpinia sp., 483
harvest regulation. see wildlife management
hay, 808–809
hazel grouse (Tetrastes bonasia), 607
heating costs, 1004, 1007, 1013
heavy metals, 877–878, 947, 952, 982. see also cadmium; lead;

mercury
analyses, 959
and human health, 890–892, 953–954, 964
impacts on biodiversity, 565
in marine ecosystems, 624
in reindeer meat, 979–980
in traditional foods, 657

Heinrich events, 49–50
Helictotrichon krylovii, 258
Hemilepidotus jordani. see yellow Irish lord
Hemiptera, 553
hepatitis, 884, 887
herring (Clupea spp.). see also individual species

projected impacts, 504, 508, 660
herring gull (Larus argentatus), 624, 629–631, 630, 635
Heterocope spp., 387
heterotrophic flagellates, 481–482
hexachlorocyclohexanes, 891, 892, 952, 953, 964
Hiatella arctica, 483
Hiodon alosoides. see goldeye
Hippoglossoides elassodon. see flathead sole
Hippoglossoides platessoides. see long rough dab
Hippoglossoides robustus. see northern flathead sole
Hippoglossus hippoglossus. see Atlantic halibut
Hippoglossus stenolepis. see Pacific halibut
HIRHAM regional climate model. see regional climate models
hooded seal (Cystophora cristata), 488

as cod predator, 737, 739
commercial harvest, 699, 735, 736
food sources, 486
harvest by indigenous peoples, 652
harvest of, 622–623, 625, 626, 628
in northwest Atlantic, 732
projected impacts, 504, 510

Hormathia nodosa, 483
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horned puffin (Fratercula corniculata), 626, 633, 635
horse mackerel (Trachurus trachurus), 500
horsetail (Equisetum spp.), 363
house mouse (Mus musculus), 605
Hudson Bay, Canada. see also marine Arctic

indigenous observations of change, 68, 70, 661–662
productivity, 493
projected change, 476–477
variability of temperature and salinity, 469

Hudson Strait, Canada, 68, 70, 469. see also marine Arctic
human health

and adaptation to climate change, 898–900
alcohol abuse, 896
causes of death, 868–869
and contaminants, 600, 615, 867, 890–892, 953–954, 964
data for vulnerability assessments, 959
data on, 864
definition, 865, 893
and extreme events, 869–870
and heat waves, 870
and housing infrastructure, 888–889
impacts of biodiversity change, 559
impacts of UV radiation, 953
importance of traditional foods, 653–654, 879, 956–957
indicators, 898–900
indigenous observations of change, 651
and industrial development, 608, 864
infant mortality, 868
life expectancy, 867–868
links to biodiversity, 579
multiple stresses, 874, 877–878, 893–895, 896–897, 947
projected impacts, 1000, 1001–1002, 1004, 1009, 1011, 1014
projected impacts (direct), 869–878
projected impacts (indirect), 878–892
research recommendations, 875, 877, 878, 897, 900–902, 982
and sanitation infrastructure, 884, 886–888
sexual abuse, 896
social, cultural, and mental health, 892–898
and socio-cultural conditions, 865–868
suicide, 896
and temperature, 870–874
and UV radiation, 874–878, 996
and water supply infrastructure, 884–886

humpback whale (Megaptera novaeangliae), 489, 629, 715, 732,
736, 753

humpy shrimp (Pandalus goniurus), 749
hunting

adaptation options, 948
in Finnish forests, 796
impacts on biodiversity, 560–561
impacts on wildlife, 610, 613–615
in Norwegian forests, 798
projected impacts, 558, 617, 622–623, 632, 634–636, 660,

1001
in Swedish forests, 797
technological change, 952

hunting, commercial
of marine mammals, 622–623
in Russia, 606–610

hunting, sport
and boreal forests, 794
economic benefits, 600, 626, 667, 674–675, 682
of marine mammals, 622
of polar bear, 657
of seabirds, 622

Hydrobates pelagicus. see European storm petrel
Hydrodamalis gigas. see Steller sea cow
hydroelectric generation

and habitat loss, 977
impacts of mild winter days, 23
impacts on indigenous peoples, 678
impacts on reindeer overgrazing, 601

impacts on Saami, 657
impacts on wildlife, 600
impacts on wildlife habitat, 616
projected impacts, 32, 188, 208, 223, 1001, 1008
and protected areas, 604
and wildlife management, 638–639

hydrogen, molecular, 312
hydrogen sulfide, 544
hydroids, 580
hydroxyl radical, 155, 156, 317
Hylocomium splendens, 257, 258, 265, 273, 275, 276, 277, 285,

289–290, 571
Hypogastrura tullbergi, 281, 556
Hypogastrura viatica, 282
Hypomesus olidus. see pond smelt

I
ice, river and lake

background, 220–221
and freshwater ecosystems, 998
impacts of projected change, 223
impacts of projected change on freshwater ecosystems,

997–998
impacts of projected change on indigenous subsistence

activities, 668, 678, 683–684
impacts of projected change on infrastructure, 927
impacts of projected change on underwater UV, 419–420
indigenous observations of change, 685, 993
observed change, 31, 1009
observed change in breakup timing, 220–221
observed change in freeze-up timing, 221–222
projected change, 222, 923, 1012
research recommendations, 223
and UV radiation, 996

ice grass (Phippsia algida), 258, 549
ice jams, 23, 32, 221, 360, 380, 418–419, 885, 923
ice sheets. see glaciers and ice sheets
Iceland

agricultural impacts on, 799–800
agriculture, 809
commercial fisheries, 709–731
demographics, 868–869
economic importance of fisheries, 721–722, 723–724
forest area, 784
forest tenure and management, 799–801
historic deforestation, 799–800
invasive species, 605
marine ecosystem description, 710–711
observed change in glaciers and ice sheets, 206
observed temperatures, 803
overgrazing impacts, 555, 562
projected impacts on fisheries, 725–727
projected impacts on forests, 800
projected temperature change, 803
reforestation, 800–801
settlement, 250, 799–800

Iceland scallop (Chlamys islandica), 483
Iceland Sea, 493. see also marine Arctic
Icelus spiniger. see thorny sculpin
icings. see aufeis
ide (Leuciscus idus), 406
Igloolik, Nunavut, Canada

indigenous knowledge case study, 82–84
indigenous observations of change, 68

Illex illecebrosus. see squid
immunosuppression, 874–875, 996
impacts assessment

approaches, 8–10
impetigo, 884
impoundment, 359, 933
inconnu (Stenodus leucichthys), 654
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indigenous knowledge and observations, 62–66, 646, 658
academic engagement with, 64–65
and adaptation to climate change, 92–93, 559, 669, 683–684,

955
of biodiversity change, 585
and biodiversity conservation, 558–559, 589
of caribou, 960–961
case studies, 72–90
of change in caribou numbers, 611
of change in freshwater systems, 382
of changing availability of traditional foods, 651
of climate change, 66–90, 992–993
and co-management, 612, 613
"co-production of knowledge," 980
defined, 9–10
development of, 65
and environmental impact assessment, 65
erosion of, 66, 90–91
of freeze-thaw events and caribou, 279
of frost sensitivity in plants, 276
in Hudson Bay, 661–662
ice predictability, change in, 80
in impact studies, 947
importance to survival, 64, 65
and intellectual property, 65, 81
of landslides and subsidence, 377
links to scientific knowledge, 72, 77, 94
of muskrat abundance, 386, 419
of "new" species of fish, 386
participatory research, 959–961, 962, 963, 982
of past climate change, 655–656
of past climate change and polar bears, 674
of past climate change and ringed seals, 674
and place names, 66
projected impacts, 416–417, 670
and reducing uncertainty, 333
of reindeer/caribou, 267
research recommendations, 901
and resource management, 65
sea ice predictability, change in, 68, 76, 632, 667, 668, 669
of spring snowmelt change, 376
and subsistence activities, 654
and technological change, 868
of terrestrial ecosystems, 248
and uncertainty, 329
use of, 9–10, 65–66
of vegetation change, 271–272
in vulnerability assessment, 948–949, 951–952, 957–961,

959–961, 980
weather predictability, change in, 68–69, 74, 78, 80, 81, 82–83,

84, 86, 87, 89, 94, 660, 662, 667, 667–668, 669, 670,
869–870, 883, 895, 963, 965, 993, 1013–1014

and wildlife management, 634, 637, 638
indigenous peoples, 13–15, 62–64. see also specific peoples

acculturative stress, 893–896
adaptation, 993, 1001
adaptation options, 91, 95, 662–666, 685
adaptation to environmental variability, 62
adaptive strategies, 651, 955–957, 963
barriers to adaptation, 663–665
coping strategies, 955–957
cultural identity and wildlife, 654–655, 685
dependence on ecosystems, 4, 540
economic impacts, 674–675
fisheries, impacts on, 411–417
and forest management, 792
harvest and diet summary, 652–654
health status, 865–869, 870
historic adaptations, 662–663
human rights and climate change, 64
impacts of past climate change, 67
impacts of projected change in biodiversity, 558–559

impacts of projected change in freshwater runoff, 229
impacts of projected change in permafrost, 215, 219
impacts of projected change in sea ice, 195
impacts of projected change in sea level, 235–236
impacts of projected change in snow cover, 200
importance of traditional foods, 650–651, 653, 653–654,

656–657, 682–683, 686, 864–865, 879, 883,
894–895, 953, 956–957, 1010

land claim agreements, 13–14
mixed economies, 656–657, 672–674, 682–683, 955, 956, 957,

964, 983
multiple stresses on, 64, 650–652, 657–658, 666, 676–678,

678–680, 685, 686, 866–867, 948, 961, 964, 965,
1001, 1014

observed impacts, 1010–1011
as part of food web, 583–584
and permanent settlements, 664, 669, 678, 956, 1014
prehistoric settlement, 13, 62, 64, 67, 246–247, 252–253,

605–606
projected impacts, 63–64, 68–71, 74–75, 76–77, 80–81, 82–84,

84–90, 90–93, 94–95, 1000–1001, 1000–1002, 1004,
1010–1011, 1013–1014, 1017

projected impacts on livelihoods, 660–662
projected impacts on resource harvesting, 651, 658–660
research recommendations, 686–687
resilience, 90–93, 650
role in wildlife management, 600–602, 639–640, 644–648
societal conditions and trends, 952, 955–957, 983
subsistence activities, 15, 246–247, 599, 605, 607, 608–610,

610–611, 611–612, 614–615, 618, 622, 625–626,
626–628, 628–631, 632–633, 634–636, 650–687,
747, 753, 764, 767, 865, 866, 868, 882–883, 894,
947–948, 952–953, 961–962, 963, 964–965, 1000
(see also hunting)

traditional food sharing, 654–655, 656
vulnerability, 90–93
vulnerability analysis, 948–949

Indigenous People's Secretariat of the Arctic Council, 602
Indigirka Basin, 227
individual transferable quotas (ITQs), 665
industrial development. see also infrastructure; military operations;

mineral extraction; oil and gas development;
transportation

and human health, 864
impacts on ecosystems, 678
impacts on habitats, 554–555, 566–567
impacts on indigenous peoples, 686
impacts on reindeer, 657
impacts on wildlife, 609, 616, 620–621, 622, 639
projected impacts, 200, 219
and wildlife management, 638–639

influenza. see avian influenza
infrastructure

definition and discussion, 926
engineering design for changing climate, 937–941
and habitat loss, 977
and human health, 884–890
impacts of projected change in permafrost, 215, 219, 660, 670,

676, 678
impacts of projected change in snow cover, 200
impacts of reduced sea ice, 76–77
impacts of sea-level rise, 235–236
impacts of UV radiation, 996
impacts on biodiversity, 555, 566–567, 567
impacts on ecosystems, 247
indicators, 900
and natural hazards, 917–920
observed damages, 935–936, 1011
on permafrost, 909–917
projected impacts, 889, 926–935, 929–930, 939–940, 1000,

1004, 1007, 1009, 1010, 1011, 1013
research recommendations, 915, 941
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risk analysis, 938
sanitation systems, 884, 886–888
water supply, 884–886

Innu, 680, 681
insects

adaptation to arctic environment, 267
as bird prey, 552
and boreal forests, 785, 792, 830–835
impacts of projected change on plants, 278
indigenous observations of change, 71, 78, 80, 86, 89, 287,

667, 668, 684–685, 993
observed change, 1009
observed change in distribution, 1005
projected impacts, 570, 999, 1006, 1007, 1008, 1012
role in decomposition, 540
species numbers, 580
wood-feeding, 552

insular vole (Microtus abbreviatus), 556–557
Intergovernmental Panel on Climate Change (IPCC), 947

on arctic climate change, 22–23, 31, 31, 37–38, 39, 42, 44
assessments, 6, 35
on climate models, 102, 105
model choice, 109
on precipitation increases, 186–187
projections of future global climate, 119
projections of future impacts, 961
on regional climate models, 132
Special Report on Emissions Scenarios, 109
temperature projections, 120
on thermohaline circulation, 125
on uncertainties in climate scenarios, 102

International Agreement on the Conservation of Polar Bears and
their Habitat (IACPB), 623, 628, 632

International Arctic Science Committee (IASC), 6
International Convention for the Regulation of Whaling, 695, 965
International Council for the Exploration of the Sea (ICES), 698,

699, 705
International North Pacific Fisheries Convention, 746–747
International Porcupine Caribou Board, 604
International Tundra Experiment (ITEX), 272–273, 585, 586
International Whaling Commission (IWC), 623, 626, 627, 629,

633, 695, 705, 956, 965
introduced species. see non-native species
Inughuit, 652
Inuit, 599, 602, 612, 652, 681. see also Inuvialuit

adaptation to climate change, 898
adaptation to past climates, 672
and animal rights movement, 657
barriers to adaptation, 664
caribou harvest, 680
demographics, 868
education and health, 892
in Greenland, 866
health issues, 894–895, 896
historic adaptations, 662, 663–664
impacts case study, Nunavut, 671–675
impacts of past climate on, 67
importance of seal hunting, 650
importance of traditional foods, 654, 883
importance of whaling, 651
indigenous knowledge, 960–961
observations of change, 82–84, 271, 279, 287, 615, 660,

661–662, 961, 1014
oral histories, 655
polar bear harvest, 627
projected impacts, 1000
respiratory illness in, 870
vulnerability to climate change, 866
and wildlife conservation, 626

Inuit Circumpolar Conference, 13, 68–71, 602, 956, 968
Inuit Observations of Climate Change project, 666–671, 960
Inuit Qauijimajatuqangit. see indigenous knowledge

Inuktitut, 671
Inupiaq, 599, 647, 674, 681

and caribou co-management, 652
caribou harvest, 680
and government policy, 664
indigenous knowledge case study, 73–76
and wildlife management, 632

Inupiat. see Inupiaq
Inuvialuit, 652, 681

adaptation options, 666
adaptation strategies, 668–670
adaptation to observed change, 93
caribou harvest, 680
impacts case study, Sachs Harbour, 666–671
indigenous knowledge, 662
Inuit Observations of Climate Change project, 666–671
observations of change, 585, 661, 961
subsistence production, 653
vulnerability case study, 963

Inuvialuit Final Agreement, 91, 92, 613, 627, 665–666, 670
Inuvialuit Game Council, 632, 645, 666
Inuvialuit-Inupiat Beluga Commission, 637
invasive species, 555, 564, 575–577, 600. see also non-native

species
in Canada, 610
definition, 605
indigenous observations of change, 80, 89
monitoring, 587
and transportation corridors, 605
and wildlife management, 605

invertebrates
adaptations to cold, 556
diversity and latitude, 258
impacts of oil pollution, 565
monitoring recommendations, 587
projected change in distribution, 569
species numbers, 580

Ips typographus. see spruce engraver beetle
Iqaluit, Nunavut, Canada

indigenous knowledge case study, 82–84
indigenous observations of change, 68, 70

Irish elk. see giant deer
island biogeography, 577–578
isopods, 483
isoprene, 313
ivory gull (Pagophila eburnea)

projected impacts, 504, 512, 520, 999
and sea ice, 480, 489, 490
status, 630

J
jack pine budworm, 834
jaegers. see skuas
James Bay, Canada, 68, 70, 662
James Bay and Northern Quebec Agreement, 627, 665
Janira maculosa, 483
jellyfish, 521, 758
Juniperus communis. see creeping juniper

K
Kalaallit, 652
Kallavesi Lake, Finland, 221
Kangiqtugaapik. see Clyde River
Kara Sea, 493, 506
Keewatin, 653
kelp, 480, 481
Khanty-Mansiysky Okrug, Russia, 609
killer whale (Orcinus orca), 489, 625, 629, 633, 713
king crab (Paralithodes camtschaticus), 704, 758
king eider (Somateria spectabilis), 363, 573, 630, 633, 635, 653
Kitikmeot Region, Canada, 69, 71, 660
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kittiwake (Rissa spp.), 71, 624, 631, 653. see also individual
species

Kittlitz's murrelet, 635
Kivalina, 660
Kobresia spp., 262, 293
Koenigia islandica, 263
Kola Peninsula, Russia, 604, 609, 965. see also Lovozero, Russia
Kola Saami Reindeer Breeding Project, 666
Kolyma Basin, 227
Kolyma River, 229, 246
Koryak Autonomous Okrug, 559, 679
Kotzebue, Alaska

indigenous knowledge case study, 73–76
indigenous observations of change, 69

Koyukon, 680
krill, 482, 711–712

in Bering Sea, 754
as prey, 486, 488, 489, 511
projected impacts, 758

Kyoto Protocol, 119, 786, 791

L
Labrador. see Newfoundland and Labrador
Labrador Sea, 476–477, 493. see also marine Arctic
Labrador tea (Ledum spp.), 654
Lagenorhynchus acutus. see white-sided dolphin
Lagenorhynchus albirostris. see white-beaked dolphin
Lagopus lagopus. see willow grouse
Lagopus mutus. see ptarmigan
Lagopus mutus hyperboreus. see Svalbard ptarmigan
Lagotis minor, 258
lake chub (Couesius plumbeus), 405
lake cisco (Coregonus artedi), 398, 403
Lake Saanajärvi, Finland, 382–383
lake trout (Salvelinus namaycush), 564

distribution, 395
harvest by indigenous peoples, 652, 654, 667
indigenous observations of change, 83
projected impacts, 373, 378, 387, 403, 405, 407, 414, 435, 437,

1013
projected impacts on fisheries, 412
and water temperature, 398

lake whitefish (Coregonus clupeaformis)
distribution, 397
projected impacts, 403, 408
projected impacts on fisheries, 411
thermal preferences, 395, 398, 405

lakes
area, 546
and contaminants, 427–432, 437, 891
food web interactions, 564
freshwater ecosystems, 361–363
indigenous observations of change, 88–90, 685
inundation from sea-level rise, 383
observed change in ice cover duration, 997
perched, 31
primary production, impacts on, 388–391, 435
projected change in carbon balance, 323–324, 393
projected change in ice cover duration, 570, 659, 997
projected impacts, 381–384, 383, 412, 424, 434–435, 435, 437,

998, 1012
and UV radiation, 424, 425–427, 435

Laminaria spp., 481
Lamna ditropis. see salmon shark
lamprey (Petromyzontidae), 396, 408, 576
Lancaster Sound, 483
land claims, 601, 612, 618, 627, 665. see also specific agreements
land-fast ice, 30–31, 457. see also sea ice

importance of, 31
observed trends, 44
projected change, 472
thickness measurements, 190

land use
and biodiversity, 1016
change and carbon storage, 844–845
impacts of change on biodiversity, 588

land use management, 621, 622
and biodiversity, 562–564
and wildlife management, 601, 602

landslides, 914
factors affecting slope stability, 917–918
impacts of projected change in permafrost, 215, 913
and infrastructure, 917
projected impacts, 917, 919–920, 1009, 1011, 1012

Lapland longspur (Calcarius lapponicus), 71, 258, 361
Laptev Sea, 493, 506, 518
larch (Larix spp.), 258, 262, 551, 784. see also individual species

past distribution, 369
projected impacts, 824
regeneration and temperature, 850
in Russian boreal forest, 790
treeline change, 847–848

larch sawfly (Pristiphora erichsonii), 833–834
Larix cajanderi. see Cajander larch
Larix gmelinii. see Gmelin larch
Larix laricina. see tamarack
Larix sibirica. see Siberian larch
Larix sukaczewii. see Sukachev larch
Larus argentatus. see herring gull
Larus canus. see mew gull
Larus fuscus. see lesser black-backed gull
Larus glaucescens. see glaucous-winged gull
Larus hyperboreus. see glaucous gull
Larus marinus. see great black-backed gull
Larus ridibundus. see black-headed gull
Laysan albatross, 635
Leach's storm petrel (Oceanodroma leucorhoa), 630
lead mining. see mineral extraction
lead pollution, 952, 954, 964
least auklet (Aethia pusilla), 489–490, 633, 635
least cisco (Coregonus sardinella)

harvest by indigenous peoples, 667, 669
indigenous observations of change, 71, 386, 585, 667, 668

least weasel (Mustela nivalis), 268, 301
Ledum spp. see Labrador tea
lemmings (Lemmus spp. and Dicrostonyx spp.). see also individual

species
adaptation to arctic environment, 267–268
genetic variation, 285
observed change in population cycles, 279–280
observed impacts, 279
paleoecology, 249, 251
population cycles, 268
and predation, 302
projected impacts, 281, 300, 998, 1005, 1006, 1017
role in ecosystems, 549–550
as "super-dominant" species, 260
trophic interactions, 298, 299–302

Lemmus lemmus. see Norway lemming
Lemmus sibiricus. see brown lemming
Lemna spp. see duckweed
Lena Basin, 185–187, 187–188, 227, 228
Lena Delta, 610
Lena River, 222, 229, 358, 373, 381, 406–407
lentic

definition of, 358
Lepidopsetta bilineata. see rock sole
Lepomis macrochirus. see bluegill
Lepus americanus. see snowshoe hare
Lepus arcticus. see Arctic hare
Lepus timidus. see mountain hare
lesser black-backed gull (Larus fuscus), 629, 630
lesser golden plover (Pluvialis dominica), 258
lesser scaup (Aythya affinis), 418
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lesser snow goose (Anser caerulescens caerulescens), 280, 563
lesser white-fronted goose (Anser erythropus), 288, 574, 1006
Leuciscus idus. see ide
Leuciscus leuciscus baicalensis. see common dace
lichens, 549. see also microorganisms

adaptations to arctic environment, 269–270
arboreal, 797
canopy, 552
diversity, 1016
genetic response to change, 285
impacts of overgrazing, 563
importance to reindeer/caribou, 660–661, 680
indigenous observations of change, 272
knowledge of arctic species, 540
projected impacts, 967, 997, 998, 1006, 1017
species numbers, 580
vulnerability to warming, 273

light-bellied brent goose (Branta bernicla hrota), 574
lightning

and wildfires, 836–839
likelihood

terminology (lexicon), 6–7, 993, 994
Limacina helicina, 482
Limanda aspera. see yellowfin sole
Limnodromus scolopaceus. see long-billed dowitcher
Limosa lapponica. see bar-tailed godwit
Limosa limosa. see black-tailed godwit
Lincoln Sea, 493
ling (Molva molva), 500, 711, 717
lingonberry (Vaccinium vitis-idaea), 273, 275, 276, 276, 277

impacts of UV radiation, 571
indigenous observations of change, 271–272

Lithodes aequispina, 483
little auk (Alle alle), 489–490, 712

harvest of, 627, 631
in northwest Atlantic, 732
projected impacts, 512, 520
and sea ice, 480
status, 630

little bunting (Emberiza pusilla), 258
Little Climatic Optimum. see paleoclimate
Little Diomede, 660
Little Ice Age. see paleoclimate
little stint (Calidris minuta), 258, 288
Littorina saxatilis, 483
liverworts, 540, 580
livestock, 807–809, 977
lodgepole pine (Pinus contorta), 800
long-billed dowitcher (Limnodromus scolopaceus), 288
long rough dab (Hippoglossoides platessoides), 484, 487, 732, 737
long-tailed duck (Clangula hyemalis), 71, 86, 363, 629–630, 630
long-tailed jaeger (Stercorarius longicaudus), 361
Lophelia pertusa, 561
Lota lota. see burbot
lotic

definition of, 358
Lovozero, Russia

indigenous knowledge case study, 87–90
indigenous observations of change, 87–90

Lund-Potsdam-Jena model, 323
lupine (Lupinus spp.), 605
Lupinus spp. see lupine
Lutz spruce, 831
Luzula confusa, 247
Lymantria dispar. see gypsy moth
Lymnaea elodes, 564
lynx (Lynx lynx), 601, 619, 977

M
Mackenzie Basin, 185–187, 187–188, 227, 1000, 1011
Mackenzie Basin Impact Study, 947, 960
Mackenzie Delta, 80, 547

Mackenzie River
and carbon transport, 518
freshwater ecosystems, 358
observed change in freeze-up date, 221
observed change in ice duration, 423
projected impacts, 229, 373, 375–376, 381

mackerel. see also individual species
in northwest Atlantic, 732
past distribution change, 500
projected impacts, 508, 700, 721, 740, 1007

macroalgae
biomass, 480
in marine ecosystems, 481

Maldane sarsi, 483
mallard (Anas platyrhynchos), 287, 669
Mallotus villosus. see capelin
mammals. see also wildlife; individual species

diversity, 1016
impacts of change on human health, 879–892
indigenous observations of change, 993
species numbers, 580

mammals, aquatic. see also wildlife; individual species
projected impacts, 417–419, 436

mammals, marine, 487–490. see also wildlife; individual species
adaptations to cold, 556–557
and animal rights movement, 965
in Bering Sea, 746
climate impacts on, 496–497
and commercial fisheries, 708
commercial harvest, 705, 752–753
and contaminants, 600, 602
harvest in Fennoscandia, 628–631
harvest in Russia, 609
harvest of, 622–634, 952
and human health, 896–897
impacts of changing sea ice on harvests, 195
impacts of commercial harvesting, 559
impacts of oil and gas development, 624
impacts of past climate variability, 504, 699–700, 716–719
impacts of projected change on subsistence activities, 667
impacts of reduced sea ice, 952
importance to indigenous peoples, 599–600, 622, 632, 634
indigenous harvesting, 747, 1000
indigenous observations of change, 662, 993
inventory needs, 580
management and conservation, 622–636, 639, 695, 747
mercury levels in, 566, 964
observed change, 1009, 1010
overharvesting, 487, 601, 606
projected change in distribution, 546, 588, 700
projected impacts, 504, 509–511, 545–546, 604, 658–659, 768,

880, 1010, 1013
research recommendations, 631
threats to migratory species, 581

mammals, terrestrial. see also wildlife; individual species
adaptations to cold, 556–557
diversity and latitude, 258
indigenous observations of change, 662
number of species, 556
overharvesting, 601, 606
projected impacts, 560, 658–659

mammoth (Mammuthis primigenius), 246–247, 250, 252, 584
Mammoth steppe. see steppe–tundra
Mammuthis primigenius. see mammoth
marbled murrelet, 635
marine Arctic. see also Arctic Ocean

circulation, 454–456, 458, 460–465, 710–711
circulation, importance to ecosystems, 490
circulation, observed change, 467–469
circulation, projected change, 472–473, 476
circulation, uncertainties, 521
circulation and fish distribution, 496
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circulation and sea ice, 471
circulation and wind, 461
currents, 464
currents and ecosystems, 490
feedbacks to global climate, 459
freshwater budget, 460
freshwater storage, 459
heat balance, 459
links to global climate, 458–465, 459, 473, 519–520
mixed layer depth, 460–461
ocean fronts, 477, 483, 521
physical characteristics, 454–478
prehistoric change, 466
projected change, 469–478, 473–475, 476
research recommendations, 520–522
stratification, 460
variability, 466–469
water budget, 465

marine ecosystems
area, 544
benthos, 482–483
of Bering Sea, 747, 754–755, 755
biodiversity conservation, 544–546
biodiversity monitoring, 586
carbon biomass and productivity, 479
and carbon cycle, 518
characteristics, 1017
climate impacts on, 490–491
and contaminants, 610
described, 12, 479–490
distribution of species, 499
food-web energy transfer, 494
food webs, 479–480
food webs and UV radiation, 514
freshwater impacts on nutrient supply, 544
and human health, 882
ice cover, importance of, 12
of Iceland and Greenland, 710–712
impacts of aquaculture, 564
impacts of ballast water discharge, 576
impacts of overharvesting, 624, 658, 659
impacts of past climate variability, 497–498, 500, 503, 658
impacts of projected change in glaciers and ice sheets, 208
impacts of projected change in permafrost, 219
impacts of projected change in sea ice, 195, 659
impacts of projected change in sea level, 235
impacts of projected precipitation change, 188
impacts of sea ice change, 475
impacts of UV radiation, 947, 996
impacts of UV radiation change, 512–516, 520
limiting nutrients, 491
Newfoundland and Labrador, 731
in Northeast Atlantic, 696
of northwest Atlantic, 732–733
observed change, 659
and ocean temperature, 659
primary production, 479–480, 483, 491–493, 520
primary production and UV radiation, 514–515
productivity, 12
projected impacts, 504, 504–512, 507, 544–546, 560, 569, 570,

694, 758, 968–969, 999, 1008
protected areas, 577
research recommendations, 520–522
in Russian Arctic, 623–624
and salinity, 659
sea ice communities, 480
secondary production, 493–494
sensitivity to climate change, 521
species diversity, 12
trophic levels defined, 479
uncertainties in projecting change, 693–694

marine management
and biodiversity, 562–564
and wildlife management, 601

marsh. see wetlands
marten, 619
Martes zibellina. see Sable
mattak, 652, 895
Medieval Warm Period. see paleoclimate
megafauna

extinction hypotheses, 584
Megaloceros giganteus. see giant deer
Megaptera novaeangliae. see humpback whale
Melanitta fusca. see velvet scoter
Melanitta nigra. see black scoter
Melanogrammus aeglefinus. see haddock
meningitis, 884
Menyanthes spp., 317
mercury, 952, 954, 982

in aquatic ecosystems, 432–433, 565
in arctic ecosystems, 566
depletion events (MDEs), 424, 432, 891, 955
global emissions of, 432
in human diets, 964
impacts of change in UV radiation, 424
impacts of climate change on, 432–433
impacts on biodiversity, 565
sources of, 615
and traditional foods, 883
transport pathways, 891

Mergus merganser. see common merganser
Mergus serrator. see red-breasted merganser
meridional overturning circulation. see thermohaline circulation
Metarhizium, 270, 283
meteorological stations, 910
methane

as bacterial energy source, 544
contribution to carbon balance, 317–318
global warming potential, 318
and hydrogen oxide (hydroxyl) radical, 156, 317
and microorganisms, 260
observed flux change, 1005
and ozone chemistry, 155–156
and permafrost degradation, 319, 459
projected change in fluxes, 998, 999
as sink for reactive chlorine, 155–156
soil processes affecting, 313
soil sources and sinks, 312
and stratospheric temperature, 155
as water vapor source, 155

methane emissions
environmental controls, 312–313
impacts of permafrost degradation, 34, 219, 391–393
impacts of projected change in active-layer depth, 34
impacts of projected change in lakes, 393
from marine methane hydrates, 34
observed change, 1006
oceanic, 519
and plant species composition, 310–311, 317
projected impacts, 1008
and projected vegetation change, 323
recent change in terrestrial ecosystems, 317
and sedges, 294
and soil temperature, 317
from terrestrial ecosystems, 309, 317–318
and UV radiation, 310
from wetlands, 364

methane hydrates, 519, 999, 1014, 1015
marine, impacts of temperature increase, 34
potential for release, 219
in subsea permafrost, 217
terrestrial, 34

Methylocapsa, 260
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Methylocella, 260
Metis, 681
Metridia spp., 482
mew gull (Larus canus), 630
microalgae, 481
Microgadus proximus. see Pacific tomcod
microheterotrophs, 481–482. see also bacteria
Micromesistius poutassou. see blue whiting
microorganisms. see also bacteria

adaptations to arctic environment, 269–271
community response to experimental manipulation, 297–298
difficulty studying, 330
diversity, 260–262
genetic response to change, 286
projected change in distribution, 291
projected impacts, 282–284
in sea ice, 480
trophic interactions, 303
and UV radiation, 270
winter respiration, 269–270

Micropterus dolomieu. see smallmouth bass
Microtus abbreviatus. see insular vole
Microtus gregalis. see narrow-headed vole
Microtus middendorffi. see Middendorf's vole
Microtus oeconomus. see tundra vole
Microtus rossiaemeridionalis. see sibling vole
Microtus spp. see voles
Middendorf's vole (Microtus middendorffi), 258
midge, 1017. see also chironomids
migratory species, 1015, 1017

impacts of human development, 555
indigenous observations of change, 585, 685
projected change in routes, 418, 588
projected change in timing, 418
projected impacts, 570, 658–659, 660
wildlife management challenges, 599, 601–602, 639–640

Milankovitch, 47
military operations

impacts of projected change in sea ice, 195
impacts on habitat, 616, 977
impacts on indigenous peoples, 679

mineral extraction, 16, 990
and biodiversity, 566
and ecosystems, 247
impacts of projected change in river and lake ice, 229
impacts of projected change in sea ice, 195
impacts on arctic residents, 1000
impacts on indigenous peoples, 678–680
impacts on reindeer, 657
impacts on wildlife, 600, 601, 602, 609, 616, 619, 620–621
projected impacts, 519, 926–927, 937, 1001, 1002, 1004, 1008,

1013
and protected areas, 604, 604
role in mixed economies, 656
in Russia, 606
and wildlife management, 638–639

mink (Mustela vison), 619, 1005
minke whale (Balaenoptera acutorostrata), 489, 615

commercial harvest, 699, 705
harvest by indigenous peoples, 652, 965
harvest of, 622, 628, 629, 633
historic harvesting, 715
marine biomass, 479
marine productivity, 479
in northeast Atlantic, 696
in northwest Atlantic, 732
population, 736
projected impacts, 510

mire. see wetlands
mites, 296, 563

adaptation to cold, 557
role in decomposition, 540

species numbers, 580
mitigation, 1020

definition, 951
and human health, 865

models. see climate models
Mola mola. see ocean sunfish
mollusks

commercially harvested species, 483
role in decomposition, 540
species numbers, 580

Molva molva. see ling
Monodon monoceros. see narwhal
Montreal Protocol, 169, 174, 176, 995
moose (Alces alces), 301, 897

harvest by indigenous peoples, 652–653, 654
harvest in Fennoscandia, 616–617
harvest in Russia, 607, 609
indigenous observations of change, 70–71, 73, 80, 87, 879
as invasive species, 605, 610
observed change, 1005
population monitoring, 620
population status in Alaska, 619
projected impacts, 660, 1010, 1011

Morus bassanus. see northern gannet
mosquito, 364, 1017

indigenous observations of change, 71, 86, 89
moss campion (Silene acaulis), 285, 582
mosses, 549, 552, 797

diversity, 1016
genetic response to change, 285
knowledge of arctic species, 540
projected impacts, 275, 997, 998, 1006, 1017
species numbers, 580
true mosses, 293
vulnerability to warming, 273

Motacilla alba. see white wagtail
moths, 552, 571
mountain avens (Dryas integrifolia), 257, 258, 275, 285, 293, 582
mountain birch (Betula pubescens ssp. czerepanovii), 281, 292,

295, 304, 834, 967, 1005–1006
mountain crowberry (Empetrum hermaphroditum), 276, 276, 277
mountain hare (Lepus timidus), 280, 552
mountain sheep

population monitoring, 620
Mucor hiemalis, 298
mule deer (Odocoileus hemionus), 78
multiple stresses

on Arctic ecosystems, 599, 605, 636
on arctic residents, 946–949, 950–952, 1000
on boreal forests, 566, 797
on coastal communities, 771
on ecosystems, 247–248
on fisheries, 706–707, 708
on freshwater ecosystems, 548, 998
and human health, 874, 877–878, 893–895, 896–897
on indigenous peoples, 64, 94–95, 650–652, 657–658, 666,

670, 676–678, 678–680, 685, 686, 866–867, 961,
964, 1001, 1014

on marine ecosystems, 509, 515, 999
on marine mammals, 545
on reindeer husbandry, 970–971, 980
research recommendations, 1019, 1020
on seabirds, 545
vulnerability assessment, 963, 965, 981
on wildlife, 602, 615

Munna sp., 483
murres (Uria spp.). see also individual species

harvest of, 626, 633
indigenous observations of change, 71
management plans, 623
overharvesting, 631

Mus musculus. see house mouse
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musculoskeletal diseases, 873
mushrooms, 792, 796, 797
muskeg, 32
muskox (Ovibos moschatus), 252, 570, 1016

adaptation to arctic environment, 267
and caribou, 661
commercial harvest, 667
farming, 808, 813
genetic diversity, 582
harvest by indigenous peoples, 652–653, 667, 669
harvest management in Canada, 612
impacts of ice crusting, 279, 611–612
impacts of observed change, 615
impacts of warming on lungworm, 302
impacts on vegetation, 300
indigenous observations of change, 71, 271, 585
observed change, 675, 1005
observed change on Banks Island, 666–667
overharvesting in Canada, 611, 670
paleoecology, 250
population cycles, 268
population increase in Yakutia, 609
population monitoring, 620
population status in Alaska, 619
and predation, 301–302
projected impacts, 1012
threats from hunting, 613–614

muskox lungworm, 302
muskrat (Ondatra zibethicus), 363

harvest by indigenous peoples, 653, 654
importance of estuaries, 360
projected impacts, 386, 418–419
and tularemia, 881

mussel, 745. see also blue mussel
Mustela erminea. see ermine
Mustela nivalis. see least weasel
Mustela vison. see mink
mustelids, 300–301
Mya arenaria. see clams
Mya truncata. see clams
Myoxocephalus quadricornis. see fourhorn sculpin
Mysis relicta. see opossum shrimp
Mytilus edulis. see blue mussel

N
naleds. see aufeis
nanoflagellates, 506
narrow-headed vole (Microtus gregalis), 258
narwhal (Monodon monoceros), 489

food sources, 486
harvest by indigenous peoples, 652, 675
harvest management in Canada, 612, 627
harvest of, 629
historic change, 663
importance of sea ice, 659
migration, 546
projected impacts, 504, 510–511, 999

Naskapi, 680
natsiq. see ringed seal
natural hazards. see also avalanches; floods; landslides

and infrastructure, 917–920
model projections, 927–928

natural resources, 15–16. see also fisheries; mineral extraction; oil
and gas development

navigation. see also Northern Sea Route; Northwest Passage
impacts of projected change in freshwater runoff, 229
impacts of projected change in glaciers and ice sheets, 208
impacts of projected change in precipitation, 195
impacts of projected change in river ice, 223
impacts of projected change in sea ice, 195
projected impacts, 566, 997, 1008

NCEP/NCAR reanalysis, 111–117

Nelson Lagoon, Alaska
indigenous knowledge case study, 76–77

nematodes, 297, 303, 480, 483, 554
role in decomposition, 540
species numbers, 580

Nenets, 652
impacts case study, 675–678
population, 679

Nenetsky Okrug, Russia, 609
Neodiprion sertifer. see European pine sawfly
net ecosystem production

projected change, 326
of terrestrial ecosystems, 306–309

net primary production
impacts of experimental treatments, 296
projected change, 321, 326
spatial variability, 306
of terrestrial ecosystems, 306, 307–309
uncertainty in measuring, 330

Netsilik, 672, 674
Newcastle disease, 880
Newfoundland and Labrador, 653, 731–746, 805
nickel. see mineral extraction
ninespine stickleback (Pungitius pungitius), 385, 397
ningiqtuk, 671, 672–674
nitric oxide, 313
nitrogen

in boreal forest soils, 795, 797, 798, 820–821, 843
cycle and terrestrial ecosystems, 305–311
deposition and biodiversity, 564–565
deposition and boreal forests, 845–846
deposition and treeline advance, 851
deposition and vegetation distribution, 568

nitrous oxide
and ozone chemistry, 155–156
soil processes affecting, 313, 314
soil sources and sinks, 312
and stratospheric temperature, 155

nodding saxifrage (Saxifraga cernua), 285
Noemacheilus barbatulus. see stone loach
non-Hodgkins lymphoma, 876–877
non-native species, 247, 571, 999, 1006. see also invasive species

in boreal forests, 804, 834
and climate change, 576
in Greenland, 584
and human health, 879, 880
and hybridization, 573
impacts of introduced species, 563
impacts on biodiversity, 542, 545, 547, 548, 575–577
indigenous observations of, 70–71, 77, 615, 660, 667, 993, 993
projected change, 281, 509, 555
and wetland drainage, 562

Nordic Seas, 475–476. see also marine Arctic
Norman Wells Pipeline, 932
North Atlantic Deep Water, 461, 464, 473
North Atlantic Marine Mammal Commission (NAMMC), 623,

666, 695, 705, 956
North Atlantic Ocean, 468–469. see also marine Arctic
North Atlantic Oscillation (NAO), 24–25, 974, 990, 1018. see also

Arctic Oscillation
and cooling in northwest Atlantic, 732–733
and copepod abundance, 497
and fish distribution, 500
impacts on Arctic climate, 10
impacts on ocean temperature, 572
and the Little Ice Age, 53
and ocean circulation, 465, 467, 469
and ozone depletion, 157
and pine growth, 829
projected impacts, 119, 134–135, 470, 740
and river discharge, 226
and sea ice duration, 469
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North East Atlantic Fisheries Commission (NEAFC), 694, 706
North Pacific. see also Bering Sea; marine Arctic

commercial fisheries, 746–770
North Pacific climate regime shift, 633. see also Bering Sea
North Pacific Oscillation, 572
North Pacific right whale (Eubalaena japonica), 753
North Water Polynya, 30, 477, 493
Northeast Passage. see Northern Sea Route
Northeast Water Polynya, 493
northern anchovy (Engraulis mordax)

impacts of UV radiation, 513
Northern Annular Mode. see Arctic Oscillation (AO)
northern bluefin tuna. see bluefin tuna
northern bluegrass (Poa abbreviata), 258
northern flathead sole (Hippoglossoides robustus), 751
northern fulmar (Fulmaris glacialis), 361, 489

harvest of, 626, 629–630
in northwest Atlantic, 732
status, 630, 635

northern fur seal (Callorhinus ursinus), 77, 489
commercial harvest, 752–753
harvest of, 623, 625
historic harvesting, 761
impacts of POPs, 566
indigenous harvesting, 753
management regimes, 746
observed change, 1009
population trends, 633

northern gannet (Morus bassanus), 629, 630
northern goshawk, 89
northern lapwing (Vanellus vanellus), 287
northern phalarope (Phalaropus lobatus), 489, 630
northern pike (Esox lucius)

distribution, 395, 396–397
fisheries, 411
harvest by indigenous peoples, 652
indigenous observations of change, 70–71
northward colonization, 406
projected impacts, 1013
and water temperature, 398, 405, 407–408

northern redbelly dace (Chrosomus eos), 396
Northern Sea Route, 934–935, 1002, 1004

and coastal erosion, 519
impacts of increased traffic, 555, 678, 962
and natural resource development, 937, 1008
projected change, 519, 922–923, 924–926, 999

northern shrimp (Pandalus borealis), 483
in Central North Atlantic, 711–712
commercial fishery, 697, 713, 714, 715, 722–723, 734–735,

738–739, 749
commercial harvest, 652
harvest by indigenous peoples, 652
impacts of past climate variability, 719, 738–739
importance to Greenland economy, 657
in northeast Atlantic, 696
in northwest Atlantic, 732–733
projected impacts, 720, 728, 740–741, 1007, 1013

northern wheatear (Oenanthe oenanthe), 258
Northwest Atlantic Fisheries Organization (NAFO), 694, 731
Northwest Passage, 1002, 1004

impacts of increased traffic, 555, 1013
and natural resource development, 937
navigation and sea ice, 196
projected change, 519, 922–923, 924, 934, 1012

Northwest Territories
agriculture, 807–808
demographics, 868–869
indigenous subsistence production, 653

Norway
agriculture, 808–809
commercial fisheries, 695–709
4demographics, 868

economic importance of fisheries, 700–704
fisheries management, 704–706
forest area, 784
forest tenure and management, 798–799
protected areas, 541
sanitation systems, 884
vulnerability assessment, 968–969

Norway lemming (Lemmus lemmus), 268, 300, 301, 549
Norway rat (Rattus norvegicus), 605
Norway spruce (Picea abies), 252, 292

in Finland, 795
projected change in distribution, 568, 584
projected impacts, 845
soil warming experiment, 820–821

Norwegian Sea
commercial fisheries, 695–709
ecosystem description, 696
"Herring hole," 695
productivity, 493
projected change in fish distribution, 508

Notidanus griseus. see bluntnose sixgill shark
Notropis atherinoides. see emerald shiner
Novaya Zemlya

observed change in glaciers and ice sheets, 206
Numenius borealis. see Eskimo curlew
Nunamiut, 680
nunataks, 249, 550–551
Nunavummiut, 671, 673
Nunavut

demographics, 868
impacts on indigenous peoples case study, 671–675
indigenous knowledge case study, 82–84

Nunavut Land Claims Agreement, 627, 665
Nuorgam, Finland

indigenous knowledge case study, 84–87
nutrient cycling

impacts of projected change on biodiversity, 589
Nyctea scandiaca. see snowy owl

O
oats, 807–808, 810
Ob Basin, 185–187, 187–188, 227, 552, 608
Ob River

and carbon transport, 518
contaminant loading of, 381
dissolved oxygen in, 379
freshwater discharge, 547
freshwater ecosystems, 358
impacts of reduced ice on reindeer husbandry, 678
projected impacts, 229, 373, 381

obesity, 883, 897, 1000
ocean currents

and contaminant transport, 891
indigenous observations of change, 661

Ocean Model Intercomparison Project (OMIP), 109
ocean sunfish (Mola mola), 500
Oceanodroma leucorhoa. see Leach's storm petrel
Ochejohka, Finland

indigenous knowledge case study, 84–87
Odobenus rosmarus. see walrus
Oenanthe oenanthe. see northern wheatear
official burnet (Sanguisorba officinalis), 258
oil and gas development, 15–16, 990

and biodiversity, 566
and ecosystems, 247
and habitat damage, 609
impacts of projected change in permafrost, 219
impacts of projected change in river and lake ice, 229
impacts on arctic residents, 1000
impacts on caribou, 621, 646
impacts on indigenous peoples, 678–680, 685
impacts on marine ecosystems, 624



Arctic Climate Impact Assessment Index 26

impacts on reindeer, 657
impacts on reindeer herding, 962
impacts on wildlife, 600, 601, 602, 619, 620–621
impacts on Yamal Nenets, 676–678
importance to Alaskan economy, 657
observed damage to pipelines, 936
projected impacts, 519, 926, 927, 931–933, 934, 936–937,

1001, 1002, 1004, 1010, 1013
and protected areas, 604, 604, 793
role in mixed economies, 656
and wildlife management, 638–639

oil pollution
impacts on biodiversity, 565–566

oilseed, 809
Okhotsk Sea, 493
Old Crow, Yukon Territory, 654, 680–685
oldsquaw. see long-tailed duck
oligochaetes, 483
Oncorhynchus gorbuscha. see pink salmon
Oncorhynchus keta. see chum salmon
Oncorhynchus kisutch. see coho salmon
Oncorhynchus mykiss. see rainbow trout
Oncorhynchus nerka. see sockeye salmon
Oncorhynchus tshawytscha. see chinook salmon
Ondatra zibethicus. see muskrat
Onisimus spp., 482
Onychiurus spp., 282
Operophtera brumata. see winter moth
Ophiopholis aculeata, 483
opossum shrimp (Mysis relicta), 563
oral histories. see indigenous knowledge
Orcinus orca. see killer whale
organochlorine compounds, 624, 657. see also contaminants
Orok people, 679
Orthothecium chryseon, 258
Osmerus mordax. see smelt
osprey, 71
Ovibos moschatus. see muskox
Ovis canadensis dalli. see Dall sheep
owls (Asio, Nyctea spp.), 268, 279, 291. see also short-eared owl;

snowy owl
Oxycoccux spp. see cranberry
Oxyria digyna. see Arctic sorrel
oysters, 880
ozone, total column

factors affecting, 154–157
feedback to climate change, 171
future recovery, 169, 174
monitoring instruments, 158
observations and projections compared, 172, 173
observed change, 157–159, 248
projected change, 169–174
research recommendations, 175–176
seasonal variation, 996
transport processes, 156–157
uncertainties in projections, 173
and UV radiation, 153, 158, 160, 161–162, 166

ozone, tropospheric
and UV radiation, 153

ozone depletion, 994–995
Antarctic ozone hole, 154, 157, 170
and biodiversity, 1016
impacts of climate change, 153, 154, 170–171, 419
and mercury depletion events, 891
and meteorological variability, 156–157
"mini-holes," 157
modeling, 142–143, 171–174
observed, 5, 154, 874, 996
ozone-depleting substances, 154, 176, 995
and polar stratospheric clouds, 419
and the polar vortex, 419
projected, 996

and UV radiation, 875

P
Paamiut, Greenland, 663–664
Pacific cod (Gadus macrocephalus), 486, 495

commercial fisheries, 750–751, 762, 766–767
distribution, 484
historic harvesting, 761–762
impacts of past climate variability, 503, 503, 755–756, 766
projected change in distribution, 545
projected impacts, 507, 758, 759–760, 768

Pacific Decadal Oscillation (PDO), 26, 990
impacts on arctic climate, 10
impacts on Pacific salmon, 757
and marine ecosystems, 26
and ocean temperature, 469
reconstruction with tree rings, 819
and sea ice, 469
and wildfires, 836

Pacific golden plover (Pluvialis fulva), 258
Pacific halibut (Hippoglossus stenolepis)

bycatch, 751
commercial fisheries, 762, 764
historic harvesting, 761
impacts of past climate variability, 766
indigenous harvesting, 747
management regimes, 746, 765
projected impacts, 758, 759

Pacific herring (Clupea pallasi), 485
commercial fisheries, 748
distribution, 484
historic harvesting, 761–762
impacts of past climate variability, 503, 503, 755–756, 766
indigenous harvesting, 747
management regimes, 765
projected change in distribution, 545
projected impacts, 507, 758, 759–760, 768, 770–771, 1010

Pacific loon (Gavia pacifica), 633, 635
Pacific mackerel (Scomber japonicus), 513
Pacific ocean perch, 762, 766
Pacific salmon (Onchorhynchus spp.). see also individual species

commercial fisheries, 748, 752, 762–763, 763, 764, 767
and contaminant transport, 431, 892
historic harvesting, 761
impacts of past climate variability, 757, 766, 879
indigenous harvesting, 747
indigenous observations of change, 71, 386, 668
management regimes, 746, 765
projected distribution change, 410
projected impacts, 758, 759, 760, 768
projected impacts on fisheries, 415

Pacific tomcod (Microgadus proximus), 486
Pagophila eburnea. see ivory gull
paleoclimate, 46–54, 466, 1018

in Central Eurasia, 814–817
Holocene, 50–52, 365–371
last glacial/interglacial, 49–50
Last Glacial Maximum, 48–49, 249
last glaciation (Wisconsinan), 48–49
last interglacial (Eemian), 48
last millennium, 52–54
Little Climatic Optimum, 671–672
Little Ice Age, 53–54, 67, 250, 466, 655–656, 671–672, 816,

820, 990
Medieval Warm Period, 52–53, 466, 674, 814, 816–817, 820,

848, 990
Neo-Atlantic Optimum, 663
in northwestern Europe, 819–820
pre-Quaternary Period, 46–47
proxy records of, 67, 365–366
Quaternary Period, 47
rapid climate change, 23, 49–50, 51, 54, 125, 249–250
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reconstruction with tree rings, 814–820
and salmon fluctuations, 658
Scandic Period, 663
temperature variability, 23
on Yamal Peninsula, 847–848
Younger Dryas, 50, 249, 466

Paleoclimate Modeling Intercomparison Project (PMIP), 109
Pallas's cormorant, 626
paludification, 320, 550, 678, 835, 851
pandalid shrimp (Pandalus jordani), 749, 759, 768
Pandalopsis dispar. see deepwater prawn
Pandalus borealis. see northern shrimp
Pandalus goniurus. see humpy shrimp
Pandalus jordani. see pandalid shrimp
Papaver polare. see Arctic poppy
Papaver spp., 293
paper birch (Betula papyrifera), 576, 792, 828, 834
Paragorgia arborea. see red gorgonian
parakeet auklet (Aethia psittacula), 633, 635
Paralithodes camtschatica. see red king crab
Paralithodes camtschaticus. see king crab
paralytic shellfish poisoning, 879, 880
Paranoplocephala arctica, 249
parasites. see also cryptosporidium; echinococcus; Giardia;

trichinosis
and emigration of new species, 386, 419, 436
of freshwater fish, 412–413
impacts of UV radiation, 413
projected increase in aquatic birds, 419, 436
projected increase in aquatic mammals, 419, 436
projected increase in fish, 415, 436

parasitic jaeger (Stercorarius parasiticus), 361, 630
Parasyrphus tarsatus, 258
Parus caeruleus. see blue tit
peas, green, 807, 810, 811, 852
peas, seed, 810, 811
peatlands. see also freshwater ecosystems; wetlands

area of, 363, 562
carbon storage, 841, 1014
drainage impacts on biodiversity, 562
in Finland, 795
impacts of projected change in freshwater runoff, 229
impacts of projected change in permafrost, 215
impacts of projected change in river and lake ice, 223
prehistoric extent, 252
projected change in distribution, 392
projected impacts, 32, 254, 435, 843
water balance, 32
and wildfires, 843

Pechora Basin, 187–188, 227, 229
pectoral sandpiper (Calidris melanotos), 288
Pedicularis hirsuta. see hairy lousewort
Pedicularis spp., 293
pelagic cormorant (Phalacrocorax pelagicus), 626, 635
pelagic ecosystem

defined, 479
Oscillating Control Hypothesis, 495
projected impacts, 544

Perca flavescens. see yellow perch
Perca fluviatilis. see European perch
perch, 71. see also individual species
Percopsis omiscomaycus. see trout perch
peregrine falcon (Falco peregrinus), 258, 566
peripheral circulatory diseases, 873
permafrost, coastal and subsea

background, 216–217
and coastal erosion, 519
impacts of projected change, 215
observed change, 217–218
and offshore engineering, 215
projected impacts, 188, 218–219, 1008
research recommendations, 219–220

permafrost, terrestrial. see also thermokarst
active layer defined, 209–210
active layer depth, 245
active layer detachment, 549, 917
and arctic wetlands, 45–46
area of, 45
background, 209–210
in boreal forests, 794
and carbon balance, 319, 841
carbon storage, 305, 518, 1014
carbon storage and wildfire, 843
continuous, defined, 209
degradation, impacts on buildings, 889, 929–930, 935, 1009
degradation, impacts on carbon balance, 34, 391–393, 459
degradation, impacts on DOC, 391–393
degradation, impacts on freshwater ecosystems, 434–435,

997–998
degradation, impacts on infrastructure, 926–928, 939–940,

1000
degradation, impacts on pipelines, 932–933, 936
degradation, impacts on runoff, 917
degradation, impacts on sanitation infrastructure, 888
degradation, impacts on transportation, 930–931, 935–936
degradation, impacts on water supply, 885–886
degradation and boreal forests, 794, 804, 823, 828
degradation and carbon storage, 319
degradation and coastal erosion, 921, 940, 999
degradation and contaminant release, 430, 432–433, 891
degradation and ecosystems, 550
degradation and freshwater ecosystems, 998
degradation and hazardous materials, 927
degradation and human health, 897
degradation and landslides, 917, 919–920
degradation and methane emissions, 998
degradation and soil subsidence, 916
degradation and subsistence activities, 883–884
degradation and thermohaline circulation, 999–1000
degradation and transportation, 813
discontinuous, defined, 209
and energy balance, 318
engineering concerns, 914–916
feedbacks to global climate, 209, 994
and groundwater, 45, 357–58
and human activities, 324
impacts of degradation, 210
impacts of projected change, 219, 588, 677–678, 940
impacts of thaw on animals, 279
impacts of thawing on indigenous peoples, 667–670
impacts of wildfires, 835
indigenous observations of change, 279, 993
and infrastructure, 909–917
methane emissions, 999
observed change, 45, 210–211, 659–660, 676, 910, 913, 963,

991, 1005, 1009
prehistoric extent, 252
present-day distribution, 209, 245
projected circumpolar impacts, 211–214
projected impacts, 3, 45, 254, 327, 520, 570, 659–660, 676,

912–913, 952, 990, 991, 996–997, 997, 1008–1009,
1012

projected regional impacts, 214–215
research recommendations, 215–216
and river chemistry, 45
and river flows, 45
role of vegetation, 550
sensitivity to change, 245
and snow, 198
sporadic, defined, 209
as water source, 547

persistent organic pollutants, 878, 947, 952, 982. see also
contaminants

analyses, 959
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conventions on, 14–15
and human health, 890–892, 953, 964
impacts of climate change on, 427–432
impacts on biodiversity, 566
in reindeer meat, 980
Stockholm Convention, 64

Phaeocystis pouchetii, 481, 482, 504, 506. see also phytoplankton
Phalacrocorax aristotelis. see European shag
Phalacrocorax carbo. see great cormorant
Phalacrocorax pelagicus. see pelagic cormorant
Phalaropus fulicaria. see red phalarope
Phalaropus lobatus. see northern phalarope
phenols, 624
Philomachus pugnax. see ruff
Phippsia algida. see ice grass
Phleum alpinum. see alpine timothy
Phoca fasciata. see ribbon seal
Phoca hispida. see ringed seal
Phoca largha. see spotted seal
Phoca vitulina. see harbour seal
Phocoena phocoena. see harbour porpoise
Phocoenoides dalli. see Dall's porpoise
Phoebastria nigripes. see black-footed albatross
phosphorus (P)

pollution and biodiversity, 564–565
in terrestrial ecosystems, 305–309

Phyllocnistis populiella. see aspen leaf miner
Phylloscopus borealis. see Arctic warbler
Phylloscopus inornatus. see yellow-browed warbler
phylogeography, 249
Physeter catodon. see sperm whale
phytophagous insects, 563
phytoplankton

bloom onset, 480–481, 491–492, 495, 544
and carbon cycle, 518
impacts of past climate variability, 497
impacts of UV radiation, 513, 514
marine biomass, 479
in marine ecosystems, 481
marine productivity, 479
projected change in distribution, 569
projected impacts, 504, 505–506, 546, 570, 758
role in marine food webs, 544

Picea abies. see Norway spruce
Picea glauca. see white spruce
Picea mariana. see black spruce
Picea obovata. see Siberian spruce
Picea sitchensis. see Sitka spruce
pigeon guillemot (Cepphus columba), 576, 635
pilot whale (Globicephala melaena)

harvest by indigenous peoples, 652
harvest of, 622, 629
in northwest Atlantic, 732
population, 736

pine (Pinus spp.), 262, 551, 784. see also individual species
diprionid sawfly outbreaks, 835
impacts of UV radiation, 852–853
indigenous observations of change, 80
past distribution, 368
projected impacts, 1006
in Russian boreal forest, 790
treeline change, 1005

Pinguicula spp., 549
Pinguinus impennis. see great auk
pink-footed goose (Anser brachyrhynchus), 288, 574, 1005
pink salmon (Oncorhynchus gorbuscha), 410, 752, 760
pintail, 258
pintail (Anas acuta), 287, 669
Pinus contorta. see lodgepole pine
Pinus pumila. see dwarf Siberian pine
Pinus sibirica. see Siberian stone pine
Pinus sylvestris. see Scots pine

pipelines. see oil and gas development
place names, 66, 84, 655–656
plaice (Pleuronectes platessa), 712
plankton. see also phytoplankton

projected range shifts, 588
plants. see also boreal forest ecosystems; terrestrial ecosystems;

vegetation
adaptation to UV radiation, 998
adaptations to arctic environment, 263–266
change in phenology, 571
community response to experimental manipulation, 295–296
diversity, present day, 255–259, 1016
diversity, projected change, 257
diversity and temperature, 256–259
documentation of change, 585
genetic diversity, 582
genetic response to change, 285–286
impacts of CO2 concentration change, 275–276
impacts of projected change on diseases, 302
impacts of projected change on human health, 879–892
impacts of recent climate change, 271–272
impacts of reindeer grazing, 601
impacts of UV radiation, 248, 264, 276–277, 953
inventory needs, 580
knowledge of arctic species, 540
observed change in distribution, 287
projected change in distribution, 288–290
projected impacts, 272–279, 274–275, 277–278, 998
species numbers, 580
tissue chemistry and herbivory, 298–299

platinum. see mineral extraction
Plectrophenax nivalis. see snow bunting
Pleurogrammus monoptergius. see Atka mackerel
Pleuronectes ferrugineus. see flounder
Pleuronectes glacialis. see Arctic flounder
Pleuronectes platessa. see plaice
Pleuronectes quadrituberculatus. see Alaska plaice
Pleurozium shreberi, 258
Pluvialis dominica. see lesser golden plover
Pluvialis fulva. see Pacific golden plover
Pluvialis squatarola. see black-bellied plover
Poa abbreviata. see northern bluegrass
Poaceae, 293
Pogonatum alpinum, 247
polar amplification, 23, 38–39, 54, 606, 658
polar bear (Ursus maritimus), 487, 556, 570

in Bering Sea, 752
biodiversity monitoring, 586
biomass, 479, 480
harvest by indigenous peoples, 652, 667–668, 668, 674–675
harvest management in Canada, 612, 626
historic harvesting, 699
and human health, 882
impacts of past change in sea ice, 674
impacts of POPs, 566
importance of sea ice, 496–497, 632
importance to tourism, 600
indigenous observations of change, 70–71, 585, 660, 667
and ivory gull distribution, 512
as keystone predator, 545
management agreements, 623, 625, 626, 628, 632
migration, 546
multiple stresses on, 615
observed change, 504
overharvesting, 487, 560–561, 1016
paleoecology, 251
population in Canada, 612
productivity, 479
projected impacts, 195, 380, 504, 509, 520, 545, 570, 659, 675,

999, 1004, 1005, 1013, 1017
and seal prey, 496
sport hunting of, 657
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tracking, 631
polar cod (Boreogadus saida), 485–486

in Bering Sea, 748, 749
bycatch, 734
commercial fishery, 652, 693, 697, 748, 761
diet, 480
distribution, 484, 486
harvest by indigenous peoples, 652, 667
impacts of past climate variability, 738, 739
as keystone predator, 545
in Newfoundland and Labrador, 731
in northeast Atlantic, 696
in northwest Atlantic, 732
as prey, 480, 488, 489–490, 712
projected change in distribution, 545
projected impacts, 385, 504, 507–508, 509, 740, 759

polar desert ecosystems
biodiversity conservation, 548–551
characteristics of, 244–247, 292–293
defined, 11
distribution in Russia, 790
net primary production, 306
plant biomass, 306
projected change in area, 295, 321
projected impacts, 326, 998, 1004, 1012
soil characteristics, 255
soil organic matter, 306
and temperature, 287
and treeline advance, 550

polar fox. see Arctic fox
polar stratospheric clouds, 156, 995

difficulty in simulating, 173
impacts of climate change, 419
and ozone depletion, 143, 155, 156–157, 419
and stratospheric temperature, 155, 157, 170–171
and water vapor, 155

Polar Ural mountains, 849–850
polar vortex, 156

and atmospheric circulation, 157
impacts of climate change on, 419
and ozone depletion, 154, 169–171, 419
and ozone levels, 159

polar willow (Salix polaris), 257, 258, 294–295
Pollachius virens. see saithe
pollock. see walleye pollock
pollution. see contaminants
polychaetes, 483, 487, 504
polychlorinated biphenyls (PCBs), 877–878, 952, 953, 964. see

also persistent organic pollutants
analyses, 959
and arctic fish, 381
impacts on biodiversity, 565

polycyclic aromatic hydrocarbons (PAHs), 381, 877–878, 953
polygons, 245, 255
Polygonum spp., 262
Polygonum viviparum. see alpine bistort
polynyas, 457, 1016

importance to marine mammals, 623–624
importance to seabirds, 489
importance to whales, 489
indigenous observations of change, 662
and marine ecosystems, 483
productivity, 491
projected impacts, 477

Polysticta stelleri. see Steller's eider
Polytrichum commune, 285
Polytrichum juniperinum, 258
pond smelt (Hypomesus olidus ), 395
pondweed (Potamogeton spp.), 363
poplar (Populus spp.), 784. see also individual species
Populus balsamifera. see balsam poplar
Populus tremula. see European aspen

Populus tremuloides. see aspen
Populus trichocarpa. see black cottonwood
Porcupine Caribou Management Board, 637
porpoises, 710. see also Dall's porpoise; harbour porpoise
Potamogeton spp. see pondweed
potatoes, 807, 809, 810, 811, 813
powan. see European whitefish
precipitation. see also freezing rain; rain-on-snow events; snow

and avalanches, 917
in boreal forests, 787–788, 794
impacts of projected change in sea ice, 195
impacts of projected change on avalanches, 918–919
impacts of projected change on breakup timing, 222
impacts of projected change on carbon cycle, 518
impacts of projected change on caribou, 615, 661, 668, 670,

675
impacts of projected change on contaminants, 428–430, 545,

891
impacts of projected change on flooding, 917
impacts of projected change on freshwater ecosystems, 547
impacts of projected change on human health, 869, 881
impacts of projected change on hunting, 617
impacts of projected change on infrastructure, 889, 927
impacts of projected change on landslides, 917–918, 919–920
impacts of projected change on muskox, 615, 668
impacts of projected change on plants, 274–275
impacts of projected change on polar bears, 545
impacts of projected change on river discharge, 923
impacts of projected change on seabirds, 512
impacts of projected change on subsistence activities, 667
impacts of projected change on thermohaline circulation,

999–1000
impacts of projected change on water supply, 885–886
impacts of projected change on wildfires, 840
indigenous observations of change, 660, 993
influence on tree rings, 819–820
measurement limitations, 31, 39, 185
observational data for model evaluation, 112–113, 114,

115–116
observed trends, 23, 39–42, 42, 248, 274, 972, 991–992, 1011
observed variability, 972–973
present-day, 10, 245
projected change, 3, 119, 125, 126–127, 128–129, 133–134,

139–140, 321, 326, 470, 661, 812, 917, 918, 952,
972, 994, 1005, 1008, 1011–1012

and wildfires, 835
precipitation and evaporation

projected change, 133–134
precipitation and evapotranspiration

background, 184–186
estimates of, 185–186
impacts of projected change, 188
observed trends, 186–187
projected change, 187–188, 1008
research recommendations, 188–189

predator/prey match/mismatch, 494, 496, 505, 505, 506–507, 520,
544, 570, 571

and carbon cycle, 518
uncertainties, 521

Pribilof Islands
indigenous knowledge case study, 76–77
seabird breeding grounds, 489

primary production, 544
primnesiophytes, 481
Pristiphora erichsonii. see larch sawfly
productivity

of freshwater ecosystems, 11–12
impacts of UV radiation, 425–427
limits on, 543
of marine ecosystems, 479–480
projected impacts, 418, 541
of terrestrial ecosystems, 246
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Prosopium cylindraceum. see round whitefish
protected areas, 621, 1017–1018

in Alaska, 793
area of, 603
and biodiversity conservation, 541, 573–574, 579, 589–590
in Canada, 604, 791–792
criteria for selecting, 541–542, 603–604
design approaches, 577–579, 999
existing, 570
in Finland, 795
in Iceland, 800
impacts of projected climate change on management, 577–579
locations, 603
management approaches, 578–579
in Norway, 798
projected impacts, 570, 1001
in Russia, 606–607, 609, 624, 791
in Sweden, 796
and vegetation change, 328
and wildlife management, 600, 602–605, 638

protozoans, 481–482, 540
proxy climate records, 817. see also paleoclimate

and climate scenarios, 101
interpreting, 46
isotope analysis, 366
tree rings, 366, 814–820, 822–824

Psetta maxima. see turbot
Pseudomonas, 260, 283
Psora decipiens, 258
ptarmigan (Lagopus mutus), 258, 281

adaptation to arctic environment, 267–268
harvest by indigenous peoples, 667
harvest in Fennoscandia, 617
harvest in Russia, 607
indigenous observations of change, 70–71, 86, 89
and predation, 302

pteropods, 482
Pterostichus costatus, 258
Ptilidium ciliare, 258
Puccinellia phryganodes. see creeping alkaligrass
puffin (Fratercula spp.), 512, 626, 629. see also individual species
Puffinus gravis. see greater shearwater
Puffinus griseus. see sooty shearwater
Puffinus tenuirostris. see short-tailed shearwater
pulp mills, 565
Puma concolor. see cougar
Pungitius pungitius. see ninespine stickleback
Purnumukka, Finland

indigenous knowledge case study, 84–87
purple sandpiper (Calidris maritima), 630
purple saxifrage, 258, 272
purple saxifrage (Saxifraga oppositifolia), 285, 582
pygmy saxifrage (Saxifraga hyperborea), 258
Pylaiella littoralis, 480

Q
Qaanaaq, Greenland

indigenous knowledge case study, 84
qaaqtaq. see least cisco
Qamani'tuaq. see Baker Lake
Qikiktagrugmiut

impacts of late freeze-up, 74–75
indigenous knowledge case study, 73–76

qungalik. see Arctic sorrel

R
rabbit

harvest by indigenous peoples, 654
and tularemia, 881

rabies, 880, 881
Racomitrium spp., 258, 294
radionuclides, 565

rain-on-snow events. see also precipitation
impacts of, 43
observed trends, 42–44
projected increase in, 281

rainbow smelt. see smelt
rainbow trout (Oncorhynchus mykiss), 407, 702–703, 716, 1012
Ramsar Convention on Wetlands, 564
Rana spp. see frogs
Rana sylvatica. see wood frog
Rana temporaria. see common frog
Rangifer tarandus. see caribou; reindeer; reindeer/caribou
Ranunculus glacialis. see glacier buttercup
Ranunculus sabinei. see Sardinian buttercup
rapeseed. see canola
raptors (Buteo spp.), 268
Rattus norvegicus. see Norway rat
raven (Corvus corax), 258, 259, 267
razorbill (Alca torda), 627, 629, 630
reanalyses. see climate data, reanalyses
recreation, 957

and boreal forests, 794, 796, 797–798
impacts on biodiversity, 566–567
projected impacts, 200, 1004, 1007

recruitment
definition, 495

red-breasted goose (Branta ruficollis), 288, 289, 574
red-breasted merganser (Mergus serrator), 629–630, 630
red deer (Cervus elaphus), 573
red-faced cormorant, 635
red fox (Vulpes vulpes), 259, 281, 619

displacement of Arctic fox, 548
impacts of late freeze-up, 76
observed change, 1005

red gorgonian (Paragorgia arborea), 561
red king crab (Paralithodes camtschatica), 483

commercial fishery, 749, 763, 767–768
impacts of past climate variability, 499, 503, 756–757
management regimes, 765
predation by salmon, 747
projected impacts, 759

red knot (Calidris canutus), 250–251, 258, 288, 290, 361
red-legged kittiwake (Rissa brevirostris), 489, 633, 635,

1009–1010
red-necked phalarope. see northern phalarope
red-necked stint (Calidris ruficollis), 288, 361
red phalarope (Phalaropus fulicaria), 361, 489, 630
red squirrel (Tamiasciurus hudsonicus), 286
red-throated loon (Gavia stellata), 363, 633, 635
"redfeed" copepod, 696
redfish (Sebastes spp.), 486, 767

in Central North Atlantic, 711
commercial fishery, 698, 714, 715
distribution, 484
historic fisheries, 712
in northeast Atlantic, 696
as prey, 488

redwing (Turdus iliacus), 258, 260
Region 1

defined, 1003
fish, number of freshwater and diadromous species, 396–397
freshwater fish populations, projected change in, 406
Holocene climate and freshwater ecosystems, 367–368
projected change, 327–329, 1004–1007
projected vegetation change, 326

Region 2
defined, 1003
fish, number of freshwater and diadromous species, 396–397
freshwater fish populations, projected change in, 406–407
Holocene climate and freshwater ecosystems, 368–369
projected change, 327–329, 1004, 1007–1009
projected vegetation change, 326
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Region 3
defined, 1003
fish, number of freshwater and diadromous species, 396–397
freshwater fish populations, projected change in, 407
Holocene climate and freshwater ecosystems, 369
projected change, 327–329, 1004, 1009–1011
projected vegetation change, 326

Region 4
defined, 1003
fish, number of freshwater and diadromous species, 396–397
freshwater fish populations, projected change in, 407–408
Holocene climate and freshwater ecosystems, 370–371
projected change, 327–329, 1004, 1011–1014
projected vegetation change, 326

regional climate models (RCMs), 103. see also downscaling
of arctic atmosphere, 130–134
of Arctic Ocean, 135
coupled arctic models, 135–136
HIRHAM, 130–132, 133, 135–136
for improving projections, 142
projections of precipitation change, 133–134
projections of pressure change, 134–135
projections of temperature change, 133–134
simulation of present-day climate, 131–132, 135–136
uncertainties in projections, 120

regional impacts, 1018–1019. see also Region 1; Region 2; Region
3; Region 4

reindeer
Svalbard reindeer, 969
tundra reindeer, 969
wild forest reindeer, 969

reindeer (Rangifer tarandus), 252. see also reindeer/caribou
commercial hunting in Russia, 608–610
cultural importance, 655
distribution, 968
harvest in Russia, 607
impacts of herding on wild populations, 601
impacts of infrastructure development, 567
impacts of overgrazing, 562–563, 601
impacts of permafrost thaw, 660
impacts of warm winters, 1005
indigenous observations of change, 85–90, 279
management in Russia, 610–611
observed change in wild populations, 1005
overgrazing, 657
population declines in Russia, 609
predators, 977
projected impacts, 611, 676, 973–974

reindeer/caribou (Rangifer tarandus), 258, 556, 1016. see also
caribou; reindeer

adaptation to arctic environment, 266–267, 556–557
adaptations to arctic climate, 966–967
biodiversity monitoring, 586
distribution, 969
harvest by indigenous peoples, 652–653
hunting of, 247
impacts of ice crusting, 279, 280
impacts of projected change in snow, 301, 660
impacts on vegetation, 300
importance to indigenous peoples, 599–600
indigenous observations of change, 280
and lichens, 273
management, 637–638, 639
migration triggers, 267
monitoring, 618
observed change, 661
overharvesting, 560
parasites and climate change, 302–303
population cycles, 268
and predation, 301–302
projected impacts, 281, 604, 659, 660–661, 998
snow beds as refuge, 275

and UV radiation, 268
reindeer husbandry, 660–661, 794–795, 796, 807–808, 813, 1001

coping capacity, 974–976
coping constraints, 976–980
global statistics, 965–968
and government policy, 978
and habitat loss, 976–977
impacts of industrial development, 608
impacts of treeline change, 651
impacts of vegetation change, 659
impacts on treeline, 851
impacts on wildlife, 601
by indigenous peoples of the Russian North, 678–680
and legal structures, 978–979
multiple stresses on, 970–971, 980
and overgrazing, 609, 657–658, 676–678, 680, 956
and pollution, 979–980
and predator control, 616, 619, 977
projected impacts, 558, 948, 969, 1000, 1003, 1004, 1007
in Russia, 609, 664
by Saami, 969–970
and Saami culture, 894
and snow quality, 958, 973, 975, 1007
technological change, 952
vulnerability case study, 948, 965–980
and wildlife management, 637
by Yamal Nenets, 676–678

Reinhardtius hippoglossoides. see Greenland halibut
research recommendations

agriculture, 810, 854
biodiversity, 580–589
boreal forests, 854
co-management, 686–687
coastal and subsea permafrost, 219–220
coastal erosion, 921–922
commercial fisheries, 771–772
fisheries management, 705, 767
freshwater discharge, 229–230
freshwater ecosystems, 437–438
future assessments, 1018–1019
glaciers and ice sheets, 208–209
human health, 875, 877, 878, 897, 900–902
impacts on indigenous peoples, 686–687
improving model projections, 140–144
indigenous knowledge, 93–94, 901
indigenous peoples adaptation, 665
indigenous subsidence activities, 650–652
infrastructure, 915, 941
marine Arctic, 520–522
marine mammals, 631
ozone and UV radiation, 175–176
permafrost, 215–216
precipitation and evapotranspiration, 188–189
river and lake ice, 223, 923
sea ice, 195–196
sea-level rise, 236
seabird management, 628, 633–634, 636
snow, 200–201
societal conditions and trends, 983
vegetation change and reindeer husbandry, 678
vulnerability assessments, 982–983
wildlife management, 621, 638, 639

resilience
of arctic communities, 658, 709
assessing, 9
definition, 950
of human-environment systems, 946–949, 951
and human health, 865
of indigenous peoples, 92–93, 670, 686
and multiple stresses, 15
research recommendations, 902
and wildlife co-management, 666
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resource development. see also forestry; hydroelectric generation;
mineral extraction; oil and gas development

impacts of projected change in freshwater runoff, 229
impacts of projected change in permafrost, 215
impacts on arctic ecosystems, 605
impacts on indigenous peoples, 651
and improved transportation, 923

respiratory diseases, 869, 872–873
Rhizoplaca melanophthalma, 269
Rhodostethia rosea. see Ross' gull
rhubarb, wild

harvest by indigenous peoples, 654
Rhytidiadelphus triquetrus, 258
ribbon seal (Phoca fasciata), 488–489

commercial harvest, 753
harvest of, 625
projected impacts, 504, 510

right whale (Eubalaena glacialis), 489
ring-necked duck (Aythya collaris), 363
ringed seal (Phoca hispida), 488, 624

in Bering Sea, 752
biodiversity monitoring, 586
commercial harvest, 715, 753
cultural importance to Inuit, 674
harvest by indigenous peoples, 652, 667–668, 671, 672, 674,

882
harvest of, 622, 625, 627, 628, 632
impacts of past change in sea ice, 674
indigenous observations of change, 71, 670
migration, 546
and persistent organic pollutants, 953
as prey, 487, 615
projected impacts, 504, 509–510, 520, 545, 570, 675, 964,

1005, 1011
Rissa brevirostris. see red-legged kittiwake
Rissa tridactyla. see black-legged kittiwake
river discharge, 223–230. see also rivers

and contaminant transport, 891, 947
estimated, 225
and hydroelectric generation, 188
impacts of permafrost change, 913
impacts on thermohaline circulation, 999–1000
and navigation, 188, 1000
observed change, 997
projected change, 127, 137–138, 188, 917, 923, 997, 1004,

1008, 1012
and projected change in river and lake ice, 223
and projected change in snow cover, 199–200
and water supply, 1000

river otter, 619
rivers. see also freshwater ecosystems; ice, river and lake; specific

rivers
breakup and freshwater ecosystems, 998
characteristics of Siberian, 546–547
food webs in, 359
freshwater ecosystems of, 358–360
impacts of changing UV radiation, 424–425
impacts of freeze-up timing change, 611
impacts of observed temperature change, 23, 32
impacts of permafrost thaw, 45
impacts of projected change on anadromous fish, 398–399
impacts of winter thaws on flow timing, 43
indigenous observations of change, 88–90, 685
observed change in ice cover duration, 997
projected change in flow rates and timing, 376–377, 379
projected change in freeze-up timing, 374
projected change in ice cover duration, 659, 997
projected change in thermal gradient, 375
projected change in timing and severity of breakup, 375, 380,

434
projected change in timing of spring freshet, 374–375
projected impacts, 379–381, 434, 436

sensitivity to temperature change, 32
types of, 31–32
and wood transport, 786

roach (Rutilus rutilus), 406, 513–514
rock sole (Lepidopsetta bilineata), 487

commercial fishery, 751
impacts of past climate variability, 502, 503, 503
projected impacts, 508

rockfish. see redfish (Sebastes spp.)
Ross' gull (Rhodostethia rosea), 288, 490
rotatorians, 480
rough-legged buzzard (Buteo lagopus), 301
round whitefish (Prosopium cylindraceum), 378
rowan (Sorbus aucuparia), 563, 799
Rubus chamaemorus. see cloudberry
ruddy turnstone (Arenaria interpres), 250–251, 361, 630
ruff (Philomachus pugnax), 287
ruffe (Gymnocephalus cernuus), 406, 576
Russia

commercial fisheries, 695–709
demographics, 868–869
economic importance of fisheries, 700–704
fisheries management, 704–706
forest area, 784
forest tenure and management, 789–791
sanitation systems, 884
wildfire regimes and management, 836–837
wildlife management, 606–610, 623–626, 638

Russian Association of Indigenous Peoples of the North
(RAIPON), 13, 68–71, 87, 602

Russian North, 678–680, 968
Russian Sea Route. see Northern Sea Route
Rutilus rutilus. see roach

S
Saami, 599, 616, 652

historic adaptations, 662
impacts of hydroelectric development, 657
indigenous knowledge, 960
observations of change, 84–90, 271–272, 279, 660, 679
projected impacts, 1007
reindeer herding, 658, 661, 664, 794–795, 894, 948, 956,

965–968, 981
and technological change, 957
terminology for snow, 958, 973
vulnerability case study, 962

Saami Council, 13, 68–71, 602, 968
Saami knowledge. see indigenous knowledge
Sabine's gull (Xema sabini), 489, 630
sable (Martes zibellina), 607
sablefish, 763, 765, 769
Sachs Harbour, NWT, Canada

impacts case study, 666–671
indigenous observations of change, 69, 71, 666–671
vulnerability case study, 961–963

saffron cod (Eleginus gracilis), 74, 75, 760
Sahtú, 81
saithe (Pollachius virens)

export value, 704
impacts of past climate variability, 717
in Northeast Atlantic, 696
past distribution change, 500
as prey, 696

salinity
impacts of projected change in freshwater runoff, 228, 999
impacts of projected change in sea ice, 195
impacts of projected change on marine ecosystems, 659
impacts of projected sea level rise, 235
observed change, 44–45, 467–469, 720
projected impacts, 476, 478

Salix arctica. see Arctic willow
Salix glauca. see glaucous willow
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Salix herbacea. see dwarf willow
Salix lanata. see hairy willow
Salix myrsinifolia. see dark-leaved willow
Salix myrsinites. see whortle-leaved willow
Salix myrtilloides, 258
Salix phylicifolia. see tea-leaved willow
Salix polaris. see polar willow
Salix pulchra. see tealeaf willow
Salix reptans, 258
Salix spp., 292
Salmo salar. see Atlantic salmon
Salmo trutta. see brown trout
salmon (Oncorhynchus spp., Salmo salar). see also individual

species
aquaculture, 695, 708, 716, 747
and botulism, 880
commercial harvest, 657
export value, 704
harvest by indigenous peoples, 652, 654
impacts of past climate variability, 503, 658
indigenous observations of change, 585, 880
observed change, 1009–1010
and permafrost degradation, 884
projected impacts, 507, 660, 1010

salmon shark, 77
salmonids. see also fish, anadromous; salmon; individual species

diversity of, 549
and fisheries, 412
impacts of past climate variability, 503
impacts on habitat, 402
potential distribution change, 410
species, number of arctic, 396–397

salt marshes. see wetlands
Salvelinus alpinus. see Arctic char
Salvelinus confluentus. see bull trout
Salvelinus fontinalis. see brook trout
Salvelinus malma. see Dolly Varden
Salvelinus namaycush. see lake trout
Sami. see Saami
sand eel. see sand lance
sand lance (Ammodytes spp.), 488, 712, 732
Sander lucioperca. see zander
Sander vitreus. see walleye
sanderling (Calidris alba), 258, 259, 288, 289
sandhill crane, 70
sandpipers (Calidris spp.), 259, 268, 358. see also individual

species
Sanguisorba officinalis. see official burnet
Sapmi

indigenous knowledge case study, 84–87
sardine, 508
Sardinian buttercup (Ranunculus sabinei), 259
sawflies, 259, 268, 549
Saxifraga caespitosa. see tufted alpine saxifrage
Saxifraga cernua. see nodding saxifrage
Saxifraga hyperborea. see pygmy saxifrage
Saxifraga nivalis. see alpine saxifrage
Saxifraga oppositifolia. see purple saxifrage
Saxifragaceae, 293
scallops, 561. see also Iceland scallop
Scandinavia

observed change in glaciers and ice sheets, 206
scenario. see climate scenarios; emissions scenario
Scoloplos armiger, 483
Scomber japonicus. see Pacific mackerel
Scomberesox saurus. see Atlantic saury
scoters (Melanitta spp.), 418, 627. see also individual species
Scots pine (Pinus sylvestris), 278

climate responses, 822–824, 828–830
in Finland, 795
impacts of UV radiation, 852–853
observed change, 829–830

projected change in distribution, 584
projected impacts, 824
in Sweden, 797
tree ring data, 819–820

sculpin (Cottus spp.). see also fourhorn sculpin; slimy sculpin
bycatch, 761
commercial fishery, 761
impacts of past climate variability, 756
as prey, 488
projected impacts, 758, 759

sea bass (Dicentrachus labrax), 716
sea ducks, 483
sea ice. see also land-fast ice

and accessibility to resources, 565–566, 883, 964, 965
albedo feedback, 474, 994
albedo measurements, 190
area, seasonal change in, 30
background, 189–190
in Bering Sea, 755
and Bering Sea fish, 502–503
and carbon exchange, 515–517
characteristics, 456–458
climate model representation, 107–108
and coastal erosion, 76–77, 219, 234
and contaminants, 954
coverage, 189–190, 454
distribution and thickness, 189–190, 457
and DMS, 143
drift patterns, 44, 457–458
ecosystems, 480, 482, 491, 506, 659
extent, observed trends, 35, 37
first-year distribution, 456
freeze-up timing, impacts of, 74–75
and freshwater influx, 208
impacts of precipitation change, 188
impacts of projected change, 194–195, 195
impacts of projected change in freshwater runoff, 228
impacts of projected change in snow cover, 200
impacts of projected change on aquaculture, 745
impacts of projected change on fisheries, 741
impacts of projected change on human health, 882–883
impacts of projected change on indigenous peoples, 659,

667–670, 670
impacts of projected change on infrastructure, 888–889
impacts of projected change on marine ecosystems, 520
impacts of projected change on nutrient supply, 544
impacts of projected change on seals, 740–741
impacts of temperature change, 3
impacts on marine ecosystems, 505
impacts on reindeer, 609
importance to marine ecosystems, 490, 623–624
importance to polar bears, 487, 504
importance to seals, 488
importance to walrus, 488
indigenous observations of change, 68–69, 84, 94, 190, 632,

660, 661–662, 882, 886, 993
during Little Ice Age, 250
melt season duration, 457
multi-year distribution, 456
observational data for model evaluation, 118
observed change, 190–192, 467, 659, 963
and ocean mixing, 460–461
perennial, defined, 30
perennial, observed trends, 37, 190–192
projected impacts, 3, 122, 192–194, 480, 519, 659, 964
research recommendations, 195–196
seasonal, defined, 30
seasonal, projected change, 472
seasonal cycle, 456–457
and species exploitation, 560
and subsistence activities, 660
thickness, observed trends, 30, 37, 191–192, 457



Arctic Climate Impact Assessment Index 34

thickness, projected change, 472
trends in Russian Arctic, 624
and UV radiation, 174

sea ice duration
and ENSO, 469
and fish migration, 496
impacts of observed change on polar bear health, 615
impacts of projected change, 472–475
impacts of projected change on marine mammals, 496–497
impacts of projected change on polar bears, 545, 674
impacts of projected change on ringed seals, 674
and NAO, 469
and PDO, 469
and phytoplankton bloom, 491–492, 495
projected impacts, 476, 570

sea ice extent
and the Arctic Oscillation, 44
and contaminant transport, 891, 947
impacts of projected change on coastal erosion, 922, 940, 952,

999
impacts of projected change on marine ecosystems, 544, 569,

588, 659, 694, 952
impacts of projected change on marine mammals, 509–511
impacts of projected change on navigation, 922–923
impacts of projected change on polar bears, 545
impacts of projected change on productivity, 505, 505–506
impacts of projected change on seabirds, 635–636
impacts of projected change on seals, 545
impacts of projected change on subsistence activities, 656, 922
impacts of projected change on transportation, 934–935, 1002
impacts of projected change on travel, 952–953
impacts of projected change on water supply, 886
and northern shrimp, 738–739
in northwest Atlantic, 731
observations of, 35
observed change, 23, 44, 54, 190–192, 457, 471, 923–924,

991, 997, 1009, 1018
paleoclimatic, 48
projected impacts, 119, 127, 139, 471–472, 476, 659, 694,

924–926, 952, 990, 991, 996–997, 999, 1005, 1012
Sea-Ice Model Intercomparison Project, 107, 109
sea ice thickness

impacts of projected change on infrastructure, 927
observed trends, 44
and subsea permafrost development, 217–218

sea level
early Holocene, 367
Last Glacial Maximum, 249
observed change, 33
paleoclimatic, 48–49, 253
projected change, 253

sea level pressure. see atmospheric pressure
sea level rise

and atmosphere-ocean processes, 231–232
attribution, 236
background, 230
eustatic, 230–231
and "freshwater" storage, 34
and glaciers and ice sheets, 203, 204–206, 234
impacts of projected change, 235–236
impacts on aquatic ecosystems, 923
impacts on birds, 290
impacts on coastal ecosystems, 208
impacts on coastal erosion, 219, 234, 235–236, 519, 922–923,

940, 999
impacts on coastal lakes, 383
impacts on coastal permafrost, 219
impacts on coastal stability, 230–236
impacts on indigenous peoples, 559
impacts on marine ecosystems, 505, 659
impacts on protected areas, 589–590
impacts on seabirds, 512, 546, 635–636

impacts on water supply, 885
impacts on water treatment, 885
isostatic, 230
observed, 232–233, 997
and polar ice caps, 34
projected, 33–34, 233–235, 570, 994, 997
projected contribution of glaciers and ice sheets, 207–208
research recommendations, 236
steric, 230–231

sea otter (Enhydra lutris), 489
in Bering Sea, 752
historic harvesting, 761
management agreements, 632
overharvesting, 487, 632–633, 1016
projected impacts, 510, 759

sea-tangle (Fucus distichus), 480, 481
seabirds, 487–490. see also birds; birds, aquatic; birds, migratory;

waders; individual species
in Bering Sea, 746
biodiversity monitoring, 586
biomass, 479, 480
breeding areas and sea ice extent, 497
climate impacts on, 496–497
commercial harvest, 715
diversity, 489
food requirement, 484
harvest by indigenous peoples, 710
harvest of, 622–623, 625–626, 627–628, 629–631, 633–635,

710
historic ranges, 624
impacts of Arctic fox, 576
impacts of capelin overharvesting, 624
impacts of introduced predators, 563, 605
impacts of oil and gas development, 624
impacts of oil pollution, 565
impacts of past climate variability, 504
importance to indigenous peoples, 622, 634–636
importance to tourism, 600
Important Bird Areas, 634
indigenous observations of change, 993
indirect impacts of UV radiation, 953
influenza, 880
management and conservation, 622–636, 765
mercury levels in, 566, 964
observed change, 1009
and ocean temperature, 571–572
overharvesting, 487, 561, 1016
productivity, 479, 484
projected impacts, 504, 509, 511–512, 545–546, 572, 604, 636,

768, 999, 1005, 1010
projected range shifts, 588
reproductive timing and food supply, 496
research recommendations, 633–634, 636
status, 630, 635

seals, 488–489. see also individual species
adaptation to cold, 556
and animal rights movement, 615, 657, 956, 965
and benthos, 483
biomass, 479
and botulism, 880
commercial harvest, 715
and contaminants, 964
food requirement, 484
harvest, 710
harvest by indigenous peoples, 652, 655, 668, 668, 710
historic change, 663
historic ranges, 624
and human health, 882
hunting by indigenous peoples, 650
impacts of past climate variability, 504
impacts of projected change in sea ice, 659
importance of sea ice, 496–497, 632
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indigenous observations of change, 70–71, 585, 667
indirect impacts of UV radiation, 953
and ivory gull distribution, 512
management and indigenous subsistence activities, 665
management in Canada, 626–627
in northeast Atlantic, 696
productivity, 479, 484
projected impacts, 380, 510, 545, 660, 965, 999, 1010, 1013,

1017
reproduction and food supply timing, 496

sedges, 294. see also individual species
sei whale (Balaenoptera borealis), 489, 715, 732, 736
selenium, 890
Seligeria polaris, 258
semipalmated plover (Charadrius semipalmatus), 361
Severnaya Dvina, 226
Severnaya Dvina Basin, 227
Severnaya Zemlya

observed change in glaciers and ice sheets, 206–207
sharks, 486. see also individual species
sharp-tailed sandpiper (Calidris acuminata), 288
shearwater (Puffinus spp.), 627–628. see also individual species
Shishmaref, 660, 888–889
shore lark (Eremophila alpestris), 1006
shorebirds. see waders
short-eared owl (Asio flammeus), 301
short-finned squid. see squid
short-tailed albatross, 635
short-tailed shearwater (Puffinus tenuirostris), 624
shrews (Sorex spp.), 267
shrimp. see also individual species

commercial fishery, 742, 761, 964
harvesting and biodiversity, 561
historic change, 663
historic harvesting, 762
impacts of past climate variability, 766, 866
predation by Atlantic cod, 739
projected change in distribution, 700
projected impacts, 504, 758, 768

Siberian fir (Abies sibirica), 252
Siberian larch (Larix sibirica), 800, 849

climate responses, 822–824
projected impacts, 802, 803

Siberian silkworm (Dendrolimus sibiricus), 576
Siberian spruce (Picea obovata), 822–824, 848–849
Siberian stone pine (Pinus sibirica), 252
Siberian whitefish (Coregonus pidschian), 395, 397
sibling vole (Microtus rossiaemeridionalis), 279, 280
Sika deer (Cervus nippon), 573
sila, 655
Silene acaulis. see moss campion
silver birch (Betula pendula), 571, 795, 852, 853
Sisimiut, Greenland, 663
Sitka spruce (Picea sitchensis), 800, 831–833, 845
skates

impacts of past climate variability, 503, 756
projected impacts, 758, 759, 760

skin cancer, 875–876, 878, 899, 953, 996, 1001
skin rashes, 63
skuas (Stercorarius spp.), 268, 301, 490
slides. see landslides
slimy sculpin (Cottus cognatus), 378, 564
smallmouth bass (Micropterus dolomieu), 398, 405
smelt (Osmerus mordax), 361, 397

in Bering Sea, 748
harvest and late freeze-up, 75
projected impacts, 760
as traditional food, 74

smooth bromegrass, 807
snails, 483

snow. see also precipitation; snow cover
albedo feedback, 994
depth and plants, 264
depth impacts on black spruce, 851
depth impacts on plants, 274–275
depth impacts on ungulates, 570
duration and bird breeding, 290
duration and plants, 264
duration and subsistence activities, 883
duration and UV radiation exposure, 277
impacts of projected change on biodiversity, 589
impacts of projected change on caribou, 661
impacts of projected change on geese, 280
impacts of projected change on indigenous hunting, 683–684
impacts of projected change on plants, 274–275
impacts of projected change on spring freshet, 374–376
impacts of projected change on subsistence activities, 667, 668
impacts of rain-on-snow events on melt, 43
importance to polar bears, 487
and marine ecosystems, 490
melt and flooding, 917
melt and landslides, 918
observed change, 42
observed change in depth, 198–199
projected change, 1008
and reindeer husbandry, 973, 1000
and winter roads, 933

snow beds, 290, 300
importance to reindeer/caribou, 275
indigenous observations of change, 275
and vegetation, 274–275
as water source, 547

snow blindness, 152, 168, 996
snow bunting (Plectrophenax nivalis), 258
snow cover

albedo, 198, 998
and avalanches, 918–919
background, 196–198
duration and albedo, 322
impacts of projected change, 200
impacts of projected change on caribou/reindeer, 660
impacts of projected change on subsistence activities, 660
impacts of projected change on underwater UV, 419–420
impacts of temperature change on duration, 3
impacts of thaws on duration, 43
impacts on marine ecosystems, 505
importance to climate projections, 107
importance to polar bears, 496–497
importance to seals, 496–497, 545
indigenous observations of change, 660, 993
measurement limitations, 196
observed change, 198–199, 274, 991, 996–997
observed change in extent, 23, 31, 54, 1009
and permafrost, 909
and persistent organic pollutants, 429–430
present-day distribution, 196–197
projected change, 918, 972, 996–997
projected change in duration, 3, 659
projected change in extent, 119, 122, 127, 199–200, 201
research recommendations, 200–201
and subsistence activities, 965
and UV radiation, 153, 160, 163–164, 174–175, 996
and vegetative masking, 197–198

snow crab (Chionoecetes opilio), 483
in central North Atlantic, 711
commercial fishery, 735, 749, 763, 765, 767
impacts of past climate variability, 499, 739, 757
in northwest Atlantic, 732
observed change, 1002
projected impacts, 740, 768, 1007, 1013

snow gentian (Gentiana nivalis), 557
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snow goose (Anser caerulescens), 363
harvest by indigenous peoples, 667, 669
impacts on salt marsh sward, 300
indigenous observations of change, 70–71, 662
projected habitat loss, 288

Snow Models Intercomparison Project (SMIP), 109
snow sheep, 609
SnowChange project, 79, 84, 87, 960
snowshoe hare (Lepus americanus), 268, 280, 552, 605, 610, 619
snowy owl (Nyctea scandiaca), 258, 267, 301, 550

observed change, 1005
projected change, 1006

societal impacts. see arctic residents; indigenous peoples
sockeye salmon

commercial fishery, 752
harvest by indigenous peoples, 654
impacts of past climate variability, 503
observed range change, 410
projected impacts, 760
record of past climate change, 658

soil
acidification in boreal forests, 795
and agriculture, 809
biodiversity, 554
carbon balance and warming, 283, 319, 554, 846
carbon balance and wildfires, 842, 843
carbon in boreal forests, 785
carbon storage, 305, 1014
characteristics of, 246
erosion in Iceland, 799–800
experimental warming and boreal forest growth, 820–821
impacts of permafrost change on moisture, 913
impacts of projected moisture change on biodiversity, 588
nutrient levels, 305
organic matter content, 306
and plants, 265
projected change in moisture, 188
species richness, 540
thermal regimes and mosses, 273
and trace-gas exchange, 311–314
and vegetation response, 255

soil bearing strength, 912, 915
solar activity

impacts on Bering Sea ecosystem, 757–758
trends, 160
and UV radiation, 160, 160–161, 250

solar radiation
early Holocene, 367
observational data for model evaluation, 117, 118
and ozone levels, 154
projected change, 127

solar zenith angle, 153, 160, 161, 162
solifluction, 916
Somateria fischeri. see spectacled eider
Somateria mollissima. see common eider
Somateria spectabilis. see king eider
Somniosus macrocephalus. see Greenland shark
sooty shearwater (Puffinus griseus), 732
Sorbus aucuparia. see rowan
Spartina, 573
species. see also animals; plants; wildlife

adaptation to current environment, 11, 254, 543, 1017
documenting, 580–583
projected change in abundance, 571–572
projected impacts, 254–255, 1017

species distribution, 568–570
barriers to change, 588, 997, 1012, 1017–1018
observed change in, 608
projected change, 998, 1004

spectacled eider (Somateria fischeri), 363, 489, 633, 635
sperm whale (Physeter catodon), 715, 732, 736, 753
Spermophilus parryii. see ground squirrel

Sphagnum spp., 277, 293, 317, 427, 571
spiders, 580
Spio filicornis, 483
Spiochaetopterus typicus, 483
sponges, 564, 580, 756
spoon-billed sandpiper (Eurynorhynchus pygmaeus), 288, 289
spotted redshank (Tringa erythropus), 258
spotted seal (Phoca largha), 488

commercial harvest, 753
harvest and late freeze-up, 74–75
harvest of, 632
indigenous observations of change, 71
projected impacts, 504, 510

spring wheat, 584
springtails. see collembolans
spruce (Picea spp.), 784. see also individual species

indigenous observations of change, 80
monocultures in Norway, 798
past distribution, 369
projected impacts, 833
in Russian boreal forest, 790

spruce bark beetle (Dendroctonus rufipennis), 552, 831–833, 879
spruce budworm (Choristoneura fumiferana), 833–834
spruce coneworm (Dioryctria reniculelloides), 833–834
spruce engraver beetle (Ips typographus), 834
spurdog (Squalus acanthias), 500
Squalus acanthias. see spurdog
squid (Illex illecebrosus)

commercial fishery, 761
in northwest Atlantic, 732
as prey, 487, 488, 712
projected impacts, 740, 759–760

St. George Island
coastal erosion, 77

St. Lawrence Island, Alaska
indigenous observations of change, 69

St. Lawrence Island polynya, 499, 507
stamukhi (ice ridges), 30. see also land-fast ice
starfish, 756
Steller sea cow (Hydrodamalis gigas), 487, 560, 601, 1016
Steller sea lion, 77, 489

in Bering Sea, 752–753
historic harvesting, 761
management agreements, 632, 767
observed change, 1009
population trends, 633
projected impacts, 510, 759
and walleye pollock fishery, 750

Steller's eider (Polysticta stelleri), 76, 363, 630, 633, 635
Stenodus leucichthys. see inconnu
steppe–tundra, 250, 252, 584, 998, 1016
Stercorarius longicaudus. see long-tailed jaeger
Stercorarius parasiticus. see parasitic jaeger
Stereocaulon paschale, 276
Sterna aleutica. see Aleutian tern
Sterna hirundo. see common tern
Sterna paradisaea. see Arctic tern
Stockholm Convention on Persistent Organic Pollutants, 602
stone loach (Noemacheilus barbatulus), 396
stoneflies, 549
storms. see also extreme events; precipitation

indigenous observations of change, 660
projected change, 470, 918

stratification, ocean
impacts of projected change in sea ice, 195
impacts on sea ice, 520
projected impacts, 208
uncertainties, 521

stratosphere
representation in climate models, 142–143

sturgeon, 70, 396
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succession, ecological
definition, 583

suicide, 896, 897
Sukachev larch (Larix sukaczewii), 800
sulfur, 565
sulfur oxides, 312
sunburn, 996

increases in, 63, 152, 168
and UV radiation, 953

sunflower, 807, 810, 812
"super-dominant" species, 11, 260, 549, 1017
Surface Heat Budget of the Arctic Ocean (SHEBA), 131, 185
Sustainability of Arctic Communities Synthesis Model, 684–685
Svalbard

observed change in glaciers and ice sheets, 206
species richness, 580

Svalbard Airport
projected impacts, 939–940

Svalbard ptarmigan (Lagopus mutus hyperboreus), 267
swans, 358
Sweden

demographics, 868–869
forest area, 784
forest tenure and management, 796–798
human health, 870
projected impacts on boreal forest, 797
protected areas, 541

swordfish (Xiphias gladius)
past distribution change, 500

sympagic organism
defined, 480

Synthliboramphus antiquus. see ancient murrelet

T
taiga. see also boreal forest ecosystems

defined, 785
taiga bean goose (Anser fabalis fabialis), 574
taliks, 914

definition of, 357
tamarack (Larix laricina), 834
Tamiasciurus hudsonicus. see red squirrel
Tanana River, Alaska, 221–222
Tanner crab (Chionoecetes bairdi), 483

commercial fishery, 749
impacts of past climate variability, 499, 503, 757
projected impacts, 758, 759–760

Taraxacum officinale. see dandelion
Taymir Peninsula, 246, 256, 259, 260, 293, 609, 610, 1016

past climate, 815–817
projected climate, 802–803

tea-leaved willow (Salix phylicifolia), 799, 853
tealeaf willow (Salix pulchra), 274
temperature

impacts on freshwater fish, 547
impacts on migration, 418
increases, impacts on contaminants, 428, 432
and marine ecosystems, 490
and marine productivity, 491
and vegetation change, 324

temperature, air. see also air freezing index; air thawing index;
diurnal temperature range; rain-on-snow events; thaw
frequency

attribution, 37–38, 39
and avalanches, 918–919
in boreal forests, 794, 805
and change in disease occurrence, 880
and change in sea ice, 194–195
comparison of arctic and global trends, 35
and contaminants, 954
and distributions of plants and animals, 879
and eastern spruce budworm, 833
and geometrid moths, 299

and human health, 870–874
impacts of observed change, 23, 32
impacts of projected change on aquatic birds, 617
impacts of projected change on biodiversity, 588, 589
impacts of projected change on buildings, 930
impacts of projected change on coastal permafrost, 218–219
impacts of projected change on frost heave, 916
impacts of projected change on heating requirements, 936, 937
impacts of projected change on hunting, 617
impacts of projected change on infrastructure, 928
impacts of projected change on permafrost, 912–913
impacts of projected change on pipelines, 932–933
impacts of projected change on plants, 272–273
impacts of projected change on seabirds, 511–512, 635–636
impacts of projected change on species ranges, 588
impacts of projected change on subsistence activities, 667, 883
impacts of projected change on vegetation, 967
as indicator, 899
indigenous observations of change, 660, 661, 684, 993
and insect outbreaks, 831
latitudinal gradients, 11, 257, 373–376
observational data for model evaluation, 111–114, 115
observed change, 3, 23, 35–39, 54, 248, 250, 457, 467, 468,

468, 606, 659, 676, 716, 908–912, 971, 991–992,
1007, 1009, 1011, 1018

observed change in boreal regions, 786, 788
paleoclimatic, 253
past change, 1018
present-day, 10, 245
projected change, 3, 4, 119, 120, 121, 121–125, 128–129,

133–134, 138–139, 248, 253, 321, 326, 373–376,
470, 661, 700, 739–740, 801–806, 805, 806, 917,
918, 938–940, 952, 964, 971–972, 994, 1004–1005,
1007, 1009, 1011

rate of change, 253–254
reconstruction with tree rings, 814–820
and reindeer husbandry, 894
and sanitation infrastructure, 888
and seabird distributions, 512
and treeline change, 850
trends in Russian Arctic, 624
and water treatment, 885–886
and wildfires, 803–804, 835–836, 837, 840–841
and winter roads, 933–934

temperature, ocean
and aquaculture, 745
and carbon balance, 517
and climate oscillations, 572
and cod recruitment, 500
and fish distribution, 496, 520, 545
and fish production, 544
and human health, 896–897
impacts of projected change in sea ice, 195
impacts on aquaculture, 708
impacts on fish, 494–496, 633, 700
impacts on marine ecosystems, 659
impacts on marine mammals, 509, 633
impacts on nutrient supply, 544
impacts on species ranges, 588
impacts on zoobenthos, 544
and marine benthos, 497–498
and marine ecosystems, 490–491
observed change, 44–45, 468, 716, 720, 1009
and PDO, 469
and predator-prey relationships, 495
projected change, 472, 475, 476, 519, 694, 1005, 1006
and red tides, 879
and seabirds, 571–572
and subsea permafrost, 218
variability, 467–469
and wildfires, 836
and zooplankton biomass, 495, 497
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temperature, soil
and infrastructure, 910–912, 914–916
and methane emissions, 312–313, 317
observed change, 910
projected change, 912
and vegetation cover, 550

temperature, stratospheric
impacts of trace gases, 155
and ozone depletion, 154, 156, 157, 169–171, 995
and polar stratospheric clouds, 155
projected change, 157, 171, 419, 996

temperature, water
and metal accumulation in fish, 429

terns. see also individual species
harvest of, 627–628, 629, 633
impacts of sea level rise, 636
projected impacts, 588

terrestrial ecosystems
biodiversity monitoring, 586
carbon storage, 305, 321
characteristics, 1017
described, 11
feedback to climate change, 321–324, 550
genetic diversity, 572–573
impacts of projected change in snow cover, 200
impacts of projected permafrost change, 215
impacts of projected precipitation change, 188
impacts of trace gases, 312
impacts of UV radiation, 996
and non-native species, 576
paleoclimatic change, 249–253
protected areas, 577
and surprises, 331
trophic interactions, 298–304
trophic structure, 549
uncertainties in projecting change, 329–334

Teslin, Yukon Territory, 654
Tetrao urogallus. see wood grouse
Tetrastes bonasia. see hazel grouse
Thaleichthys pacificus. see eulachon
Thamnolia subuliformis, 258
thaw frequency, 42–43
thaw settlement, 909, 914–916, 921, 927, 930–931, 932
Themisto libellula, 480, 482
Theragra chalcogramma. see walleye pollock
thermohaline circulation, 32–33, 54, 125, 461, 462

and carbon cycle, 516
freshwater transport, 460
and glaciation, 47
impacts of projected change, 473, 478
impacts of projected change in freshwater runoff, 229
and increased freshwater export, 223
and marine Arctic, 459
observed change, 33, 45
paleoclimatic change, 33, 48, 50, 250, 1018
and past climate change, 125
projected change, 33, 119, 122, 124–125, 477–478, 519, 994,

999–1000, 1018
and sea ice, 196
uncertainties, 521

thermohaline ventilation, 458, 461–463, 473, 477–478
thermokarst, 927, 940, 1009. see also permafrost, terrestrial

and ecosystems, 245, 293
erosion, impacts on suspended sediment, 377
observed changes, 659
and permafrost degradation, 210, 215, 319, 916
projected impacts, 218, 254, 318, 435, 1012

thick-billed murre (Uria lomvia), 480, 489, 572, 623, 712
harvest by indigenous peoples, 653
harvest of, 626, 627, 629–630, 633
in northwest Atlantic, 732
observed change, 1009

overharvesting, 631
status, 630, 635

thorny sculpin (Icelus spiniger), 496, 756
threespine stickleback (Gasterosteus aculeatus), 385, 409
thresholds of change

in ecosystems, 247
paleoclimate, 54

Thule culture, 663, 672, 799–800
Thunnus thynnus. see bluefin tuna
Thyasira sp., 483
Thymallus arcticus. see Arctic grayling
Thysanoessa spp., 482
timothy, 807, 810
tin. see mineral extraction
Tipula carinifrons, 258
Tlingit, 656, 681
Tofieldia pusilla, 549
Tomentypnum nitens, 257, 258
Tonicella sp., 483
Toolik Lake, Alaska, 378, 390–391
Tortula ruralis, 258
tourism, 957, 963

and biodiversity, 579, 590
and boreal forests, 792, 794, 796
economic importance, 4, 15, 417, 675, 741–742, 963
impacts of projected change in sea ice, 195
impacts on Arctic ecosystems, 605, 639–640
impacts on indigenous peoples, 559, 657
impacts on wildlife, 610, 616
importance of wildlife, 600
and invasive species, 303
projected impacts, 195, 567, 1004, 1010, 1013
in protected areas, 604
role in mixed economies, 656

toxaphene, 565, 891
trace gases, 312. see also carbon dioxide; methane; nitrous oxide
Trachurus trachurus. see horse mackerel
traditional knowledge. see indigenous knowledge
Trans Alaska Pipeline System, 932
transects, 821–824, 828–830
transient response, 104
Transpolar Drift, 467, 471, 473
transportation. see also navigation; Northern Sea Route; Northwest

Passage; winter roads
and contaminants, 892
and habitat fragmentation, 609
and human health, 866, 889
impacts of mild winter days, 23, 32
impacts of projected change in river and lake ice, 223, 229
impacts of projected change in sea ice extent, 922–923
impacts of projected change in snow cover, 200
impacts on arctic ecosystems, 605, 879, 880
impacts on marine biodiversity, 576
impacts on wildlife, 616
and natural hazards, 917
and natural resource development, 937
observed damages to infrastructure, 936–937
projected impacts, 566, 793–794, 920, 924–926, 927–928,

930–931, 934–935, 948, 1000, 1001, 1002, 1007,
1008, 1013

projected impacts and agriculture, 813
tree rings. see paleoclimate; proxy climate records
treeline

advance and albedo, 844
advance and tundra, 247, 550
and the Arctic Front, 319
barriers to movement, 999
dynamics, 319–321
historic change, 48, 51–52, 246–247, 368–371, 817, 846–851
impacts of industrial forestry, 679–680
impacts of overgrazing, 658
impacts of projected change on freshwater ecosystems, 370
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impacts of projected change on indigenous peoples, 651
indigenous observations of change, 993
and July temperature, 287
observed change, 1005, 1012
paleoclimatic, 251, 252, 253
and paludification, 550, 835
projected impacts, 253, 320–321, 570, 826, 851, 990, 991, 998,

1006, 1012
recent change in, 320, 847, 849–850

trichinosis, 867, 880, 881
Tringa erythropus. see spotted redshank
trout (Salmo spp.), 71, 695. see also individual species
trout perch (Percopsis omiscomaycus), 397
Truncatella truncata, 298
Tryngites subruficollis. see buff-breasted sandpiper
tufted alpine saxifrage (Saxifraga caespitosa), 247
tufted puffin (Fratercula cirrhata), 626, 633, 635
Tuktu and Nogak Project, 960–961
tularemia, 880, 881
tuna, 721. see also bluefin tuna
tundra bean goose (Anser fabalis rossicus), 288, 289, 574
tundra ecosystems, 294

albedo, 550, 785
anthropogenic tundra, 320
biodiversity conservation, 548–551
carbon balance, 307
carbon storage, 305
characteristics of, 244–247, 292–293
classification of, 293
distribution in Russia, 790
extent and carbon balance, 322
impacts of reindeer overgrazing, 657
importance of lichens, 563
and methane emissions, 318
methane fluxes, 312–313
net primary productivity, 306
paleoclimatic, 252, 253
plant biomass, 306
projected change in area, 321, 569–570, 851, 990, 1008
projected change in distribution, 999, 1005–1006
projected impacts, 253, 254, 327–328, 998, 1004, 1012
soil characteristics, 255
soil organic matter, 306
and treeline advance, 247, 550
trophic structure, 549

tundra swan (Cygnus columbianus), 363, 617, 669
tundra-taiga ecotone, 244, 319–321, 551–552, 788, 844

biodiversity, 1016
carbon storage, 305
characteristics, 292
impacts of projected change on indigenous peoples, 651
projected change in location, 569–570
recent change in, 849–850
in Russia, 789–790
in Sweden, 796
wildfires in, 620

tundra vole (Microtus oeconomus), 258, 279, 280
tundra–steppe. see steppe–tundra
turbellarians, 480
turbot (Psetta maxima), 500, 716
Turdus iliacus. see redwing
Turdus migratorius. see American robin
Turdus pilaris. see fieldfare
Tursiops truncatus. see bottlenose dolphin
tusk (Brosme brosme), 500, 711, 717
typhoid, 884

U
ultraviolet (UV) radiation. see also UV index

action spectrum, 153, 875–876
and aerosols, 160, 162–163
and albedo, 160, 163–164, 278

and altitude, 160, 163
and carbon balance, 310
and cloud cover, 160, 162, 278
defined, 152–153
dose rate, 153
erythemal response spectrum, 153, 161–162
factors affecting, 153, 159–165, 160
and forage quality, 299
health impacts, 152–153, 174–175
and herbivory, 853
and human health, 874–878, 1000, 1001–1002
impacts of increases, 996
impacts of projected change, 998
impacts of projected change on animals, 281–282
impacts of projected change on biodiversity, 1017
impacts of projected change on marine ecosystems, 512–516
impacts of projected change on plants, 276–277
impacts on amphibians, 422
impacts on aquatic ecosystems, 947, 999
impacts on biogeochemical cycling, 513
impacts on biota, 174–175
impacts on boreal forests, 851–853
impacts on construction materials, 928–929
impacts on crop plants, 852
impacts on fish, 413–415
impacts on freshwater ecosystems, 419–427
impacts on humans, 63, 419–420, 953
impacts on insect diseases, 302
impacts on marine ecosystems, 520, 521–522
impacts on materials, 175
impacts on photochemical reactions, 5
impacts on plants, 571, 953
impacts on wildlife, 606, 953
indicators of, 899
indigenous observations, 63
indigenous observations of change, 168, 876
interaction with pollutants, 953
irradiance, 153
and litter decomposition, 852–853
measurements, ground-based, 165–167
and mercury depletion events, 891
and moth defoliation of birch forests, 299
observed trends, 165–169, 248, 996
and ozone depletion, 153, 154, 875, 995
and ozone levels, 158, 160
and pollutants, 877–878
prehistoric, 253
projected change, 5–6, 174–175, 248, 253, 326, 419–420, 996
radiation amplification factors, 161–162
and receptor orientation, 160, 164–165
research recommendations, 175–176, 854
satellite estimates, 168–169
and snow and ice cover, 160, 164, 998
and solar activity, 160, 160–161
and solar zenith angle, 160, 161
underwater exposure, 419–420
and water quality, 160, 164

umingmak. see muskox
uncertainty. see also likelihood

about impacts of non-native species, 545
about impacts on caribou, 645
about terrestrial water balance, 31
in boreal forest role in carbon balance, 786
in carbon balance projections, 999, 1015
in climate simulations, 100–102, 114, 120, 121, 131, 140,

143–144, 477
in cloud simulations, 110, 118, 141
in estimating past UV radiation levels, 167
and forest management, 792–793, 794
in Greenland ice sheet mass budget, 205
in impacts on thermohaline circulation, 477–478
and infrastructure design, 938
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methods for reducing, 10
in observational data, 111, 112, 185, 197, 203, 226
in ozone projections, 170, 173
in paleoclimatic reconstructions, 47
in projecting impacts, 2, 519
in projecting impacts on fisheries, 693–694, 706–707,

739–740, 739–741, 770
in projecting impacts on freshwater ecosystems, 354–356, 385,

393, 394, 403–404, 434
in projecting impacts on marine ecosystems, 507, 510
in projecting impacts on terrestrial ecosystems, 329–334
in projections of sea level rise, 234
recommendations for reducing, 175, 188–189, 196, 208, 236,

332–335, 520, 522
in snow cover simulations, 107
in UV projections, 174

ungulates, 549, 570, 609, 1017. see also caribou; moose; reindeer
United Nations Fish Stocks Agreement, 694–695
United Nations Framework Convention on Climate Change, 119,

956
United Nations Law of the Sea Convention, 694
Uria aalge. see common murre
Uria lomvia. see thick-billed murre
Ursus americanus. see black bear
Ursus arctos. see brown bear
Ursus maritimus. see polar bear
Urticina eques, 483
Utsjoki. see Ochejohka, Finland
UV index, 876. see also ultraviolet (UV) radiation

defined, 153
increases in, 167
maximum observed, 166

V
Vaccinium myrtillus. see blueberry
Vaccinium spp., 293
Vaccinium uliginosum. see bog whortleberry
Vaccinium vitis-idaea. see lingonberry
Vanellus vanellus. see northern lapwing
vegetation. see also plants; terrestrial ecosystems

adaptations to arctic climate, 557
biomass, 306
change and climate models, 107
change in distribution and POPs, 430
growth forms, 247
impacts of ice crusting, 280
impacts of projected change in permafrost, 215, 913
impacts of projected change in snow cover, 200
impacts of projected change on indigenous peoples, 659
impacts of projected change on microorganisms, 303
impacts of projected change on regional climate, 314
impacts of projected change on water birds, 289, 290–291
indigenous observations of change, 67, 271, 298, 660, 662, 685
influence on water and energy exchange, 11
observed change, 294
observed change in biomass, 298
observed change in greenness, 298, 585
and permafrost, 909–910
prehistoric change, 252
prehistoric distribution, 251
present-day, 4, 5, 245–246
projected impacts, 246
role in energy balance, 314
role in water balance, 314

vegetation distribution
and albedo, 322, 324
barriers to movement, 550, 568, 851
and disturbance, 844
and energy balance, 324
feedbacks to climate system, 319–321
historic change, 846–851
impacts of projected change on reindeer/caribou, 660–661

indigenous observations of change, 272, 668
observed change, 272
present-day, 787
projected change, 294, 322, 327–329, 568–570, 569, 569–570,

588–589, 605, 787, 1017
projected change, approach, 323
in Russia, 790

velvet scoter (Melanitta fusca), 86, 630
vendace (Coregonus albula), 396
Vertagopus brevicaudus, 258, 259
Vitamin D, 877
Voices from the Bay, 960
voles (Microtus and Clethrionomys spp.), 549. see also individual

species
adaptation to arctic environment, 267–268
echinococcus, 880
observed change in population cycles, 279–280, 301
parasites and climate change, 302
population cycles, 268, 281
and predation, 302
projected change, 998, 1006
projected impacts, 281
trophic interactions, 298, 299–300, 301–302

vulnerability
of arctic residents, 15, 195, 235–236, 865
definition, 707, 947, 951
of indigenous peoples, 91–93, 664, 865, 866
research recommendations, 95, 902, 1019–1020

vulnerability assessments, 9
approaches, 949–957, 970–971, 980–981
case studies, 961–980
of human-environment systems, 946–951
methods, 957–961
and multiple stresses, 963
research recommendations, 982–983, 1019

Vulpes vulpes. see red fox
Vuntut Gwitchin

impacts case study, 680–685

W
waders, 490. see also birds, aquatic; seabirds

biodiversity monitoring, 586
diversity of, 549
impacts of human activities, 564
migration routes, 556, 557, 564
projected impacts, 574–575, 588, 604

walleye (Sander vitreus), 395, 398, 405, 408, 411
walleye pollock (Theragra chalcogramma), 486, 495, 497

in Bering Sea, 748
commercial fisheries, 652, 747, 748, 749–750, 762, 765,

766–767
distribution, 484
harvest by indigenous peoples, 652
historic harvesting, 762
impacts of past climate variability, 503, 503, 755–756, 766
management regimes, 747, 763, 765
observed change, 1002
as prey, 487
projected change in distribution, 545
projected impacts, 504, 507–508, 758, 759–760, 768, 1010
temperature and distribution, 496

walrus (Odobenus rosmarus), 487–488, 623–624
and benthos, 483
in Bering Sea, 752
commercial harvest, 715, 753
harvest by indigenous peoples, 652, 710
harvest of, 625, 627, 628, 632
historic harvesting, 699, 761
and human health, 882
impacts of projected change in sea ice, 195, 659
importance of sea ice, 632
indigenous observations of change, 70–71, 634
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management agreements, 632
migration, 546
overharvesting, 487, 560, 1016
projected impacts, 510, 660, 999, 1010, 1011
protected areas, 602
and sea ice, 497
and trichinosis, 881
on Wrangel Island, 604

water balance, terrestrial, 31–32
of boreal forest, 789
of terrestrial ecosystems, 314, 318–319
and vegetation distribution, 324

water budgets
of freshwater ecosystems, 357–358

water supply
impacts of projected change in glaciers and ice sheets, 208
impacts of projected change in snow cover, 200

water vapor
and hydrogen oxide (hydroxyl) radical, 155
impacts of projected change in sea ice, 195
and ozone, 155
stratospheric concentrations, 171
and stratospheric temperature, 155

waterfowl. see birds, aquatic
waterlogging. see paludification
weasel, 258, 301
weather. see also atmospheric pressure; extreme events;

meteorological stations; precipitation; storms;
temperature, air

impacts of projected change on subsistence activities, 667, 883
indigenous observations of change, 68–69, 660, 661–662, 685,

869
West Nile virus, 880, 881, 1011, 1014
West Spitsbergen, 493
Western Arctic Caribou Herd Working Group, 618–620
western sandpiper (Calidris mauri), 288, 361
wetlands. see also freshwater ecosystems; peatlands

area of, 12
carbon balance, 364–365
definition, 546
drainage impacts on biodiversity, 562
extent and methane emissions, 323
freshwater ecosystems of, 363–365
impacts of changing UV radiation, 427
impacts of projected change on aquatic birds, 418
impacts of projected change on biodiversity, 588
impacts of projected precipitation/evaporation change, 188
impacts of projected sea level rise, 235
and mercury production, 433
methane emissions, 317, 999
and permafrost, 45–46
projected change in area, 418
projected impacts, 381–384, 659, 998, 998, 1006, 1008, 1009
projected impacts and aquatic birds, 617
projected impacts on carbon balance, 391–393, 434–435
sensitivity to permafrost degradation, 382

whales, 489. see also individual species
adaptation to cold, 556
and benthos, 483
in Central North Atlantic, 711–712
food requirement, 484
harvest of, 627, 628, 629, 952
historic harvesting, 699, 701, 710, 715, 761, 766
historic ranges, 624
impacts of projected change in sea ice, 195, 659
importance to Inuit, 651
importance to tourism, 600
indigenous harvesting, 710
indigenous observations of change, 70–71
management agreements, 623, 633
management and indigenous subsistence activities, 665
management challenges, 601–602

in northeast Atlantic, 696
in northwest Atlantic, 732
overharvesting, 487, 560, 1016
productivity, 484
projected impacts, 380, 510–511, 520, 588, 660, 694, 999,

1005, 1010
role in marine biodiversity, 561
threats from hunting, 614
and tourism, 741

wheat, 807, 810, 852
whiskered auklet, 635
whistling swan. see tundra swan
white-beaked dolphin (Lagenorhynchus albirostris), 489
white fox. see Arctic fox
white-fronted goose (Anser albifrons), 288, 290, 574, 669
white-rumped sandpiper (Calidris fuscicollis), 361
White Sea, 493
white-sided dolphin (Lagenorhynchus acutus), 629
white spruce (Picea glauca), 292

in Canada, 792
eastern spruce budworm outbreaks, 833
growth responses, 551–552
projected change, 567, 824, 825–826, 828, 833
reproduction and wildfire, 789
spruce bark beetle outbreaks, 831–833
temperature impacts, 824, 825–826
tree ring data, 818–819

white-throated sparrow, 71
white wagtail (Motacilla alba), 258
white whale. see beluga whale
white-winged scoter. see velvet scoter
whitefish (Coregonus spp.), 399, 406, 702, 704, 716, 762. see also

cisco; cod; haddock; saithe
distribution, 396–397
as fox prey, 76
harvest by indigenous peoples, 652, 654
indigenous observations of change, 70
late freeze-up and harvests, 74–75
paleoecology, 251
projected impacts, 373, 436
river preferences, 359

Whitehorse, Yukon Territory, 654
whooping crane (Grus americana), 418
whortle-leaved willow (Salix myrsinites), 563
wildfires

and biodiversity, 552–553
in boreal forests, 785, 787, 789, 835–841
and carbon balance, 841–843
and caribou forage, 620, 647
and contaminants, 432
in Fennoscandia, 839
impacts of projected change in precipitation, 188
impacts on indigenous peoples, 678–680
increases in Russia, 608
management in Alaska, 838–839
management in Canada, 837–838
management in Russia, 836–837
observed change, 835, 837, 838–839, 1009
and permafrost thaw, 917
projected impacts, 553, 838, 840–841, 999, 1007, 1008, 1012
and temperature, 803–804
and weather and climate, 835–836

wildlife. see also birds; mammals, marine; mammals, terrestrial
corridors, 577–578
defined, 543, 599
economic importance, 1003
harvest in Russia, 609
and human settlement, 606
ice layers and grazing, 200
impacts of harvesting, 601, 608, 610
impacts of industrial development, 620–621
impacts of tourism, 639–640
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impacts of UV radiation, 953
importance to tourism, 600
as indicators, 900
multiple stresses, 615
population status in Alaska, 619
projected impacts, 599

wildlife management
in Alaskan Arctic, 617–621, 632–634
approaches, 601–602, 636–638
in Canadian Arctic, 610–615, 626–628
and climate change, 600, 604–605, 636–640
co-management, 612–613, 632–633, 636–637, 665–666,

670–671, 685, 960, 963, 1012
co-management case study, 644–648
definition, 599
in Fennoscandia, 616–617, 628–631
future strategies, 634–636
impacts on reindeer husbandry, 977
and indigenous subsistence activities, 664–665
and industrial development, 607
and land and water use planning, 622, 638–639
monitoring needs, 617
present practices, 600–602
recommendations, 639–640
research recommendations, 621
role of indigenous peoples, 651
role of protected areas, 602–605
in Russian Arctic, 606–610, 623–626, 638

willow (Salix spp.), 257, 262, 293, 293–294, 303, 562. see also
individual species

diversity of, 549
in Greenland, 799
harvest by indigenous peoples, 654
in Iceland, 799–800
impacts of overgrazing, 563
indigenous observations of change, 81, 271, 685

willow grouse (Lagopus lagopus), 267
wind

impacts on ocean mixing, 460–461, 544
impacts on species ranges, 588
indigenous observations of change, 68–69, 94, 632, 660, 661,

667, 684
and infrastructure, 917
projected change, 470
and wildfires, 835

winter moth (Operophtera brumata), 299, 834
winter roads. see also transportation

impacts of projected change in river and lake ice, 223, 229
observed change, 934
projected impacts, 793–794, 927, 933–934, 1001, 1004, 1010,

1013
witch (Glyptocephalus cynoglossus)

past distribution change, 500
wolf (Canis lupus), 258, 259, 549

harvest by indigenous peoples, 653, 667
historic changes, 661
impacts of reindeer husbandry, 601
indigenous observations of change, 80
in Norway and Sweden, 616
observed change, 1005
paleoecology, 252, 1016
population monitoring, 620
population status in Alaska, 619
and reindeer/caribou, 301
and reindeer/caribou predator control, 609, 615

wolffish (Anarhichas lupus lupus), 711
wolverine (Gulo gulo), 258, 301, 549

impacts of reindeer husbandry, 601, 609
population status in Alaska, 619
as reindeer predator, 977

wood frog (Rana sylvatica), 422
wood grouse (Tetrao urogallus), 86, 607

woodpeckers, 291, 552
woolly rhinoceros (Coelodonta antiquitatis), 250
World Conservation Organization (IUCN), 575, 581–582, 585,

600, 603
Polar Bear Specialist Group, 623, 624, 625

World Meteorological Organization (WMO), 6
World Ocean Circulation Experiment (WOCE), 473
worms, 540, 580
Wrangel Island Reserve, 604

X
Xanthoria candelaria, 269
Xanthoria parietina, 270
Xema sabini. see Sabine's gull
Xiphias gladius. see swordfish

Y
Yakutia, Russia, 609, 610–611
Yamal Nenets, 962
Yamal-Nenets Autonomous Okrug, 559, 675–678
Yamal Peninsula, 247, 256, 608

reindeer overgrazing, 657
treeline change, 847–849

yellow-billed loon (Gavia adamsii), 363, 633, 635
yellow-browed warbler (Phylloscopus inornatus), 258
yellow Irish lord (Hemilepidotus jordani), 496, 756
"yellow legs." see white-fronted goose
yellow perch (Perca flavescens), 385–386, 395–396, 398, 404, 405
yellowfin sole (Limanda aspera), 487

commercial fishery, 751
distribution, 484
historic harvesting, 762
impacts of past climate variability, 756

Yenisey Basin, 185–188, 227
Yenisey River

contaminant loading of, 381
fish diversity in, 406–407
freshwater discharge, 547
freshwater ecosystems of, 358
impacts of impoundment, 358–359
observed trend in freeze-up date, 222
projected change in discharge, 228, 229
projected impacts, 358–359, 381
ship traffic and wildlife, 609

Yukaghir, 652
Yukon Basin, 227
Yukon First Nations

diet of indigenous peoples, 654, 657
indigenous knowledge case study, 77–78
subsistence activities, 653

Yukon River
and carbon transport, 518
freshwater ecosystems, 358
observed trend in breakup date, 222
projected change in discharge, 229

Yukon Territory, Canada
agriculture, 807–808
demographics, 868
dietary contaminants, 657
indigenous observations of change, 68, 77–78
indigenous subsistence production, 653

Yupiit, 680
Yup'ik, 652, 681

Z
zander (Sander lucioperca), 406, 407
zebra mussel (Dreissena polymorpha), 431
zoobenthos, 479, 544
zooplankton, 711

adaptation to cold, 481
in Bering Sea, 754
impacts of past climate variability, 497, 717
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impacts of UV radiation, 513, 514
marine biomass, 479
in marine ecosystems, 482
and marine mammal reproduction, 496
marine productivity, 479
and ocean temperature, 755
projected impacts, 504, 506–507, 520, 544, 570
and sea ice extent, 505
secondary production, 493–494
and timing of phytoplankton bloom, 495


