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Abatement timing, 98
Abies balsamea, 275
Acacia, 604
ACACIAscenarios, 155
Acidification, 302—303
Acidifying compound scenarios, 160
Adalia bipunctata, 925
Adaptation. See also Agricultural adapations; specific areas
agriculture, 32, 89, 237238, 258-270
agronomic, 32, 238, 265-266
apine ecosystem, 313
anticipatory, 6263, 88
aquaculture, 35, 369
assessment of, 17
autonomous, 32, 88, 89, 887-889
barriers and opportunities for, 408-409
climate stimuli for, 882-883
coastal zone, 36, 57, 64, 345, 346, 367-369, 372
costs of, 269, 891-893
determinants of, 893
evaluation of, 884-885
to extreme climate events, 8, 223, 475
financial services sector and, 38, 41, 65, 420, 421,
442-445
forest, 239-240
function of, 62, 89-90, 865, 867, 879, 881, 891, 902,
904-905, 918, 920
funding for, 421, 442445
future, 885
historical analogs of, 261, 265
human health, 44, 65, 457, 474-477, 514, 620
in human settlements, 35, 65, 394395, 403-404,
406-409, 620, 624-625
human system, 883-884
inefficient, 226
ingtitutional framework, 406, 408
lakes and streams, 303-304
lessons from experiences in, 889-890
livestock, 266267
management, 405-406, 407-408
marine ecosystem, 345, 369-370, 372
mitigation and, 93-94
natural systems, 368
overview of, 879-880
places of, 90
planned, 404, 405, 406-407, 884, 890-893
polar regions, 60
rangeland, 239, 285, 286
reactive, 62, 88
by regions, 6668, 903-905
risk reduction and, 437-438
risk spreading and, 436-437
in scenarios, 157-158
in sectors, 6465
socioeconomic trends and, 937-938
strategies for, 885-886
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through managed retreat, 368
types of, 6263, 88-89, 883, 884
vulnerability reduction and, 120
water management and, 196-197, 218-224
wetlands, 241, 311
wildlife, 238-239
woodlands, 239-240
Adaptive capacity. See also specific areas
assessment of, 89-91, 117-118
of coastal zones, 64, 345, 346
determinants of, 895-897
enhancement of, 62, 63, 879-880, 898—-899, 918, 920
explanation of, 6, 33, 63, 89, 879, 881-882, 894
in human systems, 918, 920
information needs regarding, 73
insurance services and, 774—775
of marine ecosystems, 345
in natural systems, 920
of oceans, 348
of regions, 6668, 897-898
by scale, 899, 901-902
by sectors, 64—65, 900-901
sustainable development and, 899
vulnerability and, 893-895
of water resources management, 31-32, 194
Adelie penguins (Pygoscelis adeliae), 925
Ad Hoc Group on the Berlin Mandate (AGBM), 87
Aedes aegypti, 467, 468, 720, 763
Aedes albopictus, 418419, 467
Aedes camptorhynchus, 418419
Aeroallergens, 462
Aerosols
climate change and, 77, 829
human health and acidic, 64, 777
Africa
adaptation and adaptive capacity for, 46, 66, 490,
499-500, 507-508, 511, 514, 520-522, 903
agriculturein, 501, 502, 504-508
arid regionsin, 394
biomass fuel use in, 399, 516
climate change impacts on, 14, 521-524
climate change scenarios in, 489, 494
climate variability in, 489, 491-494, 507, 508, 521-522
desertification in, 46, 490, 517-520, 522, 524
development, sustainability, and equity and, 524-525
droughtsin, 427, 492, 495-497, 500, 507, 523
economic costs and, 524
El Nifio and, 492, 507, 519, 521, 524
floodsin, 46, 507, 515-516
food production in, 270, 502, 504-507
food security in, 46, 489, 500, 502-508, 517, 521
human health in, 46, 489, 491, 512-514
livestock in, 506-507
natural resource management and biodiversity in, 46,
489, 491, 508-512, 521, 932
overview of, 489492
political stability in, 524
population growth in, 45
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research needs for, 525
uncertainty and risksin, 523-525
vulnerability in, 4446, 99, 489-491, 501, 513-514,
520-521, 524-525
water resources in, 45, 409, 489, 494-500, 516, 520-521
African trypanosomiasis, 463
Agathis australis, 603
Aggregate impacts, 70, 916, 941-945, 958
Aggregation analysis, 97, 954-955
Agricultural adaptation
environmental and natural resource consequences of
responses and, 268-269
farm and regional land use and, 267-268
at farm to subnational regional scales, 258-266
historical analogs of, 261, 265
modeling impacts and, 269-270
natural, 258
overview of, 237-238
strategies for, 32, 89
intropical Asia, 577
Agricultural pests, 276, 558, 613614, 667, 926
Agriculture. See also Crops; Crop yields; Livestock; specific
crops
in Africa, 501, 502, 504-508
in Asia, 47, 535, 537, 551, 556-560, 577
in Australia/lNew Zealand region, 51, 52, 593, 595, 601,
608-610, 613614, 623, 628
climate change impacts on, 9-12, 32-33, 42, 43, 237,
252-254, 384, 714-716, 926, 938
detection and, 114
in Europe, 53, 643, 667—669, 675677
human settlements and, 394-395
influences on, 84
in Latin America, 55, 56, 696, 713-716, 721-722
in North America, 59, 738, 754—759
pressures on, 253-254
prices and, 270
recent studies of, 259-265
in small island states, 62, 863
state of global, 253
vulnerability of, 237-238, 270
water quality and, 208
water use for, 210-211, 718
wetlands and, 306
Agroforestry, 286. See also Forestry
Agroindustry, 394-395, 714
Agronomic adaptation
advancesin, 32
effects of, 238
studies of, 265266
Air conditioning, 389, 400
Air pollution
adaptation to, 475
aeroallergens and, 462
in Asia, 570
climate change and, 384-385, 410
in Europe, 672-673
in forests, 292
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human health and, 44, 453, 460462, 513, 570, 719,
764765
transportation activity and, 389
trendsin, 461-462
in urban settlements, 43, 44, 398399, 453, 460, 719,
752
Albedo, 34, 824
Aleutian Low Pressure Index, 352
Algal blooms
human health risks from, 619, 659, 720, 754
sea-surface temperature and, 43, 366, 472
Alpineregions. See Mountain regions
Alps, 395, 660, 672
Alternative risk transfer, 437
Amazon River, 695, 696, 699, 709
American trypanosomiasis, 463
Amoebiasis, 864
Amphibians, 69, 273-275, 924, 925
Anchovies (Engraulis sp.), 351
Animals. See Wildlife; specific species
Anopheles gambiae, 466
Anopheline spp., 720
Antarctic Circumpolar Current, 820
Antarctic Peninsula, 815. See also Polar regions
Antarctic region. See Polar regions
Anticipatory adaptation, 62—63, 88. See also Adaptation;
Adaptive capacity
Aphelocoma ultramarina, 925
Aphids, 275
Aplonis santovestris, 860
Aquaculture
as adaptation, 35, 369
adaptation by, 35, 369
in Asia, 568
climate change impacts on, 354
effects on fish and, 352
in Europe, 53, 643, 669671
extreme climate events and, 354
production trends in, 345, 354
risk management in, 504
in small island states, 863
Aquifers
groundwater recharge and, 199-200
seawater intrusion into freshwater, 357
water quality in, 207, 208
Arbovirus infections, 418419
Arctic Ocean, 803-804, 819-820, 824, 828. See also Polar
regions
Arctic region. See Polar regions
Arid regions
in Africa, 394
in Asig, 394, 540-541, 542, 554-555, 576 (See also Asig;
specific countries)
carbon dioxide concentrations in, 34
human settlementsin, 392, 394
in North America, 745, 780-781
streamflow in, 204
Armillaria root disease, 290291
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Asia. See also specific countries
adaptation and adaptive capacity for, 50, 66, 536-538,
552, 574-575, 903
agriculturein, 47, 535, 537, 551, 556-560, 577
arid, 394, 540-541, 542, 554-555, 576
boreal, 48, 540, 542, 576
climate change impactsin, 14, 535-536, 578-580
climate change scenarios for, 544-551
coastal zonesin, 49, 537, 555-556, 566-570
crop yieldsin, 556-558
droughts in, 543-544, 556
ecosystems and biodiversity in, 47-48, 537, 553-556
electricity usein, 389
El Nifio and, 536, 552, 566-568, 573, 579
extreme climate eventsin, 49, 543-544, 572
floods in, 43, 206, 442, 443, 459, 543
food security in, 47, 560-562, 581
future needs for, 580-581
glaciersin, 553-554, 565
human dimensionsin, 572-574
human health in, 49-50, 355, 537, 570-571
key observations regarding, 578-580
livestock in, 551
permafrost in, 555, 573, 576
physical and ecological features of, 539-544
semi-arid, 540-541, 542, 576
sensitivity in, 47, 551-552, 579
socioeconomic dataon, 542
subregions in, 537, 539-542, 576-578, 580
sustainable development in, 575, 581
temperate, 541, 542, 576-577
vulnerability in, 46-50, 48, 535-536, 551-552, 574-576,
580
water resources in, 48, 537, 562-566
Assessment. See also Impact assessment
to address policy-relevant questions, 99-100
agricultural impact, 260-261
effect of analysis complexities on, 95-99
of impacts, adaptation, and vulnerability, 17, 89-95,
114115
integrated, 25, 36, 9495, 107, 118-120, 955 (See also
Integrated assessment)
methods and tools of, 24-26
models for impact, 886-887
overview of, 7778, 81-82
responses to, 87-89
“science for policy,” 132
scope and approach of, 21-24
uncertainty and, 126-132
what is at stake and, 8287
Assessment models
for greenhouse effect, 156158, 171
integrated, 9445, 119, 120, 156, 955
integrated climate, 156, 157
use of, 107
Asthma
air pollution and, 649
in Australia/New Zealand region, 619
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pollen levels and, 462
thunderstorm-associated, 59, 738
Atelopus varius, 273
Atlantic cod (Gadus morhua), 351
Atlantic herring (Clupea harengus), 351
Atmosphere-ocean general circulation models, 92, 166, 174,
544, 548, 550, 598-601, 612, 849, 850
Atalls, 35
Attribution analysis, 422423
Australian Eucalyptus trees, 604
Australia/New Zealand region
adaptation and adaptive capacity for, 53, 53, 66,
593-594, 596, 614, 621629, 903
agriculturein, 51, 52, 593, 601, 608—610, 613-614, 628,
926
climate change impacts on, 15, 593-595, 607, 625-626
climate change scenarios in, 595, 597—600
climate change trends in, 596-597
droughtsin, 52, 593, 600, 612-613
ecosystems in, 50-52, 51, 52, 593, 595, 600-601,
603-608, 625, 628629
electric power in, 400
El Nifio and, 52, 593, 595, 597, 600, 601, 608, 611, 612,
615, 626
fisheriesin, 611-612
floods in, 593, 600, 616617, 619
food production in, 52, 593, 614, 621
forestry in, 610-611
horticulturein, 51
human hedlth in, 52, 53, 618-621
human settlements and industry in, 52-53, 593, 596,
615618
indigenous communitiesin, 594, 601, 615, 621, 625,
627
inland and coastal salinization in, 602—603
managed retreat use in, 368
overview of, 593-595
regiona concernsin, 600—601
research needs for, 629-630
socioeconomic trendsin, 596
sustainable development in, 614
vulnerability in, 50-53, 593-594, 596, 601, 614,
619620, 626—629
water quality in, 603
water resources in, 50, 593, 600, 601-602
wetland conservation in, 366
Australian quokka (Setonix brachyurus), 274
Autonomous adaptation. See also Adaptation; Adaptive
capacity
costs of, 888—889
crop yieldsand, 32
explanation of, 88, 89
use of, 887888
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Bactrocera tryoni, 614
Balsam fir (Abies balsamea), 275
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Bangladesh
biodiversity in, 556
cholera epidemicsin, 355
cyclones and storm surges in, 49, 366
droughts in, 543-544
floods in, 43, 206, 442, 443, 459
food insecurity in, 561
microfinance organizationsin, 442
Banking industry, 438439
Barnacle geese (Branta leucopsis), 273-274, 924-925
Barriers, 357, 358
Baseline, 149. See also Scenarios
Bayesian assessments, 129
Beaches. See also Coastal zones
climate change impacts on, 357, 358
coastal protection provided by, 356
sea-level rise and, 35, 356, 357, 396
in small island states, 857-858
Beilschmiedia tawa, 604
Bengal tiger (Panthera tigristigris), 69, 272
Bermuda petrel (Pterodroma cahow)), 35, 345, 354, 355, 860
Betula nana, 661
Bioclimatic models, 110-111
Biodiversity
in Africa, 46, 489, 509-511
in Asia, 4748, 537, 553-556
climate change impacts on, 5, 250-251, 930-932
in Europe, 666—667, 669
hot spots, 278, 932
in Latin America, 55, 696, 699-700, 713, 723
guantitative assessment of, 250
in small island states, 61-62, 859-860
in wetlands, 305, 308-309
Biogeographic models, 111, 751
Biomass use
adaptation and, 394
in Africa, 399, 513, 523
in Australia/lNew Zeaand region, 389
in Latin America, 709
trendsin, 388-389
BIOMES3, 249, 250, 252
Biotoxins, 43, 472, 721
Birch trees, 462
Birds. See also specific birds
climate change impacts on, 273-276, 345, 556, 924, 925
extinction risk for, 238
introduction of exotic species and, 272
medicina use of, 277
migratory systems of, 511, 555-556
in polar regions, 803
religious importance of, 277
seabirds, 35, 345, 354, 355, 860
in small island states, 860
Black spruce (Picea mariana), 251
BLASTSIM moddl, 257
Boreal Asia, 48, 540, 542, 576. See also Asia; specific
countries
Borrelia burgdorferi, 470
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Bosindicus, 507
Branta leucopsis, 924-925
Brazil

agriculturein, 56
climate extremesin, 703
El Nifio and, 54

Bristle-thighed curlew (Numenius tahitiensis), 860
Brown planthopper, 279

Bruun Rule, 357

Bufo periglenes, 273

Bursaphel enchus xylophilus, 663

Butterflies, 924
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Canada. See also North America

forest firesin, 290

forestsin, 751

human settlement trends in, 389
hydropower in, 399

insurance sector in, 739

ozone levelsin, 764—765

temperature change in, 59, 761

use of managed retreat in, 368
vector-borne diseases in, 59, 762—763

Canadian Smog Advisory Program, 764

Cancer, 460461, 618

Canker diseases, 290

Cape Floral Kingdom (South Africa), 69, 509-510, 932
Capelin (Mallotus villosus), 351

Capital contingent securities, 440

Captive breeding, 278, 279

Carbon dioxide concentrations

in arctic and alpine ecosystems, 241, 242

atmospheric chemistry and, 256

in Australia/lNew Zealand region, 50, 51, 52, 593, 595,
606, 608, 610, 611, 621, 625-627

crop yields and, 32, 33, 59, 114, 237, 254, 558, 611, 667,
668, 696, 716, 755

desertification and, 490, 519

droughts and, 237, 255

in Europe, 53, 643, 658

firesand, 523

forests and woodlands and, 240, 294, 663, 709, 751, 752

fossil-fuel use and, 349

global, 940

gross domestic product and, 82

in Latin America, 704, 712, 716

net primary production and increased, 34

in North America, 59, 741

permafrost melting and, 385

in polar regions, 803, 804, 816, 820, 825, 830

pollen production and, 462

rangelands and, 282—283, 604, 664

in small island states, 847, 859-860, 863

soil factors and, 256257, 658

stomatal conductance and, 198

temperature increase and, 254-255

uncertainties and, 919
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water availability and, 255

wetlands and, 308-310, 823
Carbon dioxide scenarios, 158-160. See also Scenarios
Carbon dioxide uptake, 349-350, 709
Carbon monoxide (CO), 461
Carbon pools, 287-288
Carbon sequestration

adaptation issues and, 758

Africaand, 46

in human settlements, 752

North Americaand, 738, 752, 758-759
Carbon sinks

in polar regions, 804, 823, 830

in wetlands, 305-306, 309-311
Carbon storage

in forests and woodlands, 293, 294, 751

in freshwater, 297

in oceans, 348-350

in urban storage, 752
Cardiovascular disease, 49
Carex curvula, 248, 825
Caribbean Sea, 361
Caribou, 277, 826
Carrying capacity, 354, 477
Cassiope tetragona, 661
Cataracts, 461
Catastrophic events, 96-97
Catchment-scale studies, 202, 203-204, 655, 656
Catchment vegetation, 198
Catastrophe risk securities, 440
Causation, 111-113
Central America. See Latin America
Cereal crops. See Grain
CERES-RICE model, 257
Cervus elaphus, 274
Chagas disease, 469-470, 720
Charmosyna diadema, 860
Chilean Jack mackerel (Trachurus murphyi), 351
China

arid regionsin, 394

biodiversity in, 47

crop yieldsin, 47

droughtsin, 543

floodsin, 43

population in, 552

urban growth in, 388

water supply in, 402
Chinstrap penguins (Pygoscelis antarctica), 925
Cholera

in Africa, 512, 517

in Asia, 50, 355, 571

El Nifio and, 927

floods and, 397, 472, 720

geographic distribution of, 56

in Latin America, 719-721

plankton and, 472

precipitation and, 471

in small island states, 865
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transmission of, 472, 473, 720
water temperature and, 355, 472473
Chub mackerel (Scomber japonicus), 351
Ciguatera poisoning, 454, 472, 619
Circumpolar Active Layer Monitoring, 821
Clean Development Mechanism, 444
Clean Water Act, 748
Cliff coasts, 357, 358
Climate change. See also Extreme climate events; Impacts;
Regional climate change; specific regions and
ecosystems
conclusions regarding, 915-916
detection of response to, 107, 109-114
explanation of, 30
international responsesto, 87
national and local responses to, 87-88
organizational responses to, 88
regional concerns regarding, 14-17
research needs for, 17, 225-226
stakes surrounding, 82-87
synergies and tradeoffs between other environmental
issues and, 93-94
Climate change impacts. See Impacts
Climate change scenarios. See also Scenarios
for Africa, 489, 494
for Asia, 544-551
for Australia/New Zealand region, 595, 597—600
baseline climatologies and, 166
construction of, 166-169
for Europe, 649-653
explanation of, 27, 117, 147
human health and, 454
impact on water resources and, 217
irreversible changes and, 6
methods of, 163, 165-166
navigation opportunities and, 215, 218
for North America, 756
purpose of, 147, 163
with stabilized radiative forcing, 258
transient, 260261
types of, 164-165
uncertainty in, 169-170
Climate envel ope models, 248-249
Climate extremes. See Extreme climate events; specific
climate conditions
Climate variability. See also El Nifio—Southern Oscillation
(ENSO); specific areas
assessing impact of, 116-117
crop yieldsand, 757
diurnal, 258-259
effects of natural, 258
in forests, 289
human health and, 454
hydrology and water resources and, 196, 209, 222
management of, 623
patterns of, 226
projections for, 92
tuna migration and, 351, 353
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CLIMEX model, 466, 614
CLIMPACTS integrated assessment model, 608, 622
Clouds and Earth’s Radiant Energy System (CERES), 260
Clupea harengus, 351, 351
Clupea sp., 351
CO,. See Carbon dioxide concentrations
Coastal cells, 678
Coastal squeeze, 360, 649
Coastal wetlands. See also Wetlands
in Asia, 567
climate change impacts on, 358, 360
in Europe, 659, 660
in Latin America, 716, 717
in North America, 753
Coastal zones. See also Beaches; Mangrove ecosystems,
Marine ecosystems
adaptation and adaptive capacity for, 36, 57, 64, 345,
346, 367-369, 372, 900
in Africa, 46
in Asia, 49, 537, 555-556, 566-570
in Australia/lNew Zealand region, 51, 601, 606607,
616618, 628
beaches, barriers, and cliffs and, 357-358
climate change impacts on, 11-12, 35, 36, 38, 345-347,
356, 359, 370-372, 925, 937
deltaic, 358
erosion in, 35, 356, 357, 396, 644, 753, 820, 857
in Europe, 54, 644, 658-660, 672, 677-679
floodsin, 395
high-latitude, 362
human activities and settlements in, 395-397, 515, 569,
766-767
human health and, 472-473
infrastructure in, 384
in Latin America, 699, 716718
in North America, 738, 753-754
overview of, 345-346, 356
sea-level risein, 12, 345, 348, 356372, 395-396,
473-474, 515, 937 (See also Sea-level rise)
in small island states, 61, 857-858
socioeconomic impacts on, 346, 356, 362—-367
state of knowledge about, 347-348
tourism and recreation in, 395, 672, 769-770
tropical reef, 361-362
vulnerability of, 36, 363, 367-368, 371
wetland, 358, 360, 567, 659, 660
Coccoaliths, 349
Cold spells
human health and, 696, 761
in Latin America, 703
projections for, 92
Cold temperature areas, 203-204
Collared lemming (Dicrostonyx groenlandicus), 276
Commercial sector, 400
Common Agricultural Policy (CAP) (European Union), 667
Community participation, 286
Complex extremes, 92, 180. See also Extreme climate
events
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Confidence level
for impacts on human settlements, 392
guantitative assessment of, 24
scalesfor, 79, 392
variationsin, 391-392
Conjunction fallacy, 131
Conservation
in Europe, 666667
landscape management and, 607—608
of rate species, 931-932
of wetlands, 366
Construction, 401
Consumptive demands, 210
Conventional Development Scenario (CDS), 210
Coral bleaching, 355, 361-362, 368, 606, 626, 847, 934
Coral reefs
in Asia, 567-568
in Australia/lNew Zealand region, 595, 601, 606, 607, 627
climate change impacts on, 35, 61, 62, 245, 346,
361-362, 366, 717, 933-934
degradation of, 366
disease affecting, 355, 361
functions provided by, 356, 361, 366
in Latin America, 717
in small island states, 717, 847, 858-859
threats to, 69
Corporate self-insurance market, 430. See also Insurance
sector
Correlative data, 111-113
Cost-benefit analysis (CBA), 134
Cost-effectiveness analysis (CEA), 98, 135-136
Costing. See also Economic issues; Vauation
in Africa, 524
alternative metrics for measuring, 125-126
assessment and, 25-26
elements of, 120-122
equity and distribution and, 124-125
market impacts and, 122
methods of, 107-108, 120
nonmarket impacts and, 122—123
uncertainty and, 123-124
C; plants, 283-284, 309, 604
C, plants, 283-284, 604
Cree communities, 280
Crop-climate models, 114
Crop models
studies of, 237, 258-261, 267, 269-270
uncertainty in, 267, 268
Crop pests, 276, 558, 613-614, 667, 926
Crops. See also Agriculture; specific crops
adaptation by, 258
diseasesin, 47, 558
grain (See Grain crops)
rice, 258-260, 397, 556-558
Crop substitution, 677
Cropyields. See also Agriculture
in Africa, 504-506
in Asig, 556-558, 561
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in Australia/lNew Zealand region, 609-610, 926
carbon dioxide concentrations and, 32, 33, 59, 114, 237,
254, 558
climate change impacts on, 9-12, 32, 237, 254258, 454,
926
in Europe, 53, 643, 667669
irrigation and, 758
in Latin America, 55, 56, 699, 724
in North America, 755758, 926
nutrition and, 473
projectionsfor, 5, 6
recent studies of, 259-266
Cross-cutting issues guidance papers, 80, 81
Cryosphere
in Asia, 555
changesin, 109-110
in Latin America, 695, 707
in polar regions, 821
Cryptosporidium, 514, 764, 864
CSIRO model, 267
Cyanobacteria, 817
Cyclones. See Tropical cyclones
Cyclosporosis, 472

D

Dairy farming, 608. See also Agriculture
Damages, 419
Decadal-scale studies, 352, 355
Decision analysis
adaptation studies and, 134
approaches to, 108
explanation of, 134-135
to support adaptive decisions, 133-134
use of, 26, 97, 136-137
Deforestation
extreme climate events and, 409
in Latin America, 55-56, 696, 708711
malariaand, 464
in tropical regions, 239
Deltas
in Asig, 49, 345, 567
climate change impacts on, 358
Demands, 209-210
Demography. See Population
Dendrolimus sibirica, 664
Dengue fever
in Australia/New Zealand region, 619
El Nifio and, 864
in Europe, 673
explanation of, 467468
in Latin America, 397, 719, 720
in North America, 59, 738, 763
populations at risk for, 463, 763
in small island states, 864, 865
Dermo disease, 355
Desertification
in Africa, 46, 490, 517-520, 522, 524
climate change impacts on, 239, 490
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climatic forcesin, 518-519
impacts of, 519-520
in Latin America, 710-711
nonclimatic forcesin, 517
rangelands and, 284-285
vulnerability and adaptation and, 520
Deserts. See Rangeland ecosystems
Detection
advances in and future needs for, 114
interpretation of causation and, 111-113
in managed systems, 113-114
in natural systems, 109-111
process of, 107, 109
Developed countries. See also specific countries
adaptation to climate change in, 238
effect of climate changein, 8, 70, 71
sea-level risein, 370-371
Developing countries. See also specific countries
adaptation to climate change in, 238
air pollution in, 460
in Asia, 572-573
climate change impactsin, 8, 4142, 421
financial sector and disastersin, 440442
food insecurity in, 253
food supply in, 43, 721
health impact on, 477, 719, 720
natural disaster losses in, 440441, 458-459
sealevel risein, 371
undernourishment in, 86
vehicle ownership in, 389
vulnerability in, 8, 7071, 442, 458459, 719
Diapensia lapponica, 661
Diarrheal diseases
in Asia, 50, 571
extreme climate events and, 459, 460, 720
inLatin America, 721
Diatoms, 349, 818
DICE model, 622
Dicrostonyx groenlandicus, 276
Direct damages, 419
Disasters. See also Droughts; Extreme climate events,
Floods; specific climate events
economic effects of, 441-442
ecosystems and, 749
health impacts of, 459, 474, 475, 719
insurance sector and, 441, 773-774 (See also Insurance
sector)
statistics on, 440441
vulnerability for, 442, 458-459, 719, 768
Discontinuous responses, 93
Discount rate, 9798, 945
Diseases. See also Human health; Mosquito-borne diseases;
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Inter-Tropical Convergence Zone (ITCZ), 492
Invertebrates
climate change impacts on, 273-275, 924
as decomposers and soil maintainers, 276
IPCC Data Distribution Centre (IPCC-DDC), 115, 167, 489,
653
Irrigation
climate change impacts on, 211-212
demand for, 758
energy use for, 400
malaria and, 464
rangelands and, 282
secondary salinization and, 239, 285
water use for, 210, 211, 757-758
Idlands. See Small island states; specific idands
I sostatic loading, 358
Ixodes persulcatus, 470
Ixodes ricinus complex, 470
Ixodes scapularis, 470
Ixodid ticks, 673
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Jack mackerel (Trachurus declivis), 351
Japan
agrarian structuresin, 395
droughtsin, 543
energy usein, 400
storm surges in, 365
Japanese cedar, 462
Juvenile red deer (Cervus elaphus), 274

Karez, 392
Katsuwonus pelanis, 351, 353
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Killer whales, 354

Kiwifruit cultivation, 610

Krill, 803, 818, 925

Kyoto Protocol
Clean Development Mechanism, 442
explanation of, 87
Latin Americaand, 707
provisions of, 420, 443444, 758
responsesto, 88, 784

L

Ladybird beetles (Adalia bipunctata), 925
Lakes
adaptation for, 240, 303-304
in Asia, 553
biogeochemical cycling and pollution and, 301-303
climate change impacts on, 240, 665, 749
fisheries and biodiversity and, 299-301
flood frequency and, 205206
goods and services of, 297, 298
heterogeneity in response of, 303
hydrological drought frequency of, 206-207
overview of, 296297
physical conditions of, 298-299
recreation and, 303
types of, 204-205
vulnerability of, 240, 304
water quality in, 207-208
Land cover, 155
Land-cover change scenarios. See also Scenarios
application and interpretation of, 158
development of, 156157
explanation of, 26, 147
purpose of, 155-156
types of, 157-158
L andscape management
in Australia/lNew Zeaand region, 607—-608
explanation of, 285
Landslides, 383, 395
Land use
adaptation in, 267—269
explanation of, 155
human, 251-252
hydrological system and, 195
soil conditions and, 238
water quality effected by, 208
Land-use change
in arctic and alpine ecosystems, 242, 313
in Asia, 577-578
in Australia/lNew Zealand region, 603, 627
forests and, 292
pollen and, 462
rangelands and, 282
in tropical regions, 239
wetlands and, 307
Land-use scenarios. See also Scenarios
application and interpretation of, 158
development of, 156-157

explanation of, 26, 147

purpose of, 155-156

types of, 157-158
LaNifa. See El Nifio-Southern Oscillation (ENSO)
Largehead hairtail (Trichiarus lepturus), 351
Latin America. See also specific countries
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adaptation and adaptive capacity in, 67, 696-697, 904

agriculturein, 55, 56, 696, 713-716
biodiversity in, 55, 696, 699-700, 713

climate change impactsin, 15, 695-697, 707—708, 722—724

climate change scenariosin, 703-705, 718
climate variability in, 700-703, 714, 722—723
droughtsin, 54, 709, 712, 721

electricity usein, 389

El Nifio and, 54, 56, 695696, 699, 702—703, 705, 707,

709-713, 721, 722-723, 724
environmental legislation in, 706707
extreme climate eventsin, 695, 696, 703, 719, 723
glaciersin, 54-55, 695, 700, 707, 713, 722
human health in, 56, 397, 696, 700, 718-722, 724
hydropower in, 399
indigenous communitiesin, 699
sea-level risein, 56, 696, 716-718
socioeconomic issues in, 705-706, 717
tradein, 697, 706
vulnerability in, 54-56, 696697
water resources in, 54-55, 695, 718

Leach’s storm petrels (Oceanodroma leucorhoa), 355
Leeuwin current, 611, 612
Leishmaniasis, 468469, 673
Lepidoptera, 664
Leptospira, 471
Leptospirosis, 471, 719, 720
Level of certainty. See Confidence level
Lightning, 427, 751
Limantria dispar, 664
Liquid waste disposal, 409
Livestock
adaptation and, 9, 33, 238, 266267
in Africa, 506-507
in Asia, 551
climate change impacts on, 257-258, 757
in Europe, 669
inLatin America, 714, 715
in North America, 757
rangelands and, 282
Local Agenda 21s, 38
Locusts, 511
Lutzomyia, 469
Lyme disease
climate change and, 454, 470
in Europe, 673
in North America, 59, 738, 763
Lymphatic filariasis, 463

M

Mackenzie Basin Impact Study (MBIS), 759
Maize production, 505, 507, 610
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Malaria
in Africa, 927
inAsia, 571
in Australia/lNew Zealand region, 619, 621
climate change and, 454, 464-466, 927
in Europe, 673
explanation of, 463-464
extreme climate events and, 460, 476, 719
highland, 465
in Latin America, 720
modeling and, 465-466
in North America, 59, 738, 762—763
prevention of, 475, 514
in small island states, 864, 865
temperature and, 464, 465
transmission of, 12, 397, 464, 465, 467
Mallotus villosus, 351
Malnourishment. See also Human health
in Africa, 502
in Asig, 560, 561
climate change impacts on, 42, 43
in developing countries, 86
droughts and, 460
effects of, 473
Mammals. See also specific mammals
climate change impacts on, 35, 274-276
extinction risk for, 238
introduction of exotic species and, 272
marine, 35, 345, 354-355
migratory systems of, 511
Managed retreat, 368
Managed systems
in Australia/lNew Zealand region, 623-624
detectioniin, 113-114
Mangrove ecosystems. See also Coastal zones
in Asia, 567
climate change impacts on, 35, 62, 345, 934-935
goods and services provided by, 360, 366
in Latin America, 696, 717
sea-level risein, 56, 61, 360, 934
as sediment trap, 356
in small island states, 859
threatsto, 69
Manufacturing, 400
Manus fantail (Rhipidura semirubra), 860
Marine aguaculture. See Aquaculture
Marine ecosystems. See also Coastal zones; Oceans
adaptation in, 345, 369-370, 372
in Australia/lNew Zealand region, 51, 605-607, 628
biological processes and, 349
carbon dioxide uptake and, 349-350
climate change impacts on, 11-12, 34-36, 43, 224,
345-347, 370-372, 925
diseases and toxicity in, 355, 366, 454, 764
El Nifio and, 35, 348, 384, 394
habitat and, 348-349, 818
human activitiesin, 753
in North America, 57
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ocean ranching and, 354
overview of, 345-346
in polar regions, 817-818, 828, 832
state of knowledge about, 347-348
wildlifein, 35, 345, 354-355, 745
Marine fisheries. See Fisheries
Marine fishes
abundance and distribution of, 351, 352
catch datafor, 350
climate change impacts on, 34, 35, 345, 350-353, 760
Marine mammals
climate change impacts on, 35, 345, 354-355, 760
in polar regions, 803, 817, 818, 826
Marine organisms, 112
Marine pollution scenarios, 163. See also Scenarios
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in Africa, 472, 512-513
climate change and, 56
Methane (CH,)
energy technology and, 399
freshwater and, 297
permafrost melting and, 385
polar regions and, 385, 823
wetlands and, 306
Mexican jays (Aphelocoma ultramarina), 925
Mexico. See also North America
agriculturein, 56, 755
climate extremesin, 703
El Nifio and, 54, 56, 695696, 703
forestsin, 56, 710
human development in, 741, 742
population of, 743
Middle East, 394, 409
Migration
bird, 511, 667
climate variability and, 351, 353
determining need for, 251
human, 397, 511-512, 572
insects, 511, 667
mammal, 511
in polar regions, 805, 818, 826, 829
soil degradation and, 672
urban settlements and, 397
Mining industry, 389, 827
Mitigation
Africaand strategies for, 510-511
financial servicesrolein, 421
secondary health benefits of, 475-476
synergies and tradeoffs between adaptation and, 93-94
Models
bioclimatic, 110-111
biogeographic, 111
biological, 466
crop, 237, 258-261, 267, 269-270, 756
crop-climate, 114
dynamic simulation, 114
genera circulation, 27, 92, 111
global vegetation dynamic, 114
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human health, 465-466, 468
integrated, 94-95, 107
ocean-climate, 830
wildlife, 275-276
Moinia dubia, 504
Monsoons, 552. See also Extreme climate events
Montreal Protocol, 707
Morbidity
air pollution and, 453, 719
extreme climate events and, 453, 696
Mortality
air pollution and, 453
extreme climate events and, 421, 459, 696
heat-related, 5, 49, 397-398, 453, 474, 516, 596, 619,
696, 761
projected reduced winter, 6
Mosquito-borne diseases. See also Diseases; Human hedlth;
specific diseases
climate variations and, 619, 621, 720, 927
types of, 12, 59, 397, 454, 460, 463-468, 619
Mountain gorilla (Gorilla gorilla beringei), 69, 272
Mountain regions
adaptation for, 34, 241-242, 313-314
in Asia, 543, 553
in Australia/New Zealand region, 593, 601, 605
climate change impacts on, 241, 312-313
in Europe, 643, 660-662, 672
goods and services provided by, 311-312
in Latin America, 696, 699, 711-713, 723
in North America, 745, 752—753
overview of, 311
vulnerability of, 241-242, 314
MSX (multinucleated spore unknown), 355
Murray Valley encephalitis, 53, 620
Myocarditis, 763

N

Nardus stricta, 825
Natural disasters. See Disasters; Extreme climate events
Natural gas
extraction of, 827-828
trends in use of, 389
Natural resource management
in Africa, 46, 489, 508-512
in Asia, 575
Natural systems
adaptation within, 368
climate change summary for, 28-36
detectionin, 109-111
socioeconomic impacts and, 366
vulnerability, 4-5, 623
Neocalanus tonsus, 607
Net biome productivity (NBP), 247
Net ecosystem productivity (NEP), 247, 289, 293
Net primary productivity (NPP)
estimates of, 247
forests and woodlands and, 240, 289, 293
rangelands and, 283
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New Caledonian lorikeet (Charmosyna diadema), 860
New Caledonian rail (Gallirallus lafresnayamus), 860
New Zealand. See Australia/New Zealand region
New Zealand kauri tree (Agathis australis), 603
Nitrates, 207, 751
Nitrogen deposition, 250, 751
Nitrogen dioxide (NO,), 461, 764
Nitrogen scenarios, 160. See also Scenarios
Nitzchia pungens, 764
Nitzshia subcurvata, 349
Non-wood forest products (NWFP), 239, 289, 295
Normative scenarios, 150. See also Scenarios
North America
adaptation and adaptive capacity in, 57, 67, 739,
775783, 784, 904
agriculture in, 59, 738, 754—759, 926
carbon sequestration in, 738
climate change impacts in, 16, 56-59, 737—739, 741,
783-784, 924, 925
climate change scenarios for, 739, 744, 754-755
coastal zonesin, 738, 753-754
droughtsin, 59, 744, 753, 755, 757
fisheriesin, 57, 59, 738, 760
floods in, 749750, 762, 768
forestsin, 59, 737, 738, 750752
glaciersin, 752, 811
human development in, 741, 742
human health in, 59, 738, 761-765
human settlements and infrastructure in, 56-57, 738—739,
765-769
indigenous communities in, 765, 935936
insurance industry in, 59, 739, 770-775
mountainsin, 745, 752—753
production forestry in, 738, 759-760
protected areas in, 59, 738, 752-754
tourismin, 739, 769770, 827
trade and, 743744
unique aspects about, 741744
urbanizationin, 743
vulnerability in, 739
water management in, 742—743
water quality in, 748-749
water resourcesin, 57, 58, 737, 745-748
wetlandsin, 753
wildlifein, 754
North American Free Trade Agreement (NAFTA), 743
North Atlantic Oscillation (NAO)
Africaand, 45, 492, 519
Europe and, 647, 925
polar regions and, 811
Northern gannet (Sula bassana), 355
North Pacific Decadal Oscillation (NPDO), 597
Nothofagus, 604, 663
Numenius tahitiensis, 860
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Oceanodroma leucorhoa, 355
Ocean ranching, 354
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Oceans. See also Marine ecosystems
adaptive capacity of, 348
carbon storage in, 348-350
climate change impacts in, 347
climate change impacts on, 11-12, 34-36, 345, 370, 384
extreme climate events and, 348, 394
overview of, 347
state of knowledge about, 347
Ocean waves, 35-36, 359
Ocean wind, 348
Odonata, 667
Qil extraction, 827
Oncorhynchus nerka, 351
Onochocerciasis, 463
Operophtera spp., 826, 829
Opportunity costs, 120-121
Organization for Economic Cooperation and Development
(OECD) countries, 389, 670
Orthoptera, 667
Ostrich (Struthio camelus), 277
Ozone (O5)
human health and, 461, 462, 719, 764-765
ultraviolet radiation and depletion of, 461, 571, 818

P
Pacific Decadal Oscillation (PDO), 351, 849
Pacific Islands Climate Change Assistance Program, 868
Pacific Ocean, 361. See also Oceans
Pacific salmon (Oncorhynchus sp.), 352, 354, 829
Pacific Salmon Treaty, 760
Palaeoclimatic analogs, 165-166
Paleoclimatol ogy, 493, 812
Panicum virgatum, 394
Panthera tigristigris, 69, 272
Particulates, 461, 719, 765
Parus major, 275
Paspalum dilatatum, 608
Patagonian toothfish, 818
Peatlands, 304-305. See also Wetlands
Penguins, 275, 925
Perkinsus marinus, 355
Permafrost. See also Polar regions
in Asig, 555, 573, 576
explanation of, 820
infrastructure and, 385
in polar regions, 804, 808, 812, 820821, 822, 832
Permanent Interstate Committee for Drought Control in the
Sahel, 496
Peroxyacetyl nitrate (PAN), 399
Peruvian anchovy (Engraulis ringens), 350, 351
Pesticides, 276, 278, 279, 756
Pfiesteria, 366, 764
Phaeocystis antarctica, 349
Pharomachrus mocinno, 69, 272
Phenology
lake and river, 298
rangeland, 284
wildlife, 274
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Philaenus spumarius, 274
Phlebotomus, 469
Photosynthesis, 349
Photovoltaic technology, 573
Physical systems, 3, 928, 930
Phytoplankton
blooms, 50, 472
productivity of, 817, 818
Picea abies, 662
Picea mariana, 251
Pied Flycatcher (Ficedula hypoleuca), 274, 925
Pilchards (Sardinops sp.), 351
Pinusradiata, 611
Pinus sylvestris, 662
Plague, 470, 513
Planned adaptation
anticipatory, 62—63, 88, 890-891
use of, 404, 405, 406-407, 884, 890893 (See also
Adaptation; Adaptive capacity)
Plantations
benefits and drawbacks of, 292
inLatin America, 715-716
Plant migration models, 251
Plant productivity, 247, 283. See also Agriculture; Crop
yields
Polar bears, 345, 354-355
Polar regions
adaptation and adaptive capacity for, 57, 68, 241-242,
313-314, 804805, 831-832, 905
Antarctic, 804, 812813
Antarctic Peninsula changes in, 803, 815
Arctic, 810-812
Arctic hydrology in, 804, 821, 823-824
biotain, 804, 805, 814, 815, 821, 824-826
characteristics of, 809-810
climate change impacts on, 13, 241, 275, 312-313, 713,
803-804, 829831
climate change scenarios for, 813-814
coastal recession rates and, 362
economic issues relevant to, 826-829
fisheriesin, 818, 827
freshwater systemsin, 665
goods and services provided by, 242, 311-312
human settlements in, 394, 804, 814815, 826-829, 832
ice sheet and glacier changesin, 803, 814-815
indigenous communities in, 60, 805, 826-827, 832
organismsin, 817-818
overview of, 311, 807
permafrost in, 804, 808, 820821, 822
seaice in, 59-60, 803-805, 808, 819-820
Southern Ocean changesin, 803, 815-818
sustai nable development in, 805
vulnerability in, 59-60, 314, 394, 804805, 831-832
Policy exercise (PE) approach, 136
Pollen, 462, 719
Pollination, 276, 279-280
Pollution, 272, 828-829. See also Air pollution; Water
pollution
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Pollution management, 618
Polyarthritis, 621
Population
in Africa, 45
in Asia, 552, 580
desertification and, 517
economic effects on vulnerable, 33
in Europe, 645
in Latin America, 699
in Mexico, 743
in North America, 765—766
trendsin, 388
in water-stressed countries, 213, 214
Port facilities, 366
Post-traumatic stress disorder (PTSD), 762
Poverty
in Asia, 552
effect of climate extremes and, 6
health and, 366, 397, 718, 719
in urban areas, 388
Precipitation. See also Floods
in Africa, 489, 492, 493, 496, 497
in Asia, 535, 536, 541, 543, 546, 548-550, 554
in Australia/lNew Zealand region, 593, 594, 596-599
disease and, 397, 453-454, 696
in Europe, 647, 648, 658, 666
floods from, 5, 9, 49, 197, 750
hydrological cycle and, 197, 924
insurance sector and, 39-40, 424-425, 425427
in Latin America, 696, 700-701, 708, 711-713, 716, 718,
720, 723, 724
in North America, 744, 748-750, 755, 761, 764, 783
in polar regions, 811, 823, 824
projections for, 92
in small island states, 848-849, 852—854, 861
streamflow and groundwater recharge variations and, 30,
700, 701
trendsin, 197, 349
Prime Minister’s Science, Engineering and Innovation
Council (PMSEIC) (Australia), 614, 623
Prosbonia cancellata, 860
Protected areas, 59, 738, 752—754
Pterodroma cahow, 35, 345, 354, 355, 860
Pteropus spp., 860
Pterygium, 461
Puffinus girseus, 355
Pygoscelis adeliae, 925
Pygoscelis antarctica, 925

Qanats, 392
Queenland fruit fly (Bactrocera tryoni), 614

R

Radiation. See UV-B radiation
Radon, 460461

Ragweed, 462

Rainfall. See Precipitation
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Ranching, 714-715
Rangeland ecosystems
adaptation options for, 239, 285-286
in Asia, 554
in Australia/lNew Zeaand region, 604
climate change impacts on, 239, 280-281
in Europe, 664—-665
fires and, 282
goods and services of, 281-285
in Latin America, 710-711, 714-715
vulnerability and sensitivity of, 286
Rangifer tarandus, 829
Rangifer tarandus groenlandicus, 277
Reactive adaptation, 62, 88. See also Adaptation; Adaptive
capacity
Recreation. See also Tourism
climate change impacts on, 395
forests and, 295, 296
lakes and, 303
in North America, 769-770
Red deer, 925
Red tides, 764
Reef-dwelling foraminifera, 355
Reefs. See Coral reefs
Reference, 149
Refuges, 278
Regional climate change
biological or physical processes in ecosystems and, 33
emergent findings related to, 3-4, 927
uncertaintiesin, 95
Regional climate models (RCM), 550, 551
Regions. See specific regions
Reindeer, 826, 829
Reinsurance, 429, 434-435. See also Insurance sector
Remote-sensing data, 111
Renewable energy
energy supply from, 399
health benefits of using, 476
indigenous communities and, 827
in small island states, 868
Reptiles, 273-275, 924, 925
Reserves, 278
Resource degradation, 32—-33
Resource-dependent settlements
agricultural and fisheries, 394-395
in arid and semi-arid regions, 392, 394
economic and social relationshipsin, 394-395
explanation of, 392
in forests, 394
in polar regions, 394
tourism and recregation in, 395
Respiratory disorders
air pollution and, 764—765
in Asia, 49
firesand, 461
inLatin America, 719, 721
in North America, 738, 764—765
Resplendent Quetzal (Pharomachrus mocinno), 69, 272
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Responses
adaptive, 88-89
international, 87
national and local governmental, 87-88
organizational, 88
Rhipidura semirubra, 860
Rice cultivation. See also Crop yields
in Asig, 556-558, 560-561
El Nifio and, 397
temperature and, 258-260
Rift Valley fever (RVF), 489, 513, 514
Risk, 21-22, 420
Risk analysis, 221
Risk financing, 440
Risk management, 618, 627, 893
Risk Prediction Initiative, 437
Risk reduction, 436437
Risk spreading, 436437
River channel erosion, 209
Riverine ecosystems
in Australia/lNew Zeaand region, 602, 605606
human settlements in, 395
River Rhine, 215, 218
Rivers
adaptation for, 240
climate change impacts on, 38, 240
vulnerahility of, 240
water quality in, 207-208
Rockhopper penguins, 925
Rocky Mountain Spotten Fever, 763
Rodent-borne diseases, 397, 471, 763-764
Ross River virus, 53, 620
Runoff
in Africa, 45, 496
in Asia, 48, 535, 562-565
average annual change in, 202
in coastal regions, 395
in Latin America, 54, 696
in North America, 57, 737, 745, 747, 750
in polar regions, 60, 823-824
water resources and, 200-206
Rural settlements. See also Human settlements
climate change impacts on, 36, 37, 387
economic effects on, 36
inLatin America, 714

S

SADC Regional Early Warning Unit, 508
Sadinella pilchardus, 351
Safe corridors, 119
Salinization
in Australia/New Zeaand region, 602—603
explanation of, 657-658
Latin Americaand, 708
North Americaand, 749
secondary, 239, 285
small island states and, 864
Salix spp., 661

Salmon, 351, 352, 670
Salmo salar, 670
Salp, 925
Salt marshes
climate change impacts on, 35, 345-346, 360
as sea defense, 356
Salt ponds, 62
Saltwater intrusion, 46
Samoan moorhen (Gallinula pacifica), 860
Samoan white-eye (Zosterops samoensis), 860
Sand mining, 857
Sanitation, 516-517
Santo Mountain starling (Aplonis santovestris), 860
Sardines (Sardinops sp.), 351, 352
Savannas. See also Rangeland ecosystems
in Africa, 506, 509
inLatin America, 710-711
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Scenarios. See also Special Report on Emissions Scenarios

(SRES)
climate change (See Climate change scenarios)
compatibility between, 174-175
Conventional Development, 210
environmental, 26, 147, 158-163
explanation of, 147, 149
exploratory, 150

future needs for development of, 28, 148, 179, 181
land-use and land-cover change, 26, 147, 155-158

nonclimatic, 147
normative, 150
representing interactionsin, 171-175
role of, 26, 149-151
sea-level rise, 2627, 147-148, 170-171
socioeconomic, 26, 115, 147, 151-155
of 21st century, 2728, 148, 175-179
types of, 147-148
of variability and extreme events, 116, 171
water management policy and, 221
Schistosomiasis, 463, 469, 864
Scomber japonicus, 351
Seabirds. See also Birds
climate change impacts on, 35, 345, 354, 355
in small island states, 860
Sea dikes, 369
Seagrasses
disease affecting, 355

effects of rising temperature and sea level on, 61, 62

in small island states, 859
Seaice
in Arctic Ocean, 803-804, 819-820, 832
marine mammals and, 826, 925
in polar regions, 59-60, 803-805, 808, 810-811,
819-820, 826-828
projections for, 349
reduction of, 355, 811, 815, 817-819, 828
role of, 819
snow on, 819
in Southern Ocean, 817, 818, 820
Sea-ice marginal zone, 817
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Sea-level rise
in Africa, 46, 515
in Asia, 49, 535, 556, 567, 578
in AustralialNew Zealand region, 52, 595, 597, 606—608,
621, 625, 627
climate change and, 34, 35, 925
coastal aquifers and, 199-200
coastal zones and, 12, 345, 348, 356372, 395396,
473474, 515, 766, 937
economic costs of, 363, 365
in Europe, 658-659, 661, 671
floods and, 5, 708
human health and, 473474, 621
infrastructure damage and, 38, 365-366, 384
insurance sector and, 427
in Latin America, 56, 696, 708, 716718, 724
mangroves and, 56, 61, 360, 934
in North America, 753
polar regions and, 814, 815, 829-830
in small island states, 6062, 849, 855-856, 860, 861,
864, 865, 869
statistics on, 348
tourism and, 395
wetlands and, 308
Sea-level rise scenarios. See also Scenarios
application of, 171
baseline conditions and, 170
explanation of, 26-27
global average, 170
purpose of, 147-148, 170
regional, 170-171
variability and, 171
Sedls, 354
Sea otters, 354
Seasona forecasting, 46, 490
Seasons
extreme, 647, 649
human health and, 461, 472
tourism and recreation and, 761
Sea-surface temperature (SST)
aquaculture and, 345
in Asia, 568
in Australia/New Zealand region, 606, 607
climate change impacts on, 34, 35, 347, 348
cora reefsand, 361
fish behaviors and, 352
fisheries and, 760
human health and, 46, 355, 366, 454, 472-473, 490, 720
in Indian Ocean, 361, 492
in polar regions, 811
in small island states, 61, 849-850, 859
toxicity and, 355
Seawalls, 369
Second Assessment Report (SAR) (Intergovernmenta Panel
on Climate Change), 9, 11, 24, 77, 81, 89, 90, 114,
127, 128, 196, 203, 213, 237, 238, 240, 250, 252,
268, 293-295, 347, 348, 363, 367, 383, 387, 420,
421, 455, 644, 716, 807, 847
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Seed dispersal, 276
Semi-arid regions
in Asia, 540-541, 542, 576 (See also Asia; specific coun -
tries)
carbon dioxide concentrations in, 34
human settlementsin, 392, 394
irrigation in, 239
in North America, 745, 782
streamflow in, 204
Senegal River Basin (SRB), 508
Sensitivity. See also specific areas
of aggregate estimates, 943-945
of agricultural production, 254
of Arctic Ocean to river flow, 824
assessment of, 89-91
of biodiversity hot spots, 932
explanation of, 6, 91-92
of human health outcome, 457
of human settlements, 5, 409410
information needs regarding, 73
rangeland, 286
of water demand to climate change, 211212
of water resource system, 212
of wildlife, 280
Setonix brachyurus, 274
Shellfish
climate change impact on, 352
coastline protections and, 753
production of, 354
Shellfish poisoning
amnesic, 764
toxic algae and, 454, 472, 619, 754 (See also Alga
blooms)
types of, 764
Shigella, 621, 864
Silvicultura yields, 56, 715-716, 724
Simple extremes, 92, 180. See also Extreme climate events
Singular phenomena, 92. See also Extreme climate events
Sin Nombre virus, 763
Skipjack tuna (Katsuwonus pelanis), 351, 351, 353
Small island states
adaptation and adaptive capacity in, 68, 865-868, 905
aquifersin, 200
biodiversity of, 61-62, 859-860
characteristics of, 847
climate change impacts on, 17, 845-849, 868-869
climate change scenarios for, 849-854, 856
coastal zonesin, 61, 857-858
coral reefsin, 717, 847, 858-859
economic and sociocultural impacts on, 62, 865
ecosystemsin, 61-62, 847
El Nifio and, 60, 62, 847—849, 852854, 861, 864
equity and sustainable development in, 60-61, 854-855
food security in, 863
human health in, 62, 864-865
human settlementsin, 61, 62, 395, 864, 935
mangrovesin, 859
research needs for, 869-870
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seagrassesin, 859
sea-level risein, 60-62, 849, 855-856, 860, 861, 864,
869
tourismin, 61, 62, 861-862
vulnerability in, 60-62, 849, 866-867
water resources in, 62, 860-861, 864
Smog, 764—765. See also Air pollution
Snow. See also Precipitation
accumulation in polar regions, 823
on seaice, 819
surface albedo and, 829
Socioeconomic issues
adaptation and, 937-938
in Asian countries, 542
in Australia/New Zealand region, 596
climate change and, 85-87, 926
coastal zones and, 346, 362-367
in Latin America, 705-706, 717
in small island states, 62, 865
uncertainties and, 95-96
Socioeconomic resilience
in coastal regions, 371-372
explanation of, 36, 363, 367-368
Socioeconomic scenarios. See also Scenarios; Special
Report on Emissions Scenarios (SRES)
baseline conditionsin, 152
construction of, 152-154
dimensions and attributes of, 153
for Europe, 653, 655
explanation of, 26, 147
purpose of, 151-152
use of, 115, 154-155
Sockeye salmon (Oncor hynchus nerka), 351
Sail
acidification of, 751
degradation of, 32, 238, 257, 657658, 672
in Europe, 656658, 675
evaporation and, 199
nutrients in, 256-257, 825
in polar regions, 825
properties of, 237, 657, 658
Soil erosion, 237, 614. See also Erosion
Soil organic carbon (SOC), 256
Solar radiation, 461, 809-810
Sooty shearwaters (Puffinus girseus), 355
South America. See Latin America
South American pilchard (Sardinops sagax), 351
Southern Africa Development Community (SADC),
499-500
Southern Ocean. See also Polar regions
biology of, 817-818
climate change impacts on, 803, 815-816, 830, 831
ice shelvesin, 816-817
seaicein, 817, 818, 820
South Pacific Regional Environment Programme (SPREP),
866
Space cooling, 38, 389, 400
Space heating, 400
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Spatial anaogs, 165, 166
Spoecial Report on Emissions Scenarios (SRES)
(Intergovernmental Panel on Climate Change)
atmospheric composition and global climate implications
and, 176
Australia/lNew Zeaand regions and, 598, 600, 644
baselinesused in, 115
polar regions and, 813-814
population growth and, 388
regional mean climate implications and, 176-179
scenariosin, 3, 5, 27-28, 82, 154, 175-176, 179, 545,
547, 704, 813, 919
sea-level rise and, 348
Secial Report on Regional Impacts of Climate Change
(RICC) (Intergovernmental Panel on Climate
Change), 50, 77, 95, 347, 387, 494, 539, 593, 645,
708, 716, 741, 751, 807-808
Spectacled bear (Tremarctos ornatus), 69, 272
Foheniscus mendiculus, 355
Spittlebugs (Philaenus spumarius), 274
Stakeholder-determined thresholds, 116
State-Pressure-I mpact-Response-Adaptation model, 252
Steepland settlements, 395
Stochastic simulation, 221
Stomatal conductance, 198, 255
Storm surges
in Asig, 49, 365, 366, 568-569
in Australia/New Zealand region, 52, 599, 600, 616, 619
in coastal zones, 396
in polar regions, 820
in small island states, 856
studies of changesin, 359
Streamflow
in Asia, 48
climate change impacts on, 9, 28, 30-32, 194, 202-204
hydropower and, 399
in Latin America, 54, 55, 700, 701, 703
in North America, 745, 749, 757, 777
river channel erosion and, 209
trends in, 200-202
water resources and, 200204
Streams
acidification in, 302-303, 751
adaptation for, 303-304
in Asia, 553
heterogeneity in responses of, 303
toxic substances in, 303
vulnerability of, 304
water quality in, 207
Sruthio camelus, 277
Subarctic regions, 345, 665. See also Polar regions
Subsidiary Body for Scientific and Technological Advice for
the Conference of the Parties, 539
Subsistence hunting, 277
Subtropical areas, 238, 345. See also Tropical areas
Succulent Karoo, 46
Sula bassana, 355
Sulfates, 765, 829
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Sulfur dioxide scenarios, 160. See also Scenarios
Sulfur dioxide (SO,), 461, 765
Supplemental irrigation, 211
Surface air temperature
in Asia, 541, 544-547, 564
in Europe, 647
in small island states, 60, 850-852
20th century increasein, 3
Surprises, 93
Sustainable devel opment
adaptive capacity and, 899
in Asia, 575, 581
in Australia/New Zeaand region, 614
elements of, 85
in Europe, 680-681
explanation of, 82
goalsfor, 63, 82
in human settlements, 389, 391, 404
for insurance services, 775
management of, 385
in polar regions, 805, 831
in small island states, 6061, 862
vulnerability and, 72
Sweetcorn cultivation, 610
Switchweed (Panicum virgatum), 394
Synechococcus, 817
Synergies, 93-94
Syringodium filiforme, 859

T

Technical Guidelines for Assessing Climate Change Impacts
and Adaptations (Intergovernmental Panel on Climate
Change), 152

Technology transfer, 46

Temperate Asia, 541, 542, 576-577. See also Asia; specific
countries

Temperature. See also Sea-surface temperature (SST);
Surface air temperature; specific areas

after 1990, 71

agriculture and variation in, 237

carbon dioxide concentrations and, 254-255

climate change impact and, 915, 917, 923

commodity prices and, 238

emergent findings related to, 3—4

human health and, 453-454, 696

insurance services and extremes in, 39, 423-425

magnitude of change of, 91

malaria and, 464, 465

mortality related to increased, 5, 49, 397-398, 453, 461,
474, 516, 596, 619, 696

permafrost and, 820-821

precipitation and, 31, 203

projected energy demand based on, 5, 6

rate of change of, 91

tropical areas and, 710

water-borne diseases and, 59

water quality and, 31, 207-208

wetlands and, 307
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Temporal analogs, 165
Terrestrial ecosystems
in Australia/New Zealand region, 51, 628
climate change impacts on, 1, 33-34, 244, 246, 812,
924
in polar regions, 824-825
storage of carbon by, 34
Thallassia testudinum, 859
Thermal stratification, 207—208
Thermal stress. See also Cold spells; Heat waves
adaptation options for, 475
in Asia, 570
in Europe, 672—-673
human health and, 43, 44, 384, 453, 457458, 761
in Latin America, 719
Thermohaline circulation
nonlinear response to, 948, 950-951
in polar regions, 804, 816, 819, 831-832
role of, 349, 350
Third Assessment Report: Cross-Cutting |ssues Guidance
Papers (Intergovernmental Panel on Climate
Change), 21, 23, 77, 81, 83, 86-87, 99, 115, 128,
171, 347, 387, 421, 744, 915
Thunderstorms, 462, 761
Tibetan Plateau, 555
Tick-borne diseases, 470, 673, 738, 763
Tick-borne encephalitis (TBE), 470471, 673. See also
Encephalitis
Tidal marshes, 360
Timber. See also Forestry
adaptation and, 34, 59, 295-296
climate change impacts on, 6, 11, 34, 240
industrial, 295
from managed forests, 6, 34
status of, 288289, 294-295
Time scales, 83
Tolerable windows, 119
Tool to Assess Regional and Global Environmental and
Health Targets for Sustainability (TARGETS), 156,
171, 173174
Tornados, 762. See also Extreme climate events
Toronto-Niagara Region Study (TNR), 778
Tourism. See also Recreation
inAsia, 573
in Australia/New Zealand region, 617-618
in coastal zones, 395
in Europe, 643, 649, 659, 660, 672
in Latin America, 717
in North America, 739, 766-767, 769770, 827
in small island states, 61, 62, 861-862
to view wildlife, 277
Toxic substances
algal blooms, 43, 366, 472, 619, 659, 720, 754
in lakes and streams, 303
in marine ecosystems, 355
Toxoplasmosis, 764
Trachurus declivis, 351
Trachurus murphyi, 351
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Trade
in Africa, 491-492
in Australia/lNew Zealand region, 601, 614-615, 627
in Latin America, 697, 706
Tradeoffs, 93-94
Translocation, 278, 279
Transportation. See also Infrastructure
climate change and, 401, 573
energy consumption and, 389
in Europe, 671-672
in polar regions, 828
Treerings, 112
Tremarctos ornatus, 69, 272
Trichiarus lepturus, 351
Tropical areas
adaptation to climate change in, 238
coastlinesin, 345, 601
deforestation in, 239, 708
streamflow in, 204
temperature changein, 710
Tropical Asia, 535, 541, 542, 577-578. See also Asig;
specific countries
Tropical cyclones. See also Extreme climate events
in Asia, 49, 543, 568-569
in Australia/lNew Zealand region, 52, 599-601, 619
explanation of, 383
human health and, 460
in human settlements, 38, 383, 396-397
insurance services and, 40
intensity projections for, 92, 348-349
in Latin America, 703
in small island states, 854
Tropical forests, 708-710. See also Forest ecosystems
Tropical glaciers, 208209, 928, 930
Tropospheric ozone (O3), 254, 292
Tropospheric ozone scenarios, 160-161. See also Scenarios
Tuamotu sandpiper (Prosbonia cancellata), 860
Tuktoyaktuk, 362
Tuna, 351, 353
Tundra, 60, 753

U

UKCIP scenarios, 155. See also Scenarios
UKHIV equilibrium scenario, 260
Uncertainty

aggregation and cascade of, 130

characterization of, 226

confidence scale and, 79

cost of, 123-124

in crop models, 267, 268

decisionmaking under, 221

explanation of, 126-127

information needs regarding, 73, 956

regional climate, 95

regulatory, 435

risk and, 96, 627, 893

in scenarios, 158, 169-170

in socioeconomic conditions, 95-96
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sources of, 127, 919
treatment of, 23, 108, 127-129, 945
wildlife, 280
Undernourishment. See Malnhourishment
UNFCCC. See United Nations Framework Convention on
Climate Change (UNFCCC)
Unique phenomena, 92. See also Extreme climate events
United Kingdom (UK). See also Europe
coastal infrastructurein, 365
cost of climate change impacts on water resources for,
216
precipitationin, 197
use of managed retreat in, 368
water supply companiesin, 197
United Nations Institute for Training and Research (UNITAR),
866
United Nations Commission on Sustainable Devel opment,
195
United Nations Comprehensive Assessment of the
Freshwater Resources of the World, 210
United Nations Conference on Environmental Development
(UNCED), 706
United Nations Convention on Biodiversity, 706
United Nations Convention to Combat Desertification
(UNCCD), 517, 706
United Nations Development Programme (UNDP), 87, 100,
442, 503
United Nations Environmental Programme (UNEP), 21, 87,
88, 100, 153
financial services initiatives of, 439-440
International Environmental Technology Center, 500
0zone depletion and, 461
Pakistan Country Study, 154
United Nations Food and Agriculture Organization (FAO),
473
United Nations Framework Convention on Climate Change
(UNFCCC)
Article 2, 915, 917
Conference of Parties, 87
focus of, 77, 84, 99, 119, 784
Latin Americaand, 706, 707
national communications to, 88, 89
planned anticipatory adaptation and, 891
precautionary approach used in, 98
provisions of, 420, 443-444
responses of, 87
United Nations Office for the Coordination of Humanitarian
Affairs (UN-OCHA), 441
United States. See also North America
cost of climate change impacts on water resources for,
216
floodsin, 762
food-borne disease in, 765
insurance sector in, 739
precipitation in, 197
renewable energy in, 399
use of managed retreat in, 368
vector-borne diseasesin, 59, 762—763
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Urban settlements. See also Human settlements
adaptation in, 403-404
air pollution in, 43, 44, 398-399, 453, 460, 719, 752
in Asia, 572, 577

climate change impacts on, 12, 33, 36, 37, 38, 43, 387,

390, 397-399

economic effects on, 36, 389

in Europe, 672

floodsin, 395

growth ratesin, 388

human health in, 397-398, 724

liquid waste disposal in, 409

migration and, 397

in North America, 743

poverty in, 388

“sustainable cities’ and, 404

synergistic effects and, 410

temperature increasesin, 56

water pollution in, 398

water resources in, 224225, 409
Ursus maritimus, 354
U.S. Agency for International Development (USAID),

508

U.S. Country Studies Program, 650
U.S. National Assessment, 155, 756
UV-B radiation

Arctic biota and, 825-826

freshwater organisms and, 303

human health and, 461, 571, 618

ozone depletion and, 461, 818, 825
UV-B radiation scenarios, 161-162. See also Scenarios

V

Vaccinium vitis-idaea, 661
Validation issues, 98-99
Valuation. See also Costing; Economic issues
assessment and, 2526
of climate change impacts, 401402
of ecosystem services, 243-244
methods of, 97, 107-108, 120-126
Variability. See Climate variability
Vector-borne diseases. See also Diseases, Human health
adaptive measures for, 44, 475, 886
in Africa, 489, 491
in Asia, 49-50, 570-571
in Australia/New Zealand region, 619-621
climate change impacts on, 12, 43, 46, 397, 453-454,
462, 464, 927, 939
El Nifio and, 476
in Europe, 54, 673
in Latin America, 56, 696, 720
in North America, 59, 738, 762—763
populations at risk for, 463-464
projected increase in exposure to, 5
in small island states, 62, 864
Vegetation
catchment, 198
climate change impacts on, 35, 924
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ecosystem disruption and changesin, 11
evaporation and, 198
in human settlements, 752
in polar regions, 804, 805, 814, 815, 821
predicting changein, 251
rangeland, 284 (See also Rangeland ecosystems)
Vegetation/Ecosystem Modeling and Analysis Project
(VEMAP), 249-250, 751
Vertebrate wildlife, 271
Vibrio spp., 355, 472, 720, 721
Vienna Convention on the Protection of the Stratospheric
Ozone Layer, 707
Viruses. See Diseases, Human health
Volatile organic carbons (VOCs), 399
Vulnerability. See also specific areas
adaptive capacity and, 893-895
advances in understanding of, 89-91
agricultural sector, 237-238, 270
arctic region, 241-242, 314
coastal zone, 36, 363, 367-368, 372
developing countries, 8, 70-71, 442, 939
development rate and, 71-72
disaster, 458-459
explanation of, 6, 363, 865
financia services and insurance sector, 421, 431435
flood, 223, 749, 750
forests and woodlands, 296
human health and, 457, 474, 477, 864
of human settlements, 5-6, 12-14, 44, 388-389,
391-399, 409410, 458-459, 624-625, 767-769
information needs regarding, 73
lakes and streams, 304
natural systems, 9-14
rangeland, 239, 286
by region, 14-17
wetlands, 241
wildlife, 238, 239, 280
Vulnerability assessments
conceptual framework for, 364
emissions reduction policy and, 87-88, 118
function of, 115
improvement in, 17
scalesfor, 392
socioeconomic impacts as part of, 362—363

W

Walleye pollock (Theragra chalcogramma), 351
Waste management, 618
Water-borne diseases
adaptation options to reduce, 44, 475
in Africa, 513
in Asia, 50, 571
climate change and, 12, 46, 471-472, 621
in Europe, 673-674
in Latin America, 56, 696, 720721
in North America, 59, 763-764
projected increase in exposure to, 5
in small island states, 62, 864
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Water demand
in Asia, 565-566
dimensions of, 210
rangelands and, 282
variationsin, 31, 194
Water management
adaptation to climate change and, 223-224, 226-227
approachesto, 9, 219-221
in Australia/New Zealand region, 602
climate change impacts on, 31
in Europe, 643, 656, 672, 674675
factors affecting adaptive capacity and, 222—223
implications of climate change for policy on, 221222
in North America, 742—743
overview of, 195, 218-219
science and information needs for, 225-227
in small island states, 861
supply-side vs. demand-side, 219, 220, 222
Water markets, 748
Water pollution
climate change and, 384-385, 410
disease and, 513
explanation of, 207
floods and, 749-750, 762
in urban settlements, 398
Water quality
in Australia/lNew Zealand region, 603
climate change and, 9
effect of temperature on, 31, 207-208
estuarine and marine, 355
factorsinvolved in, 207-208, 355
in North America, 737, 748-749
Water resources. See also specific areas
adaptation and adaptive capacity for, 64, 2682609,
747-748, 901
in Africa, 45, 489, 494-500, 520-521
agriculture and, 757
in arid and semi-arid regions, 394
in Asia, 48, 537, 562-565, 577
in Australia/lNew Zealand region, 50, 51, 593, 595, 600,
628
carbon dioxide concentrations and, 255
catchment and system case studies for, 213-217
climate change impacts on, 31, 194, 195-197, 209,
213-218, 383-384, 402
conflict and, 225
degradation of, 32, 238
effects on related sectors and, 224-225
in Europe, 53, 643, 655
in Latin America, 54-55, 695, 718
in North America, 57, 58, 737, 745748, 757-758
overview of, 195, 212-213
per capita, 214
pricing to reflect scarcity of, 210
projectionsfor, 5, 6
in small island states, 62, 860-861, 864
in urban settlements, 224-225, 409
vulnerability of, 9
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Water resources scenarios, 162—163. See also Scenarios
Water rights, 748
Water-stressed countries
climate change impacts on, 9, 31
populationsin, 213, 214
Water-use efficiency (WUE), 593, 716
Water withdrawal
municipal, 210
overview of, 209-210
sensitivity of demand to climate change and, 211212
world water use and, 210-211
Wave height, 348
Weather extremes. See Extreme climate events
Webworm (Herpetogramma licarisalis), 614
Weil’' s disease, 720. See also Leptospirosis
Wetlands
adaptation for, 241
in Australia/lNew Zealand region, 366, 605
carbon sink and, 305-306, 309-311
climate change impacts on, 34, 241, 307-311
coastal, 358, 360, 567
conservation of, 366
in Europe, 644
food and fiber production and, 306
habitat and biodiversity of, 305
human activitiesin, 753
management of, 753
in North America, 753
overview of, 304-305
peat-accumulating, 241
in polar regions, 823
pressures on, 306-307
vulnerability of, 241
Wheat crops. See Grain crops
Wildfires. See Fires
Wildlife
in arctic and alpine ecosystems, 242
climate change impacts on, 238-239, 271, 754, 924-925,
929-930
endangered or extinct, 238, 239, 271-272
equity issues and, 280
goods and services provided by, 239, 272, 276-280
human adaptation to changesin, 278-280
pressures on, 272-273
in protected areas, 754
responses of, 273-278
state of, 271-272
vertebrate, 271
vulnerabilities, sengtivities, and uncertainties related to, 280
Wind energy, 399
Wind extremes, 425
Windstorms
in Europe, 649
in human settlements, 384, 396
insurance sector and, 427
Woodlands. See Forest ecosystems
Working Group on Public Health and Fossil Fuel
Combustion, 476
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Workshop on the Social and Economic Impacts of Weather
(National Center for Atmospheric Research), 402
World Bank, 87, 100
natural disaster relief and, 442, 443
water resources management and, 197
World Climate Conferences, 88
World Commission for Water, 195
World Commission on Environment and Devel opment
(WCED), 82
World Food Programme, 460, 508
World Glacier Monitoring Service, 208
World Health Organization (WHO), 471, 763
World Ingtitute for Disaster Risk Management, 437
World Meteorological Organization, 21, 88, 706
World Water Council, 195

Y

Yellow fever, 463, 468, 763

Z

Zostera marina, 859
Zosterops samoensis, 860
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