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Abrupt climate change*, 15, 63, 64, 67, 276

paleontological records, 421-423

Acclimatization*, 49, 287, 426, 427

Acidification. See Ocean acidification

Active transport, 714, 742

Adaptation*, 14-28, 39, 59-84, 833-977, 1101-1131
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about: relationship between adaptation
chapters, 838, 1115-1117

actors and roles in, 836

adaptation as development, 816

ancillary benefits of, 910-911, 948

assessment™ (See Adaptation assessment)

autonomous*, 321-324, 815, 1284-1286,
1472-1473, 1531, 1538-1539

barriers to, 233, 906, 1476

climate change magnitude and rate and, 1121

climate policies, 89-90, 171, 909, 922, 948-949

community-based™ (See Community-based
adaptation)

Copenhagen Accord, pledges, 1115

core concepts and entry points, 26, 85

costs and benefits (See Adaptation costs and
benefits)

decision making and governance, 9-11, 54-56,
85-87, 388-390, 389, 638, 836, 1118

definition of, 40, 853

development and, 816, 882, 948, 954, 1473

disagreements about, 180-182

disaster risk management and, 836

as dynamic issue, 951

early, 878

economics of (See Adaptation economics)

ecosystem-based* (See Ecosystem-based
adaptation)

emergent risks and, 1060-1061

ethical dimensions, 903, 925-927, 926

evolutionary*, 322-323, 415, 426

experience, 8-9, 51-55, 52-55

facilitating, 888, 908, 948, 965

feedbacks in, 9

first step as vulnerability reduction in present,
25-26, 85, 1502, 1531, 1545

framing and focus of, 836, 838-839, 874, 948

funding gap, 28, 87, 844, 953

genetic and evolutionary responses, 322-323,
426, 1709

global, costs and benefits, 392-393

goals, 836

human-assisted, 324-326, 325, 328

incremental®, 733, 1121, 1445

indigenous knowledge in, 87, 758, 766

inter-relationship with mitigation (See
Adaptation and mitigation inter-
relationships)

in IPCC assessment reports, 180-182

limits to (See Adaptation limits)

local government and, 836, 842-843, 849

mainstreaming, 87, 948, 1351-1352

maladaptation*, 87, 254, 518, 837, 857-859,
1476

management decisions, 324-325

measuring, 853-857, 855

metrics, 853-857

micro-finance for, 584

mitigation and (See Adaptation and mitigation
inter-relationships)

National Adaptation Programmes of Action
(NAPAs), 215, 816, 836, 852, 873,
880,111

needs and options (See Adaptation needs and
options)

opportunities, constraints, and limits (See
Adaptation opportunities, constraints,
and limits)

pathways, 1116-1117, 1386-1387

planning and implementation (See Adaptation
planning and implementation)

principles for, 25-28, 85-87

private sector engagement, 843-844, 876, 876,
880-881, 886

regional, 8-9, 21-25, 90-91, 1145-1148,
1152-1157

risk management and, 56, 253-258,
1104-1105,1117-1118

sectoral synthesis, 14-20, 922

synergies, 28, 87

technology and, 885

trans-generational, 415

transformational* (See Transformational
adaptation)

transitional, 733

unintended consequences of, 277, 327-328

See also specific systems and regions

Adaptation and mitigation inter-relationships,

26, 28, 180-181, 1080-1083

in Asia, 1352-1353

co-benefits, 89-91, 1104, 1118

decision processes, 216-218, 217

examples, 90-91

integration of adaptation and mitigation,
1104,1117-1118

sustainable development and, 216-217, 217,
1109-1110

synergies and trade-offs, 89-91, 216, 217, 394,
925, 1104

Adaptation assessment*, 51, 837, 850-853,

1176-1184
analysis and reliability of, 1176-1184
first-generation, 851
national assessments, 852-853
purpose of, 850
regional, 1176-1184
scale in, 1149
scenario-based, 213, 851
second-generation, 851
istandard approachi to, 850-851
top-down and bottom-up, 851, 1144, 1144
trends in, 850-851

Adaptation constraints*, 87, 902, 906, 911-919

adaptation needs and, 844-845
assessing, 901

biological, 902, 913-914, 922

in coastal areas, 393-394
competing values, 917

cross-scale dynamics, 972, 918-919

cultural factors, 902

definition of, 907

differences from barriers, obstacles, and limits,
906

economic, 914, 922

ethical dimensions, 903, 925-927, 926

financial, 914-915

governance and institutional, 916-917, 922

hard and soft limits, 89, 903, 907, 919-921

human resource, 915, 922

institutional factors, 902

knowledge, awareness, and technology,
911-913, 922

overcoming, 927

physical, 913, 922

risk-based framework, 902, 905-908, 906

in rural areas, 617, 642-643

sectoral and regional synthesis, 922-924, 922

social and cultural, 902, 915-916, 922

in urban areas, 540

See also Adaptation opportunities, constraints,
and limits

Adaptation costs and benefits, 392-393, 948,

952-953, 953, 958-963
ancillary benefits, 948
broad categorization of, 952
in coastal systems, 364, 392-393, 395
cost-benefit analysis, 948, 956-957, 963
in freshwater resources, 256
global adaptation costs, 392-393, 949,
959-960, 959, 960
new thinking on, 948
socioeconomics and, 959
See also Adaptation economics; Trade-offs

Adaptation deficit*, 270, 214, 839
Adaptation economics, 26, 945-977

adaptation as dynamic issue, 951

adaptation benefits and costs, residual
damage, and projects, 952-953, 953

adaptation costs, 952-953, 953

adaptation limits and, 951-952, 952

adjustment costs, 955

ancillary benefits/effects, 948, 951

behavior, role of, 966

bias in (potential), 967

biophysical limits to adaptation, 948

broad-based approach, 948, 949, 951-954,
961, 963

broad categorization of adaptation strategies,
950

broad categorization of benefits and costs, 952

charges, 965-966

co-benefits, 948, 951, 952, 960

competitive adaptation, 948, 954

complementary adaptation, 948, 954

consistency between localized and global
analyses, 960

coordination, government failures, and political
economy, 956

cost-benefit analysis, 948, 956-957, 963

costing adaptation, 958-963

coverage of adaptation costs and benefits, 960

decision making, 954-958, 954, 963

decision making, economic barriers to, 955-956

decision making support, 948

decision making with uncertainty, 9, 956-958

development and adaptation, 948, 954

differences between adaptation potential and
achievement, 948



discount rates, 959

disincentives, 949, 964

economic analyses, desired characteristics of,
949

economic aspects of adaptation, 950-954

economic instruments, 26, 87, 948-949,
963-966, 965

education, 948, 950, 963

eligibility for adaptation funds, 952, 952

environmental regulation, 948, 950

equity and, 948, 955-956

ethics and distributional issues, 955-956

facilitating adaptation, 948, 965

financing, 948-949, 952

global adaptation costs, 949, 959-960, 959,
960

incentives, 949, 963-966

innovation, 966

insurance, 949, 964

intellectual property rights, 966

mainstreaming, 87, 948, 1351-1352

market-based instruments, 965-966

market failures, 955

missing markets, 955

moral hazard, 964

multi-metric decision making, 957, 957

multi-metric evaluations, 948

narrow economic approach, 961

narrowing of adaptation, 951-952, 952

non-market factors, 948, 951, 956, 958, 960,
961,962, 963

non-monetary considerations, 948-949, 951,
961,963

non-probabilistic methodologies, 949, 957-958

Paris agglomeration, 957, 957

payment for ecosystem services (PES), 964,
965, 1523, 1540-1541, 1541

practical adaptation strategy, 951-952, 952

private and public sectors, 948, 950

regional and sectoral studies, 949

research & development funding, 948, 966

residual cost, 952-953, 953

resource pricing, 964-965

risk financing, 949

risk pools, 949, 964

risk sharing and transfer, 949, 964

robustness, 949, 957-958, 958

sectoral and regional studies, 960-963, 960,
962-963

subsidies, 949, 965-966

taxes, 949, 965-966

technology transfer, 966

theoretical basis, 948

trade-offs, 948

transaction costs, 955

uncertainty and, 949, 954, 956-958

valuation of ecosystem services, 956-957

water markets, 964-965

Adaptation limits*, 9, 89, 902-903, 906, 919-922,

1085
assessing, 902
avoiding, 920, 927
biophysical, 922, 948
change and, 902-903, 972
in coastal areas, 393-394
definition of, 907
differences from constraints, barriers, and
obstacles, 906
economic, 922

ethical dimensions, 903, 925-927, 926

exceedance of, 28, 87, 924

factors influencing, 951-952, 952

hard and soft limits, 89, 903, 907, 919-921

historical perspectives, 920

interacting systems, 903-904

mitigation and, 903, 924-925, 924

in ocean systems, 416

overview, 902-903

risk-based framework, 902, 905-908, 906

in rural areas, 617, 642-643

scale-dependent properties, 921

sectoral and regional synthesis, 922-924, 922

social/cultural, 922

transformational adaptation and, 89, 921-922,
1121

See also Adaptation opportunities, constraints,
and limits

Adaptation needs and options*, 833-868

actors and roles, 836, 841-844

adaptation assessments*, 837, 840, 850-853

adaptation constraints and limits*, 844-845

adaptation needs*, 839-844

adaptation options*, 844-850, 845

awareness of, 837, 845, 848

behavioral measures, 845, 847

biophysical and environmental needs, 840-841

broad categorization of adaptation strategies,
950

categories of needs and options, 840, 845

cost and, 948

ecosystem-based adaptation, 845, 846-847

engineering and built environment, 845, 846

ethics and, 903

finance and, 392, 843-844, 845, 848-849

freshwater resource management, 254, 255

governments and, 836, 842-843, 845, 849

information, capacity, and resource needs,
844, 845, 848

institutional needs*, 842-843

institutional options*, 836, 845, 848-849

local government involvement, 836, 842-843,
849

maladaptation*, 836, 857-859

measuring adaptation, 837, 853-857, 855

metrics, 837, 853-857

migration as an option, 770-771, 770

options in coastal systems, 365

policy actions, 948-949

private sector engagement, 836, 843-844

research and data gaps, 859-860

safety nets, 836, 845

selection of options, 836, 849-850, 850, 903

service provision, 845, 847

social needs, 841-842

social options, 845, 847-848

structural and physical options, 845-847, 845

summary of AR4 findings, 839

technological options*, 836, 845, 846

trade-offs, 918

transformative adaptation, 836

vulnerability and, 836, 839-840

Adaptation opportunities, constraints, and

limits*, 14-28, 59-84, 899-943
adaptation constraints*, 902, 906, 911-919
adaptation limits*, 902-903, 906, 919-922
adaptation opportunities*, 902, 908-911, 909
assessing, 902
awareness raising, 845, 909, 922
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capacity building, 902, 909, 922

case study of opportunities (Bangladesh), 970

changes and, 902-903, 912

cross-chapter box, 101-103

cross-scale dynamics, 972, 918-919

decision support tools, 902

definitions, 907

ethical dimensions, 903, 925-927, 926

facilitating adaptation, 908, 948

hard and soft limits, 89, 903, 907, 919-921

innovation, 909, 922

learning, 902, 909, 922

mitigation and, 903, 924-925, 924

policy, 909, 922

risk-based framework, 902, 905-908, 906

sectoral and regional synthesis, 14-25, 62-73,
922-924, 922

seizing opportunities, overcoming constraints,
and avoiding limits, 927

selection and implementation of options, 903

summary of AR4 findings, 904-905

summary of SREX findings, 905

sustainable development and, 909-910

tools, 902, 909, 922

trade-offs, 918, 925

transformational adaptation, 89, 921-922

See also Adaptation constraints; Adaptation
limits

Adaptation options. See Adaptation needs and

options

Adaptation planning and implementation, 8,

25-26, 51, 85-87, 869-898

in Australasia, 1374-1375, 1389-1390

in Central and South America, 1531,
1538-1539

common recognition, 873-874

communication tools, 883

decision support tools, 883, 902

development and, 882

disaster risk management, 871, 881-882

early adaptation, 878

early warning systems, 872, 877, 878, 883-885

in Europe, 1297

examples, 875, 875, 879-880, 880, 1355

facilitating, 888

factors constraining, 902

financing, 878-881, 902

governance, 25, 85-87, 887-889

horizontal interplay, 871

impacts-led approaches, 872

implementation, 390-392, 877-878, 879-880

implementation tools, 838

increasing capabilities, 888-889

indigenous communities, 876

information and communication technologies,
884

institutional dimensions, 871, 886-888

insurance, 872, 884, 885-886

international mechanisms, 873-874

learning processes, 871

levels of, 873-877

livelihoods and poverty and, 815-816

local governments, 871, 876

local knowledge, 875

mixed-portfolio approaches, 883

monitoring, modeling, and spatially integrated
tools, 872, 883

multidisciplinary efforts, 872

multiple approaches to, 871-872
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multiple stresses and, 871

national initiatives, 85, 871, 874-875

planning tools, 883-885

political dimensions, 887-888

present status, global, 876

private sector, 8, 871, 876, 876, 880-881, 886,
948, 950

public sector, 8, 948, 950

research needs, 889-890

return on investment, 880-881

status and progress, 871, 873-881, 876

strategies and approaches, 871-872, 883-884

subnational initiatives, 85, 871, 875-877, 875,
881

technology development, 885

in terrestrial and inland water systems,
324-326

tools, 872, 883-886, 884

top-down and bottom-up approaches, 871-872

transboundary, Mekong River Basin, 1355

types of approaches, 871-872, 878

in urban areas, 539-540, 876-877

Adaptation potentials. See Adaptation

opportunities, constraints, and limits

Adaptive capacity*, 838, 875, 1176-1178

assessment of, 214

building, 909, 1115-1116

in China, 1716

development and, 1111

exceedance of, 87

in food systems, 513-514

of indigenous peoples, 765, 766
limits to, 426

of ocean systems, 416

poverty and, 816

regional context, 1142-1144
resilience and, 217

in rural areas, 617

in small islands, 1617, 1636-1637

of societal actors and natural systems, 902
in urban areas, 179-180, 539

See also specific systems and regions

Aeroallergens, 729, 1043
Afforestation, 233, 257, 284, 317, 321
Africa, 1199-1265
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access to resources/technology, 1204

adaptation, 8, 51, 487, 1203-1204, 1225-1238,
1237-1238,1240

adaptation and development linkages,
1203-1204

adaptation barriers, 1236-1238

adaptation deficit, 1203

adaptation experiences and lessons learned,
54,1229-1236

adaptation limits, 1204, 1236-1238

adaptation opportunities, constraints, and
limits, 21, 922

adaptive capacity, 1204, 1226

agricultural pests, diseases, and weeds, 1220

agriculture, 54,519, 1203, 1212-1213,
1218-1221, 1223, 1231

air quality, 1224

biodiversity, 1231-1232

biofuels, 1240-1241

biome change, 1215

Botswana, 804

climate finance and management, 1241-1242,
1241

climate forecasts, 643

coastal and ocean systems, 388, 1216

communication, 1233

community-based adaptation, 1229

conclusions from previous assessments,
1205-1206, 1205

costs of climate impacts, 631

crop insurance, 1147

crop yields, 570, 1218-1219, 1219

Darfur, conflict in, 773

deserts/desertification, 7205, 1209, 1210,
1213,1214,1215,1234

detection and attribution, 44, 1003-1009,
1005-1006, 7212

development pathways, 1203-1204

diseases, 1222-1224

droughts, 42

East Africa coast and Madagascar, 1688

ecosystem services, 1231-1232

ecosystems, 1202, 1213-1216, 1214

education, 1213, 1233

emerging issues, 1238-1242

environmental context, 1211-1212

equity, 1226, 1227

extreme temperature and rainfall, 1210-1211

extreme weather and climate events, 42

fisheries, 1220-1221

floods, 42, 804, 805

food insecurity, 512, 1203

food production, 1202, 1212-1213

food security, 1202, 1212-1213,1218-1221,
1221

freshwater ecosystems, 1215-1216

governance, 1203, 1227-1229

hantavirus, 1224

health, 1221-1224

human health, 775, 1203

human population, 1203

human security, 1204, 1238-1239

ICPAC, 1157

impacts, 1211-1225

infrastructure, 1234-1235

insurance, 54, 1231

integrated adaptation/mitigation, 91, 1240

Intergovernmental Authority on Development
(IGAD), 1157

key risks, 21, 76, 117, 1204, 1237-1238, 1238

Lagos flooding, 804

land use, 1240-1241

leishmaniasis, 1223

Limpopo River, 803

livelihoods, 1155, 1230-1231

livestock, 577, 1219-1220

maladaption risks, 1203-1204, 1235-1236

malaria, 722-723, 723,1222-1223

malnutrition, 1222

meningococcal meningitis, 1224

migration, 1239-1240

mitigation, 1237-1238, 1240

mixed farming in Tanzania, 519

monsoons, 1161-1162

multiple stressors, 1202

Nairobi Work Programme, 583

natural resource management, 1231-1232

observed changes, 30, 82, 848, 1206-1211,
1207, 1208

observed climate trends, 1206-1211

observed impacts, 44, 1003-1009, 1005-1006,
1202

perennial crops, 1202, 1219, 1219

policies and access to information, 635

poverty, 801, 1211-1212

poverty indicators, 624

precipitation, 82, 1202, 1207, 1208, 1209-1210

projected changes, 82, 1206-1211, 1207, 1208

projected impacts, 796, 1202, 1204

regions within, 1205

research gaps, 1204, 1242-1243, 1242

resilience in, 1204

Rift Valley fever, 1223

risk management/reduction, 1202, 1204,
1230-1231, 1237-1238

risks, 21, 73-75, 76, 117, 1204, 1237-1238,
1238

river flow, 143-144

Sahel region, 519, 777

schistosomiasis, 1223-1224

social justice, 1227, 1227

socioeconomic context, 1211-1212

sub-Saharan, 796, 801

sustainable development, 1226-1227

technology, 1204, 1234-1235

temperature, 82, 1202, 1204, 1206-1209,
1207, 1208, 1224

terrestrial ecosystems, 1213-1215, 1214

trees, integrating into cropping systems, 1231

tropical beverage crops, 626, 641

undernourishment, 1213, 1213

urbanization, 1224-1225

violent conflict, 1239, 1239

vulnerability, 1202-1203, 1211-1225

water resources, 73-74, 250, 250, 625, 1203,
1213,1216-1218

water stress, 73-74, 1202, 1217, 1237, 1237

Aggregate impacts*, 690, 690

risks associated with, 12, 61, 1015, 1016,
1044, 1077-1078

Agricultural droughts, 232, 247-248, 247
Agricultural productivity, 60, 810-812
Agriculture

adaptation, 215, 277, 489, 514-516, 515, 516,
638, 639-640

adaptation options, economic evaluation of,
962

adaptation trade-offs, 978

in coastal systems, 384

conservation agriculture, 638

crop insurance, 54, 685, 1147

diversification of, 576, 638

economic dependence on, 616, 617

extreme events and, 503

high-value food crops, 625

human security and, 761, 762, 763, 766,
768-769

irrigation, 233, 241, 251, 257

land conversion for, 67

observed impacts, 996-997

post-harvest aspects, 623-625

projected changes, 488-489, 623-625, 810-812

rainfed, 251-252, 498, 499, 514, 616, 624, 634

in rural areas, 616, 617, 621-625

smallholder and subsistence, 503, 616, 623,
627,634,638, 797

soil erosion and, 233, 237-239, 246

temperature effects, 110

trade and, 617, 628-629

tropical beverage crops, 625, 626-627, 641,
1528

under-investment in, 616



in urban areas, 539
valuation of changes, 617, 631-632, 632
water demand, 251-252, 625
See also Crop yields; Food production systems
Air pollution, 713, 727-730, 728
acute episodes, 729
biomass burning, 739
black carbon, 716, 739
climate-altering pollutants, 713, 714, 715, 716,
728,728
forest fires and, 721, 729
fuel combustion, 738-739
household sources, 738-739
human health and, 727-730, 737-738
outdoor sources, 738, 739
ozone, 728-729, 728
particulate, 728, 728
primary co-pollutants, 739
reducing, 737-740
secondary co-pollutants, 739-740
temperature and, 729-730
transboundary pollution, 1353
Air quality, 189, 727-730
fires and, 721, 729
human health and, 727-730
near-term future, 729-730
ozone and, 1171, 1172
projected changes, 729-730, 1171, 1172
regional projections, 1171, 1172
in urban areas, 556
Air transportation, 676
Albedo, 274
green and white roofs, 90, 574-575
Algal blooms, 253, 257, 454-455
dissolved inorganic carbon and, 287
harmful (HAB), 439-440, 454-455, 465, 726,
1582
toxins produced by, 257, 252
Alien species. See Invasive species and invasive
alien species
Allergens, 1000, 1043, 1056, 1064-1065, 1465
Alpine ecosystems, 314-317, 1274, 1274, 1301
Alternative development pathways, 1044, 1052,
1072-1073
Amazon region, 64, 67, 1502, 1507, 1509-1510,
1518, 1519, 1542
abrupt and irreversible changes (potential), 64,
67,276,309-310,1016
Amazon river, 1518, 1519, 1521, 1543
biomass in, 308, 989
deforestation, 276, 284, 310, 1502, 1503,
1509-1510, 1514-1515, 1514, 1522-
1523, 1535
forests, 64, 67, 276, 284, 310, 982, 990-991,
1016, 1503, 1512, 1514, 1522-1523
observed impacts, 83, 982, 990-991
projected changes, 83
tipping point (potential), 64, 309-310, 1016
Amphibians, 275, 300, 989
Anaerobic organisms, 415, 443
Andes region, 1502, 1507, 1508, 1510, 1519, 1521,
1522
Animals
Arctic, 317,990, 1016, 1570, 1575-1576,
1588, 1596
hypoxia and, 443
life cycles, 441
marine, 414, 429-430, 440-441, 443, 449-450,
457, 1575-1576, 1588-1589

multiple drivers, responses to, 447
phenology, 292
in polar regions, 317, 414
temperature and, 49, 447
thermal sensitivity/windows, 48, 49, 427-428,
427,428, 429-430
Annex 1 and 2 countries, 17715
Anoxia, 415-416, 443-445
Antarctic Circumpolar Current, 1671
Antarctica
freshwater systems, 1573, 1586-1587
key risks and adaptation, 1594
ocean acidification, 1587
productivity and species, 1576-1577
Southern Ocean, 1585-1586, 1589
terrestrial ecosystems, 1581, 1590
tourism, 7595
See also Polar regions
Anthropogenic* climate change, 26, 982
DAI (See Dangerous anthropogenic interference)
drivers of, 1502
See also Detection and attribution
Aquaculture, 452, 488, 676, 1701-1704
adaptation, 489, 516
in coastal systems, 366, 384
impacts, 366, 384, 500-501, 508, 676
ocean acidification and, 452
vulnerabilities, 500-501
Aquifers, 364, 379, 991
See also Groundwater
Arabian Gulf, 1683
Arabian Sea, 1687-1688
Aragonite, 423, 1673, 1674, 1675, 1683
Arctic region, 1570, 1572
abrupt and irreversible changes (potential),
276, 1017
adaptation limits, 1570
animal populations, 1580-1581
cascading impacts, 1015-1016
compound risk, 7058, 1059
economic sectors, 1584-1595
economy, 1585
extreme weather events, 42
fisheries, 1584
freshwater ecosystems, 1572-1573, 1586,
1594
health impacts, 42, 1581-1583, 1594
hydrology, 1572-1573, 1586
indigenous peoples, 51, 983, 1016, 1581-1583,
1593-1595
infrastructure, 1584-1585, 1594
key risks and adaptation, 8, 1594
krill, 1577
livelihoods, 51, 983
marine mammals and seabirds, 1588-1589
marine transport, 1584
multiple stressors, 1572-1586
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Cholera, 415, 455, 726, 1536
health care costs, 689
shellfish and, 726
in small islands, 1624
Vibrio cholerae, 455, 726
Ciguatera fish poisoning, 455, 1624-1625, 1634
Circulation
atmospheric, 190
oceanic, 1658, 1671
regional, 1162
Cities. See Urban areas
Clean Development Mechanism (CDM)*, 797,
813-814, 1111
afforestation/reforestation, 257
developing countries, 848-849
Climate-altering pollutants (CAPs)*, 713, 714,
715,716,728, 728
Climate change*, 3
amplification of risks, 1057
commitment, 179
communication of understanding and risks,
171
core concepts and definitions, 3, 3-4, 5, 37-40,
85
detection and attribution of, 42, 979-1037
as driver of ecosystem changes, 256
impacts (See Impacts)
inaction, consequences and costs of, 326-327,
326
land use change and, 282
literature authorship, 38, 171
literature on, amount of, 38, 171, 172
magnitude and rate, adaptation and, 1121
observed impacts, 979-1037
perceptions of, 764, 1505-1507
Reasons for Concern, 12, 61, 983, 1013-1016,
1073-1080
as threat to sustainable development, 816,
1104, 1108-1113
uncertainty and, 254-255
See also Climate velocity; specific regions and
systems
Climate change scenarios. See Scenarios
Climate extremes. See Extreme weather events
Climate forecasting, 643

Climate models*
CMIP3 and CMIP5*, 137-138, 178, 179, 240,
1143,1454
downscaling, 1137-1138, 1159-1162
Earth System Models (ESMs)*, 282, 456
Global Climate Model (GCM), 370
ocean systems, 456-460, 457
regional, 1136, 1137-1138
Regional Climate Model (RCM), 370, 1162
Climate policy, 89-90, 171, 909, 922, 948-949
culture and, 764
information for decision making, 171, 210-213
mainstreaming, 948
See also Adaptation; Governance/government;
Mitigation
Climate regulation, 453, 456
Climate-resilient pathways. See Resilience:
Climate-resilient pathways
Climate scenarios*. See Scenarios
Climate sensitivity*, 423-424, 450, 997
Climate system*
dangerous anthropogenic interference with,
11,1043-1044, 1047, 1049, 1073
human interference with, 3, 12, 37, 61-62
Climate variability*, 414, 419, 450
human health and, 717-720
impacts of, 6
modes of*, 1162, 1180
net primary production and, 133
Ocean (region), 1658-1659, 1713
violence/conflict and, 1001-1002
Climate velocity*, 15, 62, 67, 125, 126, 274, 296,
297
Climatic drivers*, 240, 256
in coastal systems, 364, 367, 368, 370-372
land use change, 274
CMIP3 and CMIP5*, 178, 179, 1143, 1454
regional assessments (CMIP5), 1743
regional projections (CMIP5), 137-138, 1159,
1159
See also Climate models
Coastal squeeze*, 375, 376, 378, 1623
Coastal systems and low-lying areas, 17, 69,
361-409
adaptation and risk management, 365, 386-396
adaptation costs and benefits, 17, 364
adaptation decision making and governance,
388-390, 389
adaptation implementation and practice,
390-392
adaptation measures, 387-388
adaptation opportunities, constraints, and
limits, 922
adaptation options, economic evaluation of,
962
adaptation planning, 387
adaptation, successful projects, 365
adaptation trade-offs, 978
adaptive capacity, 373
agriculture, 384
aquaculture, 366, 384, 500-501
aquifers, 364, 379, 991
beaches, barriers, and sand dunes, 375-376
biodiversity, 376-377
carbon stocks, 394
climate change and, 374, 376
climate-related drivers, 364, 367, 368, 370-372
community-based adaptation, 390, 397
coral reefs, 378-379, 378
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costs and socioeconomic aspects, 373, 382,
383

decision making for, 211

definition, 366-367

deltas, 147-148, 369, 380-381

detection and attribution, 386, 386, 989-991,
1007-1008

developed vs. developing countries, 364-365

drivers of change, 364, 367-374, 367, 368

erosion, 7, 17, 44-46, 69, 364, 376, 381, 386,
991

estuaries and lagoons, 379-380, 991

eutrophication, 364, 373, 380, 420, 465

exposure, 364, 372-373, 381

extreme events, 385

fisheries, 384

global mean sea level rise, 364, 366

groundwater, 246

habitat destruction, 375, 1707

human health, 385-386

human impacts, 364, 366, 375

human migration to, 373, 805

human population in, 17, 364, 372-373, 381,
386

human-related drivers, 372-374

human settlements and infrastructure, 364,
381-383, 382, 993

human systems, 381-386

hypoxia, 373, 420

impact and risk assessment approaches,
374-375

impacts, 364, 374-386, 375, 982, 991-993

industry, infrastructure, transport, and network
industries, 383-384

information gaps, data gaps, and research
needs, 363-366

infrastructure, 364, 383-384, 993

Integrated Coastal Zone Management (ICZM),
365, 366, 878

inundation, 374, 1707, 1712

invasive species, 364

key risks and vulnerabilities, 59, 1070

local sea level, 364

Low Elevation Coastal Zone (LECZ), 372

natural systems, 375-381

nutrients, 364, 373, 380

observed impacts, 7, 30-32, 48, 991-993,
1007-1008

ocean acidity and, 364, 368, 370, 372, 374

ocean temperature and, 364, 371-372, 379

planned retreat, 387, 389, 1375-1376

progress since AR4, 366, 368

protection, 364, 371, 387, 395

regional differences, 382

regional sea level, 364, 369

rocky coasts, 376-377, 992

runoff changes and, 364, 368, 372

salinity levels, 370, 379, 993

scenarios and models, 367

sea level extremes, 370, 991, 993

sea level rise, 7, 17, 364, 366, 367-370, 368,
374,375,379, 381, 385, 1669-1670,
1707

sea level rise, long-term commitment to, 394-
395

sea surface temperature, 368, 371-372, 431

sediment amounts and distribution, 364, 369,
373-374,379, 380

socioeconomic development, 372-373
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species abundance, distribution, and range
shifts, 364, 376, 377, 378, 982
storm surge, 147, 148, 364, 370, 381, 453
storms, 364, 368, 370
submergence/subsidence, 364, 368, 369, 374
tourism and recreation, 364, 384-385
upwelling, 149-152, 150, 364, 373, 994
urban flooding in, 722
vulnerabilities and risks, 60-62, 69, 364,
372-386, 453, 462-463, 1347
wetlands and seagrass beds, 373, 377-378,
992, 1330
winds and waves, 368, 371
See also specific regions and countries
Co-benefits*, 28, 89-91, 180, 737-741, 742
of adaptation, 89-91, 538, 578-579, 948, 1118
coastal areas, 393
of development, 948
human health, 714, 737-741, 737, 738
of integration of adaptation and mitigation,
1104
of mitigation, 714, 737-741, 737, 738, 742
trade-offs and, 1119
in urban areas, 538, 578-579
Coccolithophores*, 428, 440, 1681
See also Phytoplankton
Cocoa, 626-627
Cod, 461
Coffee growing/production, 506, 625, 626-627,
1528
Cold-related mortality, 721, 983
Commercial sectors, 662, 671
Communicable diseases*. See Infectious diseases
Communication tools, 883
Community-based adaptation*, 390, 397,
580-582, 582, 641, 1157
adaptation experience, 53
in small islands, 7746
Compound risk, 1042, 1057-1059, 1058, 1412
Computable general equilibrium (CGE) model,
671,689, 1059
Confidence*, 7, 177, 184-185, 186
degree of certainty, 6, 7, 41
See also Uncertainty; specific topics and
executive summaries
Conflict. See Violence and conflict
Conservation, 674, 1176
conservation agriculture, 638
ex situ, 326
Construction, 27,677
traditional methods, 1637
Copenhagen Accord, 1775
Coral bleaching*, 80, 98, 364, 378, 1621, 1689
detection and attribution, 982, 992, 1014,
1014
observed impacts, 378, 378, 414, 982, 992,
1014, 1014
projections, 457, 465, 1628, 1659
temperature and, 379, 457, 1689
Coral reefs, 97-100, 378-379, 431
adaptation potential, 431
in Asia, 1342
in Australasia, 431, 1374, 1375, 1392-1393,
1395,1413
biodiversity, 1016
in Central and South America, 1503, 1525,
1527, 1543, 1545
compound risk, 7058, 1059
Coral Reef Provinces (of Ocean), 1667, 1669
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cross-chapter box, 97-100
degradation of, 1690
economic impacts, 131
emergent risks, 1054, 1058
food production, 493, 1690
geographic locations, worldwide, 1689
Great Barrier Reef, 431, 1393
habitat loss, 414
interactive effects on, 416
Mesoamerican Coral Reef, 1503, 1525
observed impacts, 378, 982, 992, 992, 1014,
1014
ocean acidification and, 16, 17, 98, 129, 131,
364, 368, 415, 436, 438, 1064, 1065
potentially irreversible changes, 1017
projected impacts, 16, 379, 457, 1659
recreation and tourism value, 384
responses to climate change, 414
sea level rise and, 378
services provided by, 99
small islands and, 1616, 1621, 1628, 1635
thermal stress, 63, 110, 1669
vulnerability/risk, 63, 97, 364, 415, 1064, 1065,
1075
See also Coral bleaching
Corals
calcification of, 99, 436, 441, 1042, 1064, 1065
coral regions, 1689
ocean acidification and, 364
temperature and, 431, 457
vulnerability/risk, 64, 1016
warm- and cold-water corals, 16, 68, 431, 438,
441, 465, 1014
Core concepts and entry points, 3, 3-4, 85
Corporations, 566, 836
Cost-benefit analysis, 948, 956-957, 963
See also Adaptation costs and benefits
Cost of Policy Inaction (COPI) Projects, 326-327
Costs
adaptation (See Adaptation economics)
coastal systems, impacts, 382, 383
computable general equilibrium (CGE) model,
671, 689
extreme weather events, 633, 805, 982, 998,
1016
freshwater resources/management, 233
global adaptation costs, 949, 959-960, 959,
960
health care, 687-689, 737
residual cost, 952-953, 953
social cost of carbon, 690-691, 691
valuation of impacts, 617, 630-633, 632
Crop insurance, 54, 685, 1147
Crop production, 488-489, 491-493
adaptation, 514-516, 514
carbon dioxide effects, 487, 488, 507
detection and attribution, 996-997
emergent risks, 1059-1060
models, 496
observed impacts, 996-997
ozone effects, 488, 493
risks and vulnerabilities, 494-505
See also Food production systems
Crop yields, 17-18, 18, 65, 488-489, 491-493, 492,
997
adaptation and, 514-516, 515, 516, 519
aggregate impacts, 1076
carbon dioxide effects on, 487, 488, 493, 494,
499, 506

cereals and grains, 488, 491, 492, 497-499,
498, 621
climate extremes and, 796
emergent risks, 1054
observed impacts, 4-6, 7, 491-493, 492, 616,
982
ozone effects on, 488, 493
pests, weeds, and diseases, 500, 506-507
projected impacts, 17-18, 18, 69-70, 70,
505-507, 505, 506, 509-511, 623-624
rural areas, 616, 629
sensitivity to climate and weather, 497-502,
504-505, 504
temperature and, 488, 492-493, 492, 497-499,
498,516
trade and, 629
See also Agriculture; Food production systems;
specific regions
Cross-chapter boxes, 97-166
coral reefs, 97-100
ecosystem-based adaptation, 101-103
gender and climate change, 105-107
heat stress and heat waves, 109-111
key risks and vulnerabilities, emergent risks,
and hazards, 113, 114-121
long-term resilience, 147-148
marine biogeography, abundance, and
phenology, 123-127
net primary production in the ocean, 133-136
ocean acidification, 129-131
regional climate summary figures, 137-141,
138-140
river flow regimes, 143-146
tropical cyclones, 147-148
upwelling ecosystems, 149-152
urban-rural interactions, 153-155
vegetation and water flows, 157-161
water-energy/feed/fiber nexus, 163-166
Crustaceans, 16, 68, 415, 438, 465
Cryosphere*
Andean, 1502, 1517-1518, 1522
detection and attribution, 982, 986-989, 987
observed impacts, 982, 986-989, 987, 1003
regional impacts, 1003
See also Polar regions
Cultural and organizational theory, 198, 204, 272
Culture
adaptation and, 762-765, 764
climate impacts and, 762-765, 764
climate policy and, 764
cultural constraints to adaptation, 915-916
cultural landscapes, 318
cultural services, oceans, 453
cultural values, 71-72, 203-204
human security and, 71-72, 758, 762-766, 764
Cyanobacteria, 439-440, 726
Cyclones. See Extratropical cyclones; Tropical
cyclones

D
Dams, 275, 327, 1061-1062
in Asia, 1110-1111, 1342, 1345, 1353, 1355
in Egypt (Aswan High Dam), 252
in USA, 1458
in Vietnam, 1110-1111, 1355
Dangerous anthropogenic interference (DAI), 11,
1043-1044, 1047
Article 2 (UNFCCCQ), 1047
definition of, 1049, 1073



Dansgaard-Oeschger (DO) events, 421-423

Dar es Salaam, 591-592

Darfur, conflict in, 773

Dead zones*, 17, 373, 415, 420, 1676, 1693,

1709-1710

Deaths. See Mortality

Decision making, 9-11, 54-56, 195-228
adaptation, mitigation, and sustainable

development-linkage of, 216-218,

217,388-390, 638, 1118
approaches, 199-200
assess-risk-of-policy framing, 208
assessment of impact, adaptation, and

vulnerability, 213-214, 213, 837

tools, 883, 902
in water resources, 255

Deforestation*, 283, 284, 1016

in Amazon basin, 276, 284, 310, 1502, 1503,
1509-1510, 1514-1515, 1514,
1522-1523, 1535

avoided, 1540

carbon release by, 276

in Central and South America, 276, 284, 310,
1502, 1503, 1509-1510, 1514-1515,
1514,1522-1523, 1535, 1540

REDD payments, 617, 630, 641, 797, 814, 965,
111,119

reduction in, 276, 302, 1522-1523
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impacts attributed to climate change, 30-32

importance of, 1017

indigenous people, 983, 1001, 1002, 1003,
1014

methodological concepts, 984-986, 985

natural systems, 986-996, 1014, 1015

new evidence, 982

ocean ecosystems, 993-996, 993, 994, 995,
1007-1008

phenology, 989

physical systems, 982, 984, 994, 1011, 1012

quantitative synthesis assessment, 986

Reasons for Concern, 983, 1013-1016

regional impacts, 30-32, 1001-1030, 7003-1010

behavioral sciences, 198, 199, 204
climate and climate change decisions, 200,
210,214-216, 216

Delta Programme, 391
Delta Works, 365
Deltas, 369, 380-381

of single weather events, 998-1000, 7018
terrestrial and inland water systems, 989-991
terrestrial ecosystems, 982, 983, 989-990,

climate impacts, adaptation, and vulnerability,
204-214, 213

complexity in, 200-201

context for, 9-11, 54-56, 203-207

cultural and organizational theory, 198, 204,
272

cultural values, 199, 202, 203-204

decision analysis, 212

decision implementation, 212

decision review, 212

decision scoping, 212

downscaling, 211-212

economic barriers to, 955-956

in economic context of adaptation, 954-958,
954

economic evaluations as support for, 948

ethics, 198, 205-206

four-stage process of, 212

frameworks for, in ocean regions, 1661,
17111713, 1711-1712

geo-political dimension, 212-213

indigenous, local, and traditional knowledge,
758, 765-766

information for, 171, 210-213

institutional context, 206-207

key concepts, 199-203

knowledge transfer, 198, 213

language and meaning, 204-205

learning, review, and reframing, 209-210

methods, tools, and processes, 207-210, 922

multi-attribute decision theory, 209

multi-metric, 957, 957

opportunity space for, 181-182, 182

psychology and, 204

in regional context, 1136, 7739, 1140

resilience and, 782, 198, 216-217

risk/risk management and, 198, 199-202, 201,

cities in, compound risk, 7058, 1059
tropical cyclones and, 147-148, 148

Dengue fever, 385, 723-725, 723, 731

in Asia, 723, 723, 1348

in Caribbean, 724
climate-related factors and, 723
in Europe, 723

intervention to control, 724
near-term future, 725-726

in small islands, 1624

thermal tolerance of vectors, 736
vectors, 725, 736

Deserts/desertification*, 312

in Africa, 1205, 1209, 1210, 1213, 1214, 1215,
1234

in Asia, 1330, 1339, 1344

in Europe, 1275

Detection and attribution*, 7, 42, 979-1037

aggregate impacts, 1015, 1076
anthropogenic climate change, 982, 1502
assessing all climate change aspects, 10717
attribution, 986

attribution, challenges of, 7078
attribution of a single event, 1018
attribution to climate change, 7, 42
attribution to precipitation changes, 982
attribution to warming, 982

biological systems, 1015

cascading impacts, 983, 1072, 1013
challenges, 986, 1018

coastal systems, 991-993, 1007-1008
conclusions, 188-189, 1016-1017
confidence, 7, 184-185

coral bleaching, 992, 992

crop production, 996-997

cryosphere, 986-989, 987

definitions, 985-986

1005-1006, 1017
traditional ecological knowledge and, 7007
water resources, 982, 986-989, 987

Developed countries*, 181

adaptation experience, 51
poverty in, 796

Developing countries, 187

adaptation experience, 51

adaptation in context of development path, 948
coastal area impacts/costs, 364

ocean systems and, 416

poverty in, 616, 623, 796, 797

rural poverty, 616, 623

sea-level rise, costs of, 364

Development

adaptation and, 816, 882, 948, 954

adaptive capacity and, 1111

alternative development pathways, 1044,
1052, 1072-1073

ancillary or co-benefits, 948

Clean Development Mechanism (CDM), 797,
813-814, 848-849, 1111

climate-resilient development pathways, 818

of coastal areas, 364

country development terminology, 787

economic (See Economic development)

equity issues, 1351

greener, 180-181

Human Development Index (HDI), 720

inequalities and, 40

integrating with climate policies, 1111-1112

mitigation and, 1109, 1114-1115

pathways, 563-566, 1052, 1109

pathways of countries, 948

policy, climate change and, 1110

transformative, 538

See also Sustainable development

202,215 detection, 985-986
scale issues, 1118 differences in land and ocean systems, 995 Diatoms, 726
scenario-based projections, 213 economic impacts, 997-998 Dinoflagellates, 439, 726
scenarios and, 198, 208 extreme weather events, 998-1000, 999, 1014,  Disadvantaged populations*, 796, 798, 799,
social context, 203-206 1014 801-802, 806, 808
stakeholder involvement in, 199, 209, 254, 837 food production systems, 996-997, 1017 Disaster risk management (DRM)*, 27, 881-882
sustainability and, 198, 216-218, 217 freshwater resources, 986-989, 987 adaptation and, 836, 871
trade-offs, 208-209, 216, 217 gaps, research needs, and emerging issues, community-based programs, 734
transformational adaptation, 198, 217-218 983, 1017 early warning systems, 734, 872, 877, 878,
uncertainties and, 56, 198, 207-208, human and managed systems, 996-1003, 883-885, 1145

1386-1387 1009-1010, 1015, 1017 insurance and, 686, 797
with uncertainty, 9, 956-958 human interference with climate system, 3, 12, lessons from, 817
wicked problems, 200-201, 208, 211 37,61-62 Disaster risk reduction (DRR)*, 91, 148, 390,

Decision support, 26, 87, 198, 202-203, 210-216 hydrological systems, 986-989, 987, 1013, 565-566, 565, 1296

climate information and services, 210-213 1015,1016 Hyogo Framework for Action, 14, 217

Diarrheal diseases, 689, 726, 727
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Disasters*
education on, 733
health care treatment during, 687-688
preparedness programs, 714, 733
SREX report, 680
See also Extreme weather events; specific
disasters
Discount rates, 959
Diseases, 19-20, 713, 717-720
age and gender and, 717-718
air quality and, 727-730
in Central and South America, 1503, 1532,
1532, 1535-1536, 1536, 1543, 1545
cholera, 415, 455, 726, 1536
climate change variability and, 717-720
in coastal regions, 385
current status, 717
diarrheal, 726, 727
early warning systems, 734
floods and windstorms and, 722
food production and, 500, 506-507
mosquito-borne, 722-726, 723
near-term future, 725, 727
ocean systems and, 415, 431
parasites, bacteria, and viruses, 726-727
projected changes, 713, 725, 727
rodent-borne diseases, 725, 1000
in small islands, 1624-1625
spatial distribution of, 713
tick-borne, 722, 723, 725
in urban areas, 556
vector-borne, 713, 722-726, 723
vulnerability to, 717-720
water-borne, 713, 726-727
zoonotic, 725, 726
See also Human health; Infectious diseases;
specific diseases
Displacement, 72
forced, 736, 1175-1176
health risks, 736
numbers of people displaced, 768
permanent, sea level rise and, 770, 770
See also Migration, human
Distribution of benefits (of mitigation), 1111
Distribution of impacts, 12, 61, 241, 254, 1015,
1044, 1045, 1077
ethical issues, 955-956
Distribution of species. See Species distribution
Disturbance regimes*, 276, 277, 290
abrupt changes and, 276
fire, 290, 314,317
observed changes, 276, 290
projected changes, 276
See also Fires; Insect pests
Downscaling*, 211-212, 241, 1137-1138
Droughts*, 232, 247-248
agricultural, 232, 247-248, 247
conclusions of AR4, 189
detection and attribution, 44-46
dryness, 81-84
extreme events, 247-248, 248
frequency and severity, 247-248, 247
impacts, 248
meteorological, 232, 247-248, 247
migration and mobility outcomes, 769-770
observed and projected changes, 1165-1170
observed impacts, 7, 30-32, 44-46, 239-240,
620
projected changes, 232
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rural areas, 616, 620-621
urban areas, 538, 552, 555
vulnerability/risk, 60, 63, 1070-1071
wildfires and, 721
See also specific regions
Dryland ecosystems, 308-312
Dryness, 81-84
Durban, adaptation in, 573, 592-593
Dust, airborne transcontinental, 1616, 1633
Dynamic Global Vegetation Models (DGVMs)*,
305

E
Early warning systems*, 734, 872, 876, 878,
883-885, 1145, 1448, 1466, 1538
adaptation experience, 52
Earth system, 985, 986, 1084
Earth System Models (ESMs)*, 282, 456
large-scale interventions, 1174, 1121
potential tipping points in, 1016
East China Sea, 1686-1687
Echinoderms, 415, 438, 439, 465, 1633-1634
Ecological sustainability*, 552
Economic costs of climate change, 326-327, 326
valuation of impacts, 617, 630-633, 632
Economic development, 662, 679, 688
human health and, 713, 720
Economic goals, trade-offs with environmental
goals, 1118-1119
Economic growth, 663, 691-692, 997
climate-resilient pathways and, 1114-1115
conflict with environmental management,
1118
human health and, 713
Malthusian ideas, 1118
Economic instruments, 26, 87, 948-949, 963-966
Economic sectors and services, 19-20, 50, 70-71,
659-708
adaptation potential, 62-73
aggregate impacts, 690, 690
aquaculture, 676
charges, 965-966
climate change impacts on, 662, 690, 690,
997-998
commercial sectors, 662, 671
construction and housing, 677
crop and animal production, 676
detection and attribution, 997-998
economic development, 662, 679, 688
economic growth and productivity, 663,
691-692
economic impact estimates, global, 663
economic welfare, 662, 664
electricity grids, 669, 669
energy, 664-672, 693
extreme weather events and, 50
financial services, 680, 686-687
fisheries, 676
forestry and logging, 676
health and health care, 663, 687-689, 693
impacts on markets and development, 689-693
insurance, 663, 680-687, 693
key risks, 59-60, 59-62, 64-65
macroeconomic impacts, 669-672, 670-671
manufacturing, 677
markets, 663, 688, 689-690, 690
mining and quarrying, 676
pipelines, 71, 668, 669, 675
poverty traps, 692

projected impacts, 70-71
public-private partnerships, 686, 686
recreation, 677-678
research needs and priorities, 663, 693-694
residential sectors, 662, 671, 676
social cost of carbon, 690-691, 691
summary, 692-693, 693
supply and demand, 662, 664, 679
tourism, 663, 677-679, 693
transport, 662, 674-676, 693
transport infrastructure, 662
vulnerability, 664, 688
water infrastructure, 662, 672, 693
water services, 672-674, 693
water supply, 662
Economic welfare, 662, 664
Economics, 27, 945-977
of adaptation (See Adaptation economics)
analysis in face of uncertainty, 949
economic analyses, desirable characteristics in,
949, 963
economic instruments, 26, 87, 948-949,
963-966, 965
global economic risk and impacts, 63, 71
green fiscal policies, 90
incentives, 949, 963-966
macroeconomic analysis, 963
multi-metric evaluations, 948, 957, 957
PESETA project, 1059
REDD payments, 965
See also Markets; Socioeconomic impacts;
specific systems and regions
Ecosystem-based adaptation*, 101-103, 836,
846-847
adaptation options, 845
in coastal systems, 388
costs of, 393
cross-chapter box, 101-103
in Durban, 573, 592-593
payment for ecosystem services (PES), 641-642,
964, 1523, 1540-1541, 1541
processes in, 102
in rural areas, 641-642
in urban areas, 539
Ecosystem degradation, 276
Ecosystem services*, 319-321, 379, 659-708
degradation of, 276
economic costs related to, 326-327, 326
emergent risks, 1042, 1053-1054, 1054
ocean systems, 414, 452-453, 461-465
payment for (PES), 641-642, 949, 964, 1523,
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