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acidity, seawater, 131
ad hoc buyouts, 150
adaptation, 21, 239
in action, examples, 23
connected processes, 48, 49
definition, 21
in situ household, institutional failure, 66—-67
initiation at any scale, 66—-67
migration as, 48
physical and behavioral limits, 7
proactive, governments vs. household, 67
proactive, progress in low-income countries, 65
reactive vs. proactive, 66
responses, excessive heat, 125-126
rural, dryland regions, 100
succession in, 66
UNFCCC objectives, and SDGs, 201
Adaptation Committee and the Least Developed,
UNFCCC, 196
adaptive capacity, 23, 239
building, 194, 201
floods and storms, increasing frequency, 56
hazards overwhelming, 25
importance of institutional, 64—66
lack of, 68
migration decisions, local, 108
role in migration, 26
SDGs improving, 234
strengthening, 201
“add and stir” approach, gender in migration
scholarship, 220
Advisory Group on Climate Change and Human
Mobility, 196
Africa (International Labour Organization
2024), 30-31
African Union (Organisation of African Unity), 211
African Union Convention for the Protection and
Assistance of Internally Displaced Persons
(Kampala Convention), 212
agency, 239
definition, 29, 46
high vs. low, 46

312

Indigenous communities, 223
migrant, gendered influences, 219
of migration, and government regulations, 38
and moving decisions, 47, 50, 201, 218
agent-based modeling (ABM), 181-183
climate-related migration simulation model
(Bangladesh), 182
definition, 239
pattern-oriented ABM, 183
strength of, 183
agricultural drought, characteristics, 98
agricultural pathway, 115
air conditioning, and migration shifts, 122
amenity-seeking migration, 122-123
AMOC (Atlantic meridional overturning
circulation), 234
Anasazi cliff dwellings
MWP impact on, 11
remains, /1
anthropogenic climate change, 3
and atmospheric river severity, 93
causes, physical science of, 23
definition, 8
and economic losses, 126
and fire weather days (California), 127
and flood frequency, 85
future impacts, 21
future knowns and unknowns, 233
short heat waves, health impacts, 121
anthropogenic GHG emissions, 17
rising global average temperatures,
effects, 95
and temperature rise, 19, 131
anthropogenic warming
AMOC shutdown trigger, 235
current and historical links, 78
Arctic coastal settlements
climate change effects on, 147-148
relocation to, 147
Arctic Indigenous settlements,
relocation, 147-148
Argentina, tornado occurrence, 79
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arid areas
definition, 96
global vs. regional expansion scale, 97
arid regions, map of world’s, 96, 97
arid, use of term, 96
Aridity Index, 96
aridity, degree of, 96
artificial intelligence (Al), for study use, 186—188
Asia, MWP impact in, 11
assimilation, 34
asylum claimants, 205
Atlantic meridional overturning circulation
(AMOC), 234
“a black hole of knowledge and understanding”, 236
and melting Greenland ice, known unknown
interaction, 235
shutdown and effects, 235
atmospheric GHGs
concentration, consequences of rising, 18
increase, causes, 16
atmospheric methane concentration, historic, 18
atmospheric rivers, description, 93
atoll nations
climate hazards, 193
Maldives, 145
tourism, 22
urbanization, 137
Atoll states, protective infrastructure costs, 145
atolls
coastal hazards and vulnerabilities, 21
freshwater lenses, effect on, 137
Australian meteorological agency, storm sub-
classification, 70

Bangladesh
Bangladeshis, abroad, 160
climate hazards, female mortality rate, 219
climate-related migration and displacement, case
study, 159-161
climate-related simulation model, 182
climate-resilient and migrant-friendly towns, 227
drought and migration, correlation, 163
extreme floods, and migration, 88
international migration of women, restrictions, 218
lives lost, reduction in, 65
migrant health challenges, Korail community, 225
migration patterns, 161
rural migration patterns, 160
tornado occurrence, 79
Bangladesh Environment and Migration Survey, 171
Bangladesh Integrated Household Survey (BIHS),
climate-related displacement data, 170
barrier islands, and high wave events
beneficial, failure of, 59
beneficial adaptation, failure of, 21
bilateral agreements, regional basis, 211. See also
specific agreements
“black hole of knowledge and understanding”, 236

book summary, xii—xiv
“braiding” process, 185
Brazil
drought risk, 108
precipitation events, heavy, 90
rural outmigration patterns, 120
‘build back better’ scenario, hazard mitigation, 152
Burkina Faso
drought—migration outcomes, 105
female migration during droughts, 106
migration response model, 182
outmigration patterns, 120

Cancun Adaptation Framework, 194-195
Cape Town (South Africa), drought water crisis, 116
carbon dioxide (CO,)
anthropogenic, 13
atmospheric, measurements at Mauna Loa (HI), 17
atmospheric concentration, history, /6
atmospheric concentration rise, human activities, 16
infrared radiation interference, 14
carbon sinks, 17
Caribbean Community (CARICOM), freedom of
movement agreements, 213
Cartagena Declaration on Refugees (Central
America), 213
Carteret Islands, flooding case study, 154156
Carterets atoll, 154
causality, 166
census, 169
ChatGPT, reproduction of earlier research
(McLeman), 186
Children and Youth Constituency of the UNFCCC
(YOUNGO), 196
cisgenderedness, 220
citizenship, determination and responsibilities, 40
climate
connected processes, 49, 238
control, temperature rise limit, 19
definition, 8, 239
destinations, planned reception of migrants, 226
events, hazardous to humans, 24
gentrification, 228
havens, 226
and human history events, simultaneous, 12
and migration, common vocabulary need, 3
processes and human system interactions,
risk creation, 25
surprise, 236
and weather, distinction, xi, 8
Climate and Human Migration: Past experiences,
future challenges (McLeman), xi
climate change
anthropogenic, 240
definition, 8, 240
effect on severe storms, 51
and flood event frequency, 85
gendered impacts, migration and displacement, 219
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climate change (cont.)
influence on migration decisions, 3
“known knowns,” types, 233
“known unknowns”, 233
migration and displacement, future effects, 26
migration and displacement, human
activity driven, 12
mitigation actions, achievements and progress, xi
unknown into known unknowns conversion, 236
climate change and migration, relationship, 162
modeling context, and variety of results, 165
scale of analysis, 164
climate hazards. See also slow-onset climate hazards
adaptation, measures, 48
conflicts and refugees, linkages, 116
differences of, 24
exposed locations, 2
and migration outcomes, links, 159
public perceptions, 24
response to, 21
rising global average temperatures effects, 95
voluntary immobility, 46
climate migrants, 240
attracting cities, design, 227
planning for future, 227
receiving areas, 226
climate refugees, 155, 240
definition, 5§
use of term, 203
Climate Resilience and Recovery Plan, 77
climate risk, connected processes, 48, 49
climate system, 24, 174, 192, 231, 240
climate variability, 8, 240
climate-changing migration, challenge of unknown
unknowns, 236
climate-migration relationships, thresholds, 229-232
average global temperature rise, 230
complex systems, changing dynamics, 229
critical, 230-232
in situ adaptation, 231
migration dynamics threshold, outside push, 231
climate-related displacements, 240
average annual, 56
Bangladesh data, 170
definition, 6
drivers, 55
financial assistance, 3
reduction of involuntary, 201
regional support agreements, Xii
risk reduction, 192
climate-related hazards, and displacements, 56
climate-related immobility, definition, 6
climate-related migration. See also migration
causality, 166
complex systems, interactions, 229
data sets for, 170
definition, 6, 240
dynamics, xiii
and gender research, 220

prediction and projection, modeling, 165
projection of future, scenarios for modeling, 166
to Seattle and Portland (WA), 227
use of term, 6
climate-related migration, data collection
mobile devices and social media, 183
participatory methods, 184-186
climate-related migration, gendered dimensions
cisgenderedness, in research, 220
climate hazards, gendered impacts, 219
feminization, of international migration, 217
gender neutral, 217
LGBTQ+, vulnerabilities to disasters, 220
migration process, gender aspects, 218
climate-related migration, human health
age- and gender-related, vulnerabilities, 224
health services, 224
healthcare systems, research on strain, 224-225
“healthy migrant effect”, 224
human health, 223-225
climate-related migration, modeling. See also
machine learning (ML)
agent-based modeling (ABM), 167, 181-183, 182
Al and data in, 186188
causal pathways, 172
census data, 168
climate and migration data sets,
spatial mismatches, 175
climate and migration/population data,
combined use, 172
climate data, availability, 171
climate hazards and migration, relationship, 163
data sources, importance of, 167
databases, 169
general circulation models (GCMs), 174
gravity models, 180181
gridded datasets, cell population distribution, 176
hazard identification, data for correct, 173
independent variables, temporal connections, 172
limits, 167
long-term studies, findings, 173
machine learning, 178-180
machine learning, complexity and
interpretability, /79
machine learning, examples, 179
machine learning, random forest algorithm, 179
migration data, 168
mixed methods approach, 188
model assumptions, 166
model objectives, varying, 173
model uncertainties, 166
overview, 162
physical processes, simulation, 214
population census data, 168, 169
projection, use of gridded data, 174
regression analysis models, 176
research bias, geographical, 175
self-reported climate data, 173
standard data, limitations, 174—176
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surveys, data collection by, 171
temporal considerations, droughts and slow-onset
events, 172
climate-related migration, policy considerations
governments and institutions, engagement, 189
involuntary displacement, steps to reduce, 190
key international policies, 190
policymakers, attention, 189
climate-related migration, research, 226-229
destination communities, impact on prior
residents, 228
migration destinations, planning for future, 226
property values, climate-driven changes, 228
US migrant receiving cities, types, 226
climate-related migration and displacement, national
level policies, 214
planning at subnational government levels, 215
climate-related processes, mean sea level change,
cause for, 132
climate-related risk, concept examples, 21-23
climatic drivers, of displacements, across
regions, 55, 56
climatic hazards. See climate hazards
CliMig database (University of Neuchatel), xi
coastal flooding, protective infrastructure, 138
coastal wetlands, shrinkage, 58
“Coming Anarchy, The” (Atlantic Monthly), 117
committed warming, MSLR, 135
common storms, path map of exposed regions, 7/
compound hazards, 25
Conferences of the Parties (COPs), 3, 192
consanguinity, 40
convention, 200
Convention Governing the Specific Aspects of
Refugee Problems in Africa (1974), expanded
definition of refugees, 211
COP (Conferences of the Parties), 3, 192
co-production of knowledge, 184, 222
coral bleaching, 136
coral reefs, storm surges and shrinkage of, 59
Coriolis effect, 69
correlation, in statistics, 163
Coupled Model Intercomparison
Project (CMIP), 141
Coupled Model Intercomparison Project (CMIP6), 174
coupled systems, 131
COVID-19 pandemic impacts, xi
cyclical migrations, flood-related, Asia, 87
Cyclone Nargis (Myanmar, 2008), refusal of outside
humanitarian assistance, 210
Cyclone Sidr, Bangladesh (2007), 58, 65
cyclones. See tropical cyclones

data collection, mobile devices and social media, 183

Deferred Enforced Departure, climate-related
displacement, 214

Department of Economic and Social Affairs of the
United Nations (UN DESA), population census
conduct, 169

derechos, 79. See also storms; tornadoes
characteristics, 80
climate change effects on, 81
DESA (UN Department of Economic and Social
Affairs) Population Division, demographic
projections, 141
desertification, 95
in high-income countries, 95
and migration, 120
process, 97
digital nomads, 43
disaster, definition, 191, 240
disaster risk reduction (DRR), 198
discontinuous threshold effect (Myers), 234
displaced people (1992-2022),
global number, 42
displacees, definition, 5
Displacement Tracking Matrix (DTM), 170
displacements. See also involuntary displacements
definition, 1, 5, 240
exposure, rising number of people, 56
involuntary, 199
in political unstable states, 42
drought migration responses
African dryland regions, 103
Asia, 106
Central America, 108
Central America “Dry Corridor”, 109
Chile, dryland, 108
East Africa, 104
Ethiopia, 105
Great Plains (North America), 111-113
India, 107
Mexico, case study, 109-111
migration to Europe, 106
Nepal, 108
Pakistan, 107
South America, 108
West Africa, rural drylands, 105
drought migration responses, non-dryland regions,
113-115
Anmericas, research paucity, 115
Bangladesh, rural migration patterns, 114
Southeast Asia, drought—migration
dynamics, 114
West Bengal state (India), water shortage, 113
Drought Year (India), 98
droughts. See also specific drought categories
categories, 98
climatic definition, 172
conflict and migration/displacement linkages,
116-120
impacts, high-income countries, 95
impacts, low- and middle-income countries, 96
and migration, relationship (studies), 163
responses, main dryland regions, 103
risk indices, standardized, 99
risks, projected changes, 102
risks, urban, 115-116
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droughts, conflict and migration/displacement
linkages

Arab Spring, D-M-C pathway, 119
and conflicts, within countries, 118-119
Darfur region violence, D-C-M pathway, 119
drought-migration-conflict pathway (D-M-C), 117
pathways, 116-117
violent interactions, deliberate, 119

dryland regions
adaptation, 100
migration patterns, rural, 100-102
population change in, 99
rural, migration strategies, 100
young adult migration, 101

drylands, characteristics, 96

Dust Bowl era migration, 43, 44

Earth

climate system, features, 24

climate, regulation of, 13

energy balance, 13, 15

radiation balance, 13

surface warm up, causes, 14
“eating the dry season”, 101
economic conditions, adverse, influence

on migration, 31
El Nifio Southern Oscillation (ENSO), 9, 10
El Paso-Ciudad Juarez region, 2006
flooding impacts, 60

electromagnetic spectrum, 13
emergency management plans, 65
environmental amenity migration, 43
environmental conditions

adverse impacts and migration, 43

migration beneficial, 42
environmental migrants, 119, 225, 240
environmental migration, 240

modeling, 176

post-tornado research, 82

wildfire effects research, 130
environmental phenomena, migration responses, 44
environmental refugees, definition, 5
European Union

labor migration approach, 31

Schengen Agreement, 213
evacuees, definition, 5
evapotranspiration, process, 99
exposure, definition, 21
extreme heat events

extended periods, influence on migration, 121

and out-migration rates, 121
extreme precipitation

changes, by region, 54

flooding risk, 85

and long term income inequality, 51
extreme storms. See also storms

and additional atmospheric warming, 233

housing stock damage, distribution, 62

sudden on-set hazard, 44, 50

Fatehpur Sikri, abandonment of city of, 12
Federal Emergency Management Agency (FEMA),
65, 151
femininity, and migration decisions, 218
Fiji, organized relocation case study, 156—158
cultural considerations, 157
in situ adaptations, 157
Planned Relocation Guidelines (PRG), 156
relocations, experience, 157
Standard Operating Procedures (2020), 156
flooding
catastrophic, regions of, 59
El Paso-Ciudad Juarez region (2006), 60
expected, and labor migration, 86
exposure rise, 60
extreme, 86
flash, and forest clearance, 58
flash, in arid regions, 84
Hurricane Harvey, 67
and labor migration, 86
risk, cyclone duration, 69
risk, growing, 85
rivers, causes, 84
types, 86
unexpected, 85
floodplains
definition, 62
farming, and risk of annual flooding, 86
flooding of, causes, 84
urban development in, 66
flood-prone locations, 137
flood-related displacements, risk of, 85
floods. See also flooding
causes, 83
definition, 83, 241
extreme and migration and displacement,
response, 88-91
extreme and population displacements, 86
migration and displacement patterns, regional
variations, 85
migration, regional responses, 89-91
vulnerabilities, Asian countries and US, 84
forced migration, 241
forest clearance, flash flood risks, 58
fossil fuel economy, transition away from, x
Fourmile Canyon fire (CO, 2010), 129
France, headscarves ban, 35
freedom of movement agreements, 213
future moves, climate-related key factors, 2

gender and sex, differences, 218

gendered expectations, 218

gender-related migration, 37

general circulation models (GCMs), 174

geological processes, mean sea level change,
cause for, 132

geomorphological processes, flood risk, 141

geomorphological processes, mean sea level change
cause for, 132
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geotechnical hazards, 198
German development agency, 156
global “compacts”, xii
global climate patterns, fluctuations, 9
Global Compact for Safe, Orderly, and Regular
Migration (GCM)
achievements and success outlook, 207
climate-related objectives, 207
objectives, 206
Global Compact on Refugees, 196
Global Compacts, 207
Global Flood Monitoring Program, 84
global temperatures, average
critical thresholds, 230
deviations from mean (1850-2024), 20
historic (1850-2024), 55
increase, and rising displacement risk, 85
rise, 18, 20
rise, and emission control, 19
rising, due to anthropogenic GHGs, 95
in Southeast Asia, during El Nifio, 10
global warming
additional warming by 2100, under RCPs, 53
average soil moistures, projected changes, /02
definition, 241
in excess of 2 degrees Celsius (UNFCCC),
consequences, 53
and GHG emissions forecasts, 53
and GHGs, ix
measuring, 55
government regulations, on mobility and
migration, 38—42
gravity models, 180-181, 241
Great Depression (1930s), migration during, 31
Great Plains (US), migrant outflow (1930s), 43
Great Recession (2007-2008), immigration to US
during, 31
Greater Cahokia (indigenous settlements),
abandonment, 12
Green Climate Fund, 194
greenhouse effect, 16
greenhouse gas emissions
anthropogenic, 13
control, 2
Paris Agreement on, Xi
reduction, x
greenhouse gasses (GHGs)
anthropogenic, 241
concentration, historical fluctuations, /6
definition, 16
global warming, ix
gridded data, use of, 174
ground truthing, 180
Groundswell Report: Preparing for
Internal Climate Migration (World Bank),
165, 180, 198
Guiding Principles on Internal
Displacement, 208
Gulf Stream, 234

Index 317

habitability
climate conditions and hyperthermia risk,
relationship, 123
long-term, 123
project future, 124
temperature-related thresholds, and migration, 125
Hadley cell, 88
hazard events
gradual onset and impact, 95
migration responses, types, 68
reconstruction scenarios, 152
sudden-onset, 24
temperature-related and other types, comparison
studies, 121
Hazard Mitigation Assistance grants, 151
hazard protection, pre-emptive approach, 152
hazards, 24-25
cascading, 25
definition, 21
and displacements, 5, 56
geotechnical, 198
slow-onset, 24
sudden-onset, 24
“healthy migrant effect”, 224
heat waves, health impacts, 121
homesteading, 112
hot spot analysis, geographical areas, 165
households
driving migration decisions, 29
led adaptations, examples, 23
as migration key decision-maker (NELM), 32
risk management, mixed method study, 188
status, and mobility, 45
Housing and Urban Development, 151
hukou, 41
Hulhumalé, artificial island, 145
human-caused disasters, 198
humanitarian visas, environmental disasters, 215
hundred year flood risks, global exposure, 62
hundred year floods, discussion, 62—63
Hurricane Dorian, 25
Hurricane Harvey (2017)
catastrophic flooding, causes and response, 67
impact on subsidized housing, Houston (TX), 61
recovery period, 73
Hurricane Irma (2017), 75
Hurricane Katrina (2005)
displacement, duration, 72
evacuation period, 72
lessons from, 74
recovery period, 73
and temporary migration, 44
Vietnamese community, support by, 64
Hurricane Maria (2017)
anthropogenic contribution to features of, 78
characteristics, 75
Dominica, response and migration pattern, 77
household migration response, 77
impact on Puerto Rico, 33, 75
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Hurricane Maria (2017) (cont.)
Puerto Rica to Continental US, study of
migration, 75-77
recovery and reconstruction, 75
recovery period, 73
Hurricane Mitch (1998), relocations, 73
Hurricane Sandy (2012), buyouts, 149
hurricane ties, use, 61, 62
hurricanes. See also tropical cyclones; and
named hurricanes
Caribbean region, likelihood, 69
deaths in US, 64
naming of, 70
Saffir—Simpson scale, sub-classification, 70
hydrological droughts, 98
hyper-arid (desert) areas, 96
hyperthermia risks, 123

illegal migrants, use of term, 39
immigration
definition, 241
deterrent, 35
rules, violation and enforcement, 41
and settlement policies, at national level, 214
immobility. See also involuntary immobility;
voluntary immobility
climate-related, definition, 6
definition, 5, 242
in situ adaptations
definition, 242
households, reactive responses, 67
and persisting hot/dry conditions, 95
types, 23, 48
in situ, use of, 66
incorporation
acceptance and integration, challenges, 34
meaning, 34-35
process, 34
India, annual droughts, 98
Indian meteorological agency, storm sub-
classification, 70
Indian Oceans, example of risk concept, 21
Indigenous knowledge, xiii
Indigenous peoples, 222-223
ability to adapt, 222
climate-related migration, 222
coastal communities, relocation, 149
colonial-style removals, 41
co-production of knowledge, 222
and cultural heritage, 222
dispossession of Arctic, 147
forced displacement to higher
climate risk areas, 222
forced movement, and
adverse mental health, 223
Great Plains, forcible displacement (1800s), 112
knowledge use in studies, 185
MSLR impact, 148
place attachment, 223

indigenous settlements (Greater Cahokia),
abandonment, 12
individual-led adaptations, examples, 23
inhabitable atolls, MSLR risks, 136—137
institutional decision making, siloed approach, 189
Intergovernmental Authority on Development
(IGAD), African free movement agreement, 213
Intergovernmental Panel on Climate Change (IPCC)
average global temperature rise thresholds,
effects, 19
MSLR projection, 135
report preparation, 23
report summary for policymakers (SPM), 24
risk, definition, 21
role of, 23-24
standard emission scenarios, 52
standard terminology, use of, 52
2023 Synthesis Report, impact on people, ix
2022 Working Group II Assessment Report, 6
Internal Displacement Monitoring Centre (IDMC),
2,55, 169
internal displacements, 242. See also specific
agencies and organizations
camps, 92
Hurricane Maria, 77
IOM data collection, 170
root cause elimination, 212
UNHCR estimates, Somalia, 170
internal migration
definition, 242
future estimate, gravity models, 180
rates, 100, 163
Internally Displaced Persons (IDPs), 205
definition, 208
definition, Kampala Convention, 212
displacement protection, 208
humanitarian assistance, right to, 208-210
international agreements, non-binding, 200
International Civil Aviation Organization, passport
standards, 39
International Convention on the Protection of the
Rights of All Migrant Workers and Members of
Their Families, 209
International Covenant on Social and Political
Rights, 206
International Federation of Red Cross and Red
Crescent Societies, 196
International Food Policy Research Institute (IFPRI),
climate/disaster-related data, 170
international human rights agreements, 209
international human rights decisions, xii
international law, states’ immigration rights, 39
international migration
Bangladesh restrictions for women, 218
definition, 242
effects of droughts on, 175
extreme weather events, 183
gender differences, 219
growing feminization, 217
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and increasing temperature, 125
patterns, changing, 105
policy issues, 206
post-floods, 89
restrictions, 31
International Organization for Migration (IOM),
2,169, 196
intersectionality concept, 221
intertropical convergence zone (ITCZ), 88
Inuit settlements
expansion during MWP, 10
Little Ice Age impact on, 12
involuntarily immobile, 83
involuntary displacements. See also displacements
by climate-related disasters, xii
and compacts, xii
and immobility, xii
global, 1
global assessment, diagnostic steps, 58
involuntary immobility, xii, 5, 190, 199
definition, 47
SDG goals, 201
involuntary migration, 5, 242
involuntary non-migration. See immobility
IPUMS, climate-related migration data, 171
irregular migration, 39, 106, 242
ITCZ (intertropical convergence zone), 88

Jakarta, increasing flooding exposure, 60

Kampala Convention, 212

key terms, climate-related definitions, 4-6
Kyoto Protocol, 200

Kyoto Protocol (3rd COP), 193

La Nifia phase, 10

landslide risk, cyclone duration, 69

large scale movements, due to MWP, 9-11
“Laws of Migration, The” (Ravenstein), 27
Least Developed Countries (LDCs), 197
Little Ice Age, impact examples, 11
logistic regression, 177

Loss and Damage Fund (COP, 2023), 3
Loss and Damage Fund (COP 28, 2022), 197
Loss and Damage Fund (UNFCCC), 161
low elevation coastal zone, 141

MacArthur Foundation, 210
machine learning (ML), 178180, 242
complexity and interpretability, /79
examples, 179
machine learning, complexity and
interpretability, /79
random forest algorithm, 179
macro-level processes, driving migration
decisions, 28, 29
mainstreaming, 214
maladaptation, 242
Maldives, flooding protection actions, 22

Mali empire collapse, 12
managed retreat, 147, 151. See also planned relocations
definition, 242
mangroves
coastal settlement protection, 58
importance, 139
Tampa (FL), 139
Manila, increasing flooding exposure, 60
marriage-related migration, 36
masculinity, and migration decisions, 218
Mauna Loa (HI), weather observatory, 17
Mayan empire, MWP impact on, 11
Mayors Migration Council, 215
mean sea level changes, physical processes
causing, 132-134
mean sea level rise (MSLR)
Arctic air, positive feedback loop, 134
Arctic Ocean ice sheets, effect on, 134
Atoll states protective infrastructure, cost, 145
autonomous relocation and trapped population, 159
Bangladesh, climatic risk, 160
causes, 131
coastal areas at flooding risk, population
estimation, 142—-144
coastal areas impact, categories, 137
and coastal habitability, 131
coastal marshes and mangroves, loss, 138
coastal permafrost erosion, 138
committed warming, 135
dams and reservoirs, large-scale construction, 134
elevation above sea level, 141
erosion rates, impact on, 138
extreme sea level, 135
flooding risk, exponentially growing, 138
and GHG emission control, 134
glacier meltwaters, 133
hazard types, construction of, 142
high-end scenario, low GHG emissions, 135
in situ adaptation options, 144—146
key factors in risk estimation, 140-142
key phenomena for, 133
Maldives, protective infrastructure, 145
people protection, engineered infrastructure, 147
physical impacts, economic toll, 140
planned relocation, 147
planned relocations, categories of challenges,
149-154
protective infrastructure, building construction, /46
protective infrastructure, cost, 145
protective infrastructure, nature-based
solutions, 145
rate of post-glacial isostatic rebound, 135
relocations, government-initiated, 149
risk, and population changes, 142
saltwater intrusion, into coastal groundwater
reserves, 140
school on stilts, Grand Isle (LA), 146
thermal expansion, 134
underground water tables, rising, 140
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Medieval Warm Period (MWP)
Anasazi cliff dwellings, impact on, 11
in Asia, 11
global impact, 9-11
impact on Mayan empire, 11
meteorological droughts, classification, 98
meteorological elements, 8
methane (CHy), 18
atmospheric concentration, rise of, 18
emissions, anthropogenic sources, 18
infrared radiation interference, 14
Mexican Migration Project, researcher’s survey, 171
Mexican workers, undocumented. See under drought
migration responses
migrant agency
climate-related migration within, 207
gendered influences, 219
migrants
categories, labels of, 27
definition, 5
international networks, 33
in Okie-towns, 34
retirees, 122
smuggling organizations, caravans, 41
undocumented, 39
migration. See also climate-related migration
as adaptation, 23, 48
amenity-seeking, 122-123
background, 103
to California (1930s) and integration, 34
categories, labels of, 27
circular, 101
and climate hazards, relationship, 163
colonialism, legacies, 41
connected processes, 48
and culture, relationship, 35-36
cultural influences, 35-38
decisions, changes over life course, 37
decisions, gradual hazards in low- and middle-
income countries, 96
definition, 1, 4, 26, 242
desertification, cause for, 120
and drought, relationship (studies), 163
during Great Depression (1930s), 31
economic processes influencing, 30-32
environmental influences, 44
environmental influences, non-climatic, 42-44
forced, 241
gender-related, 37
government influences, policies and practices, 41
government regulations, 38
due to hazard event combinations, 96
household decision characteristics, 45
human implications, 26
irregular, 39
and life stage, underlying reasons, 36
location and technology attraction, 43
long- and short-term, 44
long distance, rural drylands, 101

macro-level processes, household decisions, 45
management, international collaboration, 206
marriage-related, 36
normal, 103
outcomes, diversity of, 28
potential vs. higher levels of, 68
and risk association, 26
rural-to-urban, 37
rural-urban, drivers, 30
seasonal flood-related, Asia, 87
shift and air conditioning, 122
social networks, benefits, 33
or stay, agency and decision, 46—47
temporal and spatial characteristics, 29
threshold of dissatisfaction, 231
youths, motivation, 36
migration behavior
NELM, 32
political factors and processes influencing, 38
migration decision-making process, outcomes, 47
migration decisions
context specific economic considerations, 31
macro-level processes driving, 29
social and economic considerations, 33
migration patterns
changes, gradual hazard events, 95
and educational opportunities, 38
influences on, 30-31
migration processes, function of, 26
migration research, origins of modern, 27
migration response, main dryland regions
Africa, 103
background migration, 103
migration scholarship, “add and stir” approach, 220
migration-as-adaptation, 242
Milankovitch cycles, 8
mitigation, 242
mobility
definition, 4, 242
government regulations, 38
and statelessness, 40
modeling, weather events. See also agent-based
modeling (ABM)
climate change and migration,
variety of results, 165
climate-migration dynamics, 176
environmental migration, 176
future climate change data, 166
GCMs, 174
gravity models, 180181
internal migration, future estimate, 180
migration response, Burkina Faso, 182
MSLR projections, 141
multinomial models, 177
OLS regression, 177
prediction and projection, 165
projection of future, scenarios, 166
regression analysis, 176
simulation model, Bangladesh, 182
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slow-onset climate hazards, data sources, 24
slow-onset data sources, 162
monsoonal climates, Aridity Index, 97
monsoonal precipitation
cycle, and crop cultivation, 87
regimes, flooding, 86
monsoons, types and drivers, 88
multicultural communities, 34
multinomial models, 177
MWP, Scandinavian Norse (Vikings) migration, 10
Myers, Norman, on environmental unknowns, 234

NAFTA (North American Free Trade Agreement),
Mexican citizen work permits, 31

named storms, sub-classification, 70

Nansen Initiative, 210

Nansen, Fridtjof, 211

“nationally determined contribution” (NDC), under
Paris Agreement, 195

national adaptation plans (NAPs), under NFCCC, 214

national governments, flexible immigration
channels, 214
natural gas (methane), 18
natural hazards, 24
exposure rates, minority- and gender-related, 63
research of storm impacts, regional contrasts, 64

nature-based solutions, protective infrastructure, 145

new economics of labor migration (NELM), 32
New York Declaration for Refugees and Migrants
(2016), 207
New Zealand mudslides, 58
nitrous oxide (N,O)
atmospheric concentration, sources, 18
infrared radiation interference, 14
nomadic pastoralism, 100
non-climatic hazards, 25
non-refoulement, principle of, 206
normal flooding, 86
North American Free Trade Agreement (NAFTA),
Mexican citizen work permits, 31
Norwegian Refugee Council, 55

oceans. See sea level changes; sea surface temperatures

OECD Migration Database, 169

Okie-towns, 34

ordinary least squares (OLS) regression model, 177

Organisation of African Unity (African Union), 211

Organisation of Eastern Caribbean States (OECS),
freedom of movement agreements, 213

outdoor work, and high temperatures, 124

out-migration, reasons, 68

Pacific Access visa, 215
Pacific Ocean, example of risk concept, 21
Pakistan floods, case study, 91-92
Pakistan, rural
annual floods, resettlements, 86
deltaic and river floods, migration, 87
drought migration responses, 107
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out-migration, and extreme heat event, 121
Pakistan, temperature and migration, correlation, 163
Palmer Drought Severity Index (PDSI), use, 99
pandemics, 198
Paris Agreement (2015), xi, 19, 195
pastoral livelihoods, geographical areas, 101
pastoralism, 100, 242
pastoralist lifestyle, and integration, 36
pastoralists, and risk of climate change, 101
people movements

climate-related reasons for increasing, 2-3

individual’s decision factors for, 28

reasons for, 27-28
People’s Republic of China

floating population, 41

household registration (hukou), 41
PET (potential evapotranspiration rates), 96
photosynthesis

seasonal effects, 17
photosynthesizing phytoplankton, carbon sink, 17
Pineapple Express, 93
place attachment

Indigenous peoples, 223

measurement of, 83

in post-disaster decision-making, importance, 83
Planned Relocation Guidelines (PRG), 156
planned relocations, 48, 147

decision makers, 152

definition, 243

financial costs, 149-151

legal and organizational challenges, 151-153

social and economic implications, 153
Platform on Disaster Displacement, 196, 211
policy considerations, national level, 214-216
policy making, siloed approach, 189
populations

geographical expansion and climate change

process {climatic?}, 7

movement controls, in-state, 41

trapped, 47
post-disaster scenario, reconstruction, 152
potential evapotranspiration rates (PET), 96
precipitation-induced mudslides, in

low-income countries, 90
pre-emptive approach, hazard protection, 152
pre-industrial period, definition, 55
pre-industrial temperatures, 18
protocols, 200
push and pull

concept (Ravenstein), 27

factors, 6
p-values, statistics, 164

radiative forcing, RCP numbers, 53

rapid-onset event, 243

rapid-onset hazards, 24

“ratcheting up” process, Paris Agreement (2015), 195
Ravenstein, E. G., 27

RCP 2.6, IPCC low-emission scenario, 52, 53
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RCP 2.8, IPCC high-emission scenario, 52, 53
recipient cities, 226
recovery period, 73
reef-building corals, sensitivity to ocean
temperatures, 136
refugees
claimants, 205
definition, 243
definition in Cartagena Declaration, 213
refugees and climate change, interaction studies
(UNHCR), 204
treatment of, 204
UN definition, 203
regression analysis, 177
regression analysis models, climate-related
migration, 176
regression-based analysis methods, /78
relocation, 243
relocation costs, funding sources, 150
remittances
adaptation facilitation, 26
Bangladeshis, abroad, 160
climate hazard responses, 32
definition, 243
household status, 36
importance of, 32
representative concentration pathways (RCPs)
additional warming by 2100, 53
future climate change, data for modeling, 166
resilience
development, 207
housing, 62
investments in, 199
wildfires, 127
retiree migrants, number estimates, 122
return migration
definition, 243
to family farms, 115
Hurricane Maria, after, 73, 76
Nepal, 108
risks
climate-related, intersection of key components,
21,22
climate-related, key components, 21
definition, 21, 243
displacement, 85
estimation key factors, 140-142
exposure, key factors, 84
extreme weather, 51
to humans, 48
and migration association, 26
response decisions and revisions, 50
wildfires, 127
rural drylands, long distance migration, 101
rural-out migration, poverty driven, 87

Saffir—Simpson scale, 70
scale of analysis, 164
Schengen Agreement (European Union), 31, 213

Index

sea level changes. See also mean sea level rise (MSLR)
climate change-related rise, 58
definition, 243
ice and interglacial periods, 133
MWP, Europe, 9
physical processes causing, 132-134
rate of rise, 19
sea salinity, and agricultural productivity, 140
sea salinity, increasing, 131
sea surface temperatures
anthropogenic warming and, 78, 131
average global, rise in, 78
and Coriolis effect, 69
cyclone formation, 69, 78
La Nina effect, 10
rise, due to GHGs, 131
threshold, 231
seasonal droughts (India), 98
seawater acidity, 131
self-reported climate data, 173
semi-arid areas, 96
Sendai Framework for Disaster Risk Reduction,
191, 198-199, 206
settlement patterns, historical, 7
sex and gender, differences, 218
Shared Socio-economic Pathways (SSPs), 141
significance threshold, statistics, 164
siloed approach, policy and decision making, 189
Sixth Assessment Report (AR6), xiv, 23
slope failure risk, forest clearance, 58
slow-onset climate hazards, 24. See also
climate hazards
data sources and modeling, 162
migration, Groundswell reports, 181
US federal government non-support, 148
snowbird migration, 43
snowbirds, 122
socio-economic drought, characteristics, 98
socio-economic pathways (SSPs), 166
solar energy, effects of temporary variations, 9
Sonoma County wildfire (CA, 2017), 129
SSP/RCP scenarios, and high wet bulb
temperature, 124
SSPs (Shared Socio-economic Pathways), 141
Standard Operating Procedures (2020), 156
Standardized Precipitation Evapotranspiration Index
(SPEI), use, 99
stateless, reasons, 40
statements of intentions, 200
statistical significance, 164
storms. See also extreme storms
climate change effects on, 81
damage, home construction susceptibility to, 61
displacement and migration process, 71-73
evacuation alerts and orders, stage one, 72
recovery period, stage three, 73
temporary displacement, stage two, 72-73
stratospheric ozone depletion, and CFC
production curb, 236
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sudden-onset hazards, 24

Sun Belt states migration, 44

super typhoons, 70

supercells, formation, 79

surveys, biases and errors, 175

sustainable development, 200

Sustainable Development Goals (SDGs), 198, 201
focus areas, UN set, 202
pathways to achieve targets, 201-203

synergistic outcomes, threshold effect (Myers), 234

Task Force on Displacement (UNFCCC),
members, 191
temperature anomaly, definition, 18, 55
temperatures, average
above, and drought risk, 52
during MWP, 9, 11
increase, due to rising GHGs, 18
pre-industrial, 19
rising, slow-onset hazard, 24
temperatures, excessively hot
adaptation responses, 125
energy demands, 125
and migration, 124
socio-economic impacts, 125-126
temporary migration
Africa, 104
definition, 244
flood damages, 89
Vietnam, 173
Temporary Protected Status (TPS), climate-related
displacement, 214
Thames Barrier (London, UK), cost, 144
Theory of Planned Behavior (TPB), 183
thermohaline circulation, abrupt shutdown, 234-235
threat multiplier effect, 119
threshold effects (Myers), 234
threshold of dissatisfaction, 231
Tornado Alley, 62, 79
tornadoes. See also derechos; storms
areas of formation, 79
characteristics, 79
climate change effects on, 81
death rates (US), 62
demographic characteristics, 82
housing units in exposed areas, rising rate, 81
long term effects, on area population, 82
media attention, 82
Moore, OK, 83
size and duration, 80
and supercells, 79
warning time, 80
transhumance pastoralism, 100
transnational communities, 33
trapped populations, 47. See also immobility
definition, 244
and MSLR, 159
tropical cyclones. See also hurricanes; typhoons
anthropogenic climate change, effects on, 78

categorization and nomenclature, 70-71
categorization scales, 70
conditions for, 69
death rates, 65
extreme events, for communities, 71
formation, 78
migration/displacement patterns, stages in, 71-73
naming of, 70
path, chance of being in, 69
regions exposed to, path map, 7/
sub-classification, 70
tropical storms, classification, 70
2021 Working Group I Report sudden
on-set events, 52
2022 IPCC Working Group II Assessment Report, 55
Type 1 error, statistics, 164
typhoons, 70
categorization scales, 70
naming of, 70
super, 70

UN Convention to Combat Desertification, on risk
of desertification, 98
UN Department of Economic and Social Affairs
(DESA)
Population Division, demographic projections, 141
population growth, plateauing, x
UN Development Programme (UNDP), 196
UN Global Compact on Migration, 196
UN Office for the Coordination of Humanitarian
Affairs, internal displacement data, 170
UN Refugee Convention, 200
UN Sustainable Development Goals, x
undocumented migrants, 39
UNHCR Refugee Data Finder, 168
United Nations 1951 Refugee Convention
change of, impracticality, 204
IDPs, protection, 208
refugee and asylum claimants, 205
refugee definition, 203
United Nations Convention Relating to the Status of
Refugees (1951), 5, 240
United Nations Environment Programme
(UNEP), creation of IPCC, 23
United Nations Environment Programme
report (1985), 117
United Nations Environment Programme
report (2008), on Darfur drought, 117
United Nations Environment Programme,
Aridity Index, 96
United Nations Framework Convention on
Climate Change (UNFCCC), 3, 6
challenges, 192
climate-related loss and damage funds,
low-income countries, 197
COP23 (2017), 193
facilitate adaptation actions, 192
GHG emission mitigation actions, 192
international climate policy aspects, 191
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UNFCCC (cont.) global displacement risk, diagnostic steps, 58
Kyoto Protocol (3rd COP), 193 hazard exposure rates, people, 62
Loss and Damage fund, 151 high- and low-income countries, impact contrast, 65
Loss and Damage fund (2022), Bangladesh, 161 homes lost or damaged, and relocation, 60
objective, 192 household migration decisions, 68
signatories, 192 impact types, 68
terminology, negotiation process, 52 increase, consequences, 53
Cancun COP (2010), adaptation priority, 194 residential location patterns, and risk, 59
Warsaw COP (2013), executive committee rich and poor neighborhoods, contrast of impact, 60
tasking, 195 rise, and rates of population increase map, 56, 57
United Nations High Commissioner for Refugees and risk of involuntary displacement, 58
(UNHCR), 39, 169, 196 and social inequality, 62—63
Universal Declaration of Human Rights (UDHR), socio-economic consequences, 51
key agreements, 209 vulnerabilities to, of population groups, 64
Universal Declaration of Human Rights (UN), 208 weather, definition, 8
University of Neuchatel, xi wet-bulb thermometer, measurements, 123
unknowable unknowns, research and discovery in wet-bulb 35°C threshold, 123-124
climate change, 237-238 wetlands filling, and flood risks, 58
urban drought risk, 115-116 White House, climate change implications for
US Army Corps of Engineers, 151 migration study, 214
US Census and American Community wildfires
Survey reports, 171 air pollution, 127
and average temperature rise, 230
variables, temporal connections, 172 “Black Summer” (Australia), displacements, 130
vegetative (agricultural) droughts, 98 displacement dynamics, 127
volcanic activity fluctuations, effects on displacement risks, areas of great, 127
global climate, 9 displacements in low-income countries, study, 130
voluntary immobility, 5. See also effects on migration and borrowing, 129
immobility; involuntary immobility Fort McMurray (Alberta, Canada),
definition, 46, 83 displacement study, 128
paradox of, place attachment, 83 future risk elevation, factors, 127
place attachment, 223 as migration drivers, 126
voluntary migration, xii, 47, 244 resilience, 127
vulnerabilities temporary vs. long-term displacement,
definition, 21, 244 studies, 128-130
population groups to extreme weather, 64 and vegetative cover, rejuvenation and
vulnerable cities, 226 revitalization, 126
World Bank, 198
warming trajectories, importance of future, 19 hundred-year flood risk study, 62
Warsaw COP (2013), people displacement projection by 2050, x, 2
executive committee tasking, 195 World Bank Global Bilateral
Warsaw International Mechanism, 195 Migration Database, 169
Warsaw International Mechanism for World Commission on Environment and
Loss and Damage, 195 Development, 200
water vapor as a GHG, 16 World Meteorological Organization (WMO)
weather and climate, distinction, 8 definition of weather, 8
weather events, extreme meteorological systems,
amplifying factors, 64 improved access, 65
death rates, severe storms, 64 storm naming protocols, oversight, 70
definition, 241
definition, difficulty of, 60 Yangtze River Basin, case study of changing
displacement/migration, factors for growing, 68 flood risks, 92-93
effects on low- and middle-income YOUNGO (Children and Youth Constituency of the
populations, 59 UNFCCCO), 196
effects on people, 51 youth migration, motives, 36
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