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The terms defined in the glossary are in bold type.
abrupt change, 209, 221, 279-81 bipolar seesaw, 223, 225. See also meridional
advection equation, 106 overturning circulation
aerosol, 49, 99 black body
direct effect, 139 response, 146, 148
dust, 116, 137, 221 black carbon, 137, 139, 251. See also aerosol
forcing, 137-40 Bolling-Allered interval, 225
indirect effect, 139 boundary condition, 75, 95
scenario, 247 Boussinesq approximation, 87
semi-direct effect, 139 Bowen ratio, 51
sulphate, 137 box model, 79
volcanic, 142 Stommel, 158
aerosol-cloud interaction, 139 bucket model, 94
aerosol-radiation interaction, 138
African Humid Period, 228 C grid, 108
age model, 200 calcium carbonate, 64. See also solubility
albedo calcite compensation depth, 171
cryosphere, 24 lysocline, 171
planetary, 30, 42 saturation horizon, 170, 172
surface, 27t1.3, 94 calcium carbonate compensation, 169-72, 273
vegetation, 26 canopy, %4
alkalinity, 62, 169, 220, 273 carbon dioxide, 58. See also solubility
analysis, 125 airborne fraction, 59
annual layer counting, 199 aqueous, 61
anomalies, 122, 182 Cenozoic, 208
Antarctic bottom water, 14, 15, 18 concentration doubling, 144
Antarctic circumpolar current, 12, 208 deglaciation, 225
Antarctic intermediate water, 18 fertilisation effect, 163, 220
aphelion, 36 flux between ocean and atmosphere, 59
aragonite, 272 forcing, 136
astronomical parameters, 211-14, 230 glacial periods, 219
dominant periods, 218 last century, 58, 237
astronomical theory of paleoclimates, 217, 225 next millennia, 273
Atlantic Multi-decadal Oscillation, partial pressure, 60
188-89, 267 Phanerozoic, 205
index, 190 Precambrian, 203
Azores high, 9 saturation effect, 136
scenario, 249
B grid, 108 carbon uptake, 59, 270, 272
bedrock, 22, 25, 99 carbonate, 61, 62
bias carbonate equilibrium system, 61
constant, 121 carbonate pump, 64, 170, 220
correction, 85, 125 carbonic acid, 61, 62
model, 83, 114, 118, 239, 253 chlorofluorocarbons, 137, 251
non-stationary, 123 Clausius-Clapeyron equation, 3, 57, 151, 263
bicarbonate, 61, 62 climate feedback factor, 147
biome, 27, 95, 164 climate feedback parameter, 143, 149, 152, 166
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albedo, 154
clouds, 156
lapse rate, 153
sign, 143, 147
water vapour, 152
climate model, 73
climate resistance, 151
climate sensitivity parameter, 143
climate system, 1, 243
chaotic nature, 179, 255
predictability, 256
sensitivity to small perturbations, 234
climate-carbon feedback parameter, 166
climatic precession, 211, 213, 453
dominant periods, 213
cloud, 33, 42, 49, 57
cloud radiative effect, 155
cloud radiative forcing, 155
computer model, 73
computer time, 76, 80, 81, 82, 100, 103,
105, 248
concentration-carbon feedback parameter, 166
conduction flux, 52
conservation of energy, 86, 105
conservation of mass, 86, 104
continentality, 10, 25, 46, 207
continuity equation, 86
convection, 4, 7, 158
moist convection, 5
Coriolis force, 7, 85, 93
cosmic ray, 197, 231
Coupled Model Inter-Comparison Project,
117,253
Courant number, 107
Courant-Frederichs-Lewy condition, 107
cyclone, 10, 187

Dansgaard-Oeschger event, 221, 225
data assimilation, 125-30, 257
background state, 127
Ensemble Kalman filter, 129
innovation, 128
observational increment, 128
optimal interpolation, 129
particle filtering, 130
sequential, 128
univariate method, 129
variational approach, 130
Deccan traps, 205, 209
deforestation, 140, 168
dendrochronology, 199
detection and attribution method, 240
detritus, 63
diffusion, 90, 96
diapycnal, 90
equation, 106
isopycnal, 90
numerical, 104, 107
dissolved inorganic carbon, 61, 163, 220

Index

drought. See also soil, drying; moisture
availability

dry air composition, 2

dry static energy, 48

dynamic global vegetation model, 95

dynamical downscaling, 84

Earth model of intermediate complexity, 77,
80, 1624.18
Earth system, 2
Earth system model, 76, 271
Earth system sensitivity, 145
eccentricity, 36, 211, 213
dominant periods, 213, 219
ecliptic plane, 38
eddies, ocean, 12, 48, 91
effective emission temperature, 31
effective radiative forcing, 134
8.2 event, 227
Ekman transport, 13, 15
El Nifio . See also El Nifio-Southern
Oscillation
El Nifio—Southern Oscillation,
185, 267. See also modes of
variability
Nifio 3.4 box, 184
Southern Oscillation index, 184
emissivity, 34
energy balance
surface, 52
top of the atmosphere, 30-32, 133, 143
energy-balance model, 77, 79
energy transport, 47-49, 157
atmosphere, 47, 189, 262
horizontal, 43
meridional, 47
ocean, 47, 161, 223, 225, 263, 266
ensemble of simulations, 117, 234, 253-55
ensemble mean, 119, 253, 255
ensemble member, 234, 254
multi-model ensemble, 253
equation of state
atmosphere, 86
ocean, 11
equatorial plane, 38
equilibrium climate sensitivity, 116, 143, 144, 149,
206, 241
error
absolute, 119
initial state, 255
instrument, 126
observation, 114
representativeness, 114
root-mean-square error, 114
truncation, 103, 105
Eulerian description, 86
evapotranspiration, 26, 56. See also latent heat
potential, 56
extreme event, 125, 254, 268-69
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feedback, 142 forcing, 135-37
albedo, 154, 204, 262 last glacial maximum, 219
biogeochemical, 168 scenario, 247
biogeophysical, 168, 228 Gulf Stream, 12
Bjerknes, 183 gyres, 12
climate-carbon, 164, 167, 270
cloud, 145, 157 Hadley cell, 7, 8, 10, 48, 265
cloud top, 156 halocarbons, 135
concentration-carbon, 270 heat capacity, 45, 149, 150. See also thermal
direct physical, 145 inertia
ice sheet, 155 heat storage, 43, 46, 51, 236
kernel method, 152 heat transport. See also energy transport
lapse rate, 146, 152-53, 262 heat uptake, 149, 150, 151, 272, 273
methane, 168, 210 ocean heat uptake efficiency, 151
ocean advective, 158 Heinrich event, 222
permafrost, 167 Holocene, 216, 227
Planck, 146 Holocene thermal optimum, 227
salinity advection, 158 hour angle, 39
sea-ice growth thickness, 155 humidity. See also relative humidity;
snow-and-ice-albedo, 154 specific humidity; saturation vapour
soil moisture, 158, 269 pressure
surface albedo, 145 humus, 65
temperature-albedo, 154 hydrate, 69, 167
tundra-taiga, 168 hydrostatic equilibrium, 3, 11, 45, 86
water vapour, 145, 152, 156 hydroxyl radical, 68
weathering, 172, 206, 273
feedback gain, 147 ice rafted debris, 222
Ferrell cell, 8 ice sheet, 20, 22
fingerprint, 240, 241 Antarctica, 208, 209
optimal fingerprint method, 241 dynamics, 98
finite difference, 101 equilibrium line, 98
finite element, 109 Greenland, 208, 236
finite volume, 108 grounding line, 280
fire, 66, 95, 279 Laurentide, 227
forcing, 75, 178. See also effective marine ice-sheet instability, 280
radiative forcing, radiative forcing sea level, 23, 25, 276
agents, 134 thermodynamics, 98
anthropogenic, 115, 135, 238 ice shelf, 22, 98, 224, 276
efficacy, 144 icehouse, 208
instantaneous, 133 Icelandic low, 9
natural, 115, 135, 238 ideal gas law, 3
response, 144 implicit scheme, 106
forward Euler method, 105 initial-value problem, 102
Fourier law, 52, 88 initialisation, 123, 179, 256, 258
insolation, 211
general circulation model, 76, 82 daily, 41
geostrophic equilibrium, 8, 93 top of the atmosphere, 39-41
geothermal heat flux, 30, 43, 98 interglacial, 216
glacial-interglacial cycle, 214 last interglacial, 216
100-ka period, 219 Intergovernmental Panel on
glaciations, snowball Earth Climate Change, 117, 222,
Carboniferous-Permian, 206 243, 248, 258
Marinoan, 204 internal variability, 114, 144, 178-80, 233,
Precambrian, 204 253, 255, 258. See also modes of
Quaternary, 216 variability
greenhouse effect, 32-35, 78 sensitivity to perturbations, 178
greenhouse gas, 33, 53, 58, 68, 99 inter-stadial phase, 221
contribution in recent Intertropical Convergence Zone, 8,
warming, 242 10, 222
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isotope, 197 model
carbon, 197, 202, 210, 220, 238 calibration, 112
cosmogenic, 197, 231 drift, 124

fractionation, 200
half-life, 197

hydrogen, 202, 216£5.25
isotopic thermometer, 201
oxygen, 200, 208, 211£5.20
radioisotope, 197

jet, 7

Kepler’s law, 36, 39
Kuroshio, 12

La Nina. See also El Nifio—Southern
Oscillation
Lagrangian description, 86
land use
changes, 59
forcing, 141
land-sea contrast, 260. See also continentality
lapse rate, 3, 6
adiabatic, 4
dry adiabatic, 4
saturated adiabatic, 4, 260
last glacial maximum, 216
boundary conditions, 116
latent heat, 4, 24, 46, 47, 50, 53
surface flux, 51
Lax-Richtmyer theorem, 104
Le Chatelier’s principle, 63
leaf-area index, 28, 166, 168
leapfrog scheme, 106
least-squares method, 126
length of the day, 40
little ice age, 230, 232, 233, 234, 235
low-order model, 79

material derivative, 86
mathematical model, 73, 101, 105
medieval climate anomaly, 230, 232, 234, 235
mega-droughts, 235
meridional overturning circulation, 14, 158,
190, 223, 225, 266, 279. See also
thermohaline circulation
metamorphism, 67, 205
methane, 58
cycle, 70
forcing, 136
glacial periods, 219
last century, 58
Paleocene-Eocene thermal maximum, 210
Precambrian, 203
production, 67
scenario, 250
mid-Brunhes event, 216
Milankovitch theory, 217
mitigation, 251, 258

dynamics, 87
physics, 87, 109
selection, 254
skill, 116
test, 110
validation, 110
Model Intercomparison Project, 117
model output statistics, 84, 125
modes of variability, 182, 233, 238, 255, 257,
267. See also internal variability
centre of action, 182
moisture availability, 260, 265
moisture-availability function, 94
monsoon, 9, 10, 227, 264

natural variability, 238, 242. See also internal
variability; forcing, natural
Newton’s second law, 85, 93
North Atlantic deep water, 14, 15, 18, 162f4.18
North Atlantic Oscillation, 18688, 267.
See also modes of variability
index, 186
North Pacific Oscillation, 187. See also modes
of variability
Northern Annular Mode, 188
nudging, 128
numerical grid, 73, 100
numerical instability, 104, 105, 107
numerical method, 101
consistence, 102
convergence, 104
stability, 104, 107
numerical model, 73, 101
numerical resolution, 73
nutrient, 18, 63, 94, 97, 164, 221
iron, 221
nutrient-phytoplankton-zooplankton-detritus
model, 97, 196

obliquity, 41, 211, 213, 91
dominant periods, 213, 219
observation operator, 127, 193
ocean acidification, 272
ocean circulation, 12, 48
multiple equilibriums, 161
ocean mixed layer, 17, 52
oceanic water transport, 58
outgoing longwave flux, 42
oxygen, 204
ozone, 68, 204, 268
forcing, 137
stratospheric, 6, 137
tropospheric, 137

Pacific Decadal Oscillation, 190. See also
modes of variability
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index, 191
Pacific North American pattern, 185
Pacific South American pattern, 185
Paleocene-Eocene thermal maximum, 209
Paleoclimate Modelling Inter-Comparison
Project, 117, 229f5.33, 231
paleoclimate reconstruction
analogue method, 194
archive, 192, 195
forward, 193
inversion problem, 193
multi-proxy, 194
proxy, 192
response function, 193
sensor, 192
parameterisation, 75
biogeochemical processes, 97
clouds, 89
convection, 88, 91
coupling, 100
eddies, 91
meridional transport, 80
overflow, 91
small-scale processes, 88, 90
peat, 65
perihelion, 36, 211, 213
longitude of, 39
permafrost, 22, 66, 70, 95, 167
photosynthesis, 17, 63, 64, 94, 163, 202, 204
phytoplankton, 17, 63, 97
blooms, 18
plant functional type, 95
plate tectonics, 208
polar amplification, 154, 261-63
pores, 55
potential temperature, 90
precession. See also climatic precession
prediction, 247, 255
mix of initial and boundary condition
problems, 255
persistence, 257
skill, 257
primary production
net, 138
projection, 247, 255
boundary-condition problem, 255
skill, 254
uncertainty, 258, 263

radiation . See also solar radiation
black body, 31
infrared, 31
longwave, 31, 50, 87
shortwave, 31, 87
visible, 30
radiative forcing, 133, 219, 248, 250, 273
radiative-convective model, 79
radiometric dating, 197-98
Raleigh distillation, 201£5.14

rapid event, 144, 229. See also abrupt change
reanalysis, 8f1.6, 119, 125, 179
reference state, 116
regional model, 82-83
relative humidity, 3, 151, 263
remineralisation, 63
resolution

spatial, 73
Revelle factor, 163
Reynolds decomposition, 87
river runoff, 57, 94

Sahara greening, 169, 228
saturation vapour pressure, 3, 151, 263
scenario, 247-52, 258
likelihood, 249
parallel approach, 248
representative concentration pathway (RCP),
248, 250-52
sequential form, 247
Special Report on Emission Scenario
(SRES), 247, 249-51
sea ice
brine rejection, 14
concentration, 20, 92
dynamics, 91
lead, 20, 92, 93
polynya, 20, 25, 92
thermodynamics, 91
thickness distribution, 92
sea level, 98, 216, 222, 278
sea water, 11
composition, 11
salinity, 11
standard, 11
season, 38, 41
sediment, 67, 69, 98, 169, 170, 194, 196
sensible heat, 47
surface flux, 51
sensitivity experiment, 76
doubling atmospheric carbon dioxide
concentration, 116
idealised conditions, 116
water hosing, 116
snow, 20, 24, 26, 92, 93, 236
snowball Earth hypothesis, 204
soft-tissue pump, 63, 170, 220
soil
carbon pool, 64
drying, 157, 221, 264, 265, 269
field capacity, 55
moisture, 54
permanent wilting point, 55
temperature, 93
water, 53
solar
constant, 30
declination, 39
forcing, 141
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solar constant. See also total solar irradiance
solar radiation
incoming, 30, 42
surface, 49
solubility
calcium carbonate, 170, 272
carbon dioxide, 62, 164
solubility pump, 64
South Pacific Convergence Zone, 10
Southern Annular Mode, 188-89, 267.
See also modes of variability
index, 188
spatial step, 101
specific humidity, 3, 6, 48, 263
spectral method, 109
stadial phase, 221, 225
state estimation, 125
statistical downscaling, 84
Stefan-Boltzmann law, 31, 42, 52, 146
stomata, 94, 164
storm track, 10, 189
stratigraphy, 200, 203f5.15
subduction, 67, 205
Suess effect, 238
Sun
distance to the Earth, 36
11-year cycle, 141
faint young Sun paradox, 203
surface temperature, 51, 143, 236, 258, 260

taiga, 28, 168
teleconnection, 182, 224, 267
temperature inversion, 4, 262
thermal expansion, 276
thermal inertia, 9, 227, 237, 257, 260, 261, 276.
See also heat capacity
thermocline, 182
permanent, 20
seasonal, 17, 20
thermohaline circulation, 14, 49, 91, 158, 266
time step, 73, 101
time scale, 182
astronomical parameters, 213
equilibrium, 149
ocean circulation, 15

Index

response carbon dioxide, 274
tipping point, 222
total solar irradiance, 141, 180, 230
Precambrian, 203
tracer, 96
trade winds, 7, 12
transient climate response, 150, 151
transient climate response to carbon
emissions, 271
true longitude, 38
tundra, 28, 168
Twomey effect, 139

upwelling, 15, 63, 189, 220
coastal, 13, 118
equatorial, 13, 183

varve, 199f5.13
verification, 110
vernal equinox, 38
volcanic
eruption, 67, 242
forcing, 142, 230
Pinatubo eruption, 142f4.7
von Neumann’s method, 104

Walker cell, 183, 265

warm pool, West Pacific, 16, 183

warmer-get-wetter, 265

water availability. See also moisture
availability

weather forecast, 128, 254, 255,
256, 258

weathering, 67, 169, 172, 204, 205

weathering-CO, thermostat, 172

westerlies, 8, 12, 46, 268

western boundary currents, 12, 49

wet-get-wetter, 263

wetlands, 65, 68

Wien’s law, 31

World Meteorological Organisation, 1

younger Dryas, 225

zenith distance, 37
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