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Individual glaciers, lakes and mountains are listed under these headings

Aboriginal Australians
antiquity of, 84
effect of climate on, 295-6, 319
use of fire, 87
abrupt events, 124-34, 162, 202, 217, 228,
320, 351-2, 354
possible causes of, 129-34
Adelaide, South Australia, 149, 182, 196, 197
Adelie Coast, Antarctica, 60
aerosol, 276-80
effect on atmosphere, 276-7
gas-to-particle conversion, 279-80
mineral dust, 278
sea salt, 277
size distribution, 277
volcanic, 129-31, 235, 245-6, 357, 358, 359
Africa
climatic fluctuations in, 161
cultural end-points, 319
former glaciation, 206
Lake Kivu, 125-6
monsoon rainfall, 185-7
Sahara, 164; glaciated, 206
Sahel, 161, 165-6
and standing waves, 5
South Africa rainfall, 161-2
tropics, 125
age determination, 53, 61, 67, 68, 76, 212-16
agriculture, 296-300, 332-3, 340
Agulhas Current, 35, 36
Agung volcano, Bali, 131, 263
air temperature
and pack-ice cover, 51
see also temperature
Alaska, 66, 67
CO, concentrations, 275
glacial record, 202, 210
Wrangell Mountains, 67
albedo, 15, 369
at 18,000 years Bp, 71, 113
of clouds and CCN, 235, 251, 280-2
desert, feedback mechanism, 238, 278
feedback effects, 210, 224
of ice and snow, 51, 210, 224
of land, 238
in models, 237, 247, 251, 263
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planetary, 11
reduction by soot, 134
Aletsch glacier, European Alps, 228
Alice Springs, Australia, 198
alkalinity of oceans, 206, 274
Allerod interstadial, 125-7
almost-intransitivity, 31, 124
Amery ice shelf, Antarctica, 232
analyses of variance in forecasting, 341
angular momentum, 17, 22, 234
flux, 28
transfer, 237, 244
annual cycle, 138, 142, 143
anomalies
meso-scale patterns, 176-8
500 mb, 342, 343, 345
200 mb, 347, 348
Antarctic
circumpolar current, 35, 36-7, 50, 372
convergence (Polar Front), 37, 38, 39, 50,
58, 59, 65, 67, 69, 225, 234, 372
divergence, 38, 39
ice amount, 4; need to monitor, 133
ice cores, 61, 77-81, 125
ice surges, 60, 129, 131-3, 216,217, 228-33,
309, 352, 354
ocean, 37-9, 194
pack-ice, 38-9, 51, 352
shelf-ice, 132, 232
Antarctica
Amery ice shelf, 232
Antarctic Peninsula, 5, 55, 61
Bellingshausen Sea, 51, 59
bottom water formation, 37, 51
Byrd Station, 78, 79, 80, 125
Cape Adare, 60
dating stratigraphy, 61, 67, 68
Dry Valleys, 59, 60, 61
East Antarctic, 59, 60, 65, 77
eccentricity of, 167
ice masses of, 225
ice reaches sea level, 55
instability of, 131, 232
Jones Mountains, 59
McMurdo Station, 191-2
major drainage basins, 230, 232
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269-93 passim, 350-1, 358-9
local, 140, 152, 176-8, 196-8, 306
anticyclonicity, 138
aphelion, 10, 219, 222
Apia, Samoa, 182
Arafura Plains/Shelf, 112, 123, 372
Arafura Sea, 82, 123, 175, 296, 372
Aragonite, 276
Arctic, 65, 68
Baffin Island, 133, 159; Barnes ice cap,
154-6

Ellesmere Island, 125
during Hypsithermal, 125
dust in stratosphere of, 131
ice amount, 4
open/frozen theory of ice ages, 216, 217
melting of sea-ice, 350-1
Ocean, 4, 7, 217
tree-line movement, 321
Voring Plateau, 68
aridity, 82, 210
during Quaternary low sea-level periods,
85
Asia, 148, 167, 170, 172
climatic fluctuations in, 158, 160, 161
connection to Australia, 209, 295
Atherton Tableland, N. Queensland, 83, 93,
94
Lynch’s Crater, 88
Atlantic Ocean, 68, 76, 184
Atlantic-Pacific circulation, 185-90
influence of temperature on glaciation,
127, 222-5
Atlanticum, see climatic optimum, 76, 125
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evolution of, 204-5, 208
general circulation, 16-31
mathematical modelling of, 234-55
patterns of variability, 167-79
teleconnections, 180-91
Australasian subantarctic front, 38, 39
Australia
Aborigines; antiquity of, 84, effect of cli-
matic change on, 295-6, 319; use of fire,
87
Bureau of Meteorology, 142, 150
climatic gradients, pastand present, 110-24
closed lake records, 97-107
connection to Asia, 209, 295
crop yields; dependence on climate,
297-300
desert, 7
drought, 141
extreme climatic events, 146
fiora, adaptation to drought and fire, 86-7
historical climatic variations, 160, 163
Holocene climates, 92-5
late-glacial climates, 924
palaeoclimatology, 179; advantages and
limitations for, 84-7; Holocene, 92-5;
Quaternary, 87-97
present climate, 82-4, 109, 111
rainfall; patterns, 109, 168-75; variations
of, 137, 141, 144, 160-1, 163, 168-9,
170-3, 174, 175, 182, 194-6
runoff pattern, 111
temperature variations, 142, 147, 194,
196-9
vegetation; climatic information from, 86;
pattern of, 110
geographic  locations  are
individually
auto-correlation, 137, 138-9, 143-5, 161, 174,
180
available potential energy, 24-7
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Baffin Island
Barnes ice cap, 154—6
and initiation of a glaciation, 133
during ‘Little Ice Age’, 129, 154-6
winters in, 159
Bakers Hill, West Australia, crop production
in, 298-300
balance requirements, 22
Barbados, West Indies,
record, 212-15
baroclinic
eddies, 27
waves, 237, 239, 243

127; coral reef
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Bass Strait
CO; concentrations, 285, 286-9
effect of sea-level changes on, 112, 123
Bellingshausen Sea, 51, 59
Benguela Current, 35, 36, 190
Bering Strait, 7, 127, 295
biomass, 13, 15
and CO,, 2734, 290-1
biosphere, 246
and climate, 269-82, 288
evolution of, 206, 211
response to increasing CO;, 291
bioturbation, 76
blocking, 237, 243
bogs, 124
Bolling interstadial, 125
Bombay, 182
bottom water formation, 37, 51
boundary conditions
for climate modelling, 245, 250, 355-6
ice-age, 70-1, 108
boundary layer, 236, 247
Brazil
Current, 35, 36
rainfall, 185-90
sea-level record, 202
Brisbane, Queensland, 149, 196, 197
British Columbia, 172
British Isles, 159, 165
British Meteorological Service, short-term
climatic forecasting, 33946
Bruarjokull glacier, Iceland, 228-30
Brunhes palaeomagnetic epoch, 62, 64, 68,
69, 216
buildings, thermal performance of, 301-8
Byrd Station, Antarctica, 78, 79, 80, 125

California
historical data, 152
palaeoclimate, 67
White Mountains, tree rings in, 157
Cambrian geological period, 206
Cameron Valley, New Zealand, 158
Camooweal, Queensland, 198
Camp Century, Greenland, 79, 80, 81, 125,
127, 155, 162, 163, 212-15, 217
Camperdown, Victoria, rainfall, 102-3
Canada, temperature fluctuations, 159, 182
tree line, Arctic, 321
Canadian archipelago, 125
see also Baffin Island, Ellesmere Island
Canary Current, 189, 190
Cape Town, South Africa, 182
capital works and equipment, changes in,
309
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carbonate
abundance, 61, 62, 63, 64, 65, 68, 69
and alkalinity of ocean, 274
compensation depth, 58
dissolution, 65
sedimentation, 58, 59
carbon dioxide, atmospheric, 246, 263,
273-6, 282-93
annual cycle, 286-8
and biomass, 2734, 288
climatic effects of, 247-8, 275-6, 282-3,
291-3
concentration increase, 274-5, 284-5
and fossil fuel combustion, 275, 285,
289-91
fluxes of, 286-9
and ocean, 274-6, 288
predicted increase, 275-6, 289-91
in primeval atmosphere, 204
withdrawal in upper cretaceous, 207-8
carboniferous geological period, 206-7
Caribbean
deep-sea cores, 68-9, 212-15
region, 185-90
catastrophic climatic change, 124-34, 202,
217, 228, 320, 334-8, 351-2, 354
see also Antarctic ice-surges
causes of climatic change, 211-25, 256-68,
368-70
of abrupt change, 129-34
see also theories of climatic change
cave
deposits, 117
speleothems, 212-13, 214, 217
Cenozoic, 53-68, 208-11
geological time units of, 54
palaeotemperature record, 56
Central America, 185-90
Central England temperatures
spectrum, 161-2
variation of, 156-7
and volcanism, 256-62
Center for Climatic and Environmental
Assessment, 332
centres of action, 164
Chad, Africa, 186
see also Lake Chad, 97, 99
chalk, 208
Challenger Plateau, 58, 59, 62
characteristic patterns, 169, 1714, 175, 176,
178
Charlotte Pass, New South Wales, 148
Chile
dendroclimatology, 158, 164
La Serena, 161
precipitation in, 158, 160-1
Santiago, 158, 164, 182

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9780521172264
www.cambridge.org

Cambridge University Press & Assessment

978-0-521-17226-4 — Climatic Change and Variability: A Southern Perspective
Edited by A. B. Pittock, L. A. Frakes, D. Jenssen , J. A. Peterson , J. W. Zillman

Index
More Information

China, temperature record, 157-8
chlorine compounds, effect on ozone, 272
chronological control, 85, 212-16
see also dating
circular reasoning, 314
circulation
atmospheric, 16-31; Atlantic-Pacific,
185-90; effect of volcanic eruption simu-
lated, 263-8; Hadley, 16-17, 131, 173,
180; indices of, 164, 170; models of,, 70,
110, 234-53, 263-8, 356, 358, 371-4;
patterns of variation, 167-79; variations
in, 163—6; Walker, 170, 180-5; zonally
averaged, 237, 242-3
of oceans, 34-8; alternations of, 217-18
circumpolar vortex, 17, 27, 1634, 165
cirques, 114-17
CLIMAP, xix, 69-73, 108, 109
climate
and agriculture, 296-300
of Australian region; present, 824, 109,
111, 143, 168-75; Holocene, 92-5, 104-7;
Quaternary, 87-97
boundary conditions, 70, 108, 356, 359
and buildings, 295, 297, 301-8
and culture, 294-7, 316-27
and decision-makers, 329
definitions, 1-3, 135-7, 328
dependence on, 309
early, 53-69, 205-7, 209
and economics, 296-7, 308-9,311-12, 313,
314, 315, 324-5, 327-34, 335
and evolution, 204, 206-7, 208-9, 294-6,
334
fluctuations of, see climatic variation
and food, 2, 8, 150, 211, 256-60, 296-8,
308, 309, 310, 311-12, 313, 314, 324-7,
328, 331, 332-3, 357
and historians, 310-16
and history, 295, 296, 309, 310-27
human influence on, 134, 176-8, 301, 306,
307, 311, 328, 350-1, 358-9
and industry, 340
intransitivity/transitivity of, 31,
245-6, 339
models of, see modelling of climate
modification, see modification of climate
of New Guinea, 824
prediction of, 134, 211, 339-59, 374-5; see
also forecasts
and politics, 308, 310, 327-34
stability of, 339, 352
as a thermodynamic problem, 355-6
as a variable resource, 327-9
variability of, see climatic variability
climatic change, 366
abrupt, 124-34, 162, 202, 217, 354

124,

Subject index

Australianrainfall and temperatures, 194-9
catastrophic, 124-34, 202, 217, 320, 334-8,
351-2, 354
Cenozoic record, 53-69, 208-11
and the cryosphere, 15, 225, 2334
and cultural change, 316-27
cumulative effects of, 314
definitions, 1-2, 136, 328
historical record, 163-6, 310-15
impact on mankind, see under agriculture,
cultures, economic, food, impact of cli-
mate, etc.
instrumental record, 158-61, 163-6, 191-9
and migrations, 313, 321, 324, 327
Quaternary record, 61-134
rate of, 124-34, 309
theories of, 129-34, 211-25, 256-68,
368-70; see also ice ages, theories of
times of, 317-19
climatic data
from CLIMAP, 69-76
glacial, 77-8, 154-6
historical, 152, 161, 166, 310-12
homogeneity of, 138-40, 194, 196, 199
instrumental, 138-40, 152
lake records, 88, 90-5, 97-108, 125-6
proxy, 153-6, 166
reliability of, 138, 310-12
tree rings, 1534
climatic disasters xv, 2, 8, 320, 334-8
see also catastrophic change, climatic ex-
tremes, drought, floods
climatic engineering, 7, 8, 134
climatic extremes, 144-51
rainfall, 146, 150-1
statistics of, 145-6
temperature (Australia), 147-9
climatic gradients and sea-level changes,
110-11, 113-24
climatic indices, 138, 163, 170, 1824, 314,
348-9
climatic interactions, global scale, 7, 167-71,
1734, 179, 1804, 308-9
climatic normals, 137, 150, 159
climatic optimum, 76, 125
climatic record
Antarctic and Southern Ocean, 53-69
Australian region, 82-97
CLIMAP, 69-76
from closed lakes, 97-107, 125-6
historical, 152, 163-6, 310-15
from ice, 77-81
inhomogeneities in, 138-40, 196, 199, 370

instrumental, 2, 138-50, 152, 158-61,
163-6, 191-9
knowledge of, 370-1
proxy, 153-6, 157-66 passim
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climatic state, 135, 162, 328
climatic system, 9-16
climatic trends, 210, 211, 268, 326
Antarctica, 1914
attitudes to, 334-8, 370
Australia, 194-9
future, 350-9
see also forecasts
climatic variability, 137-44, 352
evidence of, 150-66
impact of, xvi, xx, 296, 307-8, 310, 313,
328, 330
indices of, 140-3, 314
spatial patterns of, 167-79, 308
climatic variation
abrupt, 124-34
causes/sources of, 129-34, 368-70
local, 176-9
range and importance of, 330-2
spatial patterns, 167-79
statistical significance of, 173-5
times scales of, 368-70
see also climatic change, climatic
variability
climatology
Australian, advantages and limitations,
84-7
history of, xv, 87, 360-2
present state of, 3646
recent progress, 3634
Cloncurry, Queensland, 149
closed lakes, 97-107
see details under lakes, closed
clouds, 14
albedo, 251, 282, 372
bands, 170
condensation nuclei, 280-1
cover, 235, 253-5, 301, 372
cumulonimbus, 236-7
in modelling, 247, 248, 251-5, 263, 372
seeding, 6
clover production, dependence on climate,
298-300
coal, 206
coastline, Australian
relative stability of, 85
effect of sea-level changes on, 112-13
coccoliths, 70, 207
see also nanoplankton
Colombian Cordillera, climatic variations
during late glacial time, 125
commodities market and weather/climate,
332-4
composition of atmosphere, 269-93
aerosol, 276-80
carbon dioxide, 204, 207-8, 247-8, 273-6,
282-93
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cloud condensation nuclei, 280-2
ozone, 269-73
computational stability, 238
computer modelling
see modelling, modelling of climate
Connecticut, USA, 177
conservation principles, 16, 249
in modelling, 240
continental drift, 206, 209
continentality, 201, 204, 207, 208, 210
continental shelf, 58, 112-13
continents, effect on atmospheric circula-
tion, §, 167, 209
control of weather, climate, 6-7, 331
convection and climate modelling, 235-7, 263
cooling, climatic
see climatic trends, climatic record
cooling loads of buildings, 301-8
coral reefs, frontispiece, 87, 202, 212-15
cores
see deep-sea cores, ice cores, lake cores
Cordillera, American, 237
Coriolis parameter, 49, 165
cosmic rays, 209, 218
Cretaceous, geological period, 207-8
Créte, Greenland, 163
crops
assessment of yield, 332-3
yield/production, 256-60, 262, 296-300,
310-15, 324-6, 330, 340
cross-disciplinary studies
circular reasoning in, 314
hazards of, 310 ff
see also interdisciplinary studies/colla-
boration
Cromwell Current, 36
cryosphere, 15, 77-81, 225-34, 245-6, 249
see also glaciers, ice, snow cover
CSIRO (Commonwealth Scientific and In-
dustrial Research Organisation, Aus-
tralia), 6
cultural change
effect of climatic change on, 296, 316-27
times of maximum, 317-19
cultures
Australian Aboriginal, 296
effects of climate on, 294-6, 316-27
ethnocentric views on climate, 294-5
Indus (Harappan), 322-4, 326
Mill Creek, 321-2, 326
Mycenae, 320-1, 326
currents, ocean, 34-8
variability of, 46-50
cycles
annual, 138, 142, 143, 357
climatic, 64, 68-9, 76, 128, 129, 200, 203,
2085, 210-11
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diurnal, 138, 142, 143, 357
glacial, 207, 210, 214, 353
global, and climate, 200-11
Milankovitch, 128, 201, 219-22
weather, 237
sunspot, 196, 201, 237, 357, 362
see also periodicities
cyclones
and high rainfall, 145
thermal steering of, 224
cyclonicity, 138

Darwin, Australia, 84, 149, 170, 182
Darwinian selection, 206
Darwinism, 335, 361
data, see climatic record
dating, 53, 59, 61, 67, 68, 76, 85, 212-16
accuracy of, 214
Davis Strait, pack-ice in, 159
Dead Sea, 99, 101
debris in atmosphere, diffusion of
radioactive, 264
volcanic, 131-2, 263-8
Deception Island, ice stratigraphy, 158
deciles, 141
decision-makers and climatological informa-
tion, 329-32
deep-sea cores, 57, 58, 59, 61, 62, 63, 73-6,
212-16, 217, 218
definitions, xx, 1-3, 135-7, 328, 366-7
deglaciation
New Guinea, 92-3
Northern Hemisphere, 76, 125
Snowy Mountains, 93
Southern Hemisphere, 76
Tasmania, 93, 116
degree-day, 306, 307
dendroclimatology, 1534, 157, 158, 164,
166, 198, 286
potential for Australian studies, 95
denitrification processes
role in ozone budget, 270-2
deserts, 82, 84, 207, 238, 253, 278, 3224
determinism, scientific, 335-8, 361
deterministic socio-economic mechanisms,
335
diabase, 59
diabatic heating, 26
diachronous change, 53, 65-9
dinosaurs, 207-8
disasters, climatic, xv, 2, 8, 334-8
see also catastrophic climatic change
diurnal cycle, 138, 142, 143, 357
Djakarta, Indonesia, 182
documentary evidence of weather/climate,
310 ff
Doomsday science, 334-8

Subject index

downwelling, 48
Drake Passage, 7, 50
drought, 310, 357
in Africa, 161, 165-6, 185-90
in Australia, 141
in Central American—Carribean region,
185-90
in Eastern Mediterranean, 320-1
economic effects, 332
in India, 3234
in NE Brazil, 185-90
patterns of, 308
Dryas, abrupt Younger Dryas fluctuation, 125
Dry Valleys, Antarctica, 59, 60, 61
dust veil index (DVI), 130-1
and climate, 25762
and glaciation, 260-2
dynamic height in ocean, 46-8
dynamics in climate models,
355-6

16, 246,

Early Cenozoic, 53-7
earth
crustal evolution and history, 203-11
orbital characteristics, 10-11; effects of,
219-22
East Antarctica, 59, 60, 65, 77
East Australian Current, 35, 36, 46-8, 49
easterlies
equatorial, and the QBO, 341-9
polar, 21
Trade Wind, 21-2, 203, 321
East Wind Drift, Antarctic, 38
eccentricity, orbital, 11, 222, 353
economic
development and inadvertant climatic
change, 351
effects of climate, 296-7, 309, 324-6,
327-34
history, 314-15
theories, 335
value; of climatic forecasts, 340; of cli-
matic variations, 330; of meteorology,
331; of weather services in UK, 296
Ecuador, 186, 190
eddies
in East Australian Current, 47, 49
fluxes, 23-9
kinetic energy of, 244
moving (transient), 5, 21-30, 237
properties of, 367-8
standing, 5, 21-30
transport by, 241, 244, 248, 265
viscosity, negative, 27
Eem-Sangamon interglacial, 132-3
eigenvector
analysis, 144, 153, 165, 169, 171-4
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eigenvector (cont.)
methods in forecasting, 340-3
Ekman
divergence/drift, 49, 180
transport, 48
El Azizia, North Africa, 149
Ellesmere Island
Otto Glacier, 228, 230
sea-ice during Hypsithermal, 125
El Niito, 49-50, 185-90
empirical orthogonal functions, 144, 240
empiricism in climate modelling, 243, 367,
3712
energy, atmospheric
available potential, 24-7
balance, 11
conservation principles, 16
cycle, 24-7
flow, prediction of, 250
kinetic, 24-7, 236; eddy kinetic, 244
in model validation, 2434, 373
potential, 24, 25, 236, 237, 238
processes, 234-8, 244, 247, 248, 368-9
source, 9
energy, use by mankind
building demands on, 304-8
crisis, 305
effect on climate, 351
from fossil fuels, 275, 289-90
England, United Kingdom
farming, dependence on climate, 312-14
fuel demand and climate, 306
temperatures, Central England series,
157-8, 161-2, 163, 25660
value of weather services, 296
entropy, 200, 249-53
and earth’s history, 200
exchange, 251-2
internal production, 252
minimum principle, 250-3
Eocene, 54, 57
equatorial currents in ocean, 35-6
equatorial Kelvin waves, 49
equatorial Pacific, 49-50, 167, 170, 180-4,
185-90
palaeoclimatology of, 63, 68, 74-6
erosion, 109
Esperance, Western Australia, crop pro-
duction at, 298-300
Eucla, Australia, excavation, 117-22
Europe
climatic fluctuations in, 156-9, 163, 171;
impact of, 330
geological history, 207
glaciers in, 228, 261
instrumental record in, 152
and temperature extremes, 148

440

eustatic sea level
and environmental gradients, 108-24
variations of, 113, 121, 125, 127, 202,
212-16, 217
see also sea-level change
evaporation
from lakes, 100
from oceans, 41, 42, 45
evolution, 204-9, 335
exposure of instruments, 140
extinctions, 208-9
extra-terrestrial influences, 137, 196, 201,
237, 357, 362
see also Milankovitch hypothesis
extreme climatic events, 144-51, 320, 330
high temperatures, 147, 149
low temperatures, 147, 148
point rainfall, 150-1
see also Catastrophic change, climatic ex-
tremes, drought, floods

famines
and volcanic eruptions, 256-60
see also food
farming strategies, 297
feedback processes, 108, 129, 133, 180, 182,
210-11, 224, 234, 237, 238, 246, 248
Fedchenko glacier, Pamirs, 228
Fennoscandian ice sheet, 125, 133, 215
fertilisers, possible effect on atmospheric
ozone, 272
filters, numerical, 144
finite-difference methods, 23840
finite resources, 8, 327, 330
fire, effects on plant distributions, 86, 87, 95
Flandrian transgression, 113, 123
floods, 146, 188-90, 308, 311, 332

flash floods, 85
floras, fossil, 67
Florida, 190

flow of ice, 226, 227, 2304
Glen’s Law, 227
Food and Agriculture Organization, United
Nations, 333
food
demand for, 328
and economics, 311-13, 332
limits of cultivation, 311-12
management, 328
monitoring production, 333
and political power, 331
production/supply and climate, 2, 8, 150,
211, 256-60, 296-8, 308-9, 310, 314,
324-7, 328
reserves, 326-7
foraminifera, 56, 58, 62, 63, 69, 70, 207,
217
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forecasts
acceptability of, 358
of agricultural production, 332-3
dangers of, 357
economic importance of, 296, 330-2,

340

future climatic trends, 134, 350-9
future ice age, 225, 350
increase in CO,, 275-6, 284-5, 359
meso-scale weather, 178
probability, 358, 364, 375
short-term climate, 33949
of volcanism, 358

forests
altitude limit, 82
boreal, 133

and CO, increase, 273
destruction by ice, 125
first, 206
fossil, Antarctica, 55
northern boundary, 128, 321
pollen evidence of, 88
sclerophyll (eucalypt), 82, 83
fossil
biota, 103
flora, 67
forests, Antarctica, 55
fuel combustion, and CO, increase, 275,
289-90
fuel, usage of, 275, 289-90; variation with
climate, 306
land forms, 103
pollen, 55, 103
shells, 56
strandlines, 97, 103
Fourier analysis, 142, 162
Fourier series, 240
freedom
of information, 333
human, 336-8
Freons, effects on atmospheric ozone,
272
frequency distributions of climatic elements,
140-2
Fuego volcano, Canary Is., 130, 131
future climatic trends, 134, 350-9
future ice age, 225, 350
and morality, 334-8
prevention of, 134

galactic rotation and glacial cycles, 205

GARP (Global Atmospheric Research Pro-
gramme), 245

gas content of ice, 80

Gauss palaeomagnetic epoch, S8, 62, 69

general circulation of the atmosphere, 16-31,
167, 170-1

Subject index

general circulation models, 245, 249, 256, 263
see also modelling of climate
geological/palaeoclimatological time units,
53-4
geological record, 212-16
geomagnetism, 218-19
geostrophic balance, 239
Germany, 66, 128
GFDL (Geophysical Fluid Dynamics Labo-
ratory), joint atmosphere-ocean model,
219
Gilbert palacomagnetic epoch, 58, 59, 62, 67
glacial
advances and volcanism, 260-2
cycle, 207, 210, 214, 353
geomorphology, 154
marine sediments, 54
stages, definition, 3
striae, 59
surges, 60, 67,77, 129, 131-3, 217, 226-30,
352, 354, 355; Antarctic, 230-3
tills/tillites, 59, 61, 205
glaciation
abortive, 128
Antarctic, 53-69
causes, 129, 211-25
cirque floor levels, 114-17
first, 205
global comparisons, 68, 69
initiation of, 128, 1334, 209, 2224
limits, Baffin Island, 156
most recent, 70, 92
in New Guinea, 88, 92-3, 113
at sea level, 53, 54, 55, 66, 67, 69
snowlines, 114-17
in Snowy Mountains, Australia, 89,93, 113
in Tasmania, 90, 93, 113-14, 116
temperate latitude, 68
termination, 134, 2224
time needed, 128
glaciations
Cambrian, 206
Cenozoic; early, 53-7; middle, 57-61
Eocene, 55
full glacial, 88-92, 94, 96
Oligocene, 54
Ordovician, 206
Palaeozoic, 206
Permian, 207
Pleistocene, 70—6, 88-92
Pliocene, 61-5
Proterozoic, 205
Quaternary, 61-5, 210
Saharan, 206
Upper Quaternary, 70-6, 88-92, 211-25
Wisconsin, 60, 88, 95, 125, 214-15
Wiirm, 60, 125, 127
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glacier
modelling, 77-81, 225-30
surges, 226-30
glaciers
Aletsch, European Alps, 228
Alpine, Europe, 225
Bruarjokull, Iceland, 228-30
Fedchencko, Pamirs, 228
Greenland, 232
Hintereis, European Alps, 228
Medvezhii, USSR, 228-30
Mt Carstenz, New Guinea, 82
Mt Wilhelm, New Guinea, Quaternary, 93
New Guinea, 84, 92
Norway, 114-15
Otto, Ellesmere Island, 228-30
Snowy Mountains, Quaternary, 93
Stor, Sweden, 228
Vatnajokull, Iceland, 230
glaciology, 154-5
Glen’s Law (ice-flow), 227
Global Atmospheric Research Programme,
xvi, 31, 166
global averaging in climate models, 247-8
global scale of climatic variations, 7-8,
167-71, 178-9
God, ‘hidden hand of’, 335
Gondwanaland, 82, 206-7
gradients, environmental, 108-124
grain
crop models, 300, 325-6
prices, 312, 315, 324-5
yields, 296-8, 314, 324-6, 340
and volcanic eruptions, 25660
gravity waves in atmospheric modelling, 239
Great Australian Bight, 84, 112-13, 117
Great Salt Lake, Utah, 99
Greek civilisation
climatic effects on, 310, 320-1
views on ideal climate, 294
‘greenhouse’ effect, 205, 208
Greenland
Camp Century ice cores, 79, 80, 81, 125,
127, 155, 162, 163, 212-15, 217
Créte ice core, 163
flux of west coast glaciers, 233
glacial readvances, 202
ice sheet, 228
modelling of ice sheet, 234
outlet glaciers, 232
sea-ice at climatic optimum (Hypsither-
mal), 125
surging potential, 233
Viking settlement, 156
Green Revolution, effect on food reserves,
326-7
grid-spacing in numerical models, 238

442

grounding-line, Ross Ice Shelf, 131
growing season, 153, 159; length of, 313
Gulf of Alaska, 67
Gulf of Carpentaria, Australia, 112, 123, 175,
296
Gulf of Mexico, 189, 190, 212-14, 217
Gulf Stream, 35, 36
effect of eustatic change on salinity flux in,
224
former position of, 70
meanders of, 46
temperature variations, 189, 190

Hadley cell/circulation, 16-17, 131, 173, 180,
238
Hampton Range, near Eucla, Australia, 117
Harappan (Indus) culture, effect of climatic
change on, 3224
harmonic analysis, 138, 142
harvests, see crops, food
Hawaii, sea-level record from coral reefs,
212
heat budget of atmosphere, 234
see also latent heat, sensible heat
heat budget of ocean, 41-5
effect of pack-ice, 51
heat flux
atmosphere, zonal and meridional, 28-9
between ocean and atmosphere, 414
heating, diabatic, of atmosphere, 22
heating loads of buildings, 301-8
heat island, urban, 198, 306
high-pressure belt, subtropical, 83
latitude of , 4, 144, 168-9, 171-3, 175-6, 196
trend, west coast of North America, 177
Himalayas, 209, 237
Hintereis glacier, European Alps, 228
historians and climate, 310-16
historical data on climate, 152, 161, 166,
310-12
interpretation of, 312-14
lake overflow, 102
probiems with, 310-12
history
and climate, 295, 296, 309, 310-27
of climatology, xv, 294-5, 360-2, 364
Hobart, Tasmania, 148, 196, 197
Holocene, 54, 92-5, 104-7, 175, 309, 323,
326, 358
Holstein Interglacial, 128
homogeneity of climatic data, 138-40, 194,
196, 199
Honolulu, Hawaii, 182
Hudson Bay, Canada
ice-sheet disintegration, 125
snowfall for differing sea-ice boundaries,
222
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Humboldt (Peru) Current, 35-6
Huon Peninsula, New Guinea
coral and gravel terraces giving sea level
record, frontispiece, 87, 212
steady tectonic uplift, 85
hyaloclastites, 55
hydrogen isotope ratios in snow and ice,
77-81
hydrology of lakes, 97 ff
hydrosphere, evolution of, 211
see also lakes, oceans
hydrostatic equilibrium, 239
Hypsithermal (climatic optimum), 76, 125

ice ages
atmospheric circulation during, 70, 108,
222-4
boundary conditions, 70-1, 108
definitions, 3
future, 225, 350
initiation of, 133—4, 209
new, 134, 334
prevention of, 134
see also glaciations
ice ages, theories of
albedo feedback, 238, 278
alternately open and frozen Arctic, 216,
217
alternations of ocean circulation, 216,
217-18
Antarctic ice-surges, 60, 129, 131-3, 216,
217, 228-33, 309, 352, 354
continental drift, 209
galactic rotation, 205, 211
geomagnetism, 209-10, 216, 218-19
orogeny, 205, 209
solar variations, 211, 216
volcanism, 129-31, 216, 218-19, 260-2, 268
ice, 15
amounts, 4; need to monitor, 133
bergs, 210
cap, flow model of, 212
cores, 77-81, 125, 127, 155, 158, 162, 163,
212-16, 217
cover, 4, 70-1, 108, 113, 369; in New
Guinea, 88; in Snowy Mountains, 113;
in Tasmania, 90, 113-14
flow, 77, 78, 226-8
gas content, 80
isotope ratios in, 77-81, 125, 127, 154-5,
162, 163, 202, 212-16, 217, 361
mass, modelling of, 225-34
rafting, 61, 67, 68, 70
sheets; expansion of, 58, 60, 67; profiles,
77, 78; velocities, 77, 78
surges, 60,77, 129, 131-3,216,217,228-33,
309, 352, 354

Subject index

thermodynamics of, 226-7
Iceland
Bruarjokull (glacier), 228-30
effect of climatic change on crops, 296,
324-6
temperatures, 157-9, 161, 162-3, 324
Vatnajokull (glacier), 230
Idaho, rainfall and high pressure belt, 172
ideology and science, 334-8
impact of climate
on agriculture and food supplies, 2, 8, 150,
211, 256-60, 296-300, 308-9, 310, 314,
324-7, 328, 332-3, 340
on cultures, 296, 316-27; subjective views
on, 294-5
economic, 296-7, 309, 324-6, 327-34
political, 308-9, 327-34
index cycle, 237
India
climatic change and the Indus (Harappan)
culture, 3224
recent rainfall variations, 161
Indian middens, 202
Indian Ocean
comparative distribution of siliceous and
carbonate oozes, 58
equatorial jet, 50
palaeo-climatic record, 59, 62, 714, 76
recent pressure tendencies, 194
and the Southern Oscillation, 182, 184
Indonesian region, and the Southern Oscil-
lation, 170, 180, 182, 184
Indus (Harappan) culture, effect of climatic
change on, 3224
industrialisation, 152
information about weather and climate, 329
availability of, 333
and commodities market, 332
military aspects of, 333
value and use of, 331-2
inhomogeneities in data, 138-40,196,199, 370
initial value problem, 355-6
Innisfail, Queensland, temperatures, 198-9
insects and rapid warming, 125
insolation changes due to orbital variations,
219-22
Institute of Arctic and Alpine Research, 154
instrumental record, 2, 138-50, 152, 158-61,
163-6, 191-9
instrument exposure, 140
intense weather events, 85
interdisciplinary collaboration, xix, 7-8,
309-10, 365
see also cross-disciplinary studies
interglacial stages
definition, 3
length of,, 353
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interhemispheric comparisons; of climatic
record, 5-6, 65-9, 73-6, 108, 158-60,
164; of cultural history, 319
interhemispheric differences, xx, 1, 3-6, 17,
167, 170, 174
interhemispheric flux of CO,, 286-7
International Decade of Ocean Exploration
(IDOE), 69
International Southern Ocean Study, 50
interstadials,
Alleréd and Bolling, 125
definition, 3
Inter-Tropical Convergence Zone (ITCZ), 4,
189, 190
intransitivity of climate, 31, 124, 245-6, 339
Irian Jaya (Indonesian New Guinea), 123
iron-ore deposits, 204
isentropic surfaces, 24-6
isostatic adjustment, 245-6
isotope ratios
in deep-sea cores, 56, 57, 58, 62, 63, 64,
66, 68, 73-6, 212-16, 217, 218
elevation effects, 77-8
hydrogen, 77-81
in ice and snow, 77-81, 125, 127, 154, 155,
162, 163, 202, 212-16, 217, 361
oxygen, 56, 58, 62, 63, 64, 66, 67, 68, 73-6,
77-81, 154-5, 162, 163,202, 212-16, 217,
218, 364
in sea water, 56, 57
sulphur, 207, 208
in tree rings, 273-4, 285-6, 361

Japan
grain harvests, famines, and volcanic
activity, 256-60
rainfall variations at Iwate, 157-8
warming in sixteenth century, 163
jet stream
polar front, 225
sub-tropical; 17; effect of volcanic dust on,
267, latitude over Australia, 347; model-
ling of, 242-3
Jones Mountains, Antarctica, 59
Juneau, Alaska, 283
Junge layer, stratospheric aerosol, 132

kinetic energy, atmospheric, 24-7, 236;
eddy, 244

Krakatoa, volcano, Indonesia, 263, 264

krypton-argon radiometric dating, 59, 61

!Kung Bushmen, effect of rainfall variability
on, 296

Kuro Shio, current, 35, 36; variations of, 46

Laboratory of Tree-Ring Research, Tucson,
153

444

Labrador area, role in initiation of glaciation,
132, 2224
Labrador Sea, ice-rafting 3 m.y.ago, 67
lag relationships
between hemispheres, 5-6, 73-6, 108
and the Southern Oscillation, 182-3, 184
lake-breeze effect, 176
lakes, closed, properties of
area, 101
bottom chemistry (L. Kivu), 126
discharge from, 100
evaporation rates, 100
hydrologic budget of, 97
levels of, 88, 90-5, 98-107, 125-6
marginal dunes, 92
pollen analysis, 88, 90, 91
salinities, 92, 93, 98, 104, 106-7
strandlines, 97, 101, 103
stratigraphy, 91, 100
lakes, particular locations
Albacutya, Victoria, 366
Antarctic, 97
beneath Antarctic, 131
Bullenmerri, Victoria, 98, 101, 102, 103,
106-7
Chad (or Tchad), Africa, 97, 99
Dead Sea, 99, 101
Eyre, South Australia, 98
George, New South Wales, 88, 90, 93, 95,
99, 101, 103, 104-6
Gnotuk, Victoria, 98, 101, 104, 106-7
Great Salt Lake, Utah, 99
Keilambete, Victoria, 91, 92, 93, 95, 106
Kivu, Africa, 125-6
Lynch’s Crater, N. Queensland, 88
Monaro, New South Wales, 98
Patagonia, 97
in Rajasthan, 322, 323
Tchad (or Chad), Africa, 97, 99
in Tibet, 97
in western United States, 97
Willandra, New South Wales, 83, 91, 92,
94
Lambert-Amery basin, Antarctica, 230, 232
land-sea distribution
changed by sca-level, 82, 112-13, 1224,
175, 179, 296, 372
effects of, 4-5, 167
in numerical models, 249
land surface, 15
Lapland, glacial record, 202
La Porte anomaly, 176-7
latent heat, 5, 14,22,41-4, 179, 209, 236, 237,
238, 248-9, 251
latitude, effects on temperature, 148-9
latitude of subtropical high-pressure belt, 4,
144, 168-9, 171-3, 175-6, 177, 196
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latitudinal  displacement of circulation,
164-6, 168-9, 171-3
Laurentide ice sheet, 125, 215
lava flows, 61
length scale, 367
lichen, 154-6
life
evolution of, 204-9, 335
first animal, 206
origins, 204
produces oxygen, 204
limits
to growth, 8
to natural resources, 327, 330
lithosphere, 200, 246
‘Little Ice Age’, 129, 154, 156, 163, 164,171,
260, 262, 352, 355, 370
littoral belt/zone, 201
local climatic anomalies, 176-8
longitude-dependent circulation, 27-30
longitudinal displacements of circulation,
1634, 170-1
longitudinal dunes, 203
Lynch’s Crater, North Queensland, 88

Macedonia, palaeobotany, 127
McMurdo Station, Antarctica, 191-2
magnetic field of earth
and climatic change, theory, 209-10, 216,
218-19
declination, 202
intensity, 210, 218-19
reversals, 61, 62, 208-9
mankind
antiquity in Australia, 84
earliest record of agriculture in New
Guinea, 84
impact of climatic change on, see under
agriculture, cultures, economic, food,
impact of climate, etc.
influence on climate, 269-93 passim,
350-1, 358-9; see also anthropogenic
effects
mantle convection, 200
Marble Bar, Western Australia, 149
Marie Byrd Land, Antarctica, 55, 59, 60
marine biota, 206, 207
see also coccoliths, foraminifera, nano-
plankton
mathematical modelling, see modelling
Matyama palacomagnetic epoch, 62, 64, 65,
68, 69, 216
Mauna Loa, Hawaii, CO, measurements,
274-5, 283, 285, 287, 288-9
mean deviation of climatic element, 141
mean solar distance, variations of, 10, 215
Medieval Warm Epoch, 156-7, 164

Subject index

Mediterranean,
climate in Roman times, 203
climatic change in eastern, 320-1
Icelandic faunas in, 210
salt lake in Miocene, 209
type of climate in Western Australia, 297
Medvezhii Glacier, USSR, 228-30
Melbourne
temperatures, 84, 148-9, 302
temperature trend, 196-7
thermal performance of buildings in, 303-6
meridional
circulation of atmosphere, 13, 17,20-1, 24,
131-2, 167, 237-8
circulation of ocean, 37, 238
distribution of eddy kinetic energy, 244
energy transfer, 12, 251-2
heat flux, 23-4, 28-30
temperature distribution, 242-3
transport of angular momentum, 234, 28,
244
transport of sensible heat, 241
transport of volcanic dust, 265-6
variation of heat balance in ocean, 44-5
Merredin, Western Australia, crop produc-
tion in, 298-300
meso-scale climatic patterns, 172, 176-8
Mesozoic, 207-8
METROMEX, 176-7
Michigan, USA, lake breezes, 176
microfossils, 56, 64, 65, 68, 69, 88
microplankton, 70
middle Cenozoic, 57-61
Middle East, rainfall trends, 161
migrations and climate, 313, 321, 324, 327
Milankovitch hypothesis, 128, 129, 201, 211,
219-22, 3534
military aspects of weather-climate inform-
ation, 332-3
military forts in US, precipitation records,
152
Mill Creek culture, effect of climatic change
on, 321-2
minimum principle, 250-2
Miocene, 54, 57-61, 66, 67, 69
Mirny Station, Antarctica, 78, 230, 232
modelling of Antarctic ice sheets, 230-3
modelling of climate, 23449
aims, 247
and albedo, 238
approaches to, 175-6, 371-2
and baroclinic waves, 237-8
basic considerations, 234-44
basic equations, 246-7
and convection, 236
eddy fluxes, 28-9
effect of CO, increase, 247-8, 291-3
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modelling of climate (cont.)
effect of higher resolution, 2414
effect of volcanic eruption, 263-8
minimum entropy model, 249-55
nature of, 355-6, 359
need for, 354-5
numerical techniques, 238-44
performance of, 240-4
retrospective, 70, 108, 374
and seasonality, 219
and sea-surface temperature, 238
and snow cover, 238
and solar radiation, 235
and terrestrial radiation, 235
types of model, 247-9; dynamic, 248-9;
general circulation, 249; global average,
247-8; thermodynamic, 248
validation of 27, 3734
modelling of grain production, 300, 325-6
modelling of Greenland ice sheet, 234
modelling of ‘ice-age’ earth, 70, 108-9
modelling of ice masses, 225-34, 249
modelling of ocean currents, 49
modelling of sheep production, 298-300
modelling of surging glaciers, 228-30
models of climatic impact on mankind,
308-10
modification of climate, 6-7, 269-93, 350-1,
358-9
by carbon dioxide, 273-6, 291-3
by cloud condensation nuclei, 280-2
inadvertant, 8, 176-8, 269-93
intentional, 6-7, 134, 331
local, 176-8
by ozone reactions, 269-73
by particulates (aerosol), 276-80
urban/industrial, 152, 176-8
modification of weather, evaluation of,
178
mollusks, 67
monitoring
Antarctic ice, 133
baseline stations, 284
CO, content, 283-6
crop production, 333
ozone, 272-3
weather/climate, 331-3
monsoons, 5, 82, 145, 161, 167, 322, 3234,
326
moon, 206
moraines, 123, 158
moral values, 2, 8, 334-8, 375
Mt Agung, Bali, eruption, 263
Mt Albert Edward, Papua New Guinea, 89
Mt Carstenz (Mt Jaya), Irian Jaya, 82, 89,94,
123
Mt Cook, New Zealand, 158

446

Mt Gambier, South Australia, 71, 93

Mt Giluwe, Papua New Guinea, 89

Mt Jaya (formerly Mt Carstenz), Irian Jaya,
82, 89, 94, 123

Mt Wilhelm, Papua New Guinea, 89, 93, 94,
123

multiple regression analysis, 153

multivariate statistical techniques, 153

Mycenae, effect of climatic change on, 320-1

nanofossils, calcareous, 62, 64
nanoplankton, 207
national objectives, 321
National Oceanic and Atmospheric Admini-
stration (NOAA), 297, 333
natural resources, 327-8
natural selection, 335
Netherlands, 67, 311
Newfoundland-Labrador area, and glacial
initiation, 222
New Guinea (Irian Jaya and Papua New
Guinea)
advantages and limitation for palaeoclim-
atology, 84-7
agriculture in, 84
cooling load on buildings, Port Moresby,
303, 305
coral reefs, 87, 212-16
glaciation, 88, 92-3, 94, 113, 123
highlands, 88, 89, 93
Huon Peninsula, frontispiece, 85, 87, 127
Mt Albert Edward, 89
Mt Carstenz (Mt Jaya), 82, 89, 94, 123
Mt Giluwe, 89
Mt Wilhelm, 89, 93, 94, 123
palacotemperatures, 88-9
pollen analyses, 88
present climate, 824, 123, 295
Quaternary climate, 87-97, 123, 175
Sirunki, 89
use of fire in, 87
New Haven, Connecticut; and Southern
Oscillation, 183; temperatures, 256,
258-61
New South Wales
climates, 84
palaeoclimates, 89, 92-5
rainfall trends, 195
New York, extreme low temperatures, 148
New Zealand
climatic fluctuations in, 160
dairy production and climate, 296
glacial record, 202
palaeoclimatology, 58
Southern Alps, glacial, 158
temperature trends, 198, 257
westerlies, 348-9
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Nile River, Egypt
discharge, 186
floods, 202
nitrogen oxides
effect on ozone, 209, 270-2
sources and sinks, 270-2
‘normal’ climate, 137, 150, 159
North America
Alaska, 66, 67, 202, 210, 275
Baffin Island, 129, 133, 154-6, 159
British Columbia, 172
California, 66, 67, 152, 157
Canada, 125, 159, 182, 321
climatic fluctuations in, 153-7, 159, 165,
177, 191
climatic impact on, 330-1
Connecticut, 177
continental effects, 167, 209
Davis Strait, 159
deglaciation, 125
dendroclimatology, 153, 157
Ellesmere Island, 125, 228, 230
Florida, 190
former cultures, Mill Creek, 321-2, 326
former glaciation, 154-6, 202, 210
grain yields, 296-7, 325-6
Great Salt Lake, Utah, 99
high-pressure belt, west coast, 177
Hudson Bay, 125, 222
Idaho, 172
and initiation of a glaciation, 133, 2224
Juneau, Alaska, 183
Labrador area, 68, 132, 222-4
lakes in western United States, 97
Laurentide ice sheet, 125, 215
Michigan, lake breezes, 176
Newfoundland area, 222
New Haven, Connecticut, 183, 256,258-61
New York, 148
Oregon, 172
palaeoclimate, 66, 67, 68, 202, 210, 321
Philadelphia, 256-61
precipitation records, 152
St Louis, Missouri, 176-7
United States, 182, 186, 331, 332
Washington State, 172, 177
White Mountains, tree rings, 157
Wrangell Mountains, 67
North Atlantic
deep-sea cores, 214-15
strong response to climatic fluctuations,
152
teleconnections, 182, 188-9, 190
temperatures and glaciation, 127, 222-5,
353
temperatures and wheat prices, 324-5
North Atlantic Current, 218

Subject index

Northern Hemisphere

comparative climatic record, 5-6, 65-9,

73-6, 108, 158-60, 164

cultural history, 319

history and climate, 295

temperatures and volcanism, 256-62
Nullarbor Plain, Australia, 117-22

fossil pollen ratios, 120-1

late Quaternary climatic change, 121-2

vegetation, 118-19
numerical modelling, see modelling
numerical techniques, 23840

obliquity, orbital, 11, 76, 222
objectivity, scientific, xxi, 334-8
observations, need for more, 362-3
ocean-atmosphere interaction, 404
ocean basins, geological history of, 200-11
ocean cores, see deep-sea cores
ocean currents, 34-8
role of, 190, 238
oceanicity: continentality ratio, 201
oceans, 14
alkalinity of, 206, 274
alternations of circulation and ice-ages,
217-18
circulation of, 34-8
fronts, 389
ignorance of, 357
role in climate, 31-52, 238, 368
role in CO, budget, 274, 290
salinity of, 34
surface temperature of, 32-3, 147
variability of, 44-51
vertical temperature structure of, 33-4
water-mass boundaries, 215, 218
Oligocene, 54, 57, 66, 69
Onslow, Western Australia, 142
ooze,
carbonate, 58
Pacific Ocean, 68
siliceous, 58
optimism, Xxi-xxiii
scientific, 334-5
orbital motion of earth, 10-11, 76, 129,
21416, 219-22, 224-5, 245-6, 362
see also Milankovitch hypothesis
Ordovician, 206
Oregon, USA, 172
Orgnac stalagmite, 212-13, 217
origin of planets, 203
Orinoco River, Venezuela, discharge, 186
orogeny, 82, 205, 209, 246
orographic effects
large-scale, 5, 145, 167, 237
meso-scale, 172, 176-8
orthogonal functions, 240
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Otto Glacier, Ellesmere Island, 228, 230
oxygen
biogenic origin in atmosphere, 204
history of, in atmosphere, 204-8
isotope ratios, 56, 58, 62, 63, 64, 66, 67, 68,
73-6, 77-81, 154-5, 162, 163, 202,
212-16, 217, 218, 364
ozone in atmosphere, 204-5, 209, 269-73
in climate model, 263
destruction by chlorine compounds, 272
destruction by nitrogen oxides, 209, 270-2
and earth’s magnetic field, 209
effect of stratospheric aircraft, 272
origin in primeval atmosphere, 204-5
synoptic variations, 265
trends of, 171, 272-3

Pacific Ocean
deep-sea cores, 63, 66, 68, 746
eastern, 167, 170, 180, 182, 184, 185, 189,
190
equatorial, 49, 63, 68, 74-6, 214-16
north, 46, 66
pressure anomalies off California, 153
salinity during glacials, 127
sea-surface temperature variations, 46
south, 209, 330
and Southern Oscillation, 167, 170, 180,
182
pack-ice, see sea-ice
Palaeocenc, 54
palaeoclimate, 53-134, 200-11, 211-25
for details see under climatic change, cli-
matic record, glaciations, ice ages, etc.
palaeoclimatology in Australia, history of, 87
palaeohydrology, of closed lakes, 97-108
palaeomagnetic epochs, 61, 62, 68
palaeotemperature
Australia, Quaternary, 87-95, 105
curves, 56, 63, 212-13
from ice, 77-81
maps, for 18,000 years BP, 71-2
New Guinea, Quaternary, 87-95
sea surface, 65, 70, 71, 72, 74
Palaeozoic, 206, 207, 208
palynology, see pollen analysis
panel discussion on possible future climatic
trends, 350-9
Papua New Guinea, see New Guinea
paramaterisation, 247-9, 372
Patagonia, 67
periglacial
limits, 124
processes and landforms, 89, 90, 114, 116
perihelion, 10-11, 219
periodicities, 200-203, 357, 362
of Antarctic ice-surges, 217, 233

448

in Australian rainfall, 196
in CLIMAP record, 76
in climatic record, 64, 68, 161-2, 166
eleven-year, 129
quasi-biennial, 166, 341-9
of surging glaciers, 229, 230
see also cycles
Permian, 207
persistence, 137, 138, 139, 1434, 145, 161,
174, 180
Peru, 49, 186, 190
Peru (Humboldt) Current, 35, 36
pessimism, XXi-xxiii
scientific, 334-8
Pharonic inscriptions, 202
Philadelphia, USA, temperatures and vol-
canism, 256-61
philosophical issues, 8, 334-8
photosynthesis, 204
physical basis of climate, 9-52
Pioneer River, North Queensland, 145
planetary waves, 5, 27-30, 133, 163-5,
167-75, 194, 237, 339
planning and climatic information,
economic, 138, 340
of food security programmes, 328-9
plant growth
and CO, increase, 291
factors affecting, 86
plants
effect on albedo, 238, 278
pollen morphology of, 86
some adapted to fire, 86-7
plate tectonics, 206, 208
Pleistocene, 54
abrupt changes during, 125-9
Australia, 87-94, 295
glaciations, 211-25
New Guinea, 87-94, 123, 295
Rajasthan, 323
synchroneity between hemispheres, 76
Tasmania, 113-17
Pleystowe, North Queensland, 145
Pliocene, 54, 61-5, 67
Poisson distribution, 130-1
polarity epochs, geomagnetic, 61, 62
Polar Front (Antarctic Convergence), 37, 38,
39, 50, 58, 59, 65, 67, 69, 225, 234, 372
poleward transport, see entries under
meridional
political, 308, 310, 327-34
pollen analyses, 317
difficulties with, 86
Eucla, Great Australian Bight, 117-21
Holstein Interglacial record, 128
Lake George, New South Wales, 88, 90,
103, 105
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lake levels from, 90, 91, 103, 105
Lynch’s Crater, North Queensiand, 88
Mount Gambier, South Australia, 91
New Guinea, 88
potential for, 96
Rajasthan, 323
pollution
by aircraft, 272
chemical, and biomass, 273
effect on rainfall, 176-8
fertilisers, 272
fluorocarbons, 272
global, 8, 269-73
see also carbon dioxide, 273-6, 282-93
population growth, xv, 2, 8, 309, 326, 330,
359, 363
and doom, 334
in sixteenth century Europe, 315
Port Hedland, Western Australia, 142
Port Moresby, Papua New Guinea, thermal
performance of buildings in, 3036
potential energy, 24-7, 236, 237, 238
power (variance) spectrum, 1434, 161-2,
196
prayers for rain, number of, 312
Precambrian, 204
precipitation, see rainfall
predictability of climate, xvi, 339, 355-6,
374-5
predictions, see forecasts
pressure trends, Southern Hemisphere,
1914
prices and climatic fluctuations
of commodities, 332
of grain, 312, 315
of shares, 332
of wheat, 3245
principal components, 144, 153, 165, 169,
1714
probability forecasts, 358, 364, 375
productivity, biological, 65
Proterozoic, 205-6
proxy data, 153-6, 157-66 passim

quasi-biennial oscillation (QBO)
in climatic record, 161, 166, 196
as forecasting aid, Northern Hemisphere,
341-6; Southern Hemisphere, 346-9
and rainfall over Australia, 196, 348
understanding of, 365
Quaternary Period, 3, 61-5, 70-76, 88—124,
175, 210, 211-25, 260
in Australia—New Guinea region, 82-124
effect of sea-level changes, 108-24,
175
theories about, 211-25
and volcanism, 261

Subject index

Queensland
palaeoclimates, 93
plant ecology, 86

Quixeramobin, Brazil, 183

racial theories about climate, 294-5
radiation
balance, 11-14, 21-2
in climate models, 247-9, 251, 2634
and oceans, 31, 42, 44, 45
and orbital variations of earth, 212, 219-22
solar, 9, 235, 236, 301, 315, 368
terrestrial, 11-12, 21, 235-6, 248, 249, 263
see also Milankovitch hypothesis, solar
variability
radiocarbon dates
as controls 85-6, 88-9, 91, 105, 120
as indicators of climatic and cultural
change, 317-19
radiolarian diversity, 62, 64, 70, 73, 74
rafting of ice, 61, 67, 68, 70
rainfall, Australia
Camperdown, Victoria, 102-3
frequency distribution of, 141
palaeoclimatic evidence, 87-107 passim
and quasi-biennial oscillation, 196, 348
spatial patterns, 168-73, 175
Stephens Creek, New South Wales, 100
synoptic origins, 824
trends and periodicities, 194-6
variability of, 109, 142-3
Yass district, New South Wales, 100
rainfall
Brazil, 185-90
Central America—Caribbean, 185-90
in a climate model, 252-5
Eastern Mediterranean, 320-1
Ecuador-Peru, 186-90
effect on crop yields, 296, 297-300, 308,
325-6
effects of variations,310,313,320-6 passim
global distribution, 253-5
Japan, 157-8
low latitudes, 160-1
palaeoclimatic evidence, 87-107 passim
pollution effects on, 176-7
and the quasi-biennial oscillation, 196, 348
Rajasthan, 3234
Sahel, 185-90
topographic effects on, 176-7
trends, Australia, 194-6
urban effects on, 176-8
variations, 157-8, 160-1, 175
Washington State, United States, 172, 177
and water supplies, 309
Western United States, from military
forts, 152
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Rajasthan Desert, 127, 278, 3224

randomness, 161, 166, 174-5

range of climatic element, 141

rate of change, 124-34; economic import-
ance of, 309

red noise, 144, 161

religion, science as substitute, 336

responsibility, social, xxi, 2

return period, 145

risks in farming, and climate, 298-300

Rossby waves, 133, 164-5

Ross basin, Antarctica, 232

Ross Ice Shelf, Antarctica, 55, 60, 67, 69

Ross Sea, Antarctica, 54, 55, 57, 58, 59, 60,
65, 66

runoff, 97, 100-1, 110-11

Sahara desert
climatic engineering, 7
climatic record, 202
glaciation (Ordovician), 206
Holocene aridity, 210
overgrazing and dust, 278
sand dunes, 203
Sahel, Africa, rainfall, 161, 165--6,186, 190
Sahul Shelf, 179
St Louis, Missouri, urban effects on climate,
176-7
salinity
effect of ice formation, 51, 218
of lakes, 92, 93, 98, 104, 106-7
of oceans, 34, 127
SANAE station, Antarctica, 191-2
Sangamon interglacial, 132-3
Santiago, Chile, 158, 164, 182
satellites, 4
cloud photography, 176, 365
LANDSAT (ERTS-1) photographs, 154-5
to monitor Antarctic ice, 133
records of pack-ice, 51
Scandinavia, sea-level record, 202
science, ideology and human values, 334-8
Scotia Sea, 61
Scripps Institution of Oceanography, 283,
284
sea-floor spreading, 201, 206, 208, 209
sea-ice
and air temperature, 51
Antarctic, 4, 38-9, 51, 352
Arctic, 3, 125, 350, 351
boundary, and N. Hemisphere glaciation,
212, 2224
in Davis Strait, 159
during climatic optimum, 125
effect on albedo and heat budget, 51
effect of glacial surge, 132
front, 59, 62

450

importance of, 51, 225
need to monitor, 133
in North Atlantic, 212, 2224
sea-level change
Cenozoic, 67
from coral reef terraces, 87, 212-15
effect on Aborigines, 295-6
effect on Southern Oscillation, 175
and environmental gradients, 108-24
equivalent ice volume, 354
and glaciation, 210
globally synchronous, 317
Holocene, 201-3, 354
and ice-surges, 132, 217
interpretation in Australia, 84
large oscillations of, 207
Mesozoic, 208
and Milankovitch hypothesis, 219-21
in Northern Australia, 112
present rate of rise, 132
rapid, 127, 202-3, 217, 354
and sea-floor spreading, 201
in Southern Australia, 113
time scale of, 246
Upper Quaternary, 212-16; Australia,
112-13
sea-level pressures
anomalies off California, 153
associated with droughts and floods in
Central America and Caribbean, 188-90
global departure patterns, 1734
instrument record, 152
over North Atlantic, and glaciations, 2224
paramaterisation in  thermodynamic
models, 248
reconstructing past patterns, 203, 2224
and Southern Oscillation, 170, 1734, 181-2
trends, Southern Hemisphere, 1914
trends, west coast of North America, 177
typical daily and monthly maps, 18, 19
variations, 163-5
in volcanic eruption model, 268
seasonal forecasting, 340-9
seasonality
Australian rainfall, 824, 96
insolation, 219-22
sea-surface temperatures
around Australia, 147
distribution, Southern Hemisphere, 32-3
and drought/flood regimes in Central
America and Caribbean, 189-90
latitudinal variation in long term cooling
rates, 66
map for 18,000 years Bp, 70-2
mechanisms governing, 238
North Atlantic, and glaciation, 127, 2224,
353
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palaeotemperature curves, 56-7, 74, 75
Pleistocene, 108
and Southern Oscillation, 1824
use in predictions, 33940
variability of, 44-50, 236
Sécas (droughts in N.E. Brazil), 185-90
sediments
glacial marine, 57
lake, 88, 91, 105-6; potential of, 96
Senegal, river, discharge, 186
sensible heat, 5, 14, 22, 30, 414, 179, 236,
237, 238, 241, 248-9, 251
serial correlation, 138-9
see also auto-correlation
sheer strain and stress, of ice, 227
sheep production and climate, Western
Australia, 298-300
Siberian Arctic sea-ice, during climatic opti-
mum, 125
significance, statistical, of climatic varia-
tions, 2, 173-5
silicoflagellate diversity, 62
simulation, see modelling
Sirunki, Papua New Guinea, 89
snow cover, 70-1, 84,113, 159, 219, 222, 238,
326
snowline, 114-17, 154
Snowy Mountains, New South Wales, 84
glaciation, 89, 93
Holocene vegetation, 94
palaeoclimates of, 93, 94, 124
soils, 85, 86, 92, 96, 112, 270-1
solar
constant, 9, 11, 129, 251
particles, high-energy, 209
variability, 129, 201, 237, 245-6, 369
Somali Current, 48
sound waves, 239
South America
Brazil, 183, 185-90, 202
Chile, 158, 160, 164, 182
climatic fluctuations, 158, 160, 164, 185-90
Colombia, palaeoclimate, 125
cultural endpoints and climaticchange,319
Ecuador, 186, 190
La Serena, Chile, 160
Orinoco River, discharge, 186
Peru, 49, 186, 190
peopling of,, 296
pressure trends, 194
Quixeramobin, Brazil, 183
rainfall, 164, 171, 185-90
Santiago, Chile, 158, 164, 182
sea-level records, Brazil, 202
Sécas (droughts), Brazil, 185-90
and standing waves, 5, 237
westerlies, 348-9

Subject index

South Atlantic Ocean
Halley’s expedition, 360
pressure trends over, 194
sea-surface temperatures and regional
drought/flood regimes, 189-90
South Equatorial Current, 35-6, 190
Southern Hemisphere
climatic fluctuations, 158, 160, 161-2, 164,
167-73, 191-9
comparison with Northern Hemisphere,
XX, 3-6,17,65-9, 73-6, 108, 148, 158-60,
164, 174, 210
cultural end points, 318-19
leads orlags of climate with Northern Hemi-
sphere, 5-6, 76, 108
palaeoclimatic records, 53-65, 73-6; Aust-
ralia and New Guinea, 87-124, 175,
206
polar vortex, 17
short-term climatic forecasting, 346-9
see also particular locations listed
separately
Southern Ocean
Cenozoic climates, 53-65
circulation, 35-7, 50
fronts in, 38-9
moderating influence on Australia, 148
pack-ice, 38-9, 51
palaeoclimatic record, 53-76 passim
Quaternary climatic record, 61-76 passim
surface temperatures, 32, 50
temperatures over, 194
Southern Oscillation (Walker Circulation),
1804, 357
and air temperature, 181-2
description, 170, 180-2
lag relationships, 182-3
mechanism, 166, 184, 365
and modelling, 176
and pack-ice, 51
in Quaternary, 175
and rainfall, 144, 168-9, 171, 172-3
and sea-level pressure, 1734, 181-2
South Pole
CO, concentrations at, 275, 286-9
migration of during Palaeozoic, 207
snow accumulation at, 158
South West Monsoon, 48
spatial correlations
in Atlantic-Pacific region, 186-7
of rainfall trends, 195
and statistical significance, 1734
Southern Oscillation, 181-2
spatial patterns of variation, 167-79
importance on world level, 308
meso-scale, 176-8
of sea-level pressure, 188-9
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spatial patterns of variation (cont.)
of Southern Hemisphere temperature and
pressure, 1914
Southern Oscillation, 1804
spectral analyses, 76, 129, 161-2, 196
speleothems, 212, 213, 214, 217
stability of climate, 339, 352; dependence on,
309
see also intransitivity of climate
stadials, definition, 3
standard deviation of climatic element,
141
standing eddies, 23, 24
standing/stationary waves, 5, 163-5, 167-75,
194, 237
stationarity, 30, 137
statistical properties of climatic record,
140-6, 161-2
see also periodicities
statistical significance of climatic variations,
2, 173-5
statistics of extremes, 145-6
stochastic processes, 166, 174-5
stock exchange, 332
strandlines, 97, 101, 103, 201
stratigraphy, palacomagnetic, 61, 62, 68
stratosphere
absorption in, 243
circulation, 131-2, 267
Junge dust layer, 132
volcanic dust in, 131-2, 256-68 passim
stromatolites, 204, 206
Stor, glacier, Sweden, 228
subatlantic climatic episode, 320
subjectivity about climate, 294--5, 361
subtropical convergence, in ocean, 38, 39,
50
subtropical ridge, 17
see also high-pressure belt
sun, 9-10
Sunda Shelf, 179
sun—earth geometry, 10-11
sunspots, 196, 201, 237, 357, 362
supersonic aircraft, effect on ozone, 272
suppression of information, 333
surface stress, 22
surge, glacial, see Antarctic ice surges,
glacial surges
Sydney
inhomogeneity in temperature record,
13940
snow in, 361
temperature extreme, 149
temperature and Southern Oscillation, 183
temperature trend, 196-8
synoptic pattern reconstruction, 203, 2224
synoptic systems, propagation of, 27

452

Tabhiti, and Southern Oscillation, 170
Tambora, volcano, Indonesia, 268
Tasmania
cirque distribution, 113-17
deglaciation, 93
glacial stage snowline, 113-17
glaciation, 85, 90, 113-17
late glacial stage climatic gradient, 113-17
limitations of glacial record, 85
tree-ring records and temperature trends,
198
Tasman Sea
currents and sea-surface temperature, 468
palaeotemperature record, 56-7
Taylor Valley, Antarctica, 59, 60
technological change and crop production,
297
technological ‘fix’, 8
tectonic movements, 85, 87, 206, 208
teleconnections, 178-9, 180-90
temperature
Australia, trends of, 196-9
effective radiative, 11
effect of increasing CO,, 273-6, 291-3
effect of small changes, 330
effect of urbanisation on, 140, 196-8, 306
effect on crop yields, 296-300, 325-6
effect on ice flow, 226, 230, 234
from glaciological data, 77-81
gradient, and baroclinic waves, 237
and historical events, 310-13
instrumental record, 152, 158-60
in modelling, 241-3, 247-53 passim, 256,
263, 268
palaeoclimatic evidence; Antarctica and
the Southern Ocean, 53-76 passim;
Australia and New Guinea, 87-97
palaeotemperature variations, 212
planetary, 11
and thermal performance of buildings,
300-8
variance spectrum, 161-2
variations, 15661 passim
and volcanic eruptions, 256-62, 268
and water supply, 309
zonal mean distribution, 20
temperature, sca-surface, see sea-surface
temperature
temperature trends
Antarctic, 191-4; Australia, urban and
provincial, 196-9
global, 210
Southern Hemisphere, 160, 1914
terrestrial radiation, 11, 12, 21, 235-6, 248,
249, 263
Tertiary Period, 54, 82
tests, of micro-organisms, 58, 61
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Tethys seaway, 209
theories of climatic change and ice ages
albedo feedback, 238, 278
alternatively open and frozen Arctic, 216,
217
alternations of ocean circulation, 217-18
Antarctic ice-surges, 129,131-3, 217, 228,
2304, 309
astronomical (Milankovitch), 128, 129,
201, 211, 219-22, 3534
continental drift, 209
galactic rotation, 205, 211
geomagnetism, 209-10, 216, 218-19
orogeny, 205, 209
solar variations, 211, 216
volcanism, 216, 218-19, 260-2, 268
thermal performance of buildings, and cli-
mate, 301-8
thermocline, 41, 238
thermodynamic equation, 246, 247
thermodynamic models, 248; minimum en-
tropy model, 249-55
thermodynamics
of convection, 236
of ice masses, 226-7
tides, 201, 206
tills/tillites, 59, 61, 205
time lags, 5-6, 76, 108, 182-3
time scales,
of climatic variations, 2, 366, 368-70
comparable to human life, 124, 309
correlations and uncertainties, 212-16
of factors influencing climate, 2456
time-series analysis, 142-4, 165
time-steps in modelling, 238, 239
Timor, coral reef sea-level record, 212, 214
Timor Sea, 175
topographic effects, 7
large-scale, 237
meso-scale, 172, 176-8
on snow accumulation, 114-17
Torres Straits, effect of changing sea level,
112, 123, 295-6
Trade Winds, 21, 41, 82, 189, 203, 295,
321
Transantarctic Mountains, 59, 60, 65
transfer function, 153
transient (moving) eddies, 5, 21-30, 237
transitivity of climate system, 31, 124, 245-6,
339
tree-ring analysis, 153-4, 157, 158, 164, 166
Australia, 198, 286; potential, 95
California, 157
Chile, 158, 164
isotopic studies, 2734, 285-6
trends, 1-2, 152
CO,, 274-6, 284-5, 289-91

Subject index

ozone, 272-3
pressure, Southern Hemisphere, 1924
rainfall, Australia, 194-6
temperature, Antarctica, 191-4; Australia,
196-9; global, 210; Southern Hemi-
sphere, 160
Triassic, 207
tropical circulations
Atlantic-Pacfic circulation, 185-90
Hadley cell, 16-17, 131, 173, 180, 238
Southern Oscillation, 166, 168-74 passim,
1804
tropical cyclones, 142, 145
monsoons, 82, 145, 161, 167, 322, 3234,
326
variations, 160-1
tropopause, 132
Tunisia, rainfall variations, 161
turbulence, analogy with climate, 367-8

ultraviolet radiation, 204, 209, 269
Ungava Plateau, North America, 132, 133
see also Labrador, 2224
United States
climatic fluctuations in, 159
crop yields and climate, 296-7, 325-6
dendroclimatology, 1534
east coast rainfall, 160
early precipitation records, 152
food power, 331
Great Plains rainfall, 186
interest in climatic assessment, 332-3
La Porte anomaly, 176-7
St. Louis (METROMEX) study, 176-7
and Southern Oscillation, 182
temperatures and volcanism, 256-61
west coast rainfall, 171-2, 177
see also listings under North America, and
individual locations
uplift, large-scale, 145
see also orographic effects
upwelling in oceans, 36, 38, 49, 180, 184
uranium-thorium radiometric dating, 68,
212, 214
urban effects
on climatic records, 140, 152
on rainfall, 176-8
on temperature, 196-8, 306
on thermal performance of buildings, 306-7
see also anthropogenic effects
utopianism, 335-8

value, economic
of climatic variations, 330
of forecasts, 340
of meteorology, 331
of weather/climate information, 332-3
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Subject index

value, economic (cont.)
of weather services in UK, 296
see also economic effects of climate
values, moral/human, 8, 334-8
variability of climate, short-term, 135-99,
352
Australian rainfall, 137, 141-3
Average Variability Index, 141
definitions, xx, 1, 136-7, 328
effect on heating requirements of build-
ings, 307-8
extremes, 144-51
forecasting, 33949
impact on mankind, xvi, xxi, 296, 307-8,
310, 313, 328, 330
importance of, 309, 328
indices of, 140-2
mean deviation, 141
range, 141
Southern Oscillation, 1804
spatial patterns of, 167-79
standard deviation, 141
stochastic, 137, 166, 175
variability index, 142-3
variations in Atlantic-Pacific circulation,

185-90

for long-term variability see climatic
change

see also climatic variability, climatic
variation

variance (power) spectrum, 1434, 161-2
Vatnajokull, glacier, Iceland, 230
vegetation
Australia and New Guinea, 824, 110
ecological information on, 86
Nullarbor Plain, 118-19
response to climatic change, 104-5, 125
see also pollen analyses, forests
Victoria, Australia
lake records, 92, 95, 1014, 106-7
palaeoclimates, 92, 95, 124
palaeotemperature record, 56, 57
see also Melbourne
Victoria Land, Antarctica, 55, 60
Viking settlement in Greenland, 156
volcanic
debris, diffusion of, 265-6
dust, 129-31, 235, 245-6, 357, 358, 359
eruptions, effect modelled, 263-8
rocks, Antarctica, 55
volcanism
and climatic change, 129-31, 245, 256—
68
clustering of eruptions, 130-1
cyclicity of, 205
dust veil index (DVI), 130-1, 257-62
and glaciation, 129-31, 216, 218-19

454

and lower temperatures, 25662
and poor harvests, 256-62
variation of, 235
Voring Plateau, Arctic, 68
vorticity equation, 23
Vostok Station, Antarctica, 78, 79, 80, 148
vulcanism, see volcanism

Walker Circulation, 170, 173, 1804
see also Southern Oscillation
Washington State, USA, rainfall variations,
171-2, 177
water balance, 97-8, 103, 109, 110-11, 309
water-mass boundaries, 215, 218
see also oceans, fronts, 38-9
water supply, 2
critical dependence on climate, 309
water vapour, 235
waves, atmospheric
baroclinic (eddies/waves), 27, 237, 239,
243
gravity, 239
Rossby waves, 133, 164-5
standing/stationary, 5, 163-5, 167-75, 194,
237
transient/moving {eddies), 5, 21-30, 237
weather
as causal factor in history, 310
as variable resource, 327-9
weather modification
evaluation of, 178
intentional, 6-7, 331
see also modification of climate
weather monitoring, implications of, 3324
weather-sensitive activities, 329
Weddell Sea, 60, 62, 64, 132
West Antarctica, 59, 65, 67, 230, 232, 233
West Australian Current, 35, 36
westerlies, 17-21, 22
and ice extent, 225, 234
jet stream, 17, 242-3, 267, 347
palaeoclimatic evidence, 203, 321
and the quasi-biennial oscillation, 342-9
variations in position, 165, 321
Western Australia
palaeoclimates, 94-5
rainfall variability, 142-3
temperature extremes, 149
western boundary currents, 34, 36
West Wind Drift, 35, 36
wheat production and climate, 296-8, 314,
324-6
model of, 325-6
prices, 324-5
Whim Creek, Western Australia, 142
White Mountains, California, tree-ring
record, 157, 162
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white noise, 144, 162
white settlement, and climate, 295
Wilkes Land, Antarctica, 55, 60, 230-1
Willandra Lakes, New South Wales, 83, 91,
92, 94
wind, see circulation, atmospheric; easter-
lies; westerlies
wind stress on oceans, 40-1, 48
Wisconsin glaciation, 60, 88, 95, 125, 214-15
World Meteorological Organization
baseline monitoring network, 284
concern with droughts, 296
proposal for Agrometeorological Pro-
gramme in Aid of Food Production, 333

Subject index

World Weather Watch, 333
Wrangell Mountains, Alaska, 67
Wright Valley, Antarctica, 60
Wiirm glaciation, 60, 125, 127

Younger Dryas readvance, 125

zonal circulation, 17, 20-1
zonal flux, 23
zonally averaged circulation, 237, 242-3
zonal mean temperature, 17, 201, 241-3
zonal wind component, 17, 20-1, 241-2, 345,
347
effect of volcanic eruption, 267
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