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accretion disk
angular momentum transfer, 49
active longitudes, 177
active region, 177
definition, 14
emergence, 18
flux distribution function, 15
nests, 20
activity cycle
stars, 37
Sun, 16
activity—age relationship, 43
adiabatic heat flow, 192
albedo
definition, 318
effect of cosmic rays, 318
wa-effect, 144, 147, 156, 195, 204
a-quenching, 121, 149, 151
ambipolar diffusion, 356
angular momentum
transfer by magnetic field, 53
in solar system, 306
loss, 43
twister model, 65
Appleton anomaly, 419
atmospheric blow-off, 374
atmospheric composition terrestrial planets,
358
atmospheric escape, Jeans loss, 374
atmospheric oscillations, 403
atmospheric tides, 390, 391
atmospheric waves
Charney—Drazin theory, 412
climate effects, 414
dependence on planetary rotation rate, 422
evanescent, 405
internal, external, 405
ion—neutral coupling, 390
main free waves for Earth, 407
quasi-geostrophic dynamics, 411
refractive index, 405
Rossby versus gravity, 389

small-scale gravity waves, 410
sources of free waves, 409
sources of stationary waves, 412
stationary, 392, 411
tides, 410
traveling, 392
Venus, Jupiter, 412

atom—ion interchange, 355

baroclinic definition, 409

Bartels period in recurrent space
weather, 30

barycenter, 303

basal stellar activity, 27, 46

B plane, definition, 397

bipolar pairs of flux spots, 206

blocking temperature (magnetic), 185

Boussinesq approximation, 196

Brewer-Dobson circulation, 441

brown dwarf, 31

Brunt-Viisilid frequency, 411

butterfly diagram, 16, 153, 157, 164

Cambrian explosion, 92
carbon dioxide
climate forcing, 335
inevitable decline of, 93
centrifugal stripping, 35
Chapman layer, 356
Chapman production function, 354
charge exchange, 355
climate
CO; forcing, 335
effect of waves, 414
glaciers, 346
long-term solar forcing, 345
meridional circulation, 441
planetary waves, 441
role of oceans, 429
solar forcing, 335
solar variability, 441
tests for solar forcing, 340
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tropospheric dynamics, 444
volcanic forcing, 337
climate change
changes in obliquity, 315
cosmic rays, 318
ice core data, 315
Milankovic forcing, 313
role of solar variability, 330
temperature record over 1500 yr, 340
volcanic eruptions, 341
climate feedback mechanisms, 315
climate forcing
comparing solar and CO,, 335
equinox precession, 315
climate models, 434
climate records
cosmogenic isotopes, 337
frozen-grid approach, 338
tree rings, 337
climate system
energy balance, 426
radiative transfer, 428
cloud core, definition, 49
co-rotating wind streams, galactic cosmic rays, 248
compositional convection, 192, 193
continuously habitable zone, definition, 83
contraction time scale, Kelvin—-Helmholtz, 59
convection, 101
(Busse) columns, 111, 196
banana cells, 111
Boussinesq approximation, 104
composition, 193
dynamical buoyancy, 111
field expulsion, 116
giant cells, 107, 109
granulation, 102
Ledoux criterion, 101
mean flows, 131
mesogranulation, 104
mixing length theory, 101
overturning, 106
pole—equator temperature gradient, 130
rotating, 196
Schwarzschild criterion, 101
stellar and planetary, 133
supergranulation, 104
turbulent alignment, 111
convective collapse, 19
convective envelope, 31
cool star, definition, 32
core, Earth, 190
Coriolis force, 195
coronal hole
definition, 29
rotation profile, 30
coronal mass ejection, 217, 231, 238, 241
corotating interaction region (CIR), 225
north-south tilt, 227
cosmic rays, see also galactic cosmic rays
climate forcing, 318
cloud formation, 425

cosmogenic isotopes, 337
cut-off rigidity, 321
diffusion coefficient, 256
energy spectrum, 244
long-term variations, 322
rigidity, definition, 321
solar modulation function, 320
transport components, 255
types, sources, 243
cosmogenic radionuclides, 320
ice cores and tree rings, 324
transport and deposition, 324
Cowling’s theorem, 142, 189
Curie temperature, 185

definition of
active region, 14
albedo, 318
baroclinic, 409
barotropic, 129
cloud core, 49
continuously habitable zone, 83
cool star, 32
cosmic-ray rigidity, 321
dwarf star, 12
enstrophy, 110
ephemeral region, 14
exobase, 377
exosphere, 369
faculae, 13
fast dynamo, 113
galactic habitable zone, 84
geostrophic, 411
gravitational instability, 55
gravity waves, 391
habitable zone, 81
heliospheric magnetic field (HMF), 217
Hovmoller diagram, 398
ionosonde, 365
luminosity, 271
magneto-rotational instability, 54
main sequence, 31
planetary waves, 391
solar irradiance, 269
spectral irradiance, 269
star, 31
giant, 32
main-sequence or dwarf, 32
supergiant, 32
Toomre parameter, 67
total electron content (TEC), 377
total solar irradiance, 312
vorticity, 395
deuterium fusion, 59
differential rotation, 21, 126
internal, 43
stars, 44
Sun, 146
differential solar rotation, 108
near-surface shear layer, 109, 128
tachocline, 108

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9780521112949

Cambridge University Press

978-0-521-11294-9 - Heliophysics: Evolving Solar Activity and the Climates of Space and Earth
Edited by Carolus J. Schrijver and George L. Siscoe

Index

More information

490 Index

disk evolution, photoevaporation, 73
disk wind, 55

magnetocentrifugal acceleration, 57
dissociative recombination, 355
Doppler imaging, 40

polarimetry, 61

dust, 69

grain evolution, 70
dust disk

clearing, 70

evolution, 69
dynamo

a-effect, 119
« quenching, 121
o2 model, 145, 151, 161
o? model, 170
active and ephemeral regions, 17
advection-dominated, 153, 158
amplitude saturation, 150
Babcock-Leighton model, 155, 156, 161
flux tube, 206
time delay, 163
cycle period, 148, 150, 153, 157
eigenfunctions, 148, 171
extinct (planetary), 188
fluctuations, 159
coherence time, 159
flux transport, 153, 156, 158
flux tube, 158, 164
forecast, 169
precursor methods, 166
global solar, 118
global vs. large-scale, 124
instability-driven, 158, 173
interface, 151
intermittency, 163
Jupiter, 213
kinematic approximation, 142
large-scale solar, 118
local solar, 114
magnetic energy, 161
mean-field, 143
Mercury, 212
Neptune, 214
non-linearity, 149, 161
polarity reversal, 147, 155
saturation, 35, 61, 120, 122
Saturn, 213
small-scale solar, 113
solar scenario, 124
stars, 170
stochastic forcing, 159, 164
thermoelectric (Mercury), 212
Uranus, 214
waves, 149, 151, 153
dynamo number, 145, 148, 164

Earth
core, 190
composition, 191
light elements, 191

tangent cylinder, 197, 203
torsional oscillations, 198

heat flow, 191

inner core, 190, 192

interior, 190

magnetic field structure, 180

magnetic reversals, 185

plate tectonics, 192, 193

remanent magnetization, 182

variability of magnetic field, 184
Ekman number, 199
electromagnetic skin depth, 149, 152, 172
electron strahl, 219, 240
Elsasser number, 198
energy sources for planets, 308
enstrophy, definition, 110
ephemeral region

definition, 14

dependence on sunspot cycle, 16
equations of planetary motion, 300
equatorial spread-F, 419
exobase, definition, 377
exoplanets, 8, 74

ionosphere and life, 361
exosphere

cooling by CO,, 374

definition, 369

F10.7 radio flux
long-term record, 275
faint young Sun problem, 34
flares
frequency of very large flares, 39
largest recorded, 39
power-law spectra, 38
stellar, 38
flat-activity star, 37
flux emergence, 18
flux tube, 195
flux—flux relationships, 28
forced waves, 409
fossil magnetic fields, 173
frozen flux, 184
FU Orionis outburst, 52

galactic cosmic rays
11-yr and 22-yr modulation, 260
beryllium, carbon isotopes, 248
corotating wind streams, 248
during prolonged cycle minimum, 267
force field solution, 261
global merged interaction regions (GMIRs), 248
heliospheric sink and shadow, 253
heliospheric variation, 253
interstellar variation, 252
Maunder minimum, 249, 264
mega-year to giga-year variations, 251
model for diffusion, advection, and adiabatic
cooling, 260
model vs. observation, 263
modulation and adiabatic cooling, 262
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Parker’s transport equation, 255
signature in extraterrestrial matter, 250
solar cycle variation, 246
solar modulation, 259
systematic heliospheric circulation, 255
transport equation, 255
boundary conditions, 257
transport processes, 255
variations, 246
on long time scales, 250
galactic habitable zone, definition, 84
Ganymede, magnetic field, 190
gas planet, 190
Gauss coefficients, 181
geomagnetic dipole, geospace effect of tilt, 382
geomagnetic excursions, 186
geomagnetic field
declination, 180
dipole strength variation, 382
effects on cosmogenic isotopes, 337
energy partitioning, 185
field strength profile during reversals, 381
historical, 184
inclination, 180
long-term variations, 326
paleofield, 185
paleointensity, 186
power spectrum, 181, 182
reversal frequency, 187
reversals, 186, 380
secular variation, 184
superchron, 187
virtual axial dipole moment (VADM), 381
westward drift, 184
geomagnetic polarity, 186
geospace climate, 365
dependence on dipole strength, 382
dependence on photon irradiation, 366
dependence on solar wind over geological time, 384
during grand maximum, 372
effect of dipole tilt, 382
effects of increased CO,, 386
effects of non-dipolar fields, 385
impact of sustained EUV increase, 378
Maunder minimum conditions, 371
variation over geological time scales, 374
geostrophic, definition, 411
geostrophic balance, 129, 196
geostrophic cylinders, 196
giant-cell convection, 107
global averaged ionosphere and thermosphere (GAIT)
model, 367
¢global merged interaction regions (GMIRs), 225
galactic cosmic rays, 248
granulation, 102
scale size estimate, 103
gravitational collapse, condition for, 49
gravitational instability, 67
definition, 55
gravity waves, 134, 399
definition, 391

dispersion relation, 399
example, 393
irrotational on a sphere, 401
phase velocity, 400
properties, 389
prototype, 399

gyroscopic pumping, 127

habitable zone, 81
continuously, 83
definition, 81
effects other than stellar brightness, 86
galactic, 84
photosynthetic, 83
ultimate fate of, 96
Hale’s (polarity) rule, 17
helicity
conservation and loss, 121
flow, 195
heliopause, 243, 253
helioseismology, 107
heliosheath, 258
heliosphere termination shock, 243
heliospheric current sheet (HCS), 219
spiral wave, 259
heliospheric magnetic field (HMF)
definition, 217
interchange reconnection, 238
source regions in the photosphere, 30
helmet streamers, 219
Herbig—Haro object, 31
Hertzsprung—Russell diagram, 31
Hough functions, 401
Hovmoller diagram
definition, 398

ice ages, 315
ices (planetology), 194
induction, 141
induction equation, 112
inner core, Earth, 190, 192
insolation variation with orbital eccentricity, 314
interglacials, 315
Intergovernmental Panel on Climate Change (IPCC),
425
interior, planetary, 190
interplanetary coronal mass ejection (ICME), 231
overexpansion, 233
inverse cascade, 120
ionosonde, 365, 386
ionosphere
D region, 355
chemistry, 358
E region, 355, 357
F region, 354
F, region, 356
unique to Earth, 361
day vs. night, 352
domains, layers, 351
ionization “chemistry”, 356
ionization degree, 351
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Mars, 358 magnetic breaking, 42
molecules and ionization balance, 356 magnetic carpet, 116
photo-ionization, 353, 354 magnetic diffusion time, 144
recombination, 355 magnetic diffusivity, 141, 145, 155, 195
traveling planetary waves, 421 magnetic elements: spots, pores, knots, faculae, 20
Venus, 358 magnetic fields
ionosphere—thermosphere axisymmetric, 142
conditions for young Earth, 378 diffusion time scale, 21
disturbances, 391 induced, 190
modeling Maunder minimum, 370 solar fossil, 135
solar cycle variation, 368 small-scale, 143
iron in Earth’s core, 191 magnetic filling factor, 19
magnetic flux lobes, 183
Jeans escape process, 374 magnetic flux ropes, 156, 172, 177
jet stream, 2D turbulence and Rossby waves, 134 active regions, 158
Joy’s law, 17, 155 magnetic helicity, 119
Jupiter, 134 magnetic Prandtl number, 162, 164, 199
dynamo, 213 magnetic pumping, 116
interior, 194 magnetic Reynolds number, 145, 195
magnetic field, 189 magnetization, remanent, 182, 185
radio emission, 189 magnetorotational instability, 66, 68, 126
definition, 54

Kelvin’s estimate of age of Sun, 307 magnetosphere
Kelvin—Helmbholtz contraction time scale, 59 stars versus planets, 46

kinetic helicity, 111, 119, 144, 158 stellar, 62
T Tauri, 64

magnetostrophic balance, 198
main sequence, definition, 31
mantle convection, Earth, 192
Mars
atmospheric composition, 358
ionosphere, 358
magnetic field, 189
mass loss, 42
Maunder minimum, 37, 46, 163, 319
l4c records, 343
and Little Ice Age, 333
galactic cosmic rays, 249
geospace environment conditions, 371
solar irradiance, 294
Sun, 24
mean-field theory, 204
Medieval grand maximum, 370
Medieval Warm Period, 339
Mercury
dynamo, 212
magnetic field, 188
meridional advection, 21
meridional circulation, 128, 152, 156, 163
mesogranulation, 104
metallic hydrogen, 194
Milankovic climate forcing, 313
minimum mass solar nebula, 67
mixing length theory, 101
moment of inertia, 193
stars, 41
Moon, magnetic field, 188

Lagrangian chaos, 113
Lamb waves, 406
Lamb’s parameter, 401
A quenching, 162
Laplace’s tidal equation, 400
eigensolutions, 402
Hough functions, 401
Laschamp event, 325
Late Heavy Bombardment, 88
life
early terrestrial, 89
environmental limits, 79
microbes, 80
multicellular organisms, 80
microbial, 89
multicellular, 92
oldest known, 89
oxygen signature, 90
subsurface, 82
Little Ice Age, 339
little ice age
and Maunder minimum, 333
long-term solar variability, 319
Lorentz force, 196
luminosity, gas planets, 194
lunar 18.6-year cycle, 305
lunar cataclysm, 88
Lyapunov exponent, 113

M-type dwarf star, 211
MAC balance, 198
magnetic activity

angular momentum loss, 41 nebular hypothesis, 299
binary stars, 44 Neptune, 134
definition, 11 dynamo, 214
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magnetic field, 189 protostar
Newton’s law of gravitation, 300 deuterium fusion, 59
Nice hypothesis, 89 disk, 54

Nice model, planet formation, 67, 77
nuclear energy and age of Sun, 308

oceans
and plate tectonics, 95
inevitable loss, 94

Ohl-Gnevyshev law, 161

ohmic dissipation, 207

Q-effect, 204

orbital forcing of climate, 314

oxygen, signal of life, 90

ozone
11-yr cycle, 435
27-d solar rotation, 439
chemistry, 431
photochemistry, 430
role of bromine, chlorine, 432
solar variability, 434

ozone hole, 433

p modes, 108
Parker—Yoshimura sign rule, 149
photo-ionization, 353
photochemistry, 429
photosynthetic habitable zone, definition, 83
planet formation
Nice model, 67, 77
core accretion, 75
disk evaporation, 72
dust disk evolution, 69
scenarios, 75
planetary energy sources, 308
planetary insolation
annual variation at Earth, 313
distance, eccentricity, 313
planetary motion, equations of, 300
planetary radiation balance, 309
equilibrium temperature, 310
planetary system migration, 76
planetary vorticity, definition, 395
planetary waves
definition, 391
example of stationary waves, 392
example of traveling waves, 392
mechanism, 395
planetesimal, 72, 75
planets, internal structure and energy budget,
190
plasma—neutral interactions, 391
plate tectonics, 193
likely end of, 95
polar cap field of stars, 45
polar starspots, 45
pole—equator temperature gradient, 130
potential-field source-surface (PFSS) model, 30
Prandt]l number, 199
pre-biotic Earth, 87
precession of equinoxes and climate, 315

rotation, 58
protostellar cloud, 49
protostellar disk, ionization, 50

quasi-biennial oscillation (QBO), 416
solar cycle, 443
quiet Sun, definition, 25

radiation balance for planets, 309
radiative equilibrium temperature, 428
radiative heat flow, 192
radiative recombination, 355
radiometer, active, 279
Rayleigh number, 199
remanent magnetization, Earth, 182
Rossby number, 35, 174, 197
convected, 199
local, 201
Rossby waves, 111, 133, 402
dispersion relation, 397
group velocity, 398
phase velocity, 397
properties, 389
prototypical, 397

Saturn
dynamo, 213
helium rain, 194
hydrogen/helium ratio, 194
interior, 194
magnetic field, 189
scale height
density, 195
temperature, 208
scaling law, magnetic field strength in
dynamos, 207
Schwabe, Heinrich, 274
seismology, 190
shallow-water equations, 400
wave types, 400
snowball Earth, 312
solar activity
historical summary, 12
long-term periodicities, 328
long-term variations, 327
proxies, 319
radiative losses, 26
solar atmospheric heating, 27
solar constant, 270
solar cycle
amplitude modulation, 160, 162
Dalton minimum, 292
forecast, 166
Hale, or polarity, 275
ionosphere—thermosphere variation,
368
Maunder minimum, 292
modern maximum, 292
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Schwabe or sunspot cycle, 274 birthline, 59
tropospheric dynamics, 444 stars
solar irradiance activity cycles, 174
cycle variations in spectral bands, 283 age estimate, 59
definition, 269 convection, 170
depth of penetration, 354 early-type, core convection, 170
during Maunder minimum, 294 intermediate mass, 173
forecast, 294 magnetic field, 60
historical reconstruction, 290 solar-type, 173
history of research on variations, 277 starspots, 40
Lyman «, 283 high-latitude, 45
measurement, 278 stationary planetary disturbances, 392
modeling, 285 stellar activity
value, 269 cycle, 37
versus luminosity, 271 definition, 11
solar luminosity, 307 flat-activity, 37
cycle variation, 312 saturation, 35
variation with time, 312 stellar evolution
solar magnetic field brightening with age, 83
diffusion time scale, 21 time scales, 32
field strength versus flux density, 19 stellar magnetosphere, 62
network, internetwork, 25 T Tauri, 64
polar caps, 22 stellar outer atmospheres, heating, 27
reconnection, 25 stellar structure, moment of interia, 41
surface flux dispersal, 21 stellar wind, bow shock, 44
solar spectral irradiance sSudden (stratospheric) warmings, 413
un

penetration into Earth’s atmosphere, 431
Sun in time, 40
solar system
angular momentum, 306 ¢
barycenter, 303 energy of formation, 307
solar variability, 319 mass loss, 29, 34
10 000-year record, 337 polar magnetic field, 153, 155, 167
red-giant phase, 95
tachocline, 146, 158
Sun—weather relationship, regional, 444
sunspot cycle, latitudinal drift, 16
supergranular random walk, 21
supergranulation, 104
surface flux dispersal, 21

active regions, 155
convection, 159
differential rotation, 146

climate change, 330
solar wind
electron strahl, 242
fast and slow wind, 220
global merged interaction regions (GMIRs), 225
interaction region, 223
interchange reconnection, 238
mass loss, 29

shock waves, 225 T Tauri star, 31, 55, 211
stream evolution with solar distance, 223 excess continuum, 63
stream interfaces, 223 magnetic field, 61
stream structure, 221 tachocline, 108, 122, 134, 196
in inner vs. outer heliosphere, 225 Taylor state, 198
transients, 231 Taylor—Proudman theorem, 112, 129, 196
variation on geological time scale, 384 temperature scale height, 192
solar-terrestrial relations, early history, 364 termination shock, 243, 253
space weather terrestrial planet, 190
Bartels period, 30 thermal wind, 203
impact of grand maximum, 372 balance, 129
spectral irradiance thermoremanence, 185
definition, 269 thermosphere
measurement, 282 impulsive forcing, 418
modeling, 285 temperature profile over geological time scales, 375
spectral type, 31 tides, 417
Sporer minimum, 250 tidal acceleration, 304
Sporer’s rule, 17 tidal bulge, 304
star formation, 49 tidal coupling in binary stars, 44
angular-momentum problem, 63 tidal effects, 303
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tidal friction and rotational retardation, 304
tides, 410
(non-)migrating, 417
ozone, water-vapor absorption, 410
thermosphere, 417
Toomre parameter, definition, 67
total electron content (TEC), definition, 372, 377
total solar irradiance (TSI)
climate driving, 427
climate forcing, 335
definition, 312
long-term variations, 330
traveling ionospheric disturbances (TIDs), 420
traveling planetary disturbances, 392
tree-ring climate records, 337
turbulence, two-dimensional, 203
turbulent diffusion, 144
turbulent electromotive force, 144

Index

Uranus, 134
dynamo, 214
magnetic field, 189

Venus
atmospheric composition, 358
ionosphere, 358
magnetic field, 188
virtual axial dipole moment (VADM), 381
viscous force, 196
volcanism and climate, 341
vorticity
definition, 395
potential, 127

‘Waldmeier rule, 161
waves on a rotating sphere, 400

Zeeman—Doppler tomography, 211
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