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A list of satellite instruments is given in Appendix A.
A full list of abbreviations and acronyms is given in Appendix C.
A list of chemical names and molecular formulae is given

on page xxxi.

A
AATSR
aerosol retrieval algorithm, 263-266
cloud brightness measurements, 235
data products, 264, 279
retrieval of aerosol properties, 269, 279-282
Absorption linewidth, 36-37
Absorption of radiation, 26, 29, 40, 42, 51
ACCENT, 10
ACE, CO seasonal measurements, 136—138
ACE-FTS, mission example, 135-137
Acetone (CH;COCH3;), tropospheric studies, 391
Acetylene (C,H,), tropospheric studies, 391
Acid deposition, 19, 21-22
Acid rain, 21
Active microwave techniques,
introduction, 195
Active systems perspectives, 507
ADEOS, 9
Aerosol
air quality role, 261
climate role, 261
data assimilation example, 478—480
model comparison, 455, 460-467
optical parameters, 266—269
over land
MODIS, 284
POLDER, 278-279
retrieval, flow chart, 286
over ocean
MODIS, 283-284
POLDER, 277-278
retrieval, flow chart, 285
scattering from, 42, 48
validation needs, 343-344
Aerosol-cloud interactions, use of satellites,
301-303

Aerosol direct radiative forcing
global averages, 298
global maps, 298
model comparison, 300-301
uncertainties, 299-301
Aerosol optical depth (AOD)
AATSR compared with AERONET, 282
comparison of ozone monitoring instrument
OMI and OMAERO, 303
estimated uncertainty, 344
Eyjatjallajoekull, 499
global from MODIS, 284, 287
to estimate PM2.5, 294
Aerosol parameters, 498—-500
Aerosol products, intercomparison, 304
Aerosol properties
current instrumentation, 264
databases, 269-270
description, 260
from MERIS, 289-291
from OMI, 284-289
history of observations, 261
instruments for retrieval, 270-271
lidar, impact of, 262
multi-wavelength algorithm, 287288
operational prediction, 417
retrieval algorithms, 262, 264-266, 270,
272,275, 278, 280-281, 283, 305
validation, 292
Africa
biomass burning, HCHO, 378-379
CALIOP observations, 273
CH,4 enhancement, 385
Air mass factor (AMF)
2-D and 3-D box, 97-98
box, 92-97
total, 91-92

539



540

Air pollution, 3, 11, 17-20, 25
impact, model evaluation, 455
Air quality, 2, 14, 19-20, 60
importance of NO,, 368
monitoring with satellites, 417
Airborne platforms
measurements for validation, 349
AIRS, 9, 518
CO, transport, 142-143
Alaska, forest fires, 376, 380
Albedo
Earth’s surface, 72, 85, 89, 91, 93-94, 96,
98, 99, 105, 106, 109, 111
white & black sky, 89
Algorithm development prospects, 502-503
Ammonia. See NH;
AMSR-E, 213
AMSU-A, 167, 176, 178-181, 183-185,
206, 213
AMSU-B, 167, 173, 176, 178, 181, 184,
185,213
Annual variability, O3, 367
Antarctica, IO measurements, 388
Anthropocene, 16, 18, 493, 512
Arctic
BrO spatial extent, 387
forest fires, 376
Asian pollution event, CO tracer, 405
AT2, 10
ATM model, brightness temperatures,
168, 169
Atmosphere
physical structure, 11-13
pressure variation with altitude, 11, 12
temperature variation with altitude, 11, 12
Atmospheric circulation, monitoring with
tracers, 404
Atmospheric composition
long term observations, 24
regional and episodic studies, 25
role of measurements, 24
Atmospheric profiles
H,0 vapour, 164-166
temperature, 164—166
Atmospheric radiative transfer, 42, 4649
Averaging kernels, derived from AMF, 95-97

B

Bayesian techniques, 161, 162, 173, 202

Beer-Lambert law, 40, 49, 73-76, 84, 92

Best Linear Unbiased Estimate (BLUE),
473-474

Biomass burning, 14, 19-21, 45,
495-497, 504

Index

CO measurements, 371, 374, 376, 412

glyoxal observations, 379-380
HCHO detection, 378-379
NO,, 368
Bouguer-Lambert law, 40
BAER
aerosol retrieval, 289
flow chart, 285, 286
Brightness temperatures
observations, 170
simulation, 169
BrO
estimated uncertainty, 318
from volcanoes, 382, 387
global map, 399, 403
in polar regions, 387, 410
in volcanic emissions, 386
mechanism of release, 387, 410
tropospheric studies, 396
Bromine monoxide. See BrO

C

Calibration
definition, 319

CALIPSO

aerosol cloud interactions, 263, 264,

301-303, 305
aerosol retrieval, 264
cirrus cloud heights, 252
cloud retrieval, 265
instrument payload, 275
CALIOP
cloud height determination, 252
data calibration, 273-274
data products, 274-275, 277
extinction retrieval procedure,
275-276
west-central Africa, 273
Carbon dioxide. See CO,
Carbon monoxide. See CO
CarbonTracker system, 475
Cell correlation radiometry, 127
Central Asia, forest fires, 376
CFC, 17, 22-24, 27
fate in the troposphere, 17, 23

CFC-11, 12, 113, tropospheric studies, 398

CH,
estimated uncertainty, 317
global map, 402
inverse modelling, 471-472
regional enhancements, 385
tropospheric studies, 394
Chemical weather, 417
Chemical weather satellites, 512
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China reflection function, 238, 240, 241,
CH,4 enhancement, 385 244, 246
CO measurements, 372, 374 CloudSat
NHj; concentrations, 382 intersection with MODIS, 199
NO, monthly averages, 369 mission, 196-197
Chlorofluorocarbons. See CFC radar, 196
Climate change, 2, 3, 18-20, 22, 23, 47 CcO
aerosol direct radiative forcing, 297-301 ACE seasonal measurements, 136—138
operational monitoring, 416 biomass burning, 371, 402
Climate change gases, 495-496 boundary layer residual, 415
Cloud cover, 232-234 emission estimates, 375
Cloud droplets emissions, anthropogenic, 471-472
effective radius, 232, 238-243 estimated uncertainty, 317
Cloud ice global emission estimates, 375
Aura observations, 190 global map, 400
H->O content, definition, 168 global measurements, 372
H,O0 retrieval, 172-174 hemispheric transport, 374
Cloud liquid water in situ validation measurements, 317
definition, 168 inverse modelling, 471472
retrieval, 170-172 long-range transport, 373, 374, 405
Cloud parameters, 498-500, 503, 504, 507 microwave observations, 191
needed accuracy for validation, 342 model comparison, 471472
Cloud phase, 235-237, 246, 249, 253 model comparison for MOPITT,
Cloud products, 232, 237, 244 464465
validation, 247-249 model performance, 377-378
Cloud profiling MOPITT global distribution, 141-142
MODIS and CloudSat 196-197 SCIAMACHY/MOPITT comparison, 327,
radar (CPR), 197-198 338, 339
Cloud remote sensing SCIAMACHY/OMI comparison, 337
hyperspectral remote sensing, seasonal variation, 373
249-251 transport phenomena, 373-374
lidar remote sensing, 251-252 tropospheric studies, 393
modern trends, 232, 249-253 upper troposphere, Aura, 191-193
Cloud screening, aerosol retrieval, 265 validation strategy, 357
Cloud slicing, 102, 104 CO,
Cloud top height AIRS transport, 142-143
CO; slicing techniques, 245 estimated uncertainty, 318
stereoscopic method, 245 fate in the troposphere, 16
thermal IR measurements, 247 global, 384
validation, 232, 249 global map, 402
Clouds ocean and atmosphere, 16—17
aerosol interactions, 263, 264, periodic pattern, 410
301-303, 305 tropospheric columns, 384
brightness temperature, 235 tropospheric studies, 394
effect on Box AMF, 92-95 Coherent radiation, 30, 44
future missions, 252-253 Column density maps,
ice path, 243-244 proxy for emissions, 399404
liquid water path, 243-244, 249, 253 CEOS, 494
microwave remote sensing, 167-170 Cryosphere, 14, 16

observational history, 251
optical thickness, 231, 233, 237-240, 244, D
246, 249, 250, 253 Data analysis, UV/vis/NIR
parameters, 232-247, 253, 254 desirable improvements, 73, 75, 113
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Data assimilation
4d-var, 471-472, 474, 478-480
aerosol, 478
BLUE, 473-474

GPS results for Mediterranean, 210-211

in operational meteorology, 176-184
Kalman filter, 474
microwave radiative transfer in, 179—-181
NO, example, 474, 478
O; example, 475
objectives & approaches, 473—475
Data centres
for validation, 354
Data comparison
data analysis, 320, 325-328
finding collocated data, 320-321
horizontal representaion, 323-324
selection and filtering, 320-322
time differences, 323
vertical representaion, 322-323
Data quality and validation. See validation
Databases, spectroscopic
HITRAN, GEISA, 126, 130
Department of Defense (DOD), 6
DIAL technique, 53, 57
Dipole moment, 32, 33
DOAS, 7, 26, 50
DOAS retrievals
advanced concepts, 83-85
considerations, 80-83
origin, 69
Ring effect, 81-82
surface reflectivity, 83
Dominant chemical pathways,
determination, 459-460
Doppler effect, thermal, 126

E
Earth observation

and remote sensing, 3—4

targets, 4
Earth shine, 72
Earth spectrum, 72
Earth’s atmosphere, thermal emission, 141
ECMWE, 502
El Nino, H,O transport, 386
Elastic scattering, 29, 43
Electromagnetic spectrum, diagram, 29
Emission of radiation, 30, 42
Emissions

CO estimates, 375

column density maps as a proxy, 399-404

constraining budgets, NO,, 369
global, CO, 375

Index

global, NO,, 370

lightning NO,, 368, 399

NH;, 382

power plants NO,, 368

shipping NOy, 368

SO,, 380, 388, 416

soil NO,, 369, 399, 410

trends, NO,, 369

tropical, CHy, 385
Energy levels, rotational-vibrational, 125
Environmental Policy, 17-19
ENVISAT, 72, 135, 137, 139, 507
ERA-40

development, 1957 to 2002, 180
ERA-Interim

GPSRO impact, 206
ESA, 502, 507-509
Ethene (C,Hy), tropospheric studies, 396
Ethane (C,Hg), tropospheric studies, 396
Etna smoke plume, volcanic emissions,

49, 50

Ethyne (C,H,), tropospheric studies, 396
EUMETSAT, 502, 507-509, 512
EURAD, NO, comparison, 477
ELDO, 6
EUMETSAT, 7, 10
ESA, 6-10, 59
ESRO, 6
EUROTRAC, 10
Eyjafjallajoekull volcano, 499

F
Fires
CO measurements, 376-377
forest, NO, and HCHO, 370-371
NH; emissions, 382
environmental issue, 20-21
Formaldehyde. See HCHO
Formic acid (HCOOH)
tropospheric studies, 397
Forward radiative transfer
thermal IR, 130-131
FTIR
in situ technique for validation, 357
use of data in validation, 352
Fourier transform spectroscopy
grating spectrometry, 127, 128
Frank-Condon principle, 34, 35
Fraunhofer spectrum
effect in DOAS retrievals,
80-81
Free radical reactions, 14—16

Full width at half maximum (FWHM), 37, 38
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G
GEO, 494
GEO, combination with LEO, 501
GEOS-Chem, comparison with MOPITT, 453
GEOSS, 2,7, 694
Geostationary instruments
GeoFIS initiative, 509
GeoSCIA initiative, 509
GeoTROPE initiative, 509
GeoTropSat initiative, 508, 509
perspectives, 505-507
need for, 417
GLAS, cloud laser studies, 252
Glyoxal (CHOCHO)
annual mean concentration, 379-380
estimated uncertainty, 317
global map, 401
global mean distribution, 457458
source apportionment, 457-459
tropospheric studies, 379-380
GMES, 7, 60
GOME, 8-10, 53, 58-60, 517
cloud top height determination,
250, 253
retrieval example, 111-113
GOME-2
effect of improved resolution, 113-115
validation activities, 354
GOSAT
FTS cloud measurements, 235
GPS
data availability, 205-207
European ground based network, 209
ground based observations, 207-209
measuring atmospheric parameters,
204-211
radio occultation, 204-205
GPSRO
impact on ERA-Interim, 206
measurement technique, 204
Greece, NH3 emissions from fires, 382
Greenhouse gases
fate in the troposphere, 17
proposed mission, 509

H
H,O
Aura observations, 192
estimated uncertainty, 318
global map, 399, 402
GPS ground based observations, 207-209
hydrological parameters, 498
ice, cross sections, 159
isotope studies, 386

543

liquid, cross sections, 159
microwave observations, 189
refractive index for liquid and ice, 158
trends in precipitable, 386
tropospheric studies, 395
H,O0,, tropospheric studies, 397
HCFC-142b, tropospheric studies, 396
HCFC-22, tropospheric studies, 396
HCHO
annual mean concentration, 379
biomass burning, Africa, 377
column ratio with NO,, 414
estimated uncertainty, 317
global distribution, 378-379
global map, 399, 401
Indian Ocean, GOME and EMAC, 456457
proxy for isoprene, 378, 401
proxy for VOC emissions, 456-457
ship track observation, 378
tropospheric studies, 395
HCI, tropospheric studies, 397
HCN, 376, 397, 398
HDO, tropospheric studies, 397
HIRDLS, O; tropospheric intrusion, 140
HNOg;, tropospheric studies, 397
Holocene, 493
Horizontal distribution
process impacts, 336-338
Hyper-spectral measurement perspectives, 506

I
IASI, 10, 53, 58

atmospheric radiance spectrum, 140,

144-145

SO, global, 145
IGACO, 494, 509

global observations, 416
1GOS, 2, 494, 509, 512
India, CO measurements, 371-372
Indian Ocean

ship tracks, HCHO, 378

ship tracks, NO,, 390
Indonesia, forest fires, 376, 377
Industrial emissions, 496497
Instrument degradation

quality assurance, 333-334
Instrument technology perspectives, 505-507
Instrumentation, idealised requirements,

504-505

Inverse modelling

CO & CHy, 471472

future needs, 454, 472473

principles, 454, 467-473

short-lived species, 467-470
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10
Antarctica, 388
global map, 399, 403
mechanism of formation, 388—389
tropospheric studies, 396
UV-vis spectrum, 52-53
IPCC, 18, 19, 22
assessment, 494
IR, near. see UV/vis/NIR
IR, thermal, 123-147
Isoprene, HCHO proxy, 378, 401

J
Japan, CO measurements, 372
JAXA,7,9

K
Korea, forest fires, 376

L

Lagrangian point satellite, 510

Lambert-Beer law, 41

Lapse rate, 11

LEO, 58-60

Lidar
differential absorption (DIAL), 53, 57
in situ technique for validation, 342-344
principle, 55, 56

Lightning, compared with NO,, 412

Limb view, 54-55, 101

Line broadening, 35-37, 125

Lorentz profile, 125-126

LOWTRAN, 45

LRTAP, 19, 20

M
Mars, atmosphere, 11
Mauna Loa observations, 24
MAXDOAS

in situ technique for validation, 350, 351
Measurement sensitivity, characterisation,

91-98

Mediterranean, HCHO tracer, 378
MERIS

aerosol products from, 304

cloud top height determination, 248
Mesosphere, 5, 11-13
Methane. See CHy
Methanol, tropospheric studies, 394
Methyl chloride, tropospheric studies, 397
MetOp satellite mission, 174, 507
Mexico City, CO measurements, 372
Microwave measurement perspectives, 506

Index

Mie scattering, 74, 77, 79, 81, 88
polarised phase function, 4445
MIPAS
infrared spectral coverage, 139
spectral bands, 137
Missions
need for future, 507
satellite, current and future, 507-510
MLS, 9, 187, 193, 214, 518
cloud ice and H,O vapour, 190
limb sounding observations, 191
Model evaluation
aerosol, 461
CO, 464-465
CO comparison with MOPITT, 373-374,
377-378
comparison with observation, 461-467
NO,, 462-464
use of satellite data, 463
Modelling
collocation of grid boxes and
pixels, 452
introduction, 451454
inverse. see inverse modelling
perspectives, 481
understanding atmospheric chemistry,
455461
Models, differences to retrievals, 460461
MODIS
aerosol cloud interactions, 264,
301-303, 305
aerosol over the land, 284
aerosol over the ocean, 283-284
AOD-PM2.5 relationship, 296-297
cloud ice fraction, 236
cloud liquid water path, 253
cloud optical thicknesses, 238-240,
244,253
cloud top height determination, 245, 248,
250, 253
cloud top pressure, 245, 247
cloud water droplets and ice
crystals, 242
global AOD, 287, 288, 305
monthly cloud fraction, 233, 234, 236
Molecular energy levels
rotational, 31-32
vibrational, 32-33
Molecular energy states
electronic, 34
populations, 34-35
rovibronic states, 33
Molecular spectra, 3540
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Mongolia, NH; emissions from fires, 382
Montreal Protocol, 18
MOPITT, 9, 53, 519
CO global distribution, 141-142
comparison with GEOS-Chem, 453
SCIAMACHY CO comparison, 327, 330,
338, 339
validation activities, 354
Multi-instrument measurements
perspectives, 506
Multi-platform observations, 414416
Multiple observations prospects, 503

N
N,O
estimated uncertainty, 318
N,O, tropospheric studies, 393
Nadir looking instruments, 141-144
Nadir view, 8, 9, 53-54, 59, 70, 73, 75, 86,
89, 93, 94
NASA, 6-10, 23
Netherlands
AOD to estimate PM2.5, 290-293
PM2.5 map, 297
Networks
aeroplane, 346
balloon, 346
ground based, 345
ground, for validation, 331
Neural networks
Thermal IR, 133-134
UV/vis, 105
NH3, tropospheric studies, 393
Nitric acid. See HNO;3
Nitrogen dioxide. See NO,
Nitrogen oxides. See NOy
Nitrous oxide. See N,O
NO,
column ratio with HCHO, 414
comparative monthly averages, 369
compared with lightning
comparison with EURAD, 477
data analysis example, 111-113
data assimilation example, 474, 478
effect of improved resolution, 112-113
emission rates, summer, 468
estimated uncertainty, 317
global emissions, 370
global map, 399400
global transport, 370
GOME validation, 322
in situ validation measurements, 356
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in situ validation techniques, 323, 324,
337, 350
MAXDOAS validation, 351, 356
model comparison, 462
model comparison for GOME, 462-463
model comparison for SCTAMACHY, 464
monthly averages, 326
monthly maximum, 410
North Atlantic transport, 370, 406
NO,, multiple roles, 496
retrieval example, 111-113
role in O3 budgets, 370
SCIAMACHY/OMI comparison, 329, 337
trends, 369, 408
Tri-cities column density, 326
tropospheric studies, 392
validation strategy, 355-356
weekly cycle, 368, 410411
NOAA, 6, 8, 50
North America, CO, observations, 384
North Atlantic, transport of NO,, 370, 406
NO,
air quality, 368
biomass burning, 368, 399, 412
emissions, 368-369, 408
sources and sinks, 368
NPOESS, 507, 512
NWP, 508, 509, 512, 513

(0]

O, A-band spectrometry
cloud height determination, 248
cloud top height, 248

0O,, UV spectra, 13

0;
annual variability, 367
budget, role of NO,, 370
Chappuis Bands, 104
data assimilation example, 475476
estimated uncertainty, 317
global distribution, 367
global map, 400
Hartley Bands, 68, 83
highlights, 495
Huggins Bands, 70
in situ validation measurements, 346-348
ozone assessments, 18
ozone hole, 17, 23, 25, 70
production and loss, 13
stratospheric depletion, 19, 22-23
tropical Atlantic, TES, 143—-144
tropical columns, 367
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O; (cont.) POLDER
tropospheric, 366-368, 378, 401, 403, aerosol over land, 278-279
406, 408, 412 aerosol over the ocean, 277-278
tropospheric and air quality, 19-20 Population, growth of human, 18
tropospheric intrusion, HIRDLS, 140 Profiles, synergistic approaches, 413-414
tropospheric studies, 392
validation strategy, 355 Q
Observation techniques, in-situ, 25-26 Quality assurance
Occultation, 8, 10, 55, 71, 73, 86 algorithm optimisation, 333
Occultation instruments, limb and solar, calibration, 331-332
135-140 instrument degradation, 333-334
OCS, tropospheric studies, 396 lower level products, 332-333
OH, a free radical, 14 quality monitoring, 334-335
OMAERUV validation and mission planning, 331
data product from OMI, 285, 303
data product status, 288-289 R
OML, 9, 53, 58, 519 Radiation, interaction with matter, 28, 30,
aerosol cloud interactions, 264 40, 44
aerosol products from, 270, 284-287 Radiative transfer modelling
data assimilation of NO,, 477 input data, 98-99
effect of improved resolution, 113 molecular absorption processes, 90
SCIAMACHY CO comparison, 339 molecular scattering, 86-88
validation activities, 354 overview of models, 99-101
Operational use of satellite instruments, surface reflection and absorption, 89
416-417 to interpret observations, 8690
Operator dilemma, 24 Raman scattering, 30-31, 44
Optimal estimation (OE) formalism, Rayleigh scattering, 29, 30, 43-46, 48, 74, 81,
131-133 82, 86-88, 90, 91, 93, 105
Orbits Reflectivity, ground cover and river water,
GEO, 60 50, 51
LEO, 58-60 Refractive index, complex, definition, 260
polar, 57-59 Remote sensing
satellite, 57-58, 60 active techniques, 55-57
sun-synchronous polar, 58, 59 and Earth observation, 3-5
Ozone. See O back scattered solar radiation, 5, 7-9
definition, 1
P from space, 1-60
PAN, 16 historical milestones, 67
tropospheric studies, 396 images and spectroscopy, 49-57
PARASOL limb view, 54-55
aerosol cloud interactions, 302 nadir view, 53
Particle scattering, 74, 88 nadir, limb and occultation, 53-55
Peroxy nitric acid, tropospheric occultation, 55
studies, 397 of the troposphere from space, 2, 8
Persistent organic pollutants (POPs), 18, 19, 21 passive and active, 4, 31, 53, 54
Photochemistry, fast in-situ investigation, 25 passive techniques, 4, 7
Planck’s law, 123-126 perspectives, 505-507
PM10, data assimilation with SYNAER, scientific highlights, 495
479-480 scientific needs, 500-501
PM2.5, AOD estimate in the Netherlands, techniques, versus in situ, 26-27
292-293 thermal IR, 9-10
Polarisation measurement perspectives, validation observations from the ground,

505-506 349-353
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Retrieval of satellite data, desirable Smog
improvements, 113-114, 412 photochemical, 16-18
discrete wavelength techniques, 76—78 summer (See Smog, photochemical)
examples, 111-113 winter, 17
separating different effects, 76-77 SO,
separation of stratopheric signal, 101-102 estimated uncertainty, 318
synergistic approaches, 412 from Soufriere Hills volcano, 399, 404,
differences to models, 460461 405, 416
Russian forest, fires, 370 global map, 399
IASI global, 145
S industrial emissions, 380-382
SAGE, 8 long-range transport, 382
Satellite instruments, desirable developments, tropospheric studies, 380-382
113-114 volcanic emissions, 381
Satellite instruments, synopsis, 110-111 SOA, role of glyoxal, 379
Satellite observations, needs, 493-495 Solar spectrum, GOME, 72
applications, 365-418 Source identification, synergistic approaches,
what can we learn?, 399417 412413
examples, 111-113 South America
histroy, 110-111 CH, enhancement, 385
synergistic use of complementary, 115 SO, from volcanoes and smelters, 404
viewing geometries, 70-73 Space agencies
Satellite orbits, 57-60 Canadian, 7
SBUV, 7, 8, 23, 53, 70, 71, 102, 110, 520 Chinese, 7
Scattering, atmospheric, 4249 European (ESA), 6, 7
elastic, 29, 30, 43 Indian, 7
inelastic, 31, 44 Japanese (JAXA), 7
SCIAMACHY, 8, 10, 53, 55, Korean, 7
58, 60, 72, 73, 78, 80, 103, 106, United States (NASA), 6
110, 111, 115, 520 USA, 6,7
cloud phase index measurements, 235 Spectral line broadening mechanism, 39
cloud top height determination, 248 Spectral line shape
data assimilation of NO,, 478 Doppler, 35, 37-38, 40
MOPITT CO comparison, 327, 330, in different ranges, 39
338, 339 Lorentzian, 37, 39
OMI CO comparison, 339 Spectral linewidth
validation activities, 352 doppler broadening, 37-40, 52
Scientific highlights, 495 natural, 37
Scientific needs, 500-501 pressure broadening, 37-39, 52
SE Asia Spectral retrieval, DOAS type, 78-80
forest fires, 376 Spectroscopic techniques
HCHO detection, 378 IR, 52
SEVIRI microwave, 51-52
aerosol cloud interactions, 302 UV/vis/IR, 52-53
SF, tropospheric studies, 398 for chemical analysis, 40-42
Ship tracks Spectroscopy
HCHO, Indian Ocean, 378 absorption, 4042
NO,, Indian Ocean, 370 emission, 42
Siberia Stefan-Boltzmann law, 124
NH; emissions from fires, 382 Stimulated emission of radiation, 30
NO; and HCHO from fires, 370-371 Stratosphere, 4, 8, 11-13, 15-17, 20, 23, 24, 52
Slant column density, 73, 75, 77, 84, 91, 93, Stratospheric signal separation

101, 106, 111, 113 cloud slicing, 104



548

Stratospheric signal separation (cont.)
model method, 103-104
other approaches, 104-105
residual measurements, 103
stratospheric measurements, 102—103
Stratospheric variability
causes, 338-340
Sulfur budget, 380
Sulfur dioxide. See SO,
Summer smog. See Smog, photochemical
Sun glint, 89, 90
Sun photometers
in situ instrument for validation, 353
Sun synchronous polar orbit, 58, 59
Surface reflection
Surface reflection and absorption
albedo, 89
ocean surface interactions, 89-90
Surface reflection, angular dependency,
89-90
SYNAER, data assimilation for PM10,
479480
Synergistic use of satellites, 367, 413, 415

T
TES, 10, 53, 58, 521

data comparison, 322

Oj; tropical Atlantic, 143-144

validation activities, 354
Thermal IR

absorbing molecules, 135, 136

future plans, 145-147

history, 145-147

instruments and techniques, 127-128

physical principles, 123-127

products, 135-140

specificity, 129-134
Thermosphere, 5, 11-13
Tikhonov-Philips regularization, 133
Tomographic reconstruction perspectives, 506
TOMS, 8, 23, 53, 70, 71, 77,78, 102, 110, 521
Trace species, others measured from space, 366
Transitions, allowed and forbidden, 34, 35
Transpacific Asian pollution, comparing

MOPITT with GEOS, 453-454
Transport

CO, 376
global, NO,, 370
hemispheric, CO, 370, 374-376
monitoring with tracers, 404
Trends
CO,, 409
NO., 369, 408, 417
Tropical rain forest, CH, deviations, 385

Index

TROPOSAT, 10
Troposphere
acid deposition, 19
and climate change, 19, 22, 23
biomass burning, 14, 19
chemistry, 11-23, 60
complex chemical interactions, 15, 16
composition, measurement need
environmental issues, 19
impact of stratospheric O5 depletion,
22-23
O; and air quality, 19-20
POPs, 21
Tropospheric chemistry, 11-23, 60
Tropospheric composition
applications of satellite observations,
365418
synergistic approaches, 416
Tropospheric compounds, observed,
495-496
Tropospheric intrusion of O3, 140
Tropospheric photochemistry
role of halogen chemistry, 386
Tropospheric trace gases
measured from space, 392

U

Uncertainties in satellite measurements
instrument noise and stray light, 106107
instrument slit width, 107
light path, 108-109
spectral interference, 107—108
spectroscopic uncertainties, 107
tropospheric/stratospheric separation,

109-110

UNECE assessment, 494

UNFCCC, 18, 22

United Arab Emirates, AOD over, 282

USA, forest fires, 376

UV/vis/NIR
future developments, 113115
historical background, 67-69
satellite observations, 70-73
species retrieved, 73-76
uncertainties in measurements, 105110

\%
Validation
aerosol effects, 341-343
albedo effects, 341-343
characteristics of tropospheric products,
335-336
cloud effects, 341-343
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comparing data sets, 320-328 determinants, 336
data treatment, 322-325 process impacts, 336-337
data variability, 329-330 Vienna Convention, 18
definitions, 319-320 Voigt profile, 126
future strategies, 354—357 Volcanic emissions
introduction, 315-318 particulate matter, 500
methods, 348 SO,, 500
stratospheric gas effects, 338341
use of models, 328-329 w
Venus, atmosphere, 11 Wavenumber, definition, 28
Vertical column density, 68, 75, 93, 97, Whiskbroom scanning scheme, 59, 60, 110
106, 113 Wien’s law, 124

Vertical distributions of trace gases WMO assessment, 494
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