Contents

o 0] (o TSSOSO
Abbreviations and SatelliteS.......ccoviiiiiiieii XV
List Of  PartiCIPANTS....coiiiiiiiiee e XXV
1 Background (A. P.Cracknell)......c.cooiiiiiiii e, 1
L1 INErOUCTION i 1
111 Why is climatology important?........cccccoevviiiiniiniiininnn, 1
112  Global warming......cccooevveiiiiieeec s 2
113 The importance of climate StudiesS........ccocevviiiveiverinennnn, 3

12 Scale iNtime anUdSPaCE ....cciiiie et
13 Causes of climate Change ..o 4
131 Events that occur outside theEarth..........cccoevvniiiniinnnnn, 5
132 Natural events on the Earth.......cccccoooviiiiiiniiniicecn, 5
133  HUMaN aCliVITIES.....cceeiiiiiiiie e 5

14 Principles of climatemodelling.........cccocovviiiiiininiiee e,
141  Weather forecast models.........ccccocvveiviiiiii e 9
142  Climate forecasting and chaoStheory........ccocvvviieinennn. 10
143  Climate forecast models......cccocvviriiiiininnienie e 1
144  Feedback mechaniSmsS.......cccciiiiiiiininiieseesee e 16
15 Use of general circulation models.........cccoovviiiiiiiiinicneceee, 17
151 INtrOdUCTION....cciiiic e 17
152  Model QULPULS...ccieiiecic e 19
TG R | o O O 1= o To ] o TSP 20
16 Predicted consequencesof climate change..........cccoccovveviiiiiciiinienne, 28
161 Sea-1eVel TISE i 29
1.6.2  Freshwater reSOUICES.....ccciiviiieiieiieeie e 33

1.6.3 DSl ifiCAION ...t e e e ens 3



Vi

4

Contents
1.6.4  Agriculture and food SUPPIY..ccoiieiiiiiiie e,
165  Natural eCOSYSIEMS......ccovieiicicecre e
1.6.6 Impact on human health........cccoiiiiiiii e,
16,7 G OSTS ittt cceececearaen
1.7 Consensus and validation........ccccveveiieiiiniesiesie e
Global climate change. Socio-economic aspects of the problem
(K. Ya. Kondratyev and A. P. Cracknell)........cccocooveiiniiiiiieiieee,
/2250 R 1] 4 o Yo 1¥ o 1 [0 o PR
2.2 World Climate Research Programme (WCRP)........ccccoovvvvcvecienne
2.3 Summarized results of the Second World ClimateConference . .

24 UNCED 2.ttt
24.1  Framework Convention onClimate Change(FCCC) ...
2.4.2  Convention on Biological Diversity (CBD)........ccccccveenee.
24.3 The Rio Declaration on Environment and Development
(RDED) it
244 AQENUA 21. .o s
245  ‘Non-legally binding’ authoritative statement of principles
for a global consensus on the management, conservation
and sustainable developmentof all types offorest.............
246  UNCED-2 CONCIUSION....ccoiiiiiiiiiiieiie e
25  KYOt0 ProtoCOL......ccooiiiiiiice e
2.6 Population groWth......cccoiiiiieiicccesee e
2.7 Sustainable development........ccoiiiiiiiiiieeee e
2.7.1  Need for sustainable development.........cccoovviniiniiinninnne
2.7.2  What is sustainable development?..........ccccoviiiiiniiinnnns
2.7.3 How can development be sustainable?............cccccoveirnnne.
274 MOTAl ISSUE....ciiiiiiiieie it
2.8 International Geosphere-BiosphereProgramme(IGBP)...................
2.9 Ecological MONItOriNg......ccoviiiiiiiiiiieieeseeree e e
2.10 CONCIUSTON....iiiiiiieie et nre e
Satellite climatology - current and future European systems
(R. A, Vaughan).........coveiiiiie et
31 INIrOAUCTION. ..ot
3.2 Data reqUITEBMENTS.. ..ottt
3.3 CUITENT SY STEMIS it
331 International programmes........cccocvveiieeieiieeie e e
3.3.2 EUuropean programme......cccceeeirieeesieeesnineesssieessnnesssnees
34 FULUIE SYSTEMIS ..ttt
3.5 ESA’s Living Planet Programme.......ccccoeiieniinienienneenieeseesieeniens
3.6 CONCIUSIONS....uiiiiiitiiiiecieeie ettt re s
Atmospheric data assimilation (A. O'Neill) ..o,
A 1 0 {0 To 11 o3 4 o] PSR
4.2 What is data assimilation?...........ccccceviveiiiniiiniiie e



Contents vii

4.3 What are the benefits of data assimilation?..........cccccoovevvvviieennnnn
4.4 How is data assimilation dONe?......ccccvvviiiiiieniiie i
44.1 A simple statistical algorithm........c.cccooiiiiiiiiiie,
4.4.2 A generalized algorithm:multivariate case.........c.cccecuvenne.n.
443  ADV AR s
444  Kalman filter.....
45  ConCluding rEMArKS.......ccveiieiieieeiee st
4.6  Supplement: the (error) covariance matriX S* .......ccoocveveviivevnnenne.
Land-cover datasets derived from Earth-observation systems for global
change science (A. S. BEIWAIA)....ccoiiiiiiiiiiiieeeeee e
51 INtrOQUCTION. ..ottt
52 Land cover and the global climate agenda...........c.ccceevvevveicnnnnne
521 Land-use change forestry andIPCC reporting..................
52.2  Land-cover requirements of the International Geosphere-
Biosphere Programme........ccccovveiinien i
53 Earth observation as an information SOUICe.......cccccevcvevveriverieenne
531  Land-cover MappPing....cccoeeieiieiieiiesiee e e sie e enee e,
53.2 Biophysical parameters.........cccooereiiriiininiene e
533 Need for calibration andvalidation...........ccccoecvvveiieninnnnn.
54 CONCIUSIONS...c.uiiiiiiiiiiie it
Calibration of the Advanced Very High Resolution Radiometer
(C. R. Nagaraja Rao and J. T. Sullivan) ......cccccovimniininninninnie e,
B.1  INTrOAUCTION....ciiiiiiic e
6.2 AVHRR Pathfinder Program.......ccccoocoiiiiiiiiiniienie e
6.3 Calibration of the Advanced Very High Resolution Radiometer .

6.4

6.5

6.3.1  Pre-launch calibration of the visible and near-infrared
CRANNEIS ..o
6.3.2 Pre-launch and post-launch calibration of the thermal
infrared channels........cccoo i,
Post-launch calibration of the visible and near-infrared channels.
6.41  Determination of relative in-orbit degradation rates using
radiometrically stable calibration SitesS.........c.ccccvvvvvernnnne.
6.4.2 Absolute radiometric calibration using congruent path
aircraft and satellite measurements of the upwelling
FAATALION . ..ccii i
6.4.3 Absolute calibration based on radiative model simulations
of the upwelling radiation at the top of the atmosphere .

6.4.4  Calibration based on intercomparison of sensors.............
Calibration of the AVHRRs on the NOAA-7, -9 and -11
SPACECTATL.....viiiic e
6.5.1 Relative degradation in orbit........c.ccooceivviiiiiiiiniinee,
6.5.2 Absolute calibration of the AVHRRs on NOAA-7, -9

AN =1L

99
100
100
101
103
105
105
105

107
107
107
109

110
11
Il
112
114
114

117
117
120
121
122

124
132

132

134

134
137

137
137

141



viii

8

Contents
6.5.3 Calibration of the AVHRR on NOAA-14.........ccccvenne..
6.5.4  Propagation of calibration uncertainties inproducts. ...
6.6 AVHRR as a calibration reference........ccccccovvvviiiiniieiie i
B.6.1  GENEIaAl....ccoiiiii i
6.6.2  MEtNOU. ...
6.6.3  APPHCALIONS.....coiiiiiiiiiece e
6.7 Concluding remarksS........cccvoveeiieiie e

Long-term global climate datasets from operational satellites (G. Ohring)

7.1  Physical basis for extracting information on climate variables from

the satellite MeaSUrEMENTS. ... viiiiiiee
7.2 Physical basis of retrievals from reflected solar radiation.............
7.3 Physical basis of retrievals from infrared emission measurements
7.4  Physical basis of atmospheric soundings to study temperature and

WALET VAP OUT curiuiiiieiieiecieesiesteete e e ste e stesta e e e ba e e sbeanaesresnaenesne e
7.5 Physical basis of retrievals from microwave emission

measurements in atmospheric WindoWS.......cccocvveeviniieniiesnnsnnnn,
7.6 Operational weather satellites............cccoveviiiviieiieiic e,
7.7 Global Warming ... e
7.8 Ocean temperature treNdS.....ccceiieiieiie e
7.9  Atmospheric 0Zone trends........ccoceieiieiie i
7.10 Interannual climate variability - EI Nino events........ccccooeeenene
7.11 Cloudiness and aerosol trendsS......cceeiieiiinienie e
7.12 Land-surface Change ...
7. 13 SNOW COV T ittt ettt ettt et e nnn e nnne e
Validation of climate model outputs (J. P. Palutikof)......ccccevrivnnnnne.
81 Climate change and climate variability............ccccoooevviiiiiiieciecnnn.
8.2 Background to anthropogenic climate change..........ccccoccevvviieenneee

821 Present-day climage change: myth or reality?...................

8.2.2  FULUIE TreNUS..ciiieiiieiee e
8.3 Three-dimensional climate models........ccccvvveviiiiieiiiniiene e
8.4 DOWNSCAIING....coiiiiiieiiccie e

Cooling off on global warming - the continuing debate (R. A. Vaughan)

91
9.2
9.3
9.4
95
9.6
9.7
9.8

INTFOAUCTION . ...iiii et
‘Consensus’ over global warming......c.cccecevveiveccesie e,
Measurement Problems.... ..o,
Sea-level Changes......ccooviiiiii i
Role of greenhousSe Gases.....cciiiiiiiiiiiieeecee s
SOlar BFFECTS...iiiiee e
POITICAl 1SSUES ..eiiiiiiieii e

CONCIUSTONS. .

152

160

160
162
165

167

169
169
170
172
174
175
176
178
183

185
185
187
192
193
196

205
205
207
209
211
212
214
214



Contents ix

10 International co-operation - a prerequisite for global environmental

observations (A. S. BeiWard).......cccceviiiiiiiicieeceece e 217
101 INTrOAUCTION . ..iiiiie e 217
10.2 International CO-Operation iN SPACE.......ccccueieririeerenierie e, 217
10.3 Research and climate StUdIes.......ccccvvieviiiieieiieerse e 218

1031 World Climate Research Programme (WCRP)............... 218

10.3.2 International Geosphere-Biosphere Programme (IGBP) . 219
10.3.3 International Human Dimensions Programme on global

environmental change (IHDP).....ccocoviviiiiiiiicecee, 219
10.4 Global-scale operational observations..........ccccocceevieeiieecieecieenee. 220
104.1 Global Ocean Observing System (GOOS)......ccocvvirnnne 220
10.4.2 Global Climate Observing System ........cccccevieevveveennenne. 220
10.4.3 Global Terrestrial Observing System..........cccceevviniinene 221
104.4 Global observing systems, Earth observation and the
Framework Convention on Climate Change..................... 221
105 Integrated global observing strategy......cccccvveeieiieiie e 221
11 Global dataset creation - experience of the IGBP DISCover project
(A. S, BEIWATU) ciiiiiii et 225
0 11 (Yo [T 1 [0 Yo TSR 225
11.2 Dataset deVelopment.......cccooe i 225
11.3 DISCover classification SCheMe........cccccvviriieiiiinii e 226
11.4 DISCover classification methodology........ccccovveiiniieviciieceecee 226
115 DISCover validation Strategy......ccccevvverierieiinnieenie e see e 228
11,6 SAMPIING STrategY . .eeiiiieiiieeie e s 229
117 Validation reSUITS....coviieiiice e e 230
11.8 CONCIUSTONS...ciiiiiiiiiie et 230
12 A policy context for global environmental information systems
(A, S, BEIWATIT) it e 233
2 R 1 ] € (0T [T £ o RSP SPRPR 233
122 RegIONal INTEIESTS ..ot 233
123 GlODaAl INTEIESTS....eiiiiieiieicieee e 235
12.4 Role for Earth-observation SysStems...........ccocoviiiiiiniiiiiiiciene 237
125 Global environmental-information systems........c.cccccceevevveivveinnenee. 237
126 CONCIUSIONS....cviiiiiiiiiie e 238
13 ENVISAT - the mission (R. A. Vaughan and S. T. Wilson).............. 241
131 INTrOAUCTION . ..ciiiiiece et re s 241
132 ERS ProgrammMe......coo oottt 242
133 SHFALEQY .. eiiiii ittt bbb 242
13.4 Envisat - the big platform........c.cccooviiiii i 243
135 Orbit and MISSION ..ot 245
13.6 Instrument detailS......ccocoiiiiiiii 245
1361 A SAR s 245

1352 AATSR 246



X Contents

13.8.3  RA -2 e 246
13.6.4 MERIS. ..o 246
1365 MIPAS ..o e 247
13.6.6  GOMOS ..o e 247
13.6.7 MWR .o s 248
13.6.8 SCIAMACHY .o 248
13.68.9 DORIS ..o 248

13.7  INSTrUMENT SYNEIGIES. .....eiviiiieiieiieeiie ittt 248
13.8 Envisat data POIICY .cccoiieiiiiii e 251
13,9 CONCIUSIONS ..ottt nre e 252
14 Supercomputing for the masses - SETI@Home project (C. P. Cracknell) 253
141 INErOAUCTION oot 253
14.2 Objective of the SETI@HOME Project......ccccccvveviveieiieeveesieieenn, 253
143 The SETI@HOME ProjJeCt...ccciiciiiiieiee e 254
14.4  MOUIVALION OF USEIS.ciiiiiiiiieiieiie et 257
145 Possible relevance to remote sensing and climate change............. 258

15 Earth-observing systems and model-simulated datasets for climate study

(V. Djepa, R. A. Vaughan, M. Menenti).....cccoerimninninninniinsienie s, 261
151 INTrOTUCTION . c..iiiiiii e e 261
15.2 Basic principles of Earth-observation-retrieved climate datasets. . 262
1521 Climate components and feedbackK.........ccccoccveveeinnennnnne, 262

15.2.2 Ocean datasets for climate study........cccceevveviieiicinennnnnn, 269

15.2.3 Land-atmosphere interaction........c.cccocevvvierinieeneninieninne 271

15.3 Climate models and datasetsS.......cceveririinieiieeie i 275
154 CONCIUSIONS. ..ot 277
RETEIBNCES. ... bbb 279

Index 293



