
GLOBAL CHANGE AND
REMOTE SENSING

K. Ya. Kondratyev
Scientific Research Centre for Ecological Safety

St Petersburg's Russian Academy of Sciences, Russia

A. A. Buznikov
Electrotechnical University of St Petersburg, Russia

O. M. Pokrovsky
Main Geophysical Observatory, St Petersburg, Russia

JOHN WILEY & SONS
Chichester • New York • Brisbane • Toronto • Singapore

Published in association with

PRAXIS PUBLISHING
Chichester



Table of contents

Foreword ix

Introduction 1
I. Global change problems 4
II. Regional ecological problems 6
III. Local ecological problems 6
IV. Earth-resources studies 6
V. International cooperation 7

Part 1 Global environmental monitoring: the role of satellite observations . . 11
1.1 The International Geosphere-Biosphere Programme (IGBP).

Global ecological monitoring 11
1.1.1 Priorities of the IGBP 11
1.1.2 The US Global Change Research Programme 21
1.1.3 Ecological monitoring 23

1.2 The Earth Observation System (EOS) 38
1.3 The International Space Year 59
1.4 The GEWEX programme 67
1.5 The Global Climate Observing System (GCOS) 81

Part 2 Satellite and aircraft instrumentation for remote sensing:
Russian experience 127

2.1 Principal types of satellite systems for environmental and natural
resources monitoring investigations 127

2.2 Satellite spectrophotometry of the environment 132
2.2.1 Basic methods of satellite spectrophotometry 132
2.2.2 Physical bases for the development of instruments for the

remote sensing of natural formations from aerospace
platforms 140

2.2.3 Instrumentation for spectral investigation of the environment
from satellites 151

2.3 Aerospace photography instrumentation 184



vi Table of contents

2.3.1 MKF-6 multizonal camera 184
2.4 The use of thermal infrared scanners for solving environmental

problems 185
2.5 Satellite television systems 190
2.6 Multichannel scanning systems 191

2.6.1 Composition and basic characteristics of scientific
complexes carried by the satellites of the Russian space
system 199

2.6.2 Composition and basic characteristics of scientific
instrumentation of foreign meterological satellites 205

2.7 Manned orbital stations 208
2.7.1 Composition of the equipment of the 'Mir' complex 212
2.7.2 Composition of the equipment of the scientific research

module-1 212
2.7.3 The measuring complex of the specialized scientific

module 'Priroda' 214
2.7.4 The occultation sounding of the atmosphere from

manned spacecraft 214
2.7.5 On reconstruction of water vapour profile in the upper

stratosphere and lower mesosphere using the occultation
sounding in the 2.7-ftm absorption band 221

2.8 Complex of air-, surface- and space-borne instruments
for the interdisciplinary project 'Kuban' 229

2.9 The use of synthetic aperture radar (SAR) for environmental
investigation 232
2.9.1 Results from radar observations of the Earth's surface

from Kosmos-1870 and prospects of further studies 234
2.9.2 Scientific and applied value of high-resolution radar

information 237
2.9.3 Examples of radar survey from Kosmos-1870 237
2.9.4 Some results from processing the SAR images 239
2.9.5 Examples of radar survey from the space-borne platform

'Almaz-1' 249
2.9.6 Prospects of development of the space-borne system

'Almaz' 258
2.10 Conclusion 266

Part 3 Optimization of observing systems 269
3.1 An information model of the surface observational network. . . . 269

3.1.1 Mathematical basis of a multi-criterion problem to
optimize a hydrometeorological observing system 270

3.1.2 Spectral decomposition techniques 272
3.1.3 A system of hydrometeorological observation models for a

concrete user 273
3.1.4 Setting of discrete optimization problems 278



Table of contents vii

3.2 Analysis of the information content of global systems of
aerological sounding and remote sounding of the atmosphere. . . 281
3.2.1 Quantitative assessment of the information content of

observing systems 281
3.2.2 Information content of aerological observations in the

northern hemisphere 283
3.2.3 Information contribution of remote sounding data with the

use of aerological network data 286
3.2.4 Application of the Shannon measure to obtain a

quantitative estimate of the information content of
observation systems 291

3.2.5 Comparison of the techniques of optimization of the
observational systems 299

3.3 Methods of the theory of conjugated equations for optimal
planning of conventional and satellite observing systems 304
3.3.1 A method to solve the problem 304
3.3.2 Optimization of temperature remote sounding on the basis

of the analysis of the information value function 309
3.4 Analysis of the satellite information users' requirements of

satellite remote sensing systems and the information content of
existing observational complexes 314
3.4.1 Objects of investigations 314
3.4.2 Users' requirements of satellite information 315
3.4.3 Analysis of existing observing systems 319
3.4.4 Optimal planning observing systems 321

References 329

Index 365


