<@

German Advisory Council on
Global Change

World in Transition:
Basic Structure of Global
People-Environment Interactions

1993
Annual Report

Economica Verlag




The German Advisory Council on Global Change

Wissenschattlicher Beirat der Bundesregierung Globale Umweltverdnderungen
Membersasat July 1, 1993

Prof. Dr. Friedrich O. Beese

Agronomist: Director of the Institute of Soil Ecology at the GSF Research Centre for Environment and Health, Ober-
schleifheim  (Ingtitut  fir Bodentkologie am GSF-Forschungszentrum fir Umwelt und Gesundheit,
Oberschleifdheim)

Prof Dr. Hartmut Grald (Chairman)
Physicist: Director of the Max Planck Institute for Meteorology, Hamburg (Max-Planck-Institut fir Meteorologie,
Hamburg)

Prof. Dr. Gotthilf Hempel
Fishery biologist: Director of the Centre for Marine Tropical Ecology at the University of Bremen (Zentrum fur Mari-
ne Tropentkologie an der Universitét Bremen)

Prof. Dr. Paul Klemmer
Economist: President of the Rhenish-Westphalian Institute for Economic Research, Essen (Rheinisch-
Westfalisches Institut fur Wirtschaftsforschung, Essen)

Prof. Dr. Lenelis Kruse-Graumann
Psychologist: Specialist in “Ecological Psychology” at the Open University Hagen (Schwerpunkt “Okologische
Psychologie” an der Fernuniversitét Hagen)

Prof. Dr. Karin Labitzke
Meteorologist: Institute for Meteorology at the Free University Berlin (Institut fir Meteorologie der Freien
Universitét Berlin)

Prof. Dr. Heidrun Mihle
Agronomist: Head of the Department of Agricultural Lands at the Environmental Research Centre, Leipzig —
Halle (Projektbereich Agrarlandschaften am Umweltforschungszentrum Leipzig — Halle)

Prof. Dr. Hans-Joachim Schellnhuber
Physicist: Director of the Potsdam Institute for Climate Impact Research (Potsdam-Institut fur Klimafolgenforschung)

Prof. Dr. Udo Ernst Simonis
Economist: Department of Technology — Work — Environment at the Science Centre Berlin (Forschungsschwerpunkt
Technik — Arbeit — Umwelt am Wissenschaftszentrum Berlin)

Prof. Dr. Hans-Willi Thoenes
Technologist: Rhenish-Westphalian Technical Control Board, Essen (Rheinisch-Westfalischer TUV, Essen)

Prof. Dr. Paul Velsinger
Economist: Head of the Department of Regional Economics at the University of Dortmund (Fachgebiet
Raumwirtschaftspolitik an der Universitét Dortmund)

Prof. Dr. Horst Zimmermann (Deputy Chairman)
Economist: Department of Public Finance at the University of Marburg (Abteilung fir Finanzwissenschaft an der Uni-
versitét Marburg)



German Advisory Council on
Global Change

World In Transition:
Basic Structure of Global
People-Environment Interactions

— 1993 Annual Report —

Economica Verlag



Die Deutsche Bibliothek — ClP-Einheitsaufnahme

World in transition : basic structure of global people-environment interactions /
German Advisory Council on Global Change. —

Bonn: Economica Verl., 1994
(Annual report / German Advisory Council on Globa Change ; 1993)
Dt. Ausg. u.d.T.: Welt im Wandel
ISBN 3-87081-154-4
NE: Deutschland / Wissenschaftlicher Beirat Globale Umweltverénderungen

© 1994 Economica Verlag GmbH, Bonn

All rights reserved.
No reproduction, copy or transmission of this publication, or part of this publication,
without the express permission of the publishers.

Tranglation by:
Spence & Meadows, Bremen

Cover photos by:
M. Schulz-Baldes; H. Hoff;
Gesellschaft fur Technische Zusammenarbeit (GTZ) GmbH:
H. Wagner, W. Gartner, |. Nagel, J. Swoboda

Cover design by:
Dieter Schulz

Typeset and graphics by:
Atdlier Frings GmbH, Bonn

Printed by:
Paderborner Druck Centrum, Paderborn

Printed on 100 % recycled paper
ISBN 3-87081-154-4



Outline of Contents

A

11
111
112
113
12
13
131
132
14
15
151
152

21
22
2.3
24

Summary

— World in Transition:

Basic Structure of Global People-Environment Interactions ..................

Introduction: The global dimension of the environmental crisis ............

Global change: approaching the research object ................................

Definitions

Basic structure of interaction between the ecosphere and the anthroposphere ........................

Global change: Elements of a system analysis ................cccccoeeeeiiiiinnnn,

Changes iNthe ECOSPNEIE ......vi e e e e e e e e e e e e e

Atmosphere

Increase in long-lived greenhouSE g8SES ........iieniie it e e e e e
Changes in ozone and temperature in the StratoSphere ..o e,
Changes in troposPheric CREMISIIY ...ttt e e e e e e et e et e ee s
(O3 g (ot o = PP

Hydrosphere

Changesinthe ocean and CryOSPhNEre ........iiriie i e e e e e e e e e
Qualitative and quantitative changes in freShWater .........ccooviii i e e e,
LithoSphere/PedOSPNErE ... ..o e e e e e e e

Biosphere ...

Changes in the biosphere based on the example of theforest ...,
L 0SS Of DIOTIVEISITY ...ttt e e e e e e e e

Transformation of the anthroposphere: INtroduCtion .............oiiiii i e
Population growth, migration and urbanisation .............coooiiiiie i
Changes in the World €CONOMY ...t e e e et e e e e
[NCIEASES IN TrANSPOMT ..ttt et et e et et e e e et e e e et e e e e e e e nea e

The human di

mension of global environmental change: psychosocia factors ........................

Global change: A tentative SYNOPSIS  .......ooooiiiiiiiiiiicc e

RECOMMIENAALIONS oo e e e e

BIDlOGrapny

Appendix

11

14

14
14
14
19
25
31
38
39
45
63

86
96

108
112
128
154
163
186
193
198

211



Contents

L@ 0 11 Y= o] 0111 £ Y
IS 0 T == X
S 0 1= = Xl
IS 0 =0 - XIl
A Summary — World in Transition:
Basic Structure of Global People-Environment Interactions .................. 1
B Introduction: The global dimension of the environmental crisis ............ 7
Is humanity's natural basiS at StaKE?  ...cvueirii i e 7
HUMAN reSpoNnSIDIlITY ..o e 7
The necessity for global aCtion ... 7
Thetask of the COUNCIl ... e e e e e e e 8
C Global change: approaching the research object .............cccccccocil, 9
1 D I NI IONS et e e e e e 9
Global environmental ChaNge ...........oie it 9
SUSEAINADITTLY . .een et et e et e et e e e e e e e e e 10
2 Basic structure of interaction between the ecosphere and the anthroposphere .................. 11
D Global change: Elements of a system analysis ................ccccoci 14
1 Changesin the ECOSPNEr @ ....iiiii i e e e e e 14
11 N 1 01" = = 14
111 Increasein long-lived greenNoUSE gASES .....oiveiieiii it e e e e e e e e e e 14
2T T=: 0 L= ] o1 o o T 14
L0 1= TP 16
<ot £ PP 17
Link to global Change ........oiieie 17
F N o T | PPN 17
E T 7= ot Y= Yo 1] o P 18
RESEAICN NEEOS ...t e e 18
112 Changesin ozone and temperaturein the stratosphere .......cocoviiiiii i, 19
2T T=: 0 L= ] o1 o o T 19
L0 1= TP 19
Natural causes 19 Anthropogenic ozone decline 19
1=t £ 20
Ecosphere 20 Anthroposphere 22 Time scale 22
Link to global Change .......oo i 22
N[ <o I (o ol i o] o T PP 23
RESEAICN NEEAS ... . e e e e e e e 25
113 Changesin tropospheric ChEMISIIY ... e e e e e 25
ST aT< W0 == o 1 o o P 25
L2 T P 26
1=t £ 28
Link to global Change .....ccviieie e e e e e 29

PN S 1< | N 29



Contents Vil

IMPACt WEIGNLING ... e e e et e e e e e e e e 30
RESEAICN NBEUS ... e e e e e 30
12 CliMate Change ... e e e e e 31
Brief dESCriPlion ...... ittt e et e e e e e 31
L 11 31
= 33
Link to global Change .....coouviiii i e e e e e e e 35
S T o | PP 36
IMPACt WEIGNLING ... e e e e e e e e e e e 37
RESEAICN NBEAS ... e e e e e e e 38
1.3 HY AN OO @ oo e e e e 38
131 Changesin the ocean and CryosSphere ... ..o e e 39
2 L= 0 1= 1 014 o 1 39
GBS ittt ettt e e e e e e e e e e e e e e 39
= £ OO 41
Global effects 41 Regional / local effects 42 Time-related effects 43
Assessment / Need fOr aCtiON ... i 43
S = T 107 o 44
132 Qualitative and quantitative changesin freshwater ... 45
2 L= 0 1= 1 011 o o 45
Water asaresource 45 Water as a cultural asset 49
(012 1= S P TTPUPRRTR 49
Local causes 50 Regional causes51 Global causes 51
=t £ 51
Ecosphere 51 Anthroposphere 53 Regional differences 54 Time horizons 54
Link to global Change ........iieii e e e 55
AssessmENt / NEEd fOr @CtiON ... i e e 57

Demand for water 57 Supply of water 58 Water resource protection 59 Crisis and disaster management 59
Elements of a global water strategy 59

IMPACt WEIGNLING ... e e et e e e e e e e e 62

RESEAICN NEEAS ... .o s 62
14 LithoSpher &/PedOSPNEr € ..o e e e e 63

2T T=: 0 1= 1 014 o o 63

Habitat function 64 Regulation function 64 Utilisation function 64 Soils as vulnerable systems 65

GBS  .n ittt it e e e e e 65

Geographical differencesin soil degradation 65

o =T £ 66

Habitat function 67 Regulation function 68 Utilisation function 73

Link to global Change .......c..ieiiiiii e e e e e 75

S5 11 o | 76

Ecological assessment of soils 76 Economic assessment of soils 80

LY=o 11 o 83

S = (o 107 o 84
15 BIOS DN & e e 84

Anoverview of the DIOSPhENE .......ooi e e e 85
151 Changesin the biosphere based on the example of theforest ..., 86

Brief dESCriPlioN ......ei ettt e e e et e e e e e 86

(O 0SS 87

o =T £ 88

Biosphere 89  Anthroposphere 90

Link to global ChanQe .......c..oeiiiii i e et e e e e e e e e 90

Phenomena of the ecosphere 90 Phenomena of the anthroposphere 91
TS0 11 o | PP 91



VIl Contents
N[ <o I (o ol [ T PP 92
Measures at the international level 93 Measures at the national level 94
RESEAICN NEEAS ...\ttt e e e e e e e e 96
152 L 0SS Of DIOAIVEN SItY  ooetie i e e e e e e e e e e e e 96
2T 0 L= ] o1 o o T 96
L0 1= TP 97
Link to global Change ... ... e e e e e e e 99
=S 11 | 99
== I 0= o 1o o 102
RESEAICN NBEOS ... e e e 106
Area of natural sciences 106 Socioeconomic area 107
Transformation of the anthroposphere: Introduction ... 108
21 Population growth, migration and urbanisation ...........c.cooiiiiii i, 112
S 0T 0= 0 112
LSS 114
Causes of high population growth 114 Causes of increasing migration 116 Causes of rapid urbanisation 119
<o £ 119
Effects of high population growth 119 Effects of increasing migration 120 Effects of rapid urbanisation 121
Linksto global Change ..o e e 123
Atmosphere 123 Water 123 Soils 124 Biodiversity 124 Economic development 124
N[ <o I (o ol i [ o T PP 125
RESEAICN NEEAS ... . et e e e e e e 127
Research field: population growth 127 Research area: migration 127 Research area: urbanisation 128
2.2 Changesin the World €CONOMY ..ot e e e e e e e e e e e 128
Preliminary remarks and definitions  ..........cooiiiiii i 128
Introduction 128 Growth and development 129 Growth and the market economy 130
L0211 PP 131
World economic growth 131 The regional structure of world economic growth 133
The sectoral structure of world economic growth 139
<ot £ PP 143
YN S 141 | PP 146
NS =0 I {0 = o o o 149
Political concept 149 Priorities for taking action 151
RESEAICN NBEOS ...t e 153
Assessment of consequential costs and analysis of causes 153 Basic research for
political recommendations 153 System of indicators 154
2.3 [NCIEASES N LrANSPOIT ettt et et e e e et et e e e e ettt e e eea e e e 154
SUMIMIAIY ottt e et e e e e e e e e e e e e e 154
L0 L S PP 155
L = ot £ PP 160
Assessment / Nead fOr @CHION ... et e e e e e e e e 162
RESEAICN NEEAS ... . et e e e e e e 163
24 The human dimension of global environmental change: psychosocial factors .................. 163
S 0T 0 1o 110 o 163
L2 1S PP 165
(00101 0 (0= 3o = TP 167
Determinants of DEhaviour ... . 169

Environment as a social construct 169 Cognition (perception and evaluation) of global environmental

conditions and changes 171 Perception and acceptance of risk 173 The role of the media 174

Values / Attitudes (“ Environmental Awareness’) 175 Motivation and incentives 176 Opportunities,

possihilities and contexts for action 177 Strategies for behavioural change 178

S 11 | 180
NS I 0= o o) o 181



Contents

RESEAICN NEEAS ... e

Global change: A tentative SynopsiS .........cooooiviiiiiiiiiiiiiee e

The principal trends, their interactions and the ensuing dynamics ..........................
ChoiCe O NAIYSIS ..ot e
Description of the instrument used ... ... e
Possible areas of appliCation  .........c..uie i

[2ETol0] 0010 01=] Lo F=1 110 ) o F-

Recommendations for research and political action .............cooviiiiiiiii i,
RESEAI CN o e
POLITICAl BCHON ..v e e e e e e e e e e

BiblIOgraphy ..o

APPENAIX o e

The German Advisory Council on Global Change ...........ccovviiiiiiiiii e,

Joint decree on the establishment of the German Advisory Council on Global Change

181

186

186
186
186
187

193

193
193
195

198

211

211
212



List of Figures

Figure 1:

Figure 2

Figure 3

Figure
Figure

Figure

Figure 7:

Figure 8:

Figure 9:

Figure 10:

Figure 11:

Figure 12:

Figure 13:

Figure 14:
Figure 15:

Figure 16:

Figure 17:
Figure 18:
Figure 19:

Figure 20:

@ a k&

Page
Master diagram of ecosphere — anthroposphere interactions — ..........c.ooeviii i, 12
Time series for 0zone content and temperature of the lower stratosphere
(northern hemisphere) as well as solar aCtiVIty ..........oeoi i e e 21
Development and forecasts for atmospheric chlorine concentrations
according to the various measures to phase out CFCs
and other ozone-depleting substances (from WMO, 1993) .......ccooiiiiiiiiiiiiie e e 23
The hydrological cycle (from LaRiviére, 1989) ........oiiiiiiiii i e e 46
Sectoral withdrawal of water per region (from WRI, 19928)  ........c.cciiiiiiiiiie i 47
Linkages between the pedosphere (soil) and the remaining ecosphere ..........cccvovvviieveiieeinnnns 63
Organic carbon in soils compared with carbon stored in biomass
above ground (from Goudriaan, 1990) ........o.eeiuiit it 70
Impacts of climate and land use changes on release of substancesin soils ...............ccoooeei. 72
Components of the integrated macroeconomic “environmental accounting” system
as applied to soils (modified from Statistisches Bundesamt, 1991) ..........ccccovveviiiievennnnne. 82
Combined effects of photo-oxidants and acid precipitation on forests (from Déssler, 1991) ...... 89
Population projection up to the year 2150
(from United Nations Population Division, 1992 and World Bank, 1992) ............ccccciieennnes 113
Changes in urban climate (from Hutter, 1988) ..........coviiiiiiiiii i e e e 122
Correlation between the city-surroundings temperature difference
and the size of urban population (from Changnon, 1992) ............cccooiiiiiiiiiiiiii e 122
Development of automobile numbers for different groups of countries (RWI, 1993) ............... 157
Relative contributions of human activities to greenhouse warming (from Stern et a., 1992) ...... 166
Diagram of potential measures to manage global environmental change
(based 0N Stern et al., 1992) ...ttt et e 168
Global network of interrelations — BasiC SITUCLUIE  ....ouvve it v e e e 188
Global network of interrelations — Major trends in global environmental change .................. 189
Rules for constructing the diagram “global network of interrelations” ...t 190
Example of the partial global network of interrelations for the enhanced greenhouse effect ...... 191



List of Tables

Table 1:
Table 2:

Table 3:
Table 4:
Table 5:

Table 6:

Table 7:
Table 8:

Table 9:

Table 10:
Table 11:
Table 12:
Table 13:
Table 14:
Table 15:
Table 16:
Table 17:
Table 18:
Table 19:

Table 20:

Page
Properties of trace gases in the Earth's atmosphere ..........coviiiiiiii i e 15
Ranking of individual greenhouse gases according to their greenhouse potential
both in the natural and the anthropogenically disturbed system ..., 15
German phase-out schedule for 0zone-depl eting compounds (from Cutter Inf. Co., 1993) ......... 24
Withdrawal from the production of ozone-depleting compounds (from Cutter Inf. Co., 1993) 24
Positive and negative feedbacks of the carbon and water cycles, besides others,
affecting the anthropogenic greenhouse effect ... ... 35
Countries that suffer from acute water scarcity, data for 1992 and 2010 (estimated)
G L I AT R 1 48
Principal forms of water pollution (from WRI, 1992 and GITEC, 1992) ..........ccccovvvivinennne. 52
Typology of regional causes and impacts of water problems
(compiled by Science Centre BErlin) .........ooiniie i e 52
Linkages between the hydrosphere and other main areas of global change
(compiled by Science Centre BErlin) .......c.oiiiie i e e e e 55
SOil dEgradation PIrOCESSES ... .. et ittt e et e et et e e et et e e e e 67
Anthropogenic soil degradation (from Oldeman et al., 1991) ........ccciiiiiiiiiiiiiiiiiii e, 67
Distribution of ice-free land area (from UNEP, 1991) ..........coiiiiiiiiiiii i e 73
Distribution and per capita distribution of arable land — 1990 (from UNEP, 1991) .................. 74
Causes of soil degradation (from Oldeman et al., 1991) .......cccoviiiiiiie it e 74
Soil erosion in the catchment areas of major rivers (from WRI, 1986)  ..........c.coovviiiiennnnn. 75
Soil impairment costs caused by global environmental changes ..........ccccoveiiiviiii i, 81
The Earth’s biomes (from Schultz, 1988) ..........coiiiiiiiiii e e 85
The regions of the Earth’s seas (from LUning, 1985)  .......iiiniiiniie e 86
Size and growth of some selected megacities (from Otterbein, 1991;
Statistisches Bundesamt, 1992; DGVN, 1992b; Linden, 1993)  ......cccoovviiiiiii i e, 115

Growth in numbers of automobiles and lorries (from IEA, 1991 and RWI, 1993) .................. 156



List of Boxes

Box 1:

Box 2:

Box 3:
Box 4:

Box 5:

Box 6:
Box 7:
Box 8:
Box 9:
Box 10:
Box 11:
Box 12:
Box 13:

Box 14:

Box 15:
Box 16:

Box 17:

Box 18:

Box 19:

Page
Classification of global environmental Changes ..........ccooiii i e, 9
Total ozone content and temperature of the lower stratosphere
are positively correlated in the northern hemisphere ... 20
Historical development of political action with regardto 0zone ............ccoovviiiiiiiiie i, 25
The hydrolOgiCal CYCIE ... e e e e e e e e e e 46
Follow-up issues of the UN Conference on Environment and Development
TOr TrESNWELEr TESOUICES ..t ittt et et e et et e e et e e e e e ettt e e e e e 55
Historical development of political action with regard to freshwater ............ccccovviiiiiviinnnnis 61
LAY g o IS o ] I = = PR 76
Historical development of political action withregard to soils — .......covvviiiii i 78
Follow-up issues of the UN Conference on Environment and Development for soils — ............... 78
Historical development of political action with regard to forests ...........oooviiiii i 94
Follow-up issues of the UN Conference on Environment and Development for the forests ......... 95
Procedures and problems with regard to an economic assessment of biological diversity ............ 99
Historical development of political action with regard to biological diversity —......................i. 105
Follow-up issues of the UN Conference on Environment and Development
for DIOIOGICAl AIVEISILY ..ot e e e e e e e e 106
Examples for technology in three different fields ......... ..o 109
ENVIronmental diSCOUISE ... .e ittt et et e et e et e e e et et e e et e e et e e 170
Follow-up issues of the UN Conference on Environment and Development
in the field of psychosoCial faCtorS  .........uieiini e 180
Human Dimensions of Global Environmental Change Programme (HDP) ............ccoeiiviininnnis 182

Global Omnibus Environmental SUrVey (GOES) ........iuieiiiiii ittt e e 184



Summary X1

A Summary — World in Transition:
Basic Structure of Global People-Environment
Interactions

¢ The Council’s brief

In spring 1992, increasingly concerned about the preservation of the natural basis for the life and development of hu-
manity, the Federal Government of Germany established the German Advisory Council on Global Change. This step
was taken at atime when insight into both the dimension of global change and the necessity for international action was
and is growing. The principal task of the Council is to present an annual Report on the state of the global environment
and the social consequences involved. Particular attention shall be given to the further development of the internatio-
nal agreements concluded in Rio de Janeiro in 1992, and the implementation of AGENDA 21. In addition, the Report
is to present specific recommendations for environmental action, and outline areas where further research is needed.

¢ The concept of the first Annual Report

Inits 1993 Annual Report, the Council endeavours to provide a holistic analysis of the Earth System, whereby the cen-
tral focusis directed at the principa interactions between nature and society. The aim here is to demonstrate the com-
plexity of environmental problems, on the one hand, and to create, on the other, the analytical basis for assessing the
impact of current trends (increased greenhouse effect, declining biodiversity, loss of fertile soils, population growth,
etc.) on the system as a whole. In-depth treatment of core topics will be related back continually to this global per-
spective, and vice versa, in order to contribute towards continuous improvement of our understanding of the system.

The Report begins with a circumscription of its subject, i.e. a definition of what is meant by “global environmental
change’. Thisleadsinevitably to the issue of “ sustainable development” , which will be dealt with in one of the Reports
to follow. The highly condensed description of the ecosphere and the anthroposphere, and an analysis of the linkages
between the two spheres in the Earth System, is followed by the examination of the main components and the relevant
trends of global environmental change.

In the following an overview is given of the main statements of each section and the Council’ s most important recom-
mendations for action and research strategies.

¢ Atmosphere

The most visible and easily understood change in the global environment is the modification of the atmosphere’ s com-
position by humans. Three global problems ensue from this: intensification of the greenhouse effect, and the global war-
ming associated with it, 0zone depletion in the stratosphere, resulting in higher levels of ultraviolet radiation, and chan-
ges to the troposphere and associated phenomena, e.g. photochemical smog and acid rain. These processes are closely
intertwined and linked through feedback loops to one another, i.e. they can strengthen or weaken each other. The enti-
re Earth System is affected by these changes.

Action strategy:

® Strict implementation of the international conventions for the protection of the stratospheric ozone layer and support
for financially weaker countries using the special funds established for this purpose.

® Reduction of acid deposition and undesired fertiliser use, so that acidified soil and euthrophised waters can recover.

® Reduction of tropospheric ozone concentrations to previous levels, to prevent impairment of plant growth, human
health and changes in the radiation budget.
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Research needs:

® Determination of the extent to which ecosystems can be sustained in the face of dry and wet depositions and photo-
chemical smog.

® Investigation of the CO, fertilising effect in natural ecosystems with simultaneous warming.

¢ Climatic change

If human behaviour fails to change, then the anthropogenic increase of greenhouse gases according to best available kno-
wledge will cause a mean global warming of +3°C. Thisincrease is of the same order as the fluctuations during the tran-
sition from the Ice Age to the interglacial period. Unless appropriate action is taken, major changes can be expected, abo-
ve al aredistribution of precipitation zones and arisein sea level of 65 + 35 cm by the year 2100.

Action strategy:

® Rapid reduction of greenhouse gas emissionsin al industrialised countries, most oil-producing countries and some
tropical rainforest countries with high per capita emissions.

® Political action to increase energy and transport efficiency.

® Precautionary measures regarding rising sea levels and changes in precipitation.

Research needs:
® |dentification of regions, socia groups and economic activities that are particularly sensitive to climate change.

® |nvestigation of primeval ecosystems that can act as major carbon sinks in the event of climate change and increa-
sed CO, content of the atmosphere.

® Determination of the costs of failing to take action (climate damage functions).

¢ Hydrosphere

The oceans and polar ice caps are important elements in the Earth System, exerting a long-term and widespread influ-
ence on climate. Fluctuationsin sea level, horizontal and vertical shifts within the system of oceanic circulation and a-
terations in the polar ice caps have drastic consequences for nature and human civilisation. Furthermore, human popu-
lation in the endangered coastal regionsisincreasing at afast rate.

Freshwater plays a central role in the ecosphere and the anthroposphere as nutrient, economic resource and ecological
medium. Furthermore, water was and still is an important cultural element in the lives of many peoples and religions.
Protection of water thus means protecting the very foundations of human culture.

Threats to water as a resource and cultural element arise through scarcity and pollution. This is frequently linked to
wastage, e.g. when water pricesfail to reflect the true cost of this resource, thus encouraging people to squander water.

Action strategy:
® Assuring availability of clean drinking water.
® Preventing or mitigating of water pollution.

® Promotion of water-saving.
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Research needs:
® Assessment of the influence of increased UV-B radiation and higher temperature on marine organisms and biota.
® Development of water-saving technologies for irrigation, industrial production and household utilisation.

® FEvauation of water policiesin individual countries and preparation of an international water convention.

¢ Litho- and pedosphere (Earth’s crust and soil)

Soils represent an important natural basis for human life, one that has so far been accorded too little attention. They al-
so play a significant role in global environmental change. Processes in soil often occur very slowly and are therefore
difficult to trace. 17% of the world’s soils show clear signs of degradation caused by humans. Erosion through wind
and water are the main mechanisms, with chemical and physical damage being additional threats.

Soils are an irreplaceable component of terrestrial ecosystems and in many cases are non-renewable. Reserves are li-
mited, and only a small proportion of these can be utilised. From the global perspective, soils, and the organisms living
in them, are a natural asset requiring considerable protection.

Action strategy:

® |mplementation of the World Soil Charter and the principles laid down in AGENDA 21 for sustainable land use by
including them in national and international legislation and programmes.

® Reversal of the trend towards increasing decoupling of global element cycles caused by the spatial and temporal se-
paration of the production and consumption of biomass.

® Development of global monitoring, research and information networks for worldwide soil protection.

Research needs:
® Monitoring the accumulation of contaminants in soils and their release as a consequence of environmental change.
® |Integration of soil economy considerations into the development of sustainable land management.

® Development of land uses which preserve resources and the environment.

¢ Biosphere

The Report covers two selected components of the biosphere, namely forests and biological diversity. Forests are par-
ticularly important within global environmental change on account of their role in the carbon cycle, and hence for the
climate. Very different problems must be given consideration, depending on the type of forest in question. Forestsin
the moderate zones suffer to a serious extent from damage through emissions, and biological diversity is reduced
through reafforestation with monocultures. In boreal forests, especially in the taiga and Canada, over-depletion has re-
ached threatening proportions. The tropical forests, among them the rainforests, are particularly significant in this res-
pect due to the high level of biological diversity, the irreversibility of destruction and the urgency of the threat due to
the alarming pace at which they are being destroyed.

Over the next 25 years, 1.5 million species are expected to disappear if ecosystems and habitats continue to be dest-
royed at the present rate. A loss of this order is ecologically, ethically, aesthetically and culturally unacceptable. Spe-
cies have along-term usefulness, especially for people in developing countries.
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Action strategy:

® Agreement of an international convention for the protection of the forests (including mechanisms for financing and
sanctioning), on the basis of the Rio Principles on the World' s Forests.

® Greater integration of biodiversity considerations into all planning and programmes.

® |International efforts for the dismantling of foreign debt problems in countries with tropical forest.

Research needs:

® |nvestigation of the possibilities for ecologically sustainable forest use in al forest types; assessment of the
efficiency of sustainable forestry.

e Clarification of the role of boreal forestsin global cycles and as a climate-stabilising factor.

® Determination of the critical minimum size and networking of different ecosystems, in order to maintain their bio-
logical diversity and functions.

¢ Population

During the 1990s, the Earth’s population is increasing at approx. 100 million people per year, the greatest
proportion of whom (80%) will settle in cities. By the year 2050, even with a much-reduced birth rate, the world’s po-
pulation will increase to double the current level of 5.52 billion.

The anticipated population growth, which will mainly be concentrated in Asia, Africa and Latin America, will
exacerbate environmental and developmental problems considerably. Coping with these problems, however, is a cruci-
al prerequisite for the reduction of population growth. The uncontrolled growth of migrational flows and
urbanisation are further important areas which directly affect the industrial nations in the form of migrational pressu-
res.

Action strategy:

® Reduction of the causes of population growth by combatting poverty, achieving equality for women, recognition of
the right to family planning/birth control, reduction of child mortality, improvement of education and training.

® Reduction of environmentally generated displacement (migration).

® Development of detailed guiding principles for the control of urbanisation.

Research needs:

® Assessment of the environmental effects of population growth with respect to the consumption of resources and the
generation of emissions and waste.

® Determination of the carrying capacity of urban structures.

® Analysis and forecasting of international migrational flows.

¢ Economy and transport

Humanity’ s economic activities and economic growth in particular are major causes of global environmental change. In
order to analyse these effects properly, aregional and sectoral perspective is necessary. Such an approach discloses the
interconnections between the sectoral structural change in the highly devel oped regions, and the structural changesin un-
der-developed regions, with the concomitant effects these have on the environment.
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Sectoral and regional structural changes of the economy that relieve the burden on the environment are especially sig-
nificant for the reduction of global pollution.

Different types of pollution are generated by the different groups of countries (highly developed countries, eastern Eu-
ropean countries, newly industrialising countries, fuel exporting countries and developing countries), each requiring
specific strategies and solutions.

Action strategy:
® Promotion of structural changes benefitting the environment.
® |mprovement of world economic cooperation, especialy between industrialised and developing countries.

® Improvement of environmental policy instruments, in particular clear assignment of property rights, dismantling of
subsidies that serve to increase consumption, and sharpening of liability laws.

Research needs:
® Operationalisation of the concept “ sustainable development” .
® Further development and validation of methods for assessing global environmental damage.

® |Improvement of existing economic indicators to include environmental aspects.

The global emissions problem resulting primarily from road traffic is dealt with in the chapter on transport.
Proposals are made for reducing emission levels using standardised fleet consumption and global certificates
strategy. Research needs are thought to be particularly evident in the evaluation of the global effects of air traffic.

¢ Psychosocial factors

Globa environmental change is caused through the interaction of nature and society. Human action is the
cause of global environmental change, but it is aso affected by the latter. Ultimately, human action is aso
necessary in order to adapt to or prevent this environmental change.

Many environmental changes are the result of maladjusted behaviour. The aim should therefore be to change such be-
haviour. Enhancing “environmental consciousness’ in a society, or improving the level of environmental
knowledge is not sufficient. The effectiveness of informational or educational campaigns is often much lower than pre-
sumed. If environmentally appropriate behaviour is to be encouraged, then the role of perception and the
evaluation of environmental risks must also be taken into consideration, as must incentives and opportunities for action.
Behaviour cannot be changed unless the relevant structural preconditions have been created.

Action strategy:

e Establishing an “inter-generational contract” by taking foreseeable interests of future generations into considerati-
on.

® Support for a change in values and lifestyles that preserve rather than damage the environment.

o Transfer of findings from social and behavioural sciences concerning the perception and acceptance of risk, and on
the function of behavioural incentives and opportunities in the planning of political and educational measures.

Research needs:

® FEvaluating public awareness of environmenta problems in the various cultural regions.
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® Development of culture and group-specific strategies for the promation of environmentally friendly behaviour.

® Development of indicators and methods for monitoring socia structures and processes, with the aim of improving
environmental decision-making.

¢ Establishing links

Experience gained with the dynamics of global environmental change have led to understanding that these trends can
only be understood in terms of their linkages and influenced through networking. The analyses of the ecosphere and the
anthroposphere contained in this Report are an important basis for such a complex perspective.

The Council thus outlines a*“ global network of interrelationships’, produced by qualitative systems analysis. Thisin-
strument isintended for organising specialist knowledge in such away that an interdisciplinary “expert system” can de-
velop over the long term.

¢ Special recommendations to the Federal Government
Concluding its Report, the Council lays particular emphasis on three general recommendations:

1) German development aid should be increased to 1% of the Gross National Product, whereby the term “developing
countries” should be redefined to include the states of Eastern Europe.

2) With respect to the instruments discussed in Rio de Janeiro, the Council recommends that negotiations concerning
a certificate scheme for reducing CO, emissions should be started, with the aim of achieving its international im-
plementation. Parallel to the reduction of CO, emissions that would then occur, efforts should be made to increase
thetransfersfor the protection of the tropical forests. What would be desirable here would be the tying of such trans-
fers to specific measures, since this would facilitate fund raising.

3) Programmes should be developed aiming at sensitising citizensto global environmental problems and promoting en-
vironmentally friendly behaviour.
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B Introduction: The global dimension
of the environmental crisis

Is humanity’s natural basis at stake?

Environmental problems are becoming increasingly global in nature and will worsen considerably in coming years un-
less steps are taken to counteract this development. The main causes are generally well known: emissions of greenhouse
gases and pollutants, especialy in the highly developed countries, excessive exploitation and reduction of forests, and
the destruction of the habitat of many plants and animal species. In addition, we can
expect enhanced environmental deterioration in developing countries exhibiting high rates of population growth. This
coincides with unsolved economic problems: more than one billion people ill live in the most abject
poverty, and it is feared that the poor will congtitute an ever-increasing fraction of the Earth’s population. Environ-
mental destruction caused by poverty is therefore a global threat to be taken most serioudly.

If the production of greenhouse gases is not slowed down, the result will be a significant global warming, with
wide regional disparities, exceeding anything experienced by humanity so far and bringing in its train many feedback
effects of unknown dimensions. Among them, a shift of precipitation belts and hence of vegetation and agricultural zo-
nes is no less to be expected than an accelerated rise in sea level and hence the loss of islands and
coastal zones. As aresult, depending on the occurrence of hitherto unknown weather extremes, the populations affec-
ted will exert greater migrational pressure on other regions of the world. However, the higher levels of
carbon dioxide in the air could also favour enhanced plant growth at favourable locations.

The composition of the atmosphere has altered. The ozone layer at 20-30 km, the protective shield against harmful ul-
traviolet radiation, is thinning out almost everywhere. The effects of such ozone depletion will be increased incidence
of skin cancer and cataracts, and could also lead to reduced production of biomass by marine algae and to crop reduc-
tions.

Biological diversity is declining worldwide, at arate at least a thousandfold higher than at any time in the past 65 mil-
lion years. The main losses are to be found in the tropical rain forests and mangroves, but species extinctions can also
be observed in moderate zones.

The growing need worldwide for living space and nutrition is leading to rapid expansion of land use. Delicate soils are
being put to greater use, many being degraded and some destroyed in the process.

Human responsibility

Humanity is at the same time the cause and the victim of global environmental change. It isin their third and most im-
portant role that people respond by adapting to damage or by taking steps to avoid or mitigate such damage.

Thereisregional and cultural variation in the performance of these roles. Often the Report will have to enlarge on the
differences that exist in this respect between industrial, newly industrialising, and developing countries. Because peo-
ple tend to think and act locally rather than globally, it will be one of the most important tasks before us to communi-
cate an awareness and understanding for these interactions, to be put into practice in the form of appropriate behaviour.
Recognition of the global and supra-generational dimensions of our treatment of the environment must turn into the ba-
sis of ageneral system of environmental ethics. Global change is caused in many instances by local actions, its effects
being transmitted back onto the local level through global interrelationships.

The necessity for global action

The global environmental change and developmental problems which have already been observed and which can be an-
ticipated in the future compel humanity to take immediate action. This message, sent out from the United Nations Con-
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ference on Environment and Development in Rio de Janeiro in June 1992, must be kept in mind against the backgro-
und of local environmental damage and national challenges (e.g. German reunification).

There is need for large-scale action on global environmental change; the measures to be taken will have to be
more complex than in the case of environmental problems restricted wholly or mainly to the territory of a single
state. If production and consumption occur in a single state with no regard to the environmental damage being
caused, the population of that state can weigh up immediately the benefits of consumption against the harmful en-
vironmental effects that ensue, since they are affected by both. Global environmental change, on the other hand,
is generally caused by people in countries and regions not directly affected by the change, as by the
example of global warming is vividly demonstrated. Even if everyone were both causal agent and victim, a glo-
bal environmental policy would be much more difficult to achieve — there is no such thing as a world government
that could pass an environmental law or impose an environmental levy.

Developing policies for controlling global environmental change that are based in turn on national environmental poli-
cies represent an enormous challenge. Individuals will have to be made to reconsider their values and
attitudes, supported by a changing political framework and by a new educational policy. National states will be requi-
red to accept responsibility for the world as a whole. Newly industrialising and developing countries are
looking with critical attention and great anticipation to Europe, an association of important industrial, cultural and scien-
tific nations.

The task of the Council

Against the background of these specific difficulties and acknowledging the need for consulting experts, the
Federal Government of Germany instituted the German Advisory Council on Global Change in May 1992, in the run-
up to the Rio de Janeiro conference. The Council wishes to make a contribution, through its work, so that

® the global environment and development policiesinitiated in Rio de Janeiro and to be specified in further conventi-
ons and protocols, will be further developed and co-determined by Germany,

® all measures and actions taken in Germany are oriented towards the amelioration of globa environmental change,

® support is given towards achieving access to and transfer of environmental knowledge and environmentally
sound technologies.

Thiswill involve, on the one hand, the presentation of research resultsin aform suitable for political decision-making,
the identification of gapsin knowledge, and the setting of priorities in research support. On the other hand, this should
aso involve the evaluation of the environmenta impact and economic efficiency of different
lines of action, in order to facilitate decision-making in the difficult field of global environmental change.

The work of the Council is carried out in the conviction that the widespread mood of despondency and gloom and the
underestimation of the long-term decline in environmental quality have to be faced with a clear-cut
summary of global environment and development problems. Based on this summary, steps must be derived that lead to
realistic strategies for nationa and internationally coordinated environmental policies. Considerable
attention will have to be paid to thisinterplay of political action and scientific research in dealing with global environ-
mental change. The Council views its cardinal task as being the primary source of recommendations for swift action in
the fields of technology, economy, education and science.

Initsfirst Annual Report of 1993, the Council, through its analysis of the interaction between the ecosphere and the an-
throposphere, wishes to illustrate clearly the problems that exist and to pave the way for the detailed treatment of spe-
cific issuesin forthcoming years. At the same time, the Council is putting forward its first recommendations for action
in this Report. Some effects of the steps to be taken will be immediately noticeable, but some will not produce benefits
until a generation later. Accepting responsihility for future generations, however, means that decisions be taken today.
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C Global change: approaching the research object

1 Definitions

Global environmental change

The Council uses the term global environmental change to refer to those changes that modify, sometimes irre-
versibly, the characteristics of the Earth as a system and that, therefore, have a noticeable effect, either direct or
indirect, on the natural life-support systems for a major proportion of human beings. Global environmental
change may be natural or anthropogenic in origin. The term global change is used to signify this overall context.

Environment itself is defined as the sum total of all processes and domains in which the interaction between
nature and human civilisation takes place. “Environment” therefore encompasses all natural factors that
influence or are influenced by human beings.

Proceeding from available knowledge about natural environmental change, the Council concentrates on anthro-
pogenic global environmental change. Anthropogenic changes are often characterised by their speed in com-
parison with natural changes. As a result, they overtax the Earth System’s repair mechanisms and capacity for
adaptation.

Box 1. Classification of global environmental changes

1. Numerica change in the key parameters of the Earth’s ecosystem, including the inhabited environment, with
respect to mean value and variability.
Examples:
— Relative proportion of atmospheric gases
— Temperature of atmosphere and oceans
— Population levels and distribution

2. Depletion of strategic resources in the Earth System.
Examples:
— Excessive exploitation of forests and degradation of soils
— Exhaustion of mineral resources
— Reduction of biodiversity and the genetic pool

3. Shifts and changes in macrostructures and patterns
(at total system level).
Examples:
— Expansion of the deserts

Distribution of species

Urbanisation

Distribution of wealth

North-South gradient

4. Changesin large-scale processes.
Examples:
— Oceanic circulation and wind systems
— Global cycles (carbon, water, nutrients)
— Commercial and commodity flows
— Migrationa flows
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5. Maodification of connectivity (topology) in the Earth System.
Examples:
— Networking of biotopes
— Water catchment areas
— Creation of hew economic zones

Sustainability

Any treatment of global environmental problems must be based on the perspective of “sustainable development”.
The original definition of this term was made in the Brundtland Report:

Sustainable development is devel opment that meets the needs of the present without compromising the abi-
lity of future generations to meet their own needs.

This demand sets an ambitious and far-reaching objective. It also raises a number of open questions, especially
concerning

® the extent to which the long-term impact of human action can be assessed,
® the extent to which irreversible changes of the ecological system can be avoided,

® the importance attached to increased quality of life in balance with nature for both present and future genera-
tions,

® the scope, content and reach of a precautionary strategy.

The Advisory Council will concentrate on these issues in future next Reports. There is no denying that the trans-
lation of such an objective into operational measures will come up against limitations of method. The Council em-
phasises, however, that in all conclusions regarding the steps to be assessed or recommended they are going to
consider the interests of both present-day and of future generations. The Council conceives of “sustainability” as
an “ecological imperative’, compelling us all to consider ecological, economic and sociocultural factors— not on-
ly in the national, but also in the global context. All passages within the Report referring to “permanence” or “su-
stainability” in connection with environment and development are to be understood in this sense.



Basic Structure 11

2 Basic structure of interaction between
the ecosphere and the anthroposphere

The origins of global change are to be found in dramatic developments within the anthroposphere (population gro-
wth, expansion of technical-industrial civilisation, the North-South divide, etc.), which radiate via the
“environment” into the ecosphere and threaten to change the character of the planetary ecosystem (= totality of life
on Earth + directly used, influenced or influencing abiotic components). Thisis all the more striking given that hu-
manity isinfact “insignificant” as aphysical factor in the Earth System. Functioning as arelay, however, i.e. through
targeted diversion of energy and material flows, it alters the structure and performance of fragile but significant sub-
systems in the ecosphere — with unintended consequences for the stability and availability of the life-support system
on which our survival depends.

Rational action that seems reasonable within the local context can lead to global and historical folly. A “ holistic”
perspective of the human environment is thus required — how else are we to identify and avoid pathways of
civilisational development which could conceivably disrupt the dynamical equilibrium of the planetary ecosystem?
The Council will therefore centre its attention on the synopsis of driving forces and feedback effects of global chan-
ge, and transform this perspective over the next few years into a systematic analysis. On this basis, it will be possi-
ble to assess the impact of new environmental developments and to gauge the necessity or
effectiveness of political strategies.

On the most aggregated level of the synopsis, the Earth System is composed of the ecosphere and the anthropos-
phere, whose metabolisms are intricately linked. This complex is shown in the master diagram (Figure 1): the an-
throposphereis symbolically removed from the ecosphere, without the connective “threads’ being cut, however. Pre-
senting the relationship in this way means to identify and emphasise the main interactions between the two spheres.

In this diagram, the ecosphere itself consists of the following subsystems:

® Atmosphere
Environmentally relevant are the troposphere (lowest layer, the main reservoir of the gases relevant for life on
Earth and the theatre for weather), and the stratosphere (vertically stable layer above the troposphere containing
the ozone shield against UV-B radiation).

® Hydrosphere
Encompasses the total mass of free water contained in the oceans, terrestrial reservoirs (lakes, rivers, soils, etc.)
and organic substances. The structure of the major ocean currents is of particular significance for the
planetary ecosystem. A crucial component of the hydrosphere is the cryosphere, i.e. the frozen waters of the
polar ice-caps, seaice, glaciers and permafrost soils. Only a minute proportion of the hydrosphere exists as fresh-
water, most of which is frozen.

® |ithosphere
Refersto the Earth’s crust, including all biogenic depositions such as sediments or fossil fuels. The lithosphere is
the foundation, the most important source of nutrients and — in addition to the sun — the engine driving the evo-
lution of the ecosphere (volcanic activity, plate tectonics, etc.).

® Pedosphere
Comprises soils as intersectional space between lithosphere, hydrosphere, atmosphere and biosphere, possessing
a specific character of its own and forming the substrate for terrestrial vegetation.

® Biosphere
Encompasses all life on Earth, which in turn consists of the flora and fauna of the continents and oceans, and
micro-organisms (bacteria, viruses).

Within the ecosphere, myriads of exchange processes occur between the various sub-spheres listed above. The most
important ones are symbolised in the diagram (Fig. 1) either by arrows (e.g. evaporation and precipitation) or by fu-
zzy boundaries between interactive systems (e.g. exchange of elements between oceans and the Earth’s crust).

The anthroposphere refers to humanity in the sense of a population, together with all of its activities and products.
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Thetransition to the ecosphere is gradual — one has only to think of agricultural ecosystems such as grain crops. This
should not lead to any confusion of concepts if the transitional spaces, as was done above, are combined under the
heading “ environment”.

A sub-division of the anthroposphere into the following components is useful when analysing the various systems
within it:

® Population
Both physical and mental aspects, especially values, attitudes and behaviour

® Social organisation
At al levels, up to and including political institutions at national and international level

® Knowledge systems
Especialy science, technology, religion, education and art

® Economy
Production of food and raw materials (primary sector); manual trades and industry (secondary sector); services
(tertiary sector).

® Transport

It is only through possession of comprehensive quantitative knowledge about the coupling of ecosphere and
anthroposphere that it will be possible to answer the key question as to the potential destabilisation of the
ecosphere through the dynamic forces of the anthroposphere. The master diagram first identifies the dominant inter-
actions and labels them by means of differently coloured bundles of arrows. Effects and interactions within the an-
throposphere are marked in the diagram by red arrows and bidirectional arrows.

The principal indicators are:
® use of natural resources in economic processes,

® emissions of (contaminant) substances and the manipulation and degradation of protected interests' through eco-
nomic activity including transport systems,

® alterations to natural systems (water, vegetational cover, soils, etc.) through direct action by human beings or in
the course of ensuring their subsistence (housing, fuel requirements, etc.),

® protection of landscapes, ecosystems or species through legal measures,

® consumption of vital substances (air to breathe, drinking water, trace elements, etc.) and aesthetic stimulation (big
game, landscapes, etc.) by individuals,

o effects of climate on population, traffic and economies.

The systemic components and interactions are analysed in detail in Section D.

! Protected interests (air, water, soils, etc.) are natural assets which, given their utility or intrinsic value, must be protected against damage
or risks.
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D Global change: Elements of a system analysis

1 Changes in the ecosphere

1.1 Atmosphere

Air is a mixture of many gases and different types of particles. Like water, it is essential for the existence of all hig-
her organisms. Its composition is important for the health of human beings. Two of its components, carbon dioxide
(CO,) and oxygen (O,), are the basic building blocks of life since they are required for photosynthesis and breathing.
The composition of air is predominantly a result of the evolution of life on Earth, i.e. living organisms regulate the
composition of the atmosphere via their metabolic products and thus play a major role in determining the climate on
the Earth.

In comparison to the other planets of our solar system, the composition of the Earth’'s atmosphere is unique
because the substances having the greatest radiation effect, including water vapour, which is necessary for precipati-
on, exist in very small quantities. Roughly 3%. only of the mass of the atmosphere significantly determine the radia-
tion budget (Table 1) and thus regulate the distribution of temperature and precipitation. Humanity is becoming ra
pidy and unintentionally a global “trouble-maker” through its influence on these substances. The
different lifetimes of trace gases relevant to the climate — ranging from approx. 150 years for nitrous oxide (N,O) to
severa hours for nitrogen dioxide (NO,) — alow for a simple division into substances having a global effect, on the
one hand, and those with a regional effect, on the other: if a substance on the average remains in the atmosphere for
afew months only before it undergoes chemical transformation or precipitates, it will influence only the hemisphere
in which it was formed and emitted into the atmosphere. Carbon monoxide (CO) and ozone (O,), with alifetime of a
few months or days to months, are examples of such substances. If, on the other hand,
substances such as methane (CH,), with alifetime of roughly 10 years, or anthropogenic carbon dioxide (at least 100
years) remain in the atmosphere for alonger period of time, they have a global effect because they will be distributed
fairly equally worldwide. The site of emission of these long-lived gases is, therefore, of secondary
importance.

This chapter will be divided into three sections since there are three global environmental problems connected with
the atmosphere that result from the differing lifetimes of the substances produced:

® Global change in the composition of the atmosphere due to increase of long-lived greenhouse gases (section on
“Increase in long-lived greenhouse gases’). Examples are CO, and CH,.

® Composition and global change in the chemistry of the stratosphere, leading to regional ozone depletion
(section on “ Chemistry of the stratosphere”). CFCs, for example, exert an influence in this connection.

® Change in the chemistry of the troposphere as a consequence of diverse regional emissions whose scope has how
extended beyond single continents. Examples include SO, and NO, .

Finally, a section will report on the consequences of these three changes for the climate since it is not only the in-
creased greenhouse effect that affects the climate, but a'so ozone depletion in the stratosphere as well as the increase
of ozone and turbidity in the troposphere.

1.1.1 Increase in long-lived greenhouse gases

Brief description

The natural greenhouse gases of the Earth’s atmosphere, i.e. those that hinder the radiation of heat into space to a
greater extent than the penetration of solar radiation to the Earth’'s surface, are increasing the temperature of the Ear-
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th's surface. In interglacial periods, such as the present one, this effect brings about a global temperature increase of
approx. 30°C to approx. +15°C, while in intensive phases of an Ice Age, as roughly 18,000 years ago, a figure of on-
ly approx. +10°C is reached. In order of importance, the following five gases make a significant contribution to the
greenhouse effect. water vapour (H,0), making up approx. 70%, carbon dioxide (CO,), having a share of roughly
15%, ozone (O,) with several percent, nitrous oxide (N,O) and methane (CH,), each accounting for a few percent.
Mankind has undoubtedly increased the concentrations of CO,, CH, and N, O as well as added new greenhouse gases,
such as chlorofluorocarbons (CFCs), thus reinforcing the greenhouse effect (Tables 1 and 2). The contribution of
changed levelsin short-lived greenhouse gases, such as ozone, to the anthropogenic greenhouse effect has not yet be-
en sufficiently assessed because the decrease in ozone in the stratosphere, observed particularly at higher latitudes,

Table 1: Properties of trace gases in the Earth’s atmosphere

Trace gas Atmospheric Volume Rate of Molecular Radiative
lifetime mixing ratio increase greenhouse forcing since
as of during warming 1750
1992 1980-1989 potential (Wm?)
(% per year) relative to CO,
H,0 days 2 ppmv ? <200** >0
to months to 3.5 %
Co, >100 years* 357 ppmv 0.4 bis 05 1 13
0, days 0.01 to 10 0to -0.8 (S) <2000** ?
to months ppmv 0to +25 (1)
N,0 ~150 years 0.31 ppmv 0.25 200 ~01
CH, ~10 years 1.75 ppmv 08 2510 30 ~05
CFCs 60 to 300 ~1 ppbv ~4 10000 to ~04
years 17000
40) few months 0.15 ppmv ~1 (NH) 2 >0
(NH)
NH = northern hemisphere
S = stratosphere
T = troposphere
* = only anthropogenic addition
** = maximum in the lower stratosphere

ppmv = parts per million (volume)
ppbv = parts per billion (volume)

Table 2: Ranking of individual greenhouse gases according to their greenhouse potential both in the natural and the
anthropogenically disturbed system

Ranking no. Undisturbed Anthropogenic Anthropogenic Total input
system input input (natural plus
accumulated in accumulated in anthropogenic)
the period from the 80s
1759-1992

1 H,0 Co, co, H,0

2 Co, CH, CFCs Co,

8 0, CFCs CH, 0,

4 N,0 N,0 N,0 N,0

5 CH, CH,

6 o CFCs

7 50)
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(see 1.1.2) and the ozone increase observed in the troposphere at mid-latitudes (see 1.1.3) may compensate, either par-
tially or completely, depending on the region.

The anthropogenic sources of long-lived greenhouse gases are predominantly known. The most important is the utili-
sation of fossil fuels (oil, coal and natural gas), whose emissions after combustion together account for a share of ap-
prox. 50% of the disturbance of the radiation budget. Roughly 15% of the emissions, respectively, are due to agricul-
tural activities, land use changes and industrial production (Enquete Commission, 1991).

The main effect of the altered concentrations of greenhouse gases in the atmosphere, only disputed with regard to its
pattern, but not its magnitude, is a global temperature rise at the Earth’ s surface and in the troposphere. It may trigger
avariety of intensifying or diminishing reactions of the global hydrological cycle, which are still poorly understood,
as well as of other biogeochemical cycles (see 1.2).

However, the direct effects of an increased CO, concentration, frequently described as the CO, fertilising effect, also
involve many risks that should give reason to take action. The Framework Convention on Climate Change signed by
154 nations in Rio de Janeiro in June 1992 must now be implemented swiftly also because of the direct effects of in-
creased CO, concentrations. Furthermore, the rapid change in the global climate, in a form that has not been experi-
enced by humanity for at least 10,000 years, remains the main reason for taking action.

Causes

Of the five major, naturaly occurring greenhouse gases in the atmosphere, which together cause a greenhouse
effect of approx. 30°C, the concentrations of carbon dioxide (CO,), ozone (O,), nitrous oxide (N,O) and methane
(CH,) are being altered by humankind on a worldwide basis. Only in the case of the main greenhouse gas, water va-
pour, isthe extent to which we have increased its concentration still unclear. Water vapour reinforces a change in tem-
perature since its concentration increases by roughly 10% per temperature rise of 1°C. Observation of a temperature
change, initiated by changes in the concentration of CO,, O,, N,O and CH, would, therefore, prove the occurrence of
an increased greenhouse effect rather than a direct change in the concentration of water vapour due to human activi-
ty. All trace gases important for the greenhouse effect taken together represent only 0.2%. of all molecules of the at-
mosphere during the Ice Ages and 0.3%o. during interglacial periods. This differenceis essentially determined by chan-
ges in the concentration of CO,, which rose from roughly 190 ppmv 18,000 years ago to 280 ppmv in the current in-
terglacial period (Holocene epoch) and increased exponentially to 357 ppmv from the beginning of industrialisation
around 1750 to the year 1992. Methane varied over the same period to an even greater relative extent, increasing in
concentration from 0.35 to 0.7 and then to 1.75 ppmv. Therise in nitrous oxide is known conclusively only for the pe-
riod since the beginning of industrialisation, i.e. from 0.28 to 0.31 ppmv.

Only since the 50s have chlorofluorocarbons (CFCs) emerged as greenhouse gases. As with the other greenhouse ga-
ses, they hinder the radiation of heat from the Earth’s surface into space. Up to 1974 the production of the two most
important CFCs increased worldwide very rapidly, with growth rates of 8.5% to 11% per year. The first
warnings of their ozone-destroying effect during chemical decomposition in the stratosphere and the subsequent ac-
tion taken by some countries led to approximately constant production of roughly 1 million t per year up to around
1988. Only after the Montreal Protocol went into effect on January 1, 1989, a regulation for implementation of the
Vienna Convention for the Protection of the Ozone Layer of 1985, did a decline in production begin. However, due
to the extensive resident times of CFCsin the atmosphere from several decadesto afew centuries, this did not lead to
a stabilisation of the concentrations of CFCs. However, adecline in concentration increase became evident during the
last years.

The causes of the increase in greenhouse gases are now known, for the most part. The utilisation of fossil fuels by
humans is the primary cause, which has increased, in particular, the concentrations of CO, and CH,, as well as N,O
to a limited degree. This is followed, in second place, by changes in land use, which mainly cause increases in CO,
and CH,. Industrial emissions come in third place; they are a source of CFCs and the other halogenated hydrocarbons
relevant to the greenhouse effect. In fourth place is agriculture, which above al causes additional emissions of CH,
and also N,O. In comparison to the sources, very little is known about the dynamics of the sinks of individual green-
house gases, such as the change in the CO, sink in “Boreal Forest Areas’ (Heimann, 1993).



Atmosphere 17

Effects

This section on the increased concentration of greenhouse gases does not yet deal with the effect on the climate be-
cause the latter is aso influenced by other global environmental changes, so the climate-changing factors
will be described jointly in a separate section on climate change (see 1.2). Therefore, only the direct effect of increa-
sed greenhouse gas concentrations will be discussed here. This essentialy involves the direct effect of the increased
CO, concentration, since the concentrations of methane, nitrous oxide and CFCs in the air, which, though higher, are
still relatively low, have not had a noticeable direct influence on plants, animals and human beings up to now.

The effect of the increased CO, level is frequently reduced to a discusssion of the acceleration of plant growth, the
CO, fertilising effect. Only few significant findings have been gained thus far from this discussion and intensified re-
search. Many cultivated plants that are sufficiently provided with nutrients, water and light form more biomass per ti-
me unit when the CO, content of the air is higher. This effect can be counteracted by a temperature increase, especi-
ally at night (see 1.4). In natural ecosystems, on the other hand, there is frequently alack of water and/or nutrients, so
that the CO, fertilising effect for these plants may be not as significant for these plants. In some field tests on natural
ecosystems, such as the Arctic tundra, it has been observed that the increased growth of plants due to a higher CO,
supply is compensated for by a slight temperature rise. Not only is the respiration of the plants increased by higher
temperatures, i.e. their metabolic products are consumed to a greater extent to keep themselves dive, but more CO, is
released from the soil. Weighty arguments for the existence of a CO,
fertilising effect of the large natural ecosystems are based on studies using carbon isotope techniques (Tans et a.,
1990). These can only be interpreted consistently if a significant fraction (20%) of anthropogenic CO, is absorbed by
the biosphere. Large-scale, ocean-atmosphere coupled global circulation models currently indicate no other possible
sink.

Link to global change

Since the additional greenhouse effect of the atmosphere is reinforced by an increased ozone concentration in the tro-
posphere and is predominantly diminished by a reduced concentration in the stratosphere, the three
global environmental changes caused by the altered composition of the atmosphere are closely linked to each other.
Thus they are treated together in section 1.2. Because the additional greenhouse effect is also caused by agriculture
(increased nitrogen fertilisation), not only must combustion processes (power generation, industrial production, trans-
port and building heating) be included in any successful strategy for reduction as significant
sources of CO, but also agriculture as an emitter of CH, and N,O. A far-reaching task results from this: due to the di-
versity of sources of greenhouse gases, amost all human activities have to be critically examined!

The differing reaction of the various plant groups to an increased CO, concentration certainly has consequences for
the production of biomass, the flora-related and, as aresult, fauna-related species composition in an ecosystem as well
asfor biodiversity. These consequences may have a counter-effect on the CO, concentration.

The way in which the population can be made aware that a greenhouse gas altered by us, i.e. CO,, has a direct and
far-reaching consequence on plant communities, even before the climate change, will be of major importance for the
success of reduction strategies.

Assessment

The increase in trace gases brought about by humans since the beginning of industrialisation has reinforced the gre-
enhouse effect of the atmosphere so radically that the change in the radiation budget of the Earth due to this increase
already corresponds to the difference in trace gases between the Ice Age and the interglacial period.
People have thus unintentionally started the largest geophysical experiment in history, with an unknown outcome.

Apart from the direct and indirect consegquences for the climate (see 1.2), this experiment may, however, have another
profound effect on ecosystems since the greenhouse gas with the highest increase, CO,, is a basic substance for plant
growth. It would be short-sighted only to look at the possible rise in primary production: different plant groups res-
pond in different ways to a higher CO, content. Thus changes occur in the competitive situation among plant species
and, as a consequence, in the animal species composition, too, which may also have an effect on mankind's nutrient
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basis and the susceptibility of agricultural production to pests.

Another aspect rarely taken into account when discussing the increase in greenhouse gases must be given greater at-
tention: increased N,O and CH, concentrations bring about a greater ozone depletion in the stratosphere
since the chlorine compounds as provided from CFCs decomposition are not the only catalysts for this process. The
decomposition products nitrogen monoxide (NO) and/or the hydroxyl radical (OH), which are amost
exclusively formed from N,O and, in part, from CH,, are the most important catalysts in the destruction of
ozone. In view of the long lifetime of N,O of roughly 150 years, a further long-term problem thus exists in
stratospheric ozone depletion, despite the currently moderate augmentation rate of 0.25% per year.

Therefore, the reduction in the growth rates of the long-lived greenhouse gases CO,, N,O and CH,, is necessary, even
without the connection to climate change, in order to slow down and finally stop significant changes in the species
composition and the thinning of the ozone layer in the stratosphere. Since the emission sites for long-lived trace ga-
ses are amost insignificant in view of their worldwide distribution, local action by a small country, for example, may
be meaningful in taking the first step, but globally it is an inadequate strategy. A rapid integration of national pro-
grammes isrequired in an international framework, which already existsin the form of the Framework Convention on
Climate Change that will go into effect after ratification by at least 50 of the 154 countries that signed it. Binding im-
plementation documents for the reduction of the worldwide emission of the above mentioned gases, primarily CO,,
must, therefore, quickly become part of the Climate Convention.

Impact weighting

Up to now the increase in greenhouse gases in the atmosphere has been amost exclusively discussed in
connection with the global climate change provoked by it, and it will probably remain the main point of discussion.
However, the increase in concentration of CO,, a gas of great importance for life on Earth, is also
significant with regard to the so-called CO, fertilising effect, the change in plant communities, the composition of
food, increased infestation by pests and the threat to biodiversity. Only clarification of these interconnections will per-
mit an answer to one of the most complex questions in the area of globa environmental changes: How high can the
CO, content of the atmosphere be alowed to rise so that nourishment of the constantly growing
population of the Earth is guaranteed, given that, on the one hand, the greenhouse effect due to CO, and other trace
gases is reinforced and belts of precipitation are shifted as a result while, on the other, plant growth is
stimulated by the increased CO, content?

Research needs

Only when biogeochemical cycles have genuinely been understood can a statement regarding trends be made and the
atmospheric part of these cycles be assessed.

0 Carboncycle

A central research objective in the problematic area of anthropogenic greenhouse gases is the closing of the
global carbon balance given continued and intensified constant measurement of the concentration of carbon-contai-
ning gases in the atmosphere, i.e. elimination of the unsatisfactory situation that the sink for approx.
1-2 hillion t of anthropogenic CO, has not yet been adequately determined. This also includes an answer to the que-
stion: Can the CO, fertilising effect be verified in natural ecosystems, even if it becomes warmer?

O Nitrogen cycle

So far the nitrogen cycle has not been understood very well, especially the role of N,O. Important questions include:
Are areas that are intensively fertilised with nitrogen compounds the main sources of the measured N,O augmentati-
on in the atmosphere? How much N, O is released from automobile catalytic converters in everyday operation?

0 Methane cycle
Important questions in this connection are: What kind of agriculture generates the lowest CH, emissions? How much
methane escapes from thawing permafrost soils?



Atmosphere 19

0 Cycle of halogenated hydrocarbons
With the implementation of the Montreal Protocol, emphasisis now being placed on the greenhouse potential of CFC
substitutes, which is also a decisive factor with respect to the sustainable use of these substances.

0  Water vapour

The questions concerning water vapour, on the other hand, appear simpler: Is water vapour increasing in the
stratosphere, as postulated? If so, isthistrend caused by methane oxidation, aircraft emissions and/or the altered tem-
perature of the tropical tropopause? How will the planned transition to hydrogen-fuelled aircrafts affect the atmos-
phere at altitudes of around 10 km?

1.1.2 Changes in ozone and temperature in the stratosphere

Brief description

Overall, the ozone content in the stratosphere has decreased in the past two decades (Stolarski et al., 1991 and 1992;
WMO, 1992). This decrease varies a great deal geographically and with regard to time, however. In the
tropics and subtropics, where ozone is predominantly formed, no significant changes have occurred so far. In
contrast, ozone depletion over the Antarctic is especially evident during spring; in the region around the “ ozone ho-
le”, with an area of approx. 15 million km? the total ozone content dropped to roughly half the figure prior to 1975.
In the mid-latitudes of the southern hemisphere a decrease concentrated in the spring and early
summer (—14% at 60°S in the 80s) has also been measured.

A trend analysis in the higher and mid-latitudes of the northern hemisphere is made particularly difficult by the great
natural variability. However, there are also signs here of a decrease of roughly 4 — 5% during the last
decade in the winter and spring months, primarily due to mainly short-term atmospheric conditions when
formation of “polar stratospheric clouds’ occurs at especially low stratospheric temperatures, similar to the
situation in the Antarctic. Heterogeneous chemical reactions in these clouds, in conjunction with chlorine-containing
breakdown products of CFCs lead to ozone destruction. Since the meteorological conditions over the Arctic are dif-
ferent, on average, from those over the Antarctic, however, it was not possible for an *“ ozone hole” to form there. This
is expected to remain so for the near future (WMO, 1992). During the summer half-year no trend has yet been obser-
ved in the northern hemisphere (see box on “Total ozone content and temperature”).

Causes

Natural causes

In the stratosphere an evaluation of trends, i.e. long-term changes, is also made difficult by natural variability
(Labitzke and von Loon, 1991) (see box on “Total ozone content and temperature”). Possible causes for natural chan-
ges include the varying activity of the sun, volcanic activity and changes in the genera circulation in the
atmosphere.

Anthropogenic ozone decline

Anthropogenic ozone declineisin all likelihood caused by chlorine- and bromine-containing molecular fragments of
CFCs and halogenated hydrocarbons. However, increased N,O and CH, concentrations contribute to this
effect through the ozone-reducing catalysts arising from these trace gases, NO and/or the OH radical. Since the stra-
tospheric temperatures drop as a consequence of a reinforced greenhouse effect (see 1.1.1), this could lead to an in-
tensification of the polar vortices, an increase in “polar stratospheric clouds’ and increased ozone depletion, also in
the Arctic. The mean chlorine mixing ratio in the stratosphere, which is predominantly determined by
anthropogenic emissions of CFCs, has reached 3.3 to 3.5 ppbv today with growth rates of roughly 4% per year
(WMO, 1992; Engquete Commission, 1992). It will continue to rise to 4.1 ppbv, even following the tougher
regulations contained in the second version of the Montreal Protocol agreed in Copenhagen (November 1992), befo-
reit starts to drop, probably at the beginning of the next century (Fig. 3).
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Effects

Ecosphere

Under otherwise unchanged atmospheric conditions, a decline in the total ozone content leads to an increase in the
UV-B rays of the sun that reach the Earth’ s surface, a phenomenon, however, that has only been measured frequent-
ly in the southern hemisphere and in exceptiona situations in the northern hemisphere, such as at the high alpine sta-
tion at Jungfraujoch (Blumthaler and Ambach, 1990). In contrast to this, a uniform trend of changing solar UV-B ra
diation has not yet been detected in the U.S., presumably because of an overlapping of influences due to the change
in atmospheric clouds and turbidity (Scotto et al., 1988; Briihl and Crutzen, 1989). It must be taken into account that
at higher and mid-latitudes the natural change in the ozone content from day to day is considerably high and that the
“ecosphere” is accustomed to that.

Many plants are able to form substances that absorb ultraviol et radiation, thus offering protection to subcutaneous cell
organelles. Tropical plant species, which are exposed to the highest degree of ultraviolet radiation, are obviously very
resistant and thus adapted. The extent of the tolerances in the case of a possible futureincrease in UV-B radiation must
be subjected to thorough examination. Measurements conducted by Smith et al. (1992a) show, for example, that du-
ring an “ozone hole” situation on the edge of the Antarctic the net primary production of marine phytoplankton was
reduced. Predictions regarding quantitative effects on the global food production are presently not possible (Tevini,
1992). An increase in UV-B radiation would also cause a change in the chemistry of the troposphere (see 1.1.3) and
reinforce the formation of photochemical smog if, asin industrial regions, sufficient nitrogen oxides (NO,) were pre-
sent. The observed decline in stratospheric ozone has a further influence on the climate in that ozone, the third most
important greenhouse gas, weakens the greenhouse effect of the atmosphere at high latitudes. But for tropospheric as

Box 2: Total ozone content and temperature of the lower stratosphere are positively
correlated in the northern hemisphere (Fig. 2)

Northern summer

The time series of total ozone, stratospheric temperature and solar activity are similar during the observation pe-
riod of 14 years exhibiting a pronounced minimum in the summer of 1986. The summer-summer ozone variation
isrelated to a natural, quasi-biannual oscillation.

Two large volcanic eruptions led to a drastic increase in stratospheric aerosol: El Chichon, Mexico, April 1982
(CH) and Pinatubo, Philippines, June 1991 (P). The El Chichon outburst caused a major stratospheric warming
(Labitzke and McCormick, 1992) and thus the summer temperatures for June/July 1982 are outliers. The warming
caused by the Pinatubo event did not take place until after July 1991 and is not yet noticeable here.

The augmentation of the volcanic aerosol enhanced stratospheric o0zone depl etion, thus explaining the particularly
low ozone values in 1983, i.e. one year after the eruption of El Chichon (Ch+1) and in 1992, i.e. one year after
the eruption of Pinatubo (P+1) (Granier and Brasseur, 1992). No significant ozone trend is detectable in the nor-
thern summer.

Northern winter

The natural variability of ozone and temperature is even larger in the winter half-year (altered scales!). Cold stra-
tospheric winters, low in 0zone, aternate with warm winters, high in ozone. In contrast to Antarctica, episodes of
extremely low temperatures at which “polar stratospheric clouds’ can form rarely occur in the Arctic. During the-
se periods, which usually last only afew days, the anthropogenic depletion mechanisms are active, however. Pre-
sumably one must attribute the observed ozone decrease of approx. 4% (corresponding to roughly 12 Dobson
units) during a period of 11 years to this process.

Similar to the northern summer situation, the ozone-depleting potential of volcanic eventsis expressed by prono-
unced ozone minima in the following years, 1983 and 1992 resp.
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Figure 2: Time series for ozone content and temperature of the lower stratosphere (northern hemisphere) as well as
solar activity
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well as for stratospheric ozone this depends very much on the horizontal and vertical structure of these changes
(Schwarzkopf and Ramaswamy, 1993).

Anthroposphere

Besides the positive effects of ultraviolet radiation on people, such as vitamin D formation, improved oxygen
transport in the blood or favourable effects on the psyche (Blumthaler and Ambach, 1990), a number of health risks
are known. Erythema (sunburn) and keratitis (inflammation of the cornea or snow blindness) can be
mentioned as acute reactions, while various forms of skin cancer and formation of cataracts are reactions that
have a long latency period. Ozone depletion of 1%, for instance, allows the biologically active UV-B radiation to in-
crease by higher percentages. Around 2 — 5% more damage may occur, depending on the type of cell affected.

Since ozone depletion outside of the Antarctic has been slight up to now, the increase in skin cancer observed in many
countries is, according to the general view of medicine, the result of greater exposure of the skin in recent decades,
particularly due to the changes in leisure-time activity.

Thisfinding, however, confirms the threat to human health posed by exposure of the skin to increased UV-B radiation.
It has not yet been determined whether the increase in UV-B radiation is accompanied by a weakening of the immu-
ne system. The connection between clouding of the eye lens and UV-B radiation is, on the other hand, undisputed.

Time scale

Even if all nations comply with the Montreal Protocol, which was again made more stringent in Copenhagen in No-
vember 1992, arise in the chlorine mixing ratio in the stratosphere to 4.1 ppbv is expected by the year 2000. Thus,
greater ozone depletion, comparable to that during the 80s, can also be reckoned with in the 90s (WMO, 1992). Ac-
cording to model calculations and given strict compliance with the Protocols, one cannot expect a drop in the chlori-
ne content of the stratosphere to values of around 2 ppbv, i.e. values that were found prior to the emergence of the
“ozone hole”, until the middle of the next century (Fig. 3).

Link to global change

Since ozone is an important greenhouse gas in the atmosphere, a change in 0zone aso always means a global change
in climate (see 1.2). A greater greenhouse effect, on the other hand, leads to cooling of the stratosphere, thus enabling
the formation of more “polar stratospheric clouds’ in the winter polar regions, and hence even greater ozone depleti-
on.

Increased UV-B radiation reduces the formation of biomass (Smith et al., 1992a) by phytoplankton. Thus ozone
depletion also weakens one of the mgjor sinks for CO,, the productive ocean around the Antarctic. No quantitative sta-
tements can be made about this process at this stage, however.

Food production for a growing population leads to an increase in the greenhouse gases methane and nitrous oxide.
The methane content of the atmosphere is rising faster than the CO, content. Approximately 70% of the methane co-
mes from plant and animal sources, such asricefields and ruminants. Nitrous oxideis also formed by agriculture when
arable land and grasslands are excessively fertilised (see 1.4). Both gases break down ozone via the catalysts NO and
the OH radical that result from them, and this in turn may also lead to a reduction in harvest due to intensified UV-B
radiation.

Air traffic emissions presumably lead to an increase in 0zone concentration in the upper troposphere and a reduction
in ozone in the lower stratosphere with the already described feedback effects on the climate. Thereisalso aclose link
to the chemistry of the troposphere (see 1.1.3), where ozone is increasing locally, especially near industrial regions.
This increase can be regarded only in part as a “healing effect” since ozone, as a toxic gas that leads, among other
things, to damage of the respiratory tracts, is undesirable in the troposphere, particularly because it reinforces the gre-
enhouse effect (see 1.1.1). On the other hand, tropospheric ozone absorbs UV-B radiation so that, in this context, it
compensates for the loss of stratospheric ozone to a slight extent. Given the oxidation capacity of the troposphere,
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Figure 3: Development and forecasts for atmospheric chlorine concentrations according to the various measures
to phase out CFCs and other ozone-depleting substances (from WMO, 1993)
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which depends on the effect of ultraviolet radiation on an atmosphere containing water vapour, a certain increase in
ultraviolet radiation (or a decline in stratospheric ozone) would definitely have a positive effect since the current oxi-
dation capacity is not sufficient for the polluted atmosphere (see 1.1.3).

Need for action

The decrease in stratospheric o0zone increases the dangerous UV-B radiation in many regions of the Earth and, there-
fore, represents a major threat to humanity, all terrestrial living organisms as well as to phytoplankton. The interna-
tional community has recognised this danger; in 1985 the Vienna Convention for the Protection of the Ozone Layer
was signed. The Montreal Protocol of 1987 containing the implementation regulations was given more stringent pro-
visionsin London in June 1990 and again in Copenhagen in November 1992 (Tables 3 and 4). These provisions, which
call for arapid withdrawal from the production of CFCs, HCFCs and hal ogenated hydrocarbons, must now be imple-
mented. In particular, techniques for the production of substitutes in newly industrialised countries must be co-finan-
ced in order to support all producing countries in the Third World in complying with the Protocols.

After the ban on CFCs, HCFCs and some halogenated hydrocarbons, special attention must be devoted to the other
precursor gases of ozone-reducing molecules: these include nitrous oxide (N,O, with the decomposition product NO),
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Table 3: German phase-out schedule for ozone-depleting compounds (from Cutter Information Corp., 1993)

Substances/Function CFCs R 22 (H-CFC) Methyl chloroform Carbon tetrachloride Halons
Aerosols August 1991 August 1991 August 1991 Not used Not used
Refrigeration equipment Not used Not used Not used
- large-scale January 1992 January 2000

- large-scale mobile January 1994 January 2000

- small January 1995 January 2000

Foams Not used Not used
- Packing material August 1991 August 1991

— Dishes August 1991 August 1991

- Construction August 1991 January 1993

- Insulation January 1995 January 2000

- Others January 1992 January 2000

Cleaning agents and solvents | January 1992 Not used January 1992 January 1992 Not used
Extinguishers Not used Not used Not used Not used January 1992

CFCs = chlorofluorocarbons, Halons = bromofluorocarbons, H-CFC = chlorofluorocarbons containing one or more hydrogen atoms.

Table 4: Withdrawal from the production of ozone-depleting compounds (from Cutter Information Corp., 1993)

Year CFCs Halons Methyl Carbon Methyl Bromide H-CFCs
Chloroform Tetrachloride
1994 75% cut 100% cut
1995 85% cut cap
begins
1996 100% cut 100% cut 100% cut cap
begins
2004 35% cut
2010 65% cut
2015 90% cut
2020 99,5% cut
2030 100% cut
Global Deadlines
Year CFCs Halons Methyl Carbon Methyl Bromide H-CFCs
Chloroform Tetrachloride
1994 85% cut 100% cut 50% cut 85% cut proposals expected proposals expected
by March/April 1993 | by March/April 1993
1995 100% cut 100% cut
1996 100% cut 35% cut
EU Deadlines

All dates refer to 1 January. Base year for Halons and most CFCs is 1986 (those CFCs first controlled under the 1990 London amendments use 1989 as the base year).
Base year for methyl chloroform, carbon tetrachloride, and HCFCs is 1989. Methyl bromide cap is set at 1991 levels. Hydrobromofluorocarbons (HBFCs) are phased out fully

in 1996.

and methane (CH,), whose oxidation in the stratosphere leads to the formation of water and, hence secondarily, OH

radicals. Both greenhouse gases increase with increasing food production for a growing population.
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Box 3: Historical development of political action
with regard to ozone

I nternational National
1985 Vienna Convention for Protection of Ozone Layer ratified 1988
1987 Montreal Protocol: CFCs (11, 12, 112, 114, 115) ratified 1988

Freeze on production at 1986 levels; reduction in production
of 20% by 1994, 50% by 1999

1990 London: tightening of Montreal Protocol approved 1990

1992 Copenhagen: Further tightening of Montreal Protocol approved 1992

Research needs

0 Long-term measurements
To record changes in ozone and temperature in the stratosphere, it is necessary to continue and intensify long-term
monitoring. In particular, involvement in the “ WMO Global Ozone Observing System” (GO,0S) is recommended.

O Diagnosis

For a better understanding of natural and anthropogenic changes in ozone, a meticulous diagnosis of already available
data and increased development of models to project trends is required, especially with regard to the vertical structu-
re of expected changes.

O Measurement of UV-B radiation
Measurements of UV-B radiation and its effects on plants and animals are urgently required simultaneously at several
specially selected stations.

0 Measurement campaigns

Active participation in international measurement campaigns for a better understanding of ozone-destroying processes
is necessary because new knowledge can be gained far more effectively through the coordinated utilisation of diffe-
rent measuring platforms.

O  Air traffic

Investigation of the influence of growing air traffic on the ozone content of the upper troposphere and the lower stra-
tosphere is already an integral part of different research projects. However, it must be maintained on a long-term ba-
sis due to the complexity of the problem.

O International research programmes
Cooperation in international research programmes, such as in the WCRP (World Climate Research Programme) and
the IGBP (International Geosphere Biosphere Programme) should be ensured on a permanent basis.

1.1.3 Changes in tropospheric chemistry

Brief description

The large variety of trace gases and particle emissions resulting from human activities, including vegetation fires in
the subtropics and tropics, have changed the physical processes and chemical reactions in the troposphere
in the course of which trace gases are decomposed naturally through chemical transformations followed by deposition
processes. This change resulted in a diminishing of the self-cleaning capacity of the troposphere.

In some regions of the Earth altered levels of trace gases have led to toxic influences on the biosphere. These are the
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industrialised regions of the mid-latitudes of the northern hemisphere as well as those regions of the subtropics and
tropics in which, during the dry season, forest and savanna fires are lit for agricultural purposes.

The question of whether the self-cleaning capacity of the atmosphere in these regions has already been weakened or
whether this has not yet taken place due to processes having a compensatory effect has yet to be answered. In any ca-
se, the concentration of tropospheric ozone has greatly increased in these regions. During periods of photochemical
smog, particularly in industrialised regions in summer, air pollution causes damage to the health of millions of peo-
ple, vegetation damage and crop losses. The increased ozone content is additionally relevant to the climate because it
reinforces the greenhouse effect. The greater turbidity of the air in the troposphere promotes backscattered solar ra-
diation. Both effects are currently major factors of uncertainty regarding the assessment of anthropogenic climate
change since only their symptoms, but not their magnitude, are known. The “fertilisation” of all ecosystems that ac-
companies the pollution of the atmosphere threatens biodiversity and generally fosters acidification of soil and water.

Efforts to stem the air pollution described here should be linked to strategies for reduction of CO, emissions since air
pollution is almost always connected with CO, emissions. Moreover, similar to the problems related to stratospheric
ozone depletion and climate change due to an increased greenhouse effect, intensified international coordinationis ne-
cessary.

Causes

The chemistry of the troposphere is determined by water vapour and trace gases, which together account for less than
0.3% of the mass, while the main components of air are chemically rather inert. Human activities have globally ate-
red the level of trace gases to a noticeable extent. Trace gases can only spread beyond their immediate region if they
remain in the atmosphere for at least several weeks. Substances that are removed from the atmosphere after a short ti-
me by virtue of chemical decomposition reactions or deposition can only have alocal or regional effect. Spatial sca-
les of less than 100 km or between a hundred and a few thousand kilometers are meant here. In addition to the emit-
ted substances, their atmospheric transformation products must also be taken into account in assessments.

The atmospheric lifetime and decomposition products of many trace substances in the troposphere are important as-
pects in global biogeochemical cycles. The atmospheric lifetime of many trace substances, especially those that are
very water-soluble, is limited by wet and dry deposition. However, for many compounds that are emitted into the tro-
posphere, both naturally and anthropogenically, the chemical reaction with a single trace substance, the hydroxyl ra-
dical (OH), is decisive for the atmospheric lifetime. The hydroxyl radical represents the natural “ washing agent” of
the troposphere because it initiates the oxidative decomposition of nearly al relevant trace gases. A reduction in the
concentration of this radical is equivalent to weakening the oxidation capacity and thus the self-cleaning capacity of
the troposphere.

The trace gases methane (CH,) and carbon monoxide (CO) have increased worldwide since the pre-industrial age and
at least in the northern hemisphere over recent decades, respectively (IPCC, 1990; Levine et a., 1985; Cicerone, 1988;
Khalil and Rasmussen, 1991). Important sources of these trace gases are agricultural activities, the production, pro-
cessing and distribution of oil and natural gas and incompl ete combustion processes. From aglobal point of view, met-
hane and carbon monoxide are the most important reaction partners of the OH radical. As a consequence of this, one
can assume that the concentration of the hydroxyl radical has decreased globally, i.e. the self-cleaning capacity of the
troposphere has been weakened (Levine et al., 1985; Lu and Khalil, 1992). Despite a lack of OH measurements, this
can be shown indirectly based on the distribution and the temporal trend of the hydroxyl radical’s reagents. Direct
measurements are difficult due to the extremely low mixing ratio of roughly 3* 10° ppbv, which is scarely detectable.
A thinning of the stratospheric ozone layer may have consequences for the chemistry of the troposphere by virtue of
the change in photochemically relevant UV-B radiation. The significance of this change is not known. The recently
observed reduced growth rate of CH, may be a reflection of increased photochemical activity.

The chemical processes of air masses rich in nitrogen oxides have altered greatly in relation to the anthropogenically
unpolluted state, regardless of the type of source (industrial emissions or biomass combustion): periods of photoche-
mical smog are becoming more and more frequent. They are primarily alocal or regional phenomenon with increased
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concentrations of radicals, oxidised and partially oxidised hydrocarbons, ozone and other photooxidants. Many of the-
se substances are relevant from an ecotoxicological point of view.

One class of photooxidants, the peroxyacetylnitrates, however, definitely has the capability of being transported
beyond the immediate region. These are compounds that serve as reservoirs for nitrogen monoxides and which are ab-
le to release the latter again, depending on environmental conditions. In this connection, those air masses whose hitro-
gen monoxide mixing ratio has not risen to more than approx. 5* 10 ppbv are designated as pollution-free zones. This
is the case only in regions subject to little anthropogenic influence. In the greatly industrialised mid-latitudes of the
northern hemisphere, on the other hand, as well as in the forest and savanna regions of the subtropics and tropics du-
ring the dry season, nitrogen monoxide concentrations are much higher. In the latter areas, vegetation fires are the
emitters. Under these conditions the atmospheric chemistry of carbon monoxide and hydrocarbon compounds leads to
the formation of ozone under the influence of the sun. With increasing emission rates of the precursor substances, na-
mely nitrogen monoxide and hydrocarbons or carbon monoxide, there is a growing tendency towards periods of pho-
tochemical smog. The transport sector is the most important industrial source while agricultural activities are the pri-
mary factor for the fires in the subtropics and tropics during the dry season.

The ozone concentration in these regions has most likely increased as aresult of human activities. In the past 100 years
it has doubled in Europe (Volz and Kley, 1989). The production of tropospheric ozone, on the other hand, has the po-
tential of enhancing the oxidation capacity. The current state of knowledge, however, does not permit any verified sta-
tements to be made concerning a change in OH concentration in NO rich regions; initial estimates have yielded hig-
her figures (Crutzen and Zimmermann, 1991).

Furthermore, it was determined that significantly changed nighttime chemistry takes place in fire clearing and
anthropogenically influenced coastal regions. These reactions are caused by greatly increased concentrations of
radical compounds, predominantly peroxy radicals. This class of compounds occurs in the chemical decomposition
pathway of hydrocarbons (Platt et al., 1990).

Inorganic acids represent a group of substances with relatively short atmospheric lifetimes and thus, at the most, re-
gional range. In industrialised regions they have greatly increased the natural acid content of precipitation (in additi-
on to rain, this includes wet deposition of snow, dew and fog). The dynamics and chemistry of these processes are
well understood today. Analogously, acidification of precipitation occurs in extensive areas of the tropics and subtro-
pics as a result of fire clearing and savanna fires, though organic acids are probably more important in this context
(Galloway et a., 1982; Andreae et al., 1988). The spread and significance of this phenomenon have not yet been suf-
ficiently studied.

Combustion of biomass during the dry season in the subtropics and tropics deserves special mention. It is assumed that
6 — 7 billion t of biomass are burned annually, primarily in the forest and savanna regions of the Earth (data based
on dry mass; Seiler and Crutzen, 1980; Hao et al., 1990). Biomass combustion releases roughly half of the anthropo-
genic emissions of carbon monoxide, hydrocarbons and nitrogen monoxides. Large quantities of soot-containing ae-
rosols are emitted together with these and other trace gases, some of which are relevant to the climate (see 1.2). The
combustion of large quantities of biomass perturbes biogeochemical cycles. It has been estimated that 10 — 20 milli-
on t of nitrogen annually are removed from the biosphere, corresponding to 6 — 20% of the annual nitrogen fixation
(Crutzen and Andreae, 1990).

The industrial regions of the northern hemisphere emit a large variety of toxicologically relevant trace substances, so-
me of which at least are distributed globally, including heavy metals such as lead and mercury. Presumably increasing
quantities of aerosol are formed in these regions. The cause is the growing emission of aerosol forming gases, sul phur
dioxide (SO,) as the most prominent, in combustion processes of all kinds.

The extent to which important chemical processes in the atmosphere are influenced by increasing aerosol concentra-
tions (greater probability of surface reactions with particles) has not yet been understood completely. The atmosphe-
ric lifetimes of aerosol particles in the atmosphere only permit local to regional effects. Since they interfere with the
radiation budget, they may, nevertheless, have an influence on the global climate (see 1.2). Specia meteorological
constellations make it possible for isolated areas remote from emission sites to be affected as well. Such meteorolo-
gical conditions occur regularly in spring known as the “Arctic Haze” phenomenon, which involves the transport of
polluted air masses from Central and Eastern Europe to the European Arctic.
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Effects

Some locally and regionally occurring pollution phenomena are well known for decades and understood to alarge de-
gree (e.g. “London smog”, “Los Angeles smog”, acidification of water, new kinds of forest damage). However, lar-
ger areas are becoming affected to an increasing extent and some of these phenomena have reached national and in-

ternational scales today.

In its Report for 1985 and 1987 the German Council of Environmental Advisors (Rat von Sachverstandigen fir Um-
weltfragen — SRU) made a detailed statement relating to the territory of Germany. Those effects having regional or
national proportions are mentioned in the following.

® The deposition of trace substances in ecosystems via the atmospheric path changes the concentrations of nutrients
and harmful substances, with consequences for nutritional conditions and species composition. An example of this
is acid deposition in northern European lakes and in eastern parts of the U.S. and Canada. Forest damage is cau-
sed in extensive areas by an excessive deposition of eutrophying substances, overfertilisation, or through photoo-
xidants. Wild plants are decimated to such an extent that they appear on the “Red List” of species threatened with
extinction. The marginal seas, in which the explosive growth of phytoplankton is additionally stimulated by eutro-
phication from the air, are also affected. Soilsin tropical and subtropical areas appear to be particularly endange-
red since they generally display little tolerance to changes as compared to soils at mid-latitudes.

® The fertilising effect for useful plants is accompanied by damage caused by phytotoxic substances. A final
evaluation of these different influences is not yet possible. The same applies to forests at mid-latitudes used for
€CONoMIC PUrposes.

® The selective application of chemicals, particularly pesticides, for useful plants has undesired side effects, i.e. the
increasing input of pesticides at the site of application and via the atmospheric path, so that pests develop a grea-
ter resistance on aworldwide basis.

® Harmful effects to human health resulting from air pollution are on the rise. In amost al countries of the world
millions of people suffer from disorders of the respiratory tracts (e.g. damage to the lungs) and other health im-
pairments. A greater susceptibility to natural allergens as well as immune weaknesses can be observed to an in-
creasing extent. Such deterioration of the quality of life, particularly in the urban agglomerations, inevitably leads
to migration of the population as well.

Effects of the changedtropospheric chemistry that are relevant to the climate exist by virtue of:

® theincreasing concentration of tropospheric ozone in the mid-latitudes of the northern hemisphere and the forest
and savanna zones of the tropics and subtropics during the dry season,

e therelease of CO,, N,O and CH, as well as larger quantities of carbonaceous aerosols. Changes of the atmosphe-
ric aerosol are capable of impairing the radiation budget via backscattered short-wave radiation as well as indirect-
ly by the influence on the cloud characteristics. On a global scale aerosols may provide a significant contribution to
the absorption and emission of long-wave and short-wave radiation in the atmosphere.

® the large additional emission of sulphur compounds, especialy in the form of SO,, which, after its transformation
into sulphuric acid, increases the formation of aerosols. Thus the temporary cooling of land masses in the northern
hemisphere between 1940 and 1975 is attributed to the turbidity of the air dueto the rise in SO, emissions (Engardt
and Rodhe, 1993) (see dlso 1.2).



Atmosphere 29

Link to global change

The altered chemistry of the troposphere is closely tied to a number of main elements of global environmental chan-
ge. First of all, it is affected by the thinning of the stratospheric ozone layer. Secondly, it influences climate change
via the trace gases relevant to the climate. Moreover, the trace gases relevant to the climate and the most important
carriers of air pollution have similar, often identical sources: hydrocarbons, NO,, SO, and CO are emitted together
with CO,. An dtered level of trace gases has a great effect on soils as well as on agriculture and forestry. Increasing
urbanisation, growing traffic levels and arise in leisure-time activities multiply emissions of harmful substances. If
photochemical smog is connected with increased turbidity of the air, which is certainly the case in the lower tropos-
phere, then the greater backscatter of solar radiation reduces the greenhouse effect. Tropospheric ozone increases the
greenhouse effect, particularly if it is formed near to the tropopause. Therefore, the increase in ozone caused by
aircraft emissions must be given special attention.

There is no doubt that the altered chemistry of the troposphere contributes to the acidification of soil and new forest
damage as well as crop losses when ozone content is high and to the eutrophication of the marginal seas. So far, one
can only hazard a guess as to the significance of intensive farming and of the worldwide increase in fertilisation of
ecosystems caused by vegetation fires. Such developments, however, are certainly related to a threat to many species
which are dependent on low-nutrient ecosystems. An environmental problem with atime scale of days to weeks (pe-
riod between emission and deposition) has thus initiated a second one having a very much longer time scale of deca-
des to millennia

Urbanisation fosters the formation of photochemical smog as a consequence of higher traffic and industrial density.
Due to the reduced quality of life in urban agglomerations, this process, in turn, triggers aflight to suburban and sur-
rounding recreational areas and thus greater traffic. The damage caused to the health of millions of people by air pol-
lution, particularly in the metropolises of the Third World, is inestimable. Because it is experienced and suffered di-
rectly, continent-wide air pollution is a perfect candidate for an exemplary change of awareness, also with respect to
other large-scale environmental problems. Therefore, it appears meaningful to link CO, reduction measures to those
aimed at improvement in air quality.

Assessment

The plumes of many urban agglomerations combine to a pattern of air pollution affecting the entire northern
hemisphere. Despite regional successes here and there, what were originally local problems have now turned into a
global problem. In addition to the harm to human health, serious|ong-term damage can be observed worldwidein agri-
culture, forestry, soils and water as well as in flora and fauna. The effect of increased turbidity of the air and tropos-
pheric ozone content on the radiation budget in the atmosphere must also be included in the strategy for tackling air
pollution because of the global dimensions of the problems involved.

The objectives are thus obvious:
® |Improvement in the quality of the air we breathe, at least to the values recommended by WHO.

® Reduction in acid deposition as well as in undesired fertilisation such that acidified soil and eutrophied water can
slowly regenerate.

® | owering of tropospheric ozone levels to prevent impairment to plant growth, damage to human health and chan-
ges in the radiation budget.

The major precursors for tropospheric ozone as well as acid and nutrient deposition are the following trace gases. vo-
latile hydrocarbons, NO,, CO, SO, and NH,. Thus there is need for worldwide action in the industrial sector (refine-
ries, power stations), in the transport sector, in private households as well as in agriculture.

Since measures for the reduction of harmful substancesin the air must be directed at alarge variety of sources, thein-
struments to be applied are extremely diverse. Thus far, local and regional problem-solving approaches have domina-
ted, but there are major differences between them due to varying local conditions.
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The Council draws attention to the fact that continent-wide coordination, not just within the European Community, is
an absolute necessity. Fields of action include, for example, European summer smog and new forest damage in Euro-
pe and North America. Only when such coordination exists is it possible, with the support of a scientific consensus,
to develop uniform instruments of action. This has been successfully demonstrated by the “ Intergovernmental Panel
on Climate Change” (IPCC) for the climate change issue. Details regarding implementation of the strategy should not
be part of this kind of coordination.

The necessary strategy should contain the following measures:
® greater implementation of the principle that the party responsible is liable for the resulting damages,
e reduction in material flows through recycling of wastes,

® increasing energy efficiency especially when fossil fuel based. A reduction in the major pollutants can thus be
achieved at the same time. The Council points out that a different approach emphasising the reduction of individual
pollutants involves risks due to the possible creation of new problems.

Impact weighting

The topic of “Changed tropospheric chemistry (1.1.3)” deserves higher-priority treatment than has been the case to
date in the international discussion on global change. The reason is that local problems with typically short characte-
ristic time scales (hours and days for the deposition of dust, for example) have developed into air pollution on a con-
tinental scale, with consequences in coming decades for the soils, among others.

Anthropogenic sources already play a prime role in global cycles of sulphur, nitrogen and many trace metals. Since
air pollution mostly occurs in connection with the utilisation of fossil fuels, the necessary measures should be linked
to those for the reduction of CO, emissions. From a global point of view, these latter measures have higher priority.

Research needs

Asin other sections of this Report (see 1.2), research should elaborate decision-making and selection criteriafor stra-
tegies and their implementation. The state of research should not be taken as a reason to postpone necessary measu-
res, even if the interconnections are only partially known. Forest damage is probably caused to a predominant degree
by air pollution. Intensive research on this topic has shown, however, that rapid understanding of such complex sy-
stems is not possible. The current situation is characterised by knowledge of individual aspects of ecological interre-
lationships. The central aim of research is, therefore, to develop techniques with the same or better efficiency imply-
ing less emissions into air and water.

A deeper understanding of the chemistry of the troposphere is necessary, aswas aso formulated in AGENDA 21 (UN-
CED, 1992). The following questions urgently require answers:

O How does the thinning of the stratospheric ozone layer influence the oxidation capacity of the troposphere?
0O How doesthe altered level of trace gasesin NO,-rich regions of the troposphere affect oxidation capacity?

0  What does an increasing concentration of aerosols mean for tropospheric chemistry and for the radiation budget?
O What ecosystems are particularly sensitive to atmospheric depositions and photochemical smog?

0 How do different cultivated plants react when they are fertilised with nutrients from acid precipitation and ex-
posed, at the same time, to photochemical smog?
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1.2 Climate change

Brief description

The climate of the Earth has always been changing and will continue to do so with or without the influence of human.
Through variations in external parameters and interactions between air, water, ice, soil, the Earth’s crust and biota, the
climate is, in some cases, subject to great fluctuations in all time scales. Such fluctuations can be most simply descri-
bed on the basis of the greenhouse effect occurring in all planetary atmospheres: for the atmosphere of planet Earth, the
rise in surface temperature as a consequence of the greenhouse gases water vapour, carbon dioxide, ozone, nitrous oxi-
de and methane amounts to approx. 30°C. Without these gases and their ability to partially absorb the heat radiation of
the surface, the mean surface temperature of the Earth would only be approx. -15°C. People have been intervening in
this process to an ever greater extent since the beginning of industrialisation. Because they have increased the concen-
trations of carbon dioxide (CO,), methane (CH,) and nitrous oxide (N,O) at an exponential rate of growth aswell asre-
duced ozone (O,) in the stratosphere at higher and mid-latitudes, they have become “ climate-makers’ (Table 2). The
effects described in sections 1.1.1, 1.1.2 and 1.1.3 al exert an influence on the climate, whose changes will be elabo-
rated on in the following.

The growth in greenhouse gases caused by humans has not only reached or exceeded the difference between the Ice
Age and the interglacial period, but is occurring at a rate that is accelerating by a factor of roughly 100 in comparison
to said difference. According to climate models, the resulting temperature rise will reach a global mean value of ap-
prox. 3 + 2 °C by the end of the next century. Such rapid climate change in relation to natural global fluctuations shifts
precipitation belts (as do the latter), causes the sea level to rise, leads to vegetation that is no longer adapted, poses a
danger to human nourishment due to a shift in the cultivated zones and fosters new weather extremes.

The hidden inaccuracies in climate models of low spatial resolution and feedback effects yet to be taken into
consideration will modify statements on the mean temperature rise effect even further and will continue to make a fi-
ner degree of regionalisation difficult. In al likelihood, however, the basic statements will not change. In June 1992,
therefore, 154 nations signed the Framework Convention on Climate Change in Rio de Janeiro, the objective of which
is to stabilise the concentrations of greenhouse gases. If this objective is to be achieved without loss of the adaptabili-
ty of vegetation and while also maintaining food production and sustainable economic development, the emission of
carbon dioxide by industrial countries must be reduced by up to 80% by the year 2050, as formulated by the Enquete
Commission of the German Parliament (Bundestag) “Protecting the Earth’s Atmosphere” in 1990. Even with such a
drastic reduction, a mean global temperature rise of up to 2°C can be expected in the second half of the next century
(assuming by way of precaution the high estimated sensitivity of the climate system). Humanity has never experienced
such arapid rise before in his history. The profound changes necessary in industrial society and development in the de-
veloping countries are only possible without a relapse if efforts are started today, through joint research on the part of
the natural and socia sciences, to intelligently design the required package of measures, to promote technological de-
velopment for saving energy and utilising renewable sources of energy and to effect a change in the awareness of the
population that will support this long-term global aim through an appropriate change in behaviour.

Causes

The climate at one place on the Earth is defined as the statistics on weather phenomena for a certain period that is long
enough to obtain approximately stable statistics, but which is also short enough to guarantee clustering of the results
around the mean value. These statistics with mean values and deviations as well as their probability of occurrence for
climate parameters, such as wind, temperature, precipitation, etc., which usualy apply for severa decades, are an ex-
pression of the diverse interactions between the components of the climate system (air, water, ice, soil, rock and bios-
phere). Changing external parameters, such as solar radiation, but also long-term internal interactions, e.g. between the
sluggish oceanic and rapid atmospheric circulation, ensure constant climate change. The latter are usually expressed in
figures as the “ greenhouse effect of the atmosphere” . It rose from approx. 25°C 18,000 years ago (during the most in-
tensive phase of the Ice Age of the last 100,000 years) to approx. 30°C in the current intermediate period (the Holoce-
ne epoch that began 10,000 years ago).
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The greenhouse effect is essentially determined by the difference between the solar radiation absorbed by the
Earth and the heat radiation of the Earth’s surface absorbed by the atmosphere. If the absorption of heat radiation
prevails, the normal case for planetary atmospheres, the surface temperature rises until the same amount is radia-
ted into space as is absorbed from the sun. The temperature increase compared to a planet lacking an atmosphere
is called the greenhouse effect, in that it is roughly analogous to the effect produced by the glass in a greenhou-
se.

The physical reason for the high absorption of heat radiation can be found in the molecular structure of the gases
in the atmosphere. In the Earth’s atmosphere these gases exist only as small percentages, almost all of which are
produced by living organisms or at least co-determined by the latter. Thus, in the case of an increase in solar
radiation, for example, a reinforcement effect caused by living organisms may occur: if the radiation of the
northern hemisphere increases by several percent (this happens roughly every 10,000 years), then portions of the
bright snow and ice areas will give way to dark ground. As a conseguence, the absorption of solar radiation
increases, it becomes warmer, the resulting higher water vapour content reinforces the greenhouse effect, the
terrestrial biosphere becomes more active and this, in turn, increases the methane content through greater
decomposition of organic material, and so on. The question of which processes have prevented such self-
reinforcement effects up to a “super-greenhouse” with boiling oceans or a complete ice desert with little green-
house effect has not been clarified yet. Currently there is intensive discussion over the cumulonimbus clouds of
thunderstorms, which, at a high surface temperature, remain in the tropics as additional reflectors for aparticularly
long time, and the higher backscatter capability of the clouds over the oceans, which result from augmented
sulphuric acid condensation nuclei concentration as a consequence of the increased dimethylsulfide emission of
marine algae.

People have essentially intervened in three areas of this complex system: first of all, through forms of land use,
such as farming, livestock breeding and housing construction; secondly, through changes in atmospheric compo-
sition as a consequence of the altered biosphere and the direct emission of trace gases relevant to the climate; and
thirdly, through waste heat. Weighting of the latter two types of intervention is relatively simple: waste heat with
a global mean of 0.02 Wm2 energy flux density is negligibly small in comparison to the disturbance of the radia-
tion budget of approx. 2.5 Wm2 due to the observed increase in greenhouse gases (see 1.1.1). These changed sur-
face characteristics have produced different symptoms in energy flux density, depending on geographic location
and land use. In the case of irrigation, light, smooth areas with little evaporation in arid regions are replaced by
darker, rougher areas with high evaporation. In the case of forest clearing, on the other hand, the dark, rough,
greatly evaporating forests give way to lighter, often smoother and less evaporating pastures or fields. The
guestion of whether the change in energy flux density contributes, on the average, to the cooling or heating of the
surface has not yet been clarified conclusively. The absolute value, however, should, as corresponding estimates
show, be much smaller than the disturbance of the radiation budget due to the additional trace substances (prima-
rily trace gases).

Human influence on the global climate is very difficult to determine given the natural fluctuations that occur. The
following factors influencing climatic change can already be extensively ruled out: the observed, comparatively
rapid mean temperature rise since 1880, which accounts for 0.5 £ 0.2°C on the Earth’s surface (IPCC, 1992), is
not primarily caused by volcanic activity. The directly measured variability of the radiation of the sun during the
last 11-year period of activity was less than 0.1% or approx. 0.2 Wm-2. Only if, despite similar activity parame-
ters, earlier cycles of the sun had greatly exceeded this value, the temperature rise could be partially attributed to
increased solar radiation. This leaves the internal variability of the climate system and the influence of people as
important factors. We may have caused less or even more than the observed temperature rise.

Climate history findings and statements derived from coupled ocean-atmosphere-terrestrial surface models are
available for identifying the influencing factors. The former show high correlations between CO, and CH, con-
centrations and temperature over the past 160,000 years. Studies of ice drill cores and deep-sea sediment drill
cores indicate that in each case the temperature changed before the greenhouse gases, i.e. an altered distribution
of solar radiation was the triggering factor while the greenhouse gases brought about a positive feedback effect.
The present situation is different: the concentration of greenhouse gases has been increased by us whereas the po-
sitive feedback to the temperature, however, can be attributed to the same physical mechanism as in the climate
history.
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For the increase in greenhouse gases which has taken place between the intensive phases of the Ice Age and the
interglacial period, climate models calculate a mean global temperature rise below that actually determined for
this period. It is not known what additional positive feedback effects are ignored by the models but are nonethel ess
significant.

Effects

The various vegetation zones are determined, or at least strongly influenced, by temperature and precipitation. Since
the temperature rise on a planet with oceans and land surfaces has to differ regionally and will thus change the driving
force behind general circulation, a redistribution of precipitation zones is sure to take place, given the mean tempera-
ture increase predicted by the models of 3 + 2 °C by the end of the next century and alack of countermeasures by hu-
manity (e.g. unchanged utilisation of fossil fuels). Vegetation zones and the productive areas of the ocean will shift ac-
cording to the shift in climatic zones, just as the cultivated areas for food will have to be moved. It has not been possi-
ble so far to forecast regional anomalies (scales under approx. 1500 km) based on models because their spatial resolu-
tion is inadequate. Given a circulation time for the world’s oceans of several centuries, a stable pattern will not form
within a period of only one century for such massive changes in temperature. A very rough regionalisation can consi-
stently be found, however, in the few scenarios calculated for the next 100 years, assuming no change in human beha
viour: regions having a high degree of upper ocean mixing in the area around the migrating winter |ow-pressure zones
(near Iceland, the Aleutians and around Antarctica) show an extremely delayed temperature increase because the addi-
tional energy input due to the reinforced greenhouse effect is distributed in them over avast layer. Therefore, the tem-
perature gradient from the equator to the higher mid-latitudes increases over the oceans in this transitional phase. Ac-
cording to the models, this leads to a greater drift in westerly winds there and an increased number of intensive low-
pressure zones, resulting in more precipitation at high latitudes. Moreover, precipitation in the inner tropics will inten-
sify.

The delay in the temperature rise on the Earth’ s surface due to the high heat capacity and slow mixing of ocean waters
prevents full development of the climate change possible from the trace gases that have already entered the atmosphe-
re. At the current growth rate of 2 to 2.5% annually the delay will last for several decades. Thus, only the effect of ap-
prox. half the disturbance 30 to 40 years ago, so to speak, is contained in temperature, precipitation and wind measu-
rements. This fact makes climate models an extremely important tool and, at the same time, illustrates the dilemma of
climatologists, who can never perceive the full effect of a simultaneously measured (anthropogenic) greenhouse gasin-
crease from the time series of climate parameters.

Therise in sealevel accompanying a global increase in temperature is delayed further because three of the four most
important processes potentially contributing to it do not start until after commencement of the temperature rise. Ther-
mal expansion of ocean water (+60 cm for a +1°C increase in temperature of the entire water column), melting of in-
land ice areas and thawing of permafrost regions are delayed by additional decades to centuries while the smaller mo-
untain glaciers (having, together with the larger ones, a potential of increasing sealevel by only 50 cm) predominantly
begin to melt prior to the temperature rise due to increased backradiation.

Estimates of the rise in sea level as given by the IPCC (IPCC, 1991) in its “Business as Usual” scenario are 65 + 35
cm in the year 2100 (more recent estimates by Wigley and Raper (1992) suggest 48 cm), primarily caused by heat ex-
pansion of ocean water and melting of the mountain glaciers, dightly slowed down by the growth in the Antarctic ice
sheet and increased to a small degree by slight shrinking of the Greenland ice sheet. This low rise, compared to the po-
tential of over 70 m with complete melting of the cryosphere, would still have far-reaching consequences: loss of fer-
tile marshy lowlands, destroyed harbour facilities, flooded coastal towns, complete or partial submersion of distinct is-
land states. These effects will occur especially where the frequency and degree of flood tides increase at the same time.
Furthermore, it must be kept in mind that the sea level will change regionally to differing degrees as a consegquence of
shifted sea currents as well as of a patchy picture of ocean temperature rise (Maier-Reimer, 1992). No rise aswell asa
doubling of thermal expansion are equally possible, but a precise regional allocation cannot be carried out so far.



34 Climate Changes

Other anthropogenic changes in climate

Can other global environmental changes weaken or strengthen the climate change caused by an increase in
greenhouse gases? Discussion must focus on ozone depletion in the stratosphere (see 1.1.2) and the changed
tropospheric chemistry (see 1.1.3), including modification and finally altered surface characteristics of the Earth.

Ozone depletion in the stratosphere is greatly dependent on latitude and shows a distinctive annual progression.
Starting from an almost unchanged concentration at the inner tropics, the ozone loss grows as one moves towards
the poles. Thus, from September to November at the geographical latitude of 60°S, for example, roughly 18% less
stratospheric ozone was measured at the end of the period from 1980-1990 than at the beginning of the decade. This
latitude dependence of ozone depletion also makes the anthropogenic portion of the greenhouse effect more de-
pendent on latitude, in such a way that the imbalance between solar irradiation and backradiation at the top of the
atmosphere — the actual driving force behind the general circulation —is intensified. Thus, at higher geographical
latitudes a greatly weakened additional greenhouse effect, whose consequences have not yet been assessed in cli-
mate models, occurs in springtime.

The changed tropospheric chemistry exerts, in several respects, an influence on the Earth’s climate. The methane
concentration is determined not only by natural and anthropogenic sources, but also by the intensity of the chemical
sink, which depends, in turn, on ozone depletion in the stratosphere and on the carbon monoxide content in the tro-
posphere. More important than this process, which is taken into account in climate models in the form of CO, equi-
valents, is the intensification of the greenhouse effect due to the increase in the concentration of tropospheric ozo-
ne, whose occasional peak values are designated as “ photochemical smog”. By virtue of the latter, the reduction of
the anthropogenic greenhouse effect as a consequence of stratospheric ozone depletion is partially compensated for
in parts of the northern hemisphere. However, due to the major overall changes in the vertical profile of ozone, a
gas that is extremely relevant to the climate and decisive for the temperature structure of the atmosphere, a clima-
te change is being initiated, even with a constant total ozone content. Since there is still alack of three-dimensio-
nal global models of atmospheric chemistry, this secondary triggering of climate change cannot be discussed in de-
tail, however.

An anthropogenic influence that is very closely linked to the utilisation of fossil energy sources and which might
weaken the greenhouse effect must be addressed here despite the many question marks involved: increased
turbidity of the air due to the formation of aerosol particles from trace gases. In regions close to industry, e.g. in
Central and Eastern Europe, soluble aerosol particles, which also represent condensation nuclei for the cloud dro-
plets, are formed from sulphur dioxide (SO,), nitrogen oxides (NO, = NO + NO,), hydrocarbons and ammonia
(NH,) during periods of sunshine in the lower atmosphere. In cloudless portions of the atmosphere they increase
the backscatter of solar radiation more than they hinder heat radiation and are thus able to cool the planet (Grassl,
1988; Charlson et al. 1992). This effect is diminished, or can even be reversed by the presence of anthropogenic
soot particles in plumes of urban agglomerations, i.e. the turbidity of the air has complex effects on the greenhou-
se effect, depending on the soot content of the aerosol.

When there is a higher number of condensation nuclei per unit of volume, more cloud droplets are created with the
same water content. Viewed from above, anthropogenically altered clouds are brighter, i.e. they reflect the sunlight
more intensively. They do not hinder heat backradiance more than the unaffected clouds, however, and thus damp
the greenhouse effect?.

Overall, however, there is no longer any doubt that the consequences of the radiation budget altered by us will lea-
ve deep scars in human society and in nature if counter-measures are not taken soon. Especially because of weat-
her extremes resulting from climate change, there will only be a distinction between those affected and those se-
riously affected, but not between winners and losers. The pressure on primeval ecosystems will further accelerate
the extinction of species, the lack of availability of water will become a central issue in many regions and the

2 A meeting of a group of experts led by the Working Group “Science” of the Intergovernmental Panel on Climate Change took place in Hamburg
in May 1993 to discuss the open questions related to ozone depletion and increased turbidity of the air. Under the title, “Ozone Change and Aero-
sols’, this aspect is to be clarified as far as possible for the next status report to the United Nations.
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expected exodus from badly affected areas will confront the richer nations with far greater problems than those cur-
rently faced.

Link to global change

Due to direct connections between global environmental changes and the most important source of energy for today’s
industrial societies, fossil carbon, the links to all environmental assets become immediately obvious. Table 5 of the
feedback effects in the water and carbon cycle, which may mitigate or reinforce the anthropogenic greenhouse effect,
provides an initia insight into this complexity. For only two out of the eleven mentioned feedback effects do we know
more than simply the symptoms. The positive ice-albedo-temperature feedback and the water vapour content, which
rises rapidly with the temperature and thus has a positive feedback effect, were always accounted for by three-dimen-
sional circulation models. They have an effect within years, in the case of water vapour even within weeks. Since both
feedbacks are positive, i.e. reinforce the effect, they are responsible for a large portion of the temperature rise due to
greenhouse gases. In sensitivity studies it was shown that the global temperature rise of 1.2°C on the Earth’'s surface
(with doubling of the CO, content) increases to values between 2 and 2.5°C in the case of both feedback effects.

The feedbacks associated with the carbon cycle have a direct effect on the driving mechanism; if triggered rapidly, they
may become serious as early as the coming century. They include feedbacks 5 and 10 with different effects. The first
links CFCs with the global carbon cycle by connecting the ozone content with the activity of marine and limnic phyto-
plankton as well aswith the food production. It has the potential for creating a profound global crisis. Feedback 10, of-
ten called the CO, fertilising effect, is probably of particular importance during the transitional period to warmer con-
ditions because then the effects of the temperature rise cannot yet be fully counteracted. Both feedback effects have be-
en confirmed in individual studies (Smith et al., 1992b; WMO/UNEP, 1991).

Table 5: Positive and negative feedbacks of the carbon and water cycles, beside others, affecting the anthropogenic
greenhouse effect

No. Feedback Sign Knowledge Geographical Time scale Active and affected
scale cycles

1 Enhancement by water vapour + well known global weeks C W

2 Ice cover — albedo - temperature + well known regional (NH+SH) years to C, W
feedback centuries

3 Increase of atmospheric backscattering - hypothesised, regional (NH) weeks ©
gas-to-particle conversion partially confirmed

4 Increase of backscattering from - hypothesised, regional (NH) weeks w
anthropogenically modified clouds partially confirmed

5 Increase in UV-B irradiation reduces + hypothesised, regional (SH+NH) decades Cl, 0
hiomass growth and CO, sequestration and partially confirmed
absorption in the ocean

6 Enhanced convection augments ice clouds + hypothesised, regional weeks w
occurrence which shields the surface partially confirmed

7 Decreasing permafrost contributes to + hypothesised, regional (NH) centuries C
atmospheric CO, and CH, concentrations partially confirmed

8 Warming of soils at constant or decreasing + hypothesised global decades C
moisture contributes to atmospheric CO,
concentrations

9 Increasing N,0 and CH, concentrations - hypothesised regional decades 0
enhance stratospheric O, depletion and
pronounced dependence on latitude

10 C0, fertilising effect could increase the soil - hypothesised, regional decades C,0
and forest C reservoirs partially confirmed

11 Warming triggers growth of the Antarctic - hypothesised global decades to C, W
ice shield centuries

NH = northern hemisphere, SH = southern hemisphere, C = carbon, W = water, O = oxygen, Cl = chlorine
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Feedback with clouds is especialy complex. Feedbacks 3, 4 and 6 are intimately linked to one another and make the
main contribution to the large range of uncertainty still existing for the mean globa rise in temperature
(2.5 % 2 °C with doubling of CO,). At the moment we cannot, for example, include any physically more precise para-
meters in climate models because of insufficient knowledge with respect to the temperature dependence of the ice con-
tent in ice clouds (feedback 6) and to the altered mean elevation of clouds.

Feedbacks 3 and 4, which are connected to aerosol particles and their effect on clouds, are both potentialy very im-
portant, but representing negative feedbacks, i.e. with adamping effect. However, they are tied to the current degree of
pollution because they are carried by short-lived gases and, in contrast to CO, and N,O, do not show any accumulati-
on. The relative damping effect was greater at the beginning of anthropogenic pollution than it is today. Its significan-
ce for the radiation budget has only been roughly estimated to date; the net effect diminishes with the soot content of
air that often increases simultaneously.

In the long run, in decades or centuries, the feedback effects of the carbon content of the soil may become very impor-
tant since only 3%o. of the carbon stored in the soil (approx. 3 hillion t of C) isamost equivalent to the carbon remai-
ning in the atmosphere every year resulting from the combustion of fossil fuels. Feedback 7 opens the carbon reservoir
fixed in permafrost soil during thawing, feedback 8 increases the decomposition of organic material during atempera-
ture rise and constant or decreasing ground moisture; in the case of increasing ground moisture, the effect may be the
opposite.

Feedback 11 acts over a particularly long period because the circulation times of inland ice sheets have a magnitude of
approx. 10,000 years. Since the maximum accumulation of snow is at somewhat higher temperatures than the current
mean temperature of inner Antarctica, this ice sheet probably grows during a temperature increase and reduces the ri-
sein sea level due to melting of other ice regions as well as the expansion of the sea water on a long-term basis. The
damping effect for the 21st century is assumed to be 2 mm per year, given an estimated rise of 6 mm annualy
(WMO/UNEP, 1990).

The links between climate change and the economic activities of people, and the reactions of the latter to the risks that
ensure are at least as varied and as incalculable as the feedback effects of the ecosphere in response to these climate
change. Thus a general boycott of tropical wood on the part of industrial nations might reinforce the greenhouse effect
just as much as freer world trade at low energy prices because in the first case the tropical rainforest is, from a short-
term point of view, of less value and therefore perhaps less worthwhile maintaining, while in the second case French
yogurt would be transported to Singapore and in winter more apples from New Zealand would be eaten in Germany.
Both reactions increase CO, emissions. |ll-considered political decisions may thus have a counter-effect on reductions
in CO, emissions.

Theway in which the population’ s awareness of long-term global environmental changesis sharpened will significantly
influence measures for reducing greenhouse gases and implementation of such measures. Despite the colossal task
ahead, not only must the chances of success be shown clearly, the desire to get personally involved must also be arou-
sed.

Assessment

Only through the debate over anthropogenic climate change was discussion stimulated on the general dependence of
human society on climate change. The objective is clear now that three developments have occurred. Firstly, there now
exist many indications of a significant anthropogenic climate change. Secondly, a preliminary scientific clarification
has taken place with a statement of some physical reasons (IPCC 1990, 1992; Enquete Commission, 1990a). Thirdly,
the largest portion of the international community of nations signed a Framework Convention on Climate Change at
UNCED in June 1992. The objective was formulated as follows (UNCED, 1992; Enquete Commission, 1992):

The ultimate objective of this Convention and any related legal instruments that the Conference of the Parties
may adopt is to achieve, in accordance with the relevant provisions of the Convention, stabilization of green-
house gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interferen-
ce with the climate system. Such a level should be achieved within a time frame sufficient to allow ecosystems
to adapt naturally to climate change, to ensure that food production is not threatened and to enable economic
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development to proceed in a sustainable manner.

Sabilisation of the concentrations of greenhouse gases is a lofty goal which would, in some cases, force drastic
reductions in emission rates, depending on the lifetime of the gas in question. If one did not want to change the current
concentrations, an immediate reduction in global emissions of at least 60% for CO,, even 80% for N,O and roughly
20% for CH, would be necessary. Thus the linking of the main objective in the Convention, “stabilisation of the con-
centrations of greenhouse gases’, to the three secondary conditions mentioned must be interpreted with caution. Stipu-
lation of objectives, measures and a time frame for their fulfilment is required.

This again opens up a scientific debate. What does “maintenance of the natural adaptability to climate change” mean?
Is it the often mentioned mean global temperature rise of 0.1°C per decade to which ecosystems can adapt (this figure
is greatly exceeded in the “Business as Usua” scenario, which mentions a value of 0.3°C per decade), or isit an even
lower figure? What does “production of food that is not endangered” mean in aworld which even now isfailing to pre-
vent starvation in the semi-arid tropics despite global trade? What kind of sustainable economic development should
there be implemented if the previous type of economic activity has created the globa environmental changes?

Degspite the fact that such questions still have to be clarified, the central guideline for action can, nevertheless, be sta-
ted: research needs must not delay necessary action. The main actors responsible for the perturbed composition of the
atmosphere, i.e. al industrial nations, most oil-producing countries as well as several tropical rainforest countries with
high per capita emissions of greenhouse gases have to reduce these emissions drastically. Furthermore, the industriali-
sed nations must initiate an unprecedented increase in efficiency in the utilisation of fossil fuels and other resources ac-
cording to the motto, “ less per capita emissions and raw material consumption, while re-approaching the natural cy-
cles’. They have to start limiting energy generation from non-renewable sources and to replace it by sustainable, sy-
stematically promoted techniques for the utilisation of renewable sources. The developing countries can acquire these
new, more economical, less environmentally harmful techniques, adapted to their circumstances, whereby the econo-
mically weaker nations can obtain support from the “ Global Environmental Facility” (GEF) administered by the Uni-
ted Nations and funded by the industrial nations, or from new mechanisms of technology and financial transfer still to
be created.

According to the current level of knowledge, a mean global temperature rise of 2°C above the figure prior to
industrialisation is unavoidable due to the aready existing and, for the time being, till increasing perturbance of the
environment. For the industrial countries, therefore, the objective of the Convention means, in the long run, a departu-
re from fossil fuels as the most important source of energy. By the year 2050 only 20% of the present amount of fossil
fuels may be used in the industrial countries, according to present knowledge, in a world with approx. 10 billion peo-
ple (Enquete Commission, 1990a). This means that the intermediate goal of “ 30% reduction in CO, emissions’ by the
year 2005, as adopted by the German Bundestag in November 1990, must be achieved, if possible, by all OECD coun-
tries and not just by Germany.

Impact weighting

Anthropogenic climate change has now reached a magnitude similar to natural changes and, in the opinion of most cli-
matologists, will soon predominate. Human society in general is endangered and the ecosphere continues to be pollu-
ted, in particular due to the rapidity of change. The consequences of the additional greenhouse effect are equivalent in
dimension to the two other major globa problems, namely reduction of biodiversity and the amost uncontrolled in-
crease in the world population. The latter may, in future, undo the possible successes in reducing emissions achieved
by the previous main polluters, the industrial nations. Since nearly all raw materia flows are coupled to the rapid ex-
ploitation of fossil fuels, the reduction in CO, emissions requires a significance going far beyond abatement of the gre-
enhouse effect. It is accompanied by many other successes (synergetic effects) that would otherwise have to be achie-
ved separately.
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Research needs

The questions raised by strategies aimed at reducing the threat of rapid climate change can only be answered with dif-
ficulty, if at al, given the kind of research conducted up to now separately in the natural and social sciences. In view
of the existing disturbance caused by these changes and their long-term nature, it will be necessary to simultaneously
prevent further changes and adjust to changes that have already occurred. What is also necessary is a comprehensive
research strategy, involving all scientific disciplines, aimed at optimising these processes.

Thisimplies, for example:

O Deermination of the damage by faling to implement the necessary measures, i.e. clarification of the costs
generated.

O Identification of the regions and socia groups particularly sensitive to climate change.

0 Development of less environmentally harmful technologies and support frameworks so that obsol ete technologies
can be rapidly replaced.

0 Creation of economic models that take account of all external costs, e.g. consumption of land in countries supp-
lying raw materials.

0  Sharpening awareness of the real risks of climate change and design of strategies for behavioural change at all le-
vels.

There are other open questions that can be answered by smaller groups representing fewer disciplines. Well-informed
precautionary policies need the support of an optimisation process with a strong natural and social sciences foundation.
Some of these questions in the natural sciences are:

0  What primeval ecosystems become larger carbon reservoirsin the event of climate change and increased CO, le-
vel?

0  Which disruption of the radiation budget triggers the melting of the large ice sheets?

O How should agriculture be designed to provide nourishment for a growing world population if the perturbance of
the atmosphere and the soilsis to remain as small as possible?

Some of the questions to be clarified by the social sciences are as follows:

0 To what extent can the behaviour of various groups and cultures be forecast in the event of atered living
conditions?

0  When and under which conditions are tradable permits preferable to the taxation of resources?

0 How should production and recycling technology be set up so that the perturbation of the atmosphere
remains as low as possible?

1.3 Hydrosphere

Water is a vitally important, generally renewable resource of the Earth. As a result of the specia temperature
distribution on our planet, water occursin all three aggregate states, i.e. liquid water, water vapour and ice. The effec-
tsof global environmental change are very different in the ocean and in freshwater. The dominant topicsin the sub-sec-
tion on “Ocean and cryosphere” are the rise in sealevel, changesin circulation, shifts among fauna and floraas well as
the shrinking of the ice sheet of the seas and the melting of the ice caps. The cryosphere (ice-covered land and sea sur-
face) istreated in the ocean section due to the problems involved, even though inland ice masses are composed of fres-
hwater. In the sub-section on “Freshwater”, the focus is on scarcity and pollution and on the links between these and
the other elements of the ecosphere and the anthroposphere.
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1.3.1 Changes in the ocean and cryosphere

Brief description

The world's seas cover 71% of the Earth’s surface. They have very complicated current patterns, react slowly with the
sea bottom, more rapidly with the atmosphere, and are the most important source of precipitation on the continents and
sink for depositions from the land. Life probably originated in them. While time scales in the atmosphere are short
(hours or days for a low-pressure area) and the spatial dimensions of the vortices are large (10° km), the entire ocean
reacts relatively slowly to changesin the atmosphere (centuries), and oceanic eddies are an order of magnitude smaller
than those in the atmosphere, and exist for months.

The discipline of oceanography is relatively young. The physical and chemical investigation of the ocean experienced
a strong upswing in the middle of this century thanks to the introduction of new analytical tools. Knowledge of lifein
the ocean is still incomplete, however, despite the fact that fish, crabs, octopuses and mussels, all economically impor-
tant, have been well investigated in their behaviour. Human attitude in exploiting these “living resources’ is, even to-
day, that of a gatherer and hunter. A form of management and economic utilisation going beyond catch regulations and
comparable to the planned production of food in agriculture is hardly carried out at all.

The ocean is not only a source of food for people, but is also one of the most important traffic routes and the sink for a
large portion of our wastes. It provides natural resources and, to an increasing extent, raw materials for the pharma-
ceutical industry.

In addition to these primarily material aspects, the ocean has recently acquired a significant non-material value as a
recreational area. The number of people seeking recreation and relaxation in and on the water as well as on the coast
isincreasing constantly, and marine tourism, in many places, is one of the most rapidly growing branches of industry.

Proximity to the sea has a great value for many people for very different reasons, be they economic or non-material in
nature: today, roughly 70% of the world population lives within 200 km of the coast and two-thirds of all metropolises
having a population of morethan 2.5 million are situated on the coast. Between 100 and 200 million people livein co-
astal zones that are below the storm tide level.

The effects of global environmental changes on the ocean will pose great problems for many countries; the very exi-
stence of someidland statesis even threatened. Given the different functions which the ocean and coastal waters, in par-
ticular, have for human society, serious conflicts of interests arise, not only between utilisation and protection efforts,
but also between various forms of utilisation. Global environmental changes will, in some cases, shift these conflicts
and, in others, accentuate them.

Causes

People act on the ocean as an entity through the changes he causes in the composition of the atmosphere (see 1.1). In
their spatial expansion and significance, the indirect influences of the reinforced greenhouse effect and increased UV-
B radiation certainly surpass the direct interventions of people, which lead to short-term and long-term changes at the
local and regional level only. They include

e theincreasing pollution of the ocean due to overfertilisation, the discharge of industrial and household effluents, and
the dumping of solid waste (e.g. nuclear waste) at sea,

® the exploitation of ocean resources, on the one hand, namely raw materials such as oil and natural gas, ore, sand,
cora rag, and, on the other hand, the exploitation of biological resources such as mangrove forests, or overfishing
and destructive fishing methods,

® uncontrolled development of the coast and land reclamation.
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An example of regional/local marine pollution which can affect any coastal region in the world is the discharge of oil
from shipping and offshore activities. Spectacular tanker accidents account for roughly 20%, i.e. arelatively small por-
tion of this pollution; the predominant share enters the ocean during loading or unloading and during routine shipping
operations (Bookmann, 1993).

The most important consequences for the ocean which can be expected as a result of atmospheric changes are
® higher water temperatures, especialy in the surface layer,

® rising sealevel,

® altered deep-sea circulation,

e shifting of oceanic fronts and currents,

® changesin sea water composition due to atered gas exchange with the atmosphere,

® changes in the marine biosphere.

The criterion on which the above order is based is the degree of certainty of forecasts: only for water temperature and
sea level are time series available which provide direct, relatively high-resolution spatial and temporal measurements
which substantiate the respective increase over the past 100 years (Jones et al., 1986).

Increased water temperatures are a consequence of the reinforced global greenhouse effect (see 1.1.1). Therisein sea
level, the rate of which has been measured as approx. 1.5 mm per year over the last 100 years, has essentially two cau-
ses: increased melting of mountain glaciers (Haeberli, 1992) and the expansion of seawater due to temperature rise. Gi-
ven an uncontrolled increase in the atmospheric concentration of CO, in the course of the next 100 years, the rise in sea
level isestimated at 48 cm according to most recent cal culations (Wigley and Raper, 1992); this projected rateis at least
three times as high as that measured in the last century.

Such estimates are not yet possible for the shifts in ocean currents and the related changes in heat transmission. Coup-
led ocean-atmosphere climate models indicate regiona changes in the North Atlantic. These involve reduction in the
sinking of cold water masses, a central processin global circulation. Disruptionsin this part of the oceanic system cau-
seworldwide changesin circulation patterns. The same applies to bottom water formation in the Weddel Seain the An-
tarctic. Calculations made by the Max Planck Institute for Meteorology in Hamburg forecast a weakening of the Gulf
Stream by approx. 20% associated with a reduced formation of deep and bottom water (Mikolgjewicz and Maier-Rei-
mer, 1990). For coastal upwelling areas, on the other hand, an intensification of upwelling is expected due to stronger
winds parallel to the coast (Bakun, 1990). The latter may develop as aresult of increased warming of the land surface,
causing the air pressure gradient between land and sea to rise and wind speed to increase.

Roughly fifty times as much carbon is dissolved in the ocean in the form of carbonates, hydrogen carbonates, dissolved
organic carbon and carbon dioxide (CO,) as in the atmosphere. In the surface layer alone, which is approx. 75 m deep,
thereis already as much carbon stored as in the entire atmosphere (Enquete Commission, 1990a). Therefore, it was ju-
stifiably asked whether the ocean could absorb the CO, additionally produced by human activities. This question is not
easy to answer. Surface water is weakly acidified by the absorption of CO, from the air. As aresult, the quantity ratio
in sea water shifts slightly from carbonate to hydrogen carbonate and then to dissolved CO,. The absorption capacity
for CO, is somewhat reduced as a consequence. The factor named after R. Revelle takes this effect into account and
says that a doubling of the atmospheric CO, content increases the concentration of dissolved carbon in the surface wa
ter by only just under 10%. The transport of the dissolved CO, from the surface water to the depths takes place in pe-
riods of 100 — 1000 years by means of diffusion and mixing; biological and physical sinking processes (formation of
deep water) may accelerate it to a great extent.

The net deposition of CO, from the atmosphere into the ocean is estimated today to be 1.6 billion t of carbon annual-
ly (Tans et al., 1990). Controversial debates surround the role of marine plankton, which transports carbon to the dep-
ths of the ocean, via the so-called “ carbon pump”, through the sinking of dead organisms or fecal pellets (Tans et al.,
1990; Broecker, 1991; Longhurst and Harrison, 1989; Sarmiento, 1991). However, the potential of this carbon pump,
even with greatly increased plankton production, is not sufficient to explain the carbon imbalance: in the atmosphere
approx. 2 hillion t of carbon per year less are measured than are released by human activity. In this case the boreal fo-
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rests are more likely to be the sink (see 1.5.1).

The dramatic ozone depletion over the Antarctic in late winter recently attracted attention to the Antarctic Ocean, whe-
re biological systems are greatly endangered by increased UV-B radiation. Field studies have indicated a reduction in
primary production in the spring of the southern hemisphere of 6 to 12% compared to areas without ozone thinning
(Smith et al., 1992a). Antarctic phytoplankton shows a greatly lowered resistance to UV-B radiation in comparison to
tropical phytoplankton (Helbling et al., 1992). Research on the ecological effects of the ozone hole above the Antarc-
ticistill initsinfancy, however. Too little is known about the physical and chemical conditions of the atmosphere the-
rein spring, or about the biological reactions of the often endemic species with their repair and protection mechanisms
(Karentz, 1991).

Effects

Global effects

Summarising the above points, the rise in water temperature and sea level can be predicted relatively accurately. The
greatest attention in this section, therefore, will be devoted to these effects, while the other, far less studied changes will
only be treated briefly.

A further increase in air and water temperatures means a reinforcement of certain stress factors for those species and
communities that already live periodically at the upper limit of their temperature tolerance, such as corals or species
communities in the tidal area of the wadden seas. The increase in frequency and intensity of short-term temperature
fluctuations is thought to be much more harmful to corals and thus for the entire coral reef ecosystem than a gradual ri-
se in the average temperature (Salvat, 1992; Smith and Buddemeier, 1992). For large portions of the population in co-
astal regions as well as on idlands in tropical latitudes, the dying out of coral reefs would have far-reaching conse-
guences. They serve as the foundation and material for building, are the habitat for fish and, not least of al, an impor-
tant factor for tourism.

Of specia significance is the change in atmospheric circulation over the oceans at increased surface temperatures. It
has recently been discovered that there is a direct connection between the maximum intensity of tropical cyclones and
the difference between surface and tropopause temperature (approx. 110°C at the site of the cyclones; Emanuel, 1988).
When the water surface is heated by the reinforced greenhouse effect, this most probably resultsin

® extension of areas affected by cyclones,
® anincrease in the maximum intensity of the cyclones,
® achangein their paths.

Although the intensification of the hydrological cyclein the tropics over the past decades was recently described (Flohn
et a., 1992), i.e. an above-average temperature rise in the mid-troposphere (as also predicted in the coupled ocean-at-
mosphere models), it is difficult to furnish evidence of an increase in storm frequency, as is always the case for rare
events. It is still disputed whether the frequency and intensity of storms over the oceans in the tropics and mid-latitu-
des are generally increasing. For the North Atlantic it has been shown that the number of winter depressions has more
than doubled over the last 40 years. In particular, an increase in tropical cyclones would be equally disastrous for na
ture and people. Some coastal areas may be additionally damaged through being deprived of their natural protection,
such as offshore reefs (tropical coasts), flat islands (e.g. southeast coast of the U.S.) or coastal forests (mangroves) (Ti-
tus and Barth, 1984).

Therisein sea level will have substantial effects on all ecosystems in coastal regions since large, low-lying land areas
or deltas may be lost dueto floods. A loss of biotopesin coastal regions (mangroves, sea grass fields, salt marshes) can
be expected if the natural topography or anthropogenic changes of the hinterland do not permit a retreat, i.e. an inland
shift of the respective ecosystem. Thisis not possible in natural areas either if the sealevel rises so rapidly that species
communities are unable to settle the hinterland areain time.
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Thereis an additional important effect: arisein sealevel shiftsthe boundary between salt water and freshwater not on-
ly along the coast, but also in groundwater areas and in estuaries (UNESCO, 1990). The freshwater lenses of flat is-
lands and atolls are particularly endangered (Miller and Mackensie, 1988; Hulm, 1989). In such a case, salinisation
leads to impairment or even destruction of the flora and fauna dependent on freshwater, and deprive people of the life-
support systems on which they depend.

Seaice plays an important rolein the climate system and influences atmospheric and oceanic circulation in several ways
through its distribution in polar areas. Due to its high albedo (backscattering) and good insulation capability, seaice
modifies the radiation budget and the exchange of momentum, heat and substances between the ocean and the atmos-
phere. When it freezes, seaice separates from salt-containing and thus heavier water and in this way stimulates the for-
mation of deep water and the mixing of the oceans. The expansion of sea ice areas is therefore of paramount impor-
tance for climatic activity, but has little influence on the sea level.

An altered circulation of the oceans may impair biological productivity in coastal regions and thus impair (UNESCO,
1990) or, asin the case of increased coastal upwelling (Bakun, 1990), improve the food supply for the population. Other
effects, such as changes in the timing of plankton bloom, shiftsin food distribution between swimming fauna and tho-
se living on the bottom (Townsend and Cammen, 1988) or fluctuation in fish stocks (Southward et a., 1988), cannot
be linked as yet to altered circulation of the ocean with any significant degree of certainty (IGBP, 1990). Generally, ho-
wever, changes in primary production are expected in coastal regions (Paasche, 1988).

The effects of an accelerated rise in sealevel for the people affected were described in exemplary form for the islands
in the South Pacific (Hulm, 1989). 36 island states have joined together there to form the Alliance of Small Island Sta-
tes (AOSIS) in order to throw more weight behind their demands for action against the climate change they fear (see
2.2). Most of the points indicated by Hulm can be applied to other islands and coastal countries in the world.

A risein sealevel has consegquences for

e habitat: the available habitat is reduced in size or, in the worst case (small, flat islands), completely destroyed; the
coastal population migrates inland, if possible, causing an increasing in housing density,

e food production: marine (coral reef, seaweed fields), terrestrial (agriculture, drinking water) as well as sources of
food bordering the coast (mangrove forests) suffer reduced yields or are lost completely,

® the economy: increased coastal protection or, where thisis not possible, the relocation of human settlements and in-
dustrial or harbour facilities, and the loss of beaches or other coastal areas having a high leisure value involve sub-
stantial financial burdens or losses for the countries affected,

® society/culture: people forced to migrate are uprooted, and important cultural assets are lost.

Regional / local effects

An increase in seawater temperature shows regionally similar differences as the temperature rise in air close to the sur-
face (see 1.2). It is also certain that the absolute seawater volume is increasing, but again with regional differences; the
increase is not noticeable as arise in sealevel on al coasts. Some coastal regions rise as a result of retreating glacial
inland ice masses and glaciers (isostatic compensatory movements) so that a relative sinking of the sea level is recor-
ded there. Scandinavia and the Canadian coasts, for example, are affected by this. However, other regions, such as the
Netherlands, are sinking. Locally, coastal zones are sinking due to human intervention, as in Venice, Bangkok and in
delta areas of the Mississippi and Nile (Wells and Coleman, 1987; Milliman et al., 1989). These regions are especially
threatened by a further risein sealevel.

The* Coastal Zone Management Subgroup” (CZMS, aworking group of the IPCC) deals with the threats to coastal re-
gions posed by rising sealevel. The results of the risk assessment case studies conducted so far are summarised in their
Report entitled “Global Climate Change and the Rising Challenge of the Sea” (1992). According to this study, consi-
derable losses have to be reckoned with in wet regions close to the coast along the South American and African Atlan-
tic coasts, in Australiaand in Papua-New Guinea, athird of which have great ecological and economic importance (salt
marshes, tidal zones, mangroves). The coastal regions most threatened by flooding are small islands, the African Me-
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diterranean and Atlantic coasts as well as the Indian subcontinent.

Direct interventions by humans into the oceanic systems may therefore have severe consequences for the population,
particularly in coastal regions. In addition, the effects of direct interventions and climate-related changes mutually in-
fluence each other and often reinforce each other as regards their negative consegquences. This development has beco-
me an acute problem, especially for countries in tropical and subtropical |atitudes (case studies: Madagascar; V asseur
et a., 1988; Southeast Asia; White, 1987), since the natural resources of the ocean frequently represent the most im-
portant basis for the nourishment of the populations there. Increased water pollution and the overexploitation of natu-
ral resources by the fishing industry, on the one hand, and through the impairment or even destruction of natural habi-
tats, on the other, deprives coastal populations of their livelihood. This has a direct effect on their own food basis, but
also on food production for export and tourism.

In connection with ocean pollution, it must be taken into account that all types of waste discharge (solid and liquid) are
local or regional, but that these can quickly become an international problem due to the sometimes very effective trans-
port via ocean currents beyond national territorial waters. A typical example isthe pollution and overfertilisation of the
Baltic Seaviathe Oder, Weichsel and Neva Rivers as well as from the air — all countries bordering the Baltic Sea are
directly affected by this. A similar situation applied to the oil slicks in the Persian Gulf. Wars and the nuclear industry
—as we are finding out only now — have left hazardous waste in the form of toxic gas and nuclear waste in the ocean
and thus possibly created problems of international dimensions.

Most of the problems mentioned in this section still manifest themselves more at the local or regional level. The indu-
strial countries have an obligation here, as exporters and as the main causes of the global climate change. They should
furnish greater support for preventive measures, such as providing information and training (see 2.4), implement tech-
nology transfer in the fields of effluent treatment, coastal protection and sustainable use of natural resources (see 2.2),
and give direct assistance in the case of disasters.

Besides climate change, intensive population growth and large-scale migratory movements also affect coastal regions
to a considerable degree. Urban agglomerations come into being here with high traffic densities and enormous waste
levels, thus leading to increasing destruction of natural habitats and the resources these provide.

Time-related effects

Seawater temperature and sea level are slow to change. Effects aong the coast are often not visible until disasters sud-
denly strike in the form of flood tides. It is not possible to forecast with adequate precision when this will occur in a
specific region, because forecasts of climate change are not available on aregiona basis, nor do extreme-value stati-
stics for flood disasters permit a time-related prediction. The dramatic increase in privately insured storm damages in
comparison to other natural disasters (Munchener Riick, 1992) already indicates the significance of climate change. The
consequences of the alteration in the composition of seawater caused by increased CO, absorption and greater UV-B
radiation may also become noticeable in the near future, perhaps even within a few years.

Several mathematical ssimulations indicate that the circulation pattern in the North Atlantic can already be significantly
altered within a few decades through relatively small changes in freshwater intake (melt water, precipitation) (Stocker
and Wright, 1991).

Assessment / need for action

The dimensions of oceanic processes are too large for direct human control or influence. However, they react to the ad-
ditional greenhouse effect and anthropogenic ozone depletion in the stratosphere caused. In order to reduce the stress
that the ocean exerts on nature and on the anthroposphere as a consegquence of anthropogenic alterations of other cli-
mate system components, the increase in greenhouse gases in the troposphere and ozone depletion in the stratosphere
have to be slowed down and ultimately stopped.
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Global effects engendered by rising sea level are not expected until decades from now, but greatly endangered
regions (flat coasts and islands, river estuaries) may be threatened at a much earlier date. The aim of the Coastal Zone
Management Subgroup (CZMS) isto record and evaluate the effects of the rise in sealevel on the population, the eco-
nomy, on ecological and socia values aswell as on agricultural production. To put all coastal countries, especialy the
poorer ones, in a position to carry out such a study and initiate the necessary measures to reduce the danger, support of
the CZMS by the industrialised world is required in the form of funds, technology and knowledge. The Council re-
commends that Germany become actively involved here, in a manner similar to the Netherlands.

The ocean area near the coast is certainly one of the most sensitive marine systems, but at the same time the most hea-
vily abused one. Direct local or regional human interventions, such as oil rigs, coastal reinforcements, settlements, di-
scharges, dumping and overfishing, can be controlled by humans, however, and must therefore be limited or reversed
in the short term to a acceptable level as defined by the bordering countries. A problem that arisesin this connection is
that the various utilisation interests compete with each other for the space available. Thus, similar to the conceptuali-
sation of land use, it is necessary to work up planning concepts through interdisciplinary cooperation among natural
scientists and economists such that sustainable use of marine resources is ensured — and this also includes tourism — gi-
ven the increasing settlement of coastal regions. The concept of Integrated Coastal Management (ICM) is a promising
problem-solving approach in this regard. Implementation of ICM is a continuous process. It requires a direct link-up of
all groups concerned, from industry, science, politics, planning and administration, as well as the general public. Inthe
view of the Council, thereis a substantial deficiency in this respect in Germany. The North Sea and, to an even greater
extent, the Baltic Sea are perfect candidates for internationally coordinated management. Germany could provide im-
portant input here, in the form of preliminary scientific and political work and experience.

International conventions are necessary in order to regulate activities on the open sea that have international, and
perhaps even global, long-term impacts — one example being the dumping of nuclear waste in the deep sea. Compared
to the relatively well-developed regulations governing oil transport, clean-up measures and liability in the case of tan-
ker accidents, there is still a substantial need for legal and political action relating to the disposal of hazardous waste in
the open sea.

Research needs
Ocean-related research should now concentrate, with reference to global change, on two tasks:

O Investigation, monitoring and forecasting of the climatein the ocean. Thisincludes understanding of the processes
that control this climate.

O Investigation of the interactions between people and ocean. This means that new theoretical and empirical appro-
aches have to be found which link natural science and socioeconomic aspects of people-environment interactions.

The following areas of research focus are derived from the above tasks:

0 Monitoring the climate in the ocean and producing time series enabling longer-term forecasts in the near future
going beyond the weather forecast (planned project: GOOS = Global Ocean Observing System).

O Investigation of the polar seas, focussing on sea-ice areas. The latter are of global importance: even small chan-
ges in temperature can be decisive for the melting of seaice, which would then have serious conseguences for the
radiation budget and heat balance of the Earth.

O Assessment of the influences of increased UV-B radiation and a temperature rise on marine organisms and com-
munities.

O Investigation of deep-sea processes connected with the carbon cycle and of the formation of deep and bottom wa:
ter. The biodiversity and the ecological significance of the deep sea must be further studied, particularly with re-
gard to the permanent disposal of hazardous waste or utilisation in the form of ocean mining. A great potential for
the pharmaceutical industry is seen in the microorganisms on the sea floor, similar to the case of the tropical fo-
rests.
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0 Efforts to monitor the ocean and conduct deep-sea research are placing new demands on marine measuring and
underwater robot technology. There is a need for engineering research in this field.

O Improvement of knowledge about coastal processes and land-sea interaction. Thisis especially important in mar-
gina and enclosed seas as well as in the tropics, since the greatest pressure on ecosystems is exerted in these re-
gions.

0 Development of new concepts for sustainable use of ocean resources and for coastal management, which have to
be harmonised with different regional needs and priorities. Greatest research needs are located in the tropics.

0 Development of biotechnologies that make use of natural marine resources in mariculture (algae and the like) and
which can be operated with solar energy. They represent a significant potentia for developing countries if mari-
culture can be developed towards a user-friendly and environmentally sound technology.

1.3.2 Qualitative and quantitative changes in freshwater

Brief description

Water is our most important nutrient; to survive, people need at least two litres of liquid a day. Economic utilisation of
water isalso of great significance; a qualitatively and quantitatively adequate water supply is arequirement for any su-
stainable development. In addition, water plays a mgjor role in climatic activity (hydrological cycle, energy transport
in water vapour, ice caps) and is decisively involved in processes of the lithosphere (weathering of rock, formation of
landscapes via erosion, frost fissuring) and the pedosphere (shifting of substances in profile, formation of humus); it is
the basis of al life processes on Earth. These functions of water as a nutrient, an economic resource and as an ecologi-
cal medium are reflected in afurther, cultural role: water was and is an important cultural element with highly signifi-
cant meaning in mythology and religion.

More so than with other environmental media, two different perspectives or functions can be ascertained in the case of
water: on the one hand, water as an economic resource to be managed efficiently, and, on the other, water as a cultu-
ral, public (occasionally even holy) asset. These perspectives or functions are often regarded separately or even in iso-
lation from each other, but in fact are closely interlinked. A common characteristic of both is that avalue is attached to
water, in the one case in terms of economic assessment (“ price of water”), in the other case through cultural assessment
(“intrinsic value of water").

A great variety of natural and anthropogenic factors pose dangers for water as a resource and as a cultural asset. These
are expressed in basic processes, described in more detail below, as scarcity and pollution, which frequently imply was-
tage. These processes occur independently or in combination, differ in their degree of intensity and must be evaluated
differently with regard to their causes, their impacts and the necessary counter-measures. They each involve specific
problems, which overall, however, can be designated as “water scarcity”, i.e. the lack of a sufficient quantity and qua-
lity of water. Pollution further aggravates scarcity. Although water problems always occur at a specific site or in a cer-
tain region, it is appropriate to speak of global water problems, especially since the frequency, extent and range of lo-
cal and regional problems are tending to increase rapidly.

With respect to the Leithild (guiding principle) of “sustainable development”, water plays adecisiverolein the view of
the Council because it isthe essential basis for the very existence and economic well-being of every human society, and
this basis appears to be threatened to an increasing degree.

Water as a resource

The water reserves of the Earth mostly consist of salt water (97%) and ice (2%); a mere 1% of al water reserves cir-
culates as freshwater in the hydrological cycle and is potentially accessible for human utilisation. The volume of the
water moved in this cycle is estimated at roughly 500,000 km?® annually (see box on: “The hydrological cycle”).
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Box 4: The hydrological cycle

In the hydrological cycle, water moves as vapour, liquid and ice over, in some cases, long distances. It evaporates
over the oceans and land masses and is emitted by living organisms (transpiration and breathing of human beings,
animals and plants). Air currents transport water vapour, and it falls back to the Earth as rain through condensa-
tion and as snow through freezing. It flows into the oceans via runoff above ground and underground. The hy-
drological cycle is driven by the sun. The figures indicated reflect estimates of the transported water volume in
1000 km? (Fig. 4).

Figure 4: The hydrological cycle
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Phenomenologically, water stands between the environmental media of air and soil: air moves freely around the
globe as part of climatic activity while soil is basically a stationary resource. Water penetrates and links these two
“worlds’ through the continuous alternation of evaporation, transport and condensation. It is contained both in the
air and in the ground in different forms, thus influencing the character of the air masses and soils. All water-rela-
ted processes have, on the one hand, fundamental significance for the energy balance of the Earth (key terms: wa-
ter vapour as greenhouse gas, heat transport, intensity of climatic events) while, on the other hand, the hydrolo-
gical cycle is of major importance for the global element cycles (geochemical cycles of C, N, S, P, etc.), which
are essential for life on Earth. Water is the means of transport for most of the natural biogeochemical cycles; the
only exceptions are pure gas movements in the atmosphere and volcanic rock movements. The locally available
water isamajor production factor for the economy. Agriculture, transportation, industry and, above all, the ener-
gy sector depend on an adequate supply of water. The hydrological cycle provides a framework for these forms
of utilisation.
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Figure 5: Sectoral withdrawal of water per region (from WRI, 1992a)
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The catchment areas of rivers are particularly important for the water supply, though regionally very different
proportions of ground and surface water are being used. Approximately half of these catchment areas (including roug-
hly 175 of the 200 largest) are spread over the territories of several countries. The annua flow through the river
catchment areas of the Earth is estimated at approx. 40,000 km?, roughly 3,200 km? of which is utilised by households,
agriculture and industry. The proportions of the total consumption that these three forms of water utilisation account for
differ greatly from region to region, as does the respective absolute amount used (Fig. 5).

It isthought certain that water withdrawal will continue to increase on a global basis, especialy for agricultural and in-
dustrial purposes. Estimates indicate a possible doubling within ten years, with the highest rates of increase in the de-
veloping countries, in particular in areas with a rapidly increasing population and growing agriculture and industry
(WRI, 19924).

Locally and regionally, water reserves are coming more and more under pressure, especially from population increase,
urbanisation and industrialisation as well as from climate change. In addition, there are regional conflicts which may
lead to clashes over water resources (possible cases. Near East, Nile, Rio Grande and others; Gleick, 1992). This pres-
sure is reflected in increasing water scarcity due to reduced supply or growing demand, in contamination of water re-
sources with harmful substances and microorganisms, as well as in wastage resulting from careless handling of water.
The latter is due to failure to internalise all costs connected with the supply and treatment of water, inadequate allot-
ment of property rights or inefficient technology despite high water prices. Pollution and wastage accelerate the rate at
which water becomes scarce; additionally the former threatens the quality of groundwater unaffected until now and thus
the renewal of water as aresource. The number of countries or regions with water scarcity is currently estimated at 26;
they are predominantly located in Asia, Africaand the Near East and their number will most likely continue to increa
se (Table 6).
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Table 6: Countries that suffer from acute water scarcity?, data for 1992 and 2010 (estimated)
(from WWI, 1993)

Countries Water supply* Variation
(m® per capita und year) (in %)
Year 1992 2010
Africa
Algeria 730 500 -32
Botswana 710 420 -41
Burundi 620 360 - 42
Cape Verde 500 290 - 42
Djibouti 750 430 -43
Egypt 30 20 -33
Kenya 560 330 -41
Libyia 160 100 -38
Malawi 1,030 600 -42
Mauretania 190 110 - 42
Morocco 1,150 830 -28
Niger 1,690 930 -45
Rwanda 820 440 - 46
Somalia 1,390 830 - 40
Sudan 1,130 710 -37
South Africa 1,200 760 -37
Tunisia 450 330 -27
Near East
Bahrain 0 0 0
Israel 330 250 -24
Jordan 190 110 - 42
Kuwait 0 0 0
Lebanon 1,410 980 -30
Oman 1,250 670 - 46
Qatar 40 30 -25
Saudi Arabia 140 70 -50
Syria 550 300 -45
United Arab Emirates 120 60 -50
Yemen 240 130 - 46
Others
Barbados 170 170 0
Belgium 840 870 +4
Hungary 580 570 -2
Malta 80 80 0
Netherlands 660 600 -9
Singapore 210 190 -10

-

2 Countries with less than 1,000 m® water supply per capita and year.

Estimated internal renewable water resources per year, water supply from neighbouring countries not included.
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Water as a cultural asset

In the discussion on “sustainable development”, water as a cultural asset has either hardly been mentioned at all or it is
concealed behind formulations such as “protecting the quality and supply of freshwater resources’ (AGENDA 21,
Chapter 18). Water, however, plays at least an important cultural rolein the public life of traditional societies. This ap-
plies to cleaning and meditation rituals as well as to everyday handling of water as a foodstuff. In industrial societies
water has lost most of its cultural significance. Only occasionally is it used as a design element in public places, such
as for fountains and water architecture.

The threat to water resources also affects it as a cultural asset. The significance of the availability and purity of water
for the existence of many cultures should not be underestimated, as is shown in a great variety of water-related traditi-
ons and rules. Water protection thus entails the protection of the essential basis of human culture as well (Schua and
Schua, 1981).

The links between water and culture were, and till are, particularly close in Asian and Arab countries. Hydraulic en-
gineering and agricultural irrigation were developed and perfected in countries like China, the Philippines or Indone-
sia. In Mesopotamia, Jordan and Egypt technical systemsrelating to a“water culture” have existed for over 3000 years.
Since European culture has its roots in the Near East and Mediterranean region, it acquired a high cultural esteem for
water from thisregion in its early phase.

Cultural traditions related to water have, however, been lost to a great extent worldwide. Conversely, modern hydraulic
techniques, such as the water closet and the central sewage system, cannot be transformed from our latitudes to other
regions of the world without qualification. In many traditional societiesfaeces are, for example, composted and not bro-
ught into contact with water, which appears meaningful from a hygienic point of view in monsoon countries subject to
extreme rain. Here, the installation of “modern” water facilities may not only lead to an increase in the danger of epi-
demics but also to the loss of traditional knowledge (Koscis, 1988).

Only in rare cases were traditiona cultures in a position to protect their own value system regarding water against the
advance of dominant Western values. A successful example of thisisthelegal dispute of aMaori tribein New Zealand
(1991) against the disposal of municipa sewage into the Kaituna River and Rotorua Lake. Since then the effluents of
the installed treatment plant have infiltrated into the ground in a spruce grove; in this way, the cultural esteem of the
Maori for water was officially recognised (WM, 1992).

Causes

Five large-scale causes of global water problems can be distinguished: population increase, urbanisation,
industrialisation, climate change and cultural change.

In the developing countries the high rate of population increase leads to an overproportionately rapid growth of urban
settlements. Of the ten largest cities, eight will be located in the South by the year 2000, according to available esti-
mates, while in 1960 only three of them were (see 2.1). Urbanisation and industrialisation (including mechanised agri-
culture) lead to an exponential increase in the consumption of water. Thus daily per capita consumption in regions with
acentral drinking water supply (pressure pipelines) has jumped, in many cases, by afactor of 10, asis known from se-
veral case studies (Stadtfeld, 1986). Locally, this may lead to excessive use and thus to a scarcity of water resources,
which must then be compensated for by means of long-distance transport (examples: Madras, Frankfurt am Main). Both
developments tend to result in increasing quantities of polluted sewage and groundwater requiring purification, which
is usually only possible with considerable technical effort and financial expenditure and has, in general, not been car-
ried out in developing countries up to now.

Industrialisation so far has been based on the input of large quantities of energy and raw materials, and on production
processes using water as a means of transport and as an operating material. Through the expansion of industrial activi-
ties, the consumption of water has been increasing globaly, in most cases to an
overproportionate extent (Janicke, 1993). Cases in which industrial production has been partially de-linked from water
consumption can only be observed when certain production processes are converted to a water recycling system (ex-
amples in Germany).
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The possible shift of climatic zones also plays arole for the water balance of rural areas and regions; desertification,
disappearance of vegetation, flooding and the related soil loss and the deposition of oxygen-consuming substances in
water bodies and seas are closely connected with this process (see 1.2, 1.4 and 1.5).

A digtinctive loss of cultural traditions is reflected in the standardisation of technical and organisational ways of hand-
ling water. The model role of Western industrial culture and the globalisation of markets are the main factorsin thisre-
spect (see 2.2 and 2.4). An important element in this changeis the loss of the direct perception of water, its sources and
sinks. This has effects on the anthropogenically influenced portion of the hydrological cycle (Hauser, 1992). The dec-
lining significance or loss of cultural values can therefore be seen as a cause of the global water problems.

Local causes

In developing countries the setting up of a functioning water infrastructure usually lags behind the increase in
population, despite great efforts in some cases (World Bank, 1992a). L eakage causes significant losses in the water
supply network, over 40% according to estimates. Water consumption in the industrial sector is growing rapidly,
frequently at the expense of an adequate supply for the surrounding region and the peripheral zones of the cities
(slums). Megacities, such as Lagos, Mexico City and Sao Paulo, with their heavy drawing of water resources
contribute to the desertification of the surrounding areas (WMO, 1993).

In the rural areas of the developing countries there are old, in some cases large-scale water supply systems which
are often gtill in good condition. Due to migration from rural areas to the cities and increasing irrigation agricultu-
re, these systems are frequently replaced by plants and practices that require a higher energy input and have a ne-
gative effect on the local water balance due to high rates of evaporation. This technological change is accompanied
by a progressive break with old legal institutions and traditions as well as by subsidies for irrigation agriculture.

In industrial countries water is wasted in many cases in that the pricing system does not include all water supply
and treatment costs and thus stimulates additional consumption. With a high average consumption per capita and
day this leads to a considerable deterioration of the water balance. Although, in recent years, the demand for water
on the part of households and industry was growing only slowly in most industrial countries, the water intensity of
agriculture continues to increase. Pollution of groundwater and water bodies occursin urban agglomerations as well
as a substantial loss of water (leakage) due to in some cases quite old supply and disposal systems. In many cases
thereisagreat need for renewal and repair of the water infrastructure, requiring funds of enormous proportions (ex-
ample of Berlin: an estimated DM 20 billion over the next 10 years).

The most important causes of the basic water problems can be described as follows:

® Scarcity: decrease in availability of water due to high population increase and economic growth, altered
distribution of precipitation, surface sealing, loss of vegetation cover, excessive use of aquifers.

® Pollution: deposition of harmful substances from the air (acid rain, dust, erosion), from utilisation processes
(industry, households, effluent disposal) and soils (agriculture and waste disposal sites). Problematic substances
include heavy metals, salts, acids, synthetic organic substances (particularly from chlorine-based chemical
industry), nutrients (faeces, eroded soils) as well as pathogenic germs (see Table 7).

® \Wastage: Excessive consumption of water in relation to the available long-term supply, the renewal or
substitution rate due to inadequate allotment of user rights, prices that do not cover costs, and subsidisation of
the water price, inefficient techniques, |eakages and loss of cultural values.

Groundwater pollution has long-term impacts and thus poses special problems. The formation of new groundwater
is basically dependent on intact plant cover and soils and, regarding water quality, on the exclusion of
contaminants. Thisisno longer guaranteed in many regions. The quality of the groundwater formed greatly depends
on the type of soil use. Certain forms of intensive land cultivation pollute the groundwater with pesticides and nu-
trients (e.g. soluble contents of liquid manure — nitrate problem). In industrial countries even under forest soils the
groundwater can be polluted by nitrate, a process mainly caused by deposition of atmospheric nitrogen resulting
from traffic emissions, intensive livestock farming and overfertilisation. The soil quality of irrigated farming land
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may deteriorate due to salinisation through the use of inappropriate techniques, and sustainable agricultural use of
such areas may become impossible, asis already the case in larger parts of the world (Repetto, 1989).

Regional causes

Regional causes of global water problems cannot be definitely distinguished from the local causes mentioned.
Population increase, urbanisation and industrialisation are also regionally important determinants of water use; cli-
mate change and cultural change, as global phenomena, also have regional effects.

Characterisation of regional causes and impacts of water problems can be linked to the hydrological classification
of the Earth’'s surface according to ecozones (see 1.4 and Table 8). Economic growth and demographic
development and as anthropogenic influences on the water balance are closely linked to these basic ecological
structures. The most important kinds of water pollution are summarised in Table 7.

The availability of water resources can also be impaired by regional conflicts over its distribution or by deficient
water management. Roughly 60% of the world’s population lives in multinational river catchment areas. Suitable
institutional arrangements are, therefore, required in order to avoid conflicts over regional water use (examples: the
catchment areas of the Aral Sea and the Ganges, Euphrates, Jordan, Nile, Rio Grande, Colorado and Rio de la Pla-
tarivers).

Global causes

Important global causes of water problems include climate change and cultural change. Differences in temperature
and precipitation quantities can be expected at regional level as aresult of climate change. This may lead to a com-
pletely new distribution of surface runoffs and of the water available for vegetation and human beings.

From ahistorical point of view, there have been significant changes in the meanings and val ues associated with wa-
ter as a cultural asset. Two tendencies are particularly evident: first of all, the regard for water as a resource and
cultural asset is relatively low or diminishing where water supplies are sufficient, as shown, inter alia, by the fact
that water has been extensively dispelled (“channelled”, so to speak) from people’s consciousness and public life.
Secondly, one can observe a high cultural regard for water in countries with absolute water scarcity, which,
however, does not always result in high water prices for institutional reasons. In many cases, the utilisation of water
has no price at all for some users while others, especially the poorest, do not pay a price expressed in money, but
often have to carry the water over long distances on foot.

Effects

The effects of changes in the water balance on environmental assets are extremely diverse, and characterised by si-
multaneous or delayed feedbacks. They can be differentiated according to their impacts on the ecosphere and the
anthroposphere and to regional and time horizons.

Ecosphere

The dynamics of the hydrological cycle have enormous spatial and temporal dimensions; the quantity and rhythm
of all transport operations change constantly. Water as a medium or basis of all life processesis very closely related
to all processes within the ecosphere, which makes a description of the effects of water problems on the ecosphere
only possiblein general form at this point (WRI, 1992a; Postel, 1992). The following interrel ations are of particular
importance:

® Climate: The processes of water exchange between the atmosphere and the oceans or land masses essentially de-
termine the climate. Changes in the water balance in the ground, on the surface and in vegetation have effects
on the local climate; in the case of greater changes (for example: large-scale clearing of forests), the regional
climate may also be influenced.
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Table 7: Principal forms of water pollution (from WRI, 1992 and GITEC, 1992)

Pollutant Key issues

Elevated irradiation after dam constructions and
land enclosures, discharges from power plants

Elevated temperatures

Acids and salts Inorganic chemicals, mine effluents,

atmospheric depositions

Oxygen demanding substances
in high concentrations or loads

Suspended matter and sediments, nutrients,
fertilisers, washing agents, combined sewers,
organic chemicals

Toxic chemicals
in low concentrations or loads

Heavy metals, pesticides, halogenated organic chemicals,
leachate from landfills

Pathogenic germs Bacteria and viruses from fecal discharges, landfills and hospitals

Table 8: Typology of regional causes and impacts of water problems (compiled by Wissenschaftszentrum Berlin)

Region Ecozone Causes Impacts
Europe Humid Groundwater pollution Closure of wells,
mid-latitudes loss of sites,
costs
Near East Dry Quantity conflicts, International conflicts,
mid-latitudes excessive use high costs,
loss of non-renewable resources
Sahel Zone Subtropical Excessive use, Migration,
dry areas climate change impediment for development
Tropics Tropics with Deforestation, Erosion,
permanent and soil degradation migration,
summer humidity flooding
North America Dry and humid Overuse, Erosion,
mid-latitudes soil degradation, shortage of groundwater
groundwater pollution
East Asia Subtropics and Population growth, Danger of epidemics,
Tropics with use as sewer impediment for development
permanent and
winter humidity
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Ecology: Changesin the water balance have direct effects on soils, plants and animals and, of course, on aquatic
habitats; indirectly, al food chains are affected by this.

Soil degradation: In many areas of the world where land is used for agricultural and forest purposes, topsoil erosi-
on is increasing, with desertification as a possible result. Salinisation of the soils is fostered by irrigation systems
that do not have sufficient runoff, or which have an insufficient irrigation rate at high evaporation rates.

Disasters. Changes in the distribution of water from surface, underground and atmospheric sources (runoff rates,
evaporation, storage) may have an influence on the frequency and intensity of extraordinary meteorological events,
particularly on flooding and droughts. The nature of the soil and ground cover are also major factorsin this respect
(see 1.4).

Tectonics: Through the polar ice caps, but aso through large water reservoirs and river diversions, local stress on
the Earth’s crust may be changed such that tectonic effects occur. This presumption has been expressed in connec-
tion with the Nile Valley (Assuan Dam) and the Parana Valley (Iguagu Dam), and led to a reassessment of planned
large-scale dam projects in Siberia (in addition to other reasons).

Albedo: New, artificially created water areas, changes in ice coverage, changes in vegetation as well as newly for-
med steppes and deserts change the radiation budget of the Earth’s surface and thus, in turn, climate.

Primary production: Reduction in the quantity and quality of water available at the respective location may have di-
rect, negative consequences for plants and animals: the spectrum of species is shifted, and agriculture and forestry
have to adapt. The speed of such changes often is so high that the natural rates of adaptation are exceeded, leading
to extinction of species (for example: water birds becoming extinct in Central Europe) due a lack of ecological ni-
ches (reserves).

Anthroposphere

To begin with, water has a key influence on the physical well-being of human beings and society. Moreover, the im-
material appreciation of water, an important element in a society’s cultural values, is also relevant in many cases. The
interactions between the water problems described above and the anthroposphere can be summarised as follows (Po-
stel, 1992; Stiftung Entwicklung und Frieden, 1991b; Schua and Schua, 1981):

Basic supply: Direct consequences of a scarcity of drinking water (lack of quantity or quality) include damage to
health. Indirectly, a scarcity of water leads to drought and thus to famine, both major reasons for migration. In in-
dustrial countries, supplying drinking water from unpolluted groundwater is becoming increasingly difficult.

Hygiene: Inadequate techniques for handling water and sewage are causes of epidemics, high infant mortality rates
and low life expectancy.

Production and services: Diminishing availability and quality of water may reduce the efficiency of agriculture and
industry. This may lead to intense competition between these economic activities, whereby the demands on water
quality by each of these sectors may be incompatible. Many services, such as recreation and tourism, depend on the
available quantity and good quality of water, and are rendered impossible or uneconomical if these fall below cer-
tain limits.

Hydraulic engineering for human settlements. Combined sewage systems and insufficient storage capacity in rainy
areas prevent a reliable separation of polluted water from freshwater resources. This leads to hygienic and ecologi-
cal problems, especially when flow rates decline.

Aesthetics: Quantitative or qualitative changes in the water balance may impair the aesthetic quality of the landsca-
pe, an important basis for culture and the well-being of its inhabitants.

Social harmony: Distribution and quality of water may be a reason for local disputes (wells) or for transboundary
conflicts, e.g. between those living upstream and those living downstream; in extreme cases, such disputes may lead
to war.
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All types of interactions mentioned above are potentialy significant obstacles for economic, social and cultural deve-
lopment, and occur on a global basis with regional differentiation.

Regional differences
A typology of regionally predominant causes and impacts of water problems can be found in Table 8.

Most developing countries are located in the tropics and subtropics; so much precipitation falls there during the rainy
season within a short period of time that the capacity of the soils and surface water bodies are often insufficient to hold
the water. The progressive loss of large tropical forest ecosystems is aggravating this problem. At the same time, the
mean evaporation rates there are often so high that water can only be stored at great expense for extended periods of ti-
me. Long-distance transport of drinking water and effluents are costlier and pose a greater health risk than in modera-
te zones. In addition, water problems in the urban agglomerations in developing countries worsen the living conditions
for the inhabitants (scarcity of drinking water, hygiene) much more directly than elsewhere due to the lack of adequa
teinfrastructure.

In industrial countries, almost al of which are situated in temperate zones, water problems are generally less serious.
The prevailing view is that water pollution requires urgent attention, particularly the question of declining reserves of
unpolluted groundwater. The “long memory” of water as the medium for various cycles is demonstrated in the urban
agglomerations of industrial countries: once persistent substances have entered the cycle, they spread to other environ-
mental media, can thus accumulate in the ecosystems and, as a result, have a feedback impact on people.

Essential elements of a global water strategy are, therefore, adequate consideration of the North-South divide, mainte-
nance or reviva of cultural values, definition of appropriate technical and financial transfer mechanisms, but also the
creation of functioning water markets which ensure that prices cover all costs.

Time horizons

Depending on the type of water use by humans, animals and plants, one can distinguish the time horizons in which the
above-mentioned water problems become evident. The following listing contains afew keywords on the ecosphere and
the anthroposphere for each case:

® Short term: Water has a mean atmospheric lifetime of roughly nine days. Depending on the climatic zone, an ade-
quate supply of water isaquestion of afew hoursfor people, while water for cleaning and hygiene can be done with-
out for at least several days.

® Medium term: Water on the Earth’s surface usualy runs off in a period of several days to weeks. For agricultural
and industrial production water is required continuously or only at certain times during the day and year, depending
on the production methods in question (examples: power stations, irrigation agriculture, food processing); here, the
time horizons involve hours or days. Breakdowns in water supply are less threatening than with drinking water, and
can be compensated for over a period of weeks or months, or even longer in the case of closed systems.

® | ongterm: The lifetime of freshwater islongest in groundwater; there are fossil groundwater deposits which are se-
veral millennia old. Water as a cultural asset generally has along time horizon since it is an expression of long-de-
veloped values and traditions. The influence of landscape and vegetation on culture is closely connected with the
climatic and hydrological conditions.
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Link to global change

Many of the actual and potential links between water and the other areas of global change have aready been addressed
above; the most important of these are summarised in Table 9. As far as aims, instruments and institutions are concer-
ned, there are various overlaps with other sections of the Report. Water is, for example, afundamental basis of the ecos-
phere (atmosphere, climate, soil, forest, biodiversity) and indirectly of the anthroposphere (population, industry, trans-
port, culture). There is certainly extensive harmony regarding the objectives of conservation, of increasing efficiency
of resource use and of avoiding environmentally harmful substances and emissions (Weizsécker, 1992).

Table 9: Linkages between the hydrosphere and other main areas of global change (compiled by Wissenschaftszentrum Berlin)

Area Key issues
Atmosphere Deposition of pollutants, evaporation, albedo
Climate Distribution of precipitation, drought areas, energy content of weather events,

water vapour as greenhouse gas

Oceans, coasts Geochemical cycles, sediments and pollutant transport

Soils Formation of groundwater, water erosion, vegetative cover

Biological diversity Formation of drylands, droughts, flooding, cultural landscapes

Population Drinking water shortage, sanitation problems, environmental refugees

Economy Agriculture (irrigation, groundwater pollution), Industry (water intensity, pollutants),

Energy (hydropower, cooling water)

water productivity, technical and organisational innovations, metabolism of the industrial system,
ecological resource management

Transport Urbanisation, mass tourism, waterways

Values and attitudes Responsibility, economy, sustainability, aesthetics of landscapes

Box 5: Follow-up issues of the UN Conference on Environment and Development
for freshwater resources

The topic of water plays arole in the documents of the 1992 UN Conference on Environment and Development in
Rio de Janeiro. The following summary presents the key elements of three documents that are important for the fol-
low-up process of Rio: the Framework Convention on Climate Change, the Convention on Biologica Diversity and
the AGENDA 21.

1. Convention on Climate Change.

The Framework Convention on Climate Change does not contain a direct reference to the topic of water, but it isre-
levant in two respects: first of all, because of the agreement of the international community on principles of com-
mon responsibility, sustainable development and recognition of the precautionary principle; secondly, due to the
congruence between the objectives of energy and water efficiency. The Convention provides industrial nations with
amoativational and innovational boost regarding fossil fuels, which will probably increase their efficiency in hand-
ling other substances at the same time, including substitution for water pollutants and saving water itself.
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2. Convention on Biological Diversity:

The restoration and protection of primeval habitats also embrace aquatic ecosystems. This can only succeed if, on
the one hand, strict water protection is exercised and, on the other, the water balance of ecosystems is brought into
equilibrium viathe hydrological cycle. Here again thereis general agreement on the aims and guidelines for the pro-
tection of water resources, on the basis, for example, of sustainable development and protection and application of
traditional forms of farming.

3. AGENDA 21:
National level International level
Chapter 3 Respecting the cultural identity and rights of
indigenous communities (water culture)
Chapter 4  Changing unsustainable patterns of International support and cooperation in

consumption and production (water
as food and means of production)

pursuing the same goals

Chapter 6 Cooperation an health protection through
support of drinking water protection and
sewage treatment, water culture, combatting
water-borne diseases
Chapter 7 Integrated environmental protection, International support and cooperation in
sustainable construction activities pursuing the same goals
(water infrastructure, municipal hygiene)

Chapter 8  Internalising external costs International support and cooperation in
(protection of water resources), pursuing the same goals
avoidance of pollution and wastage

Chapter 10 Changing agriculture to sustainable methods International support and cooperation in
(groundwater protection, erosion prevention) pursuing the same goals

Chapter 11  Improvement of sustainable forest International support and cooperation in
management (particularly for groundwater pursuing the same goals
protection)
Chapter 12 Sustainable management of fragile eco- International support and cooperation in
systems; stabilisation of water balance by pursuing the same goals
saving water (e.g. Frankfurt a. M., Berlin,
Hamburg)

Chapter 13 Sustainable development of mountain regions  International support and cooperation in
(prevention of floods, water erosion) pursuing the same goals

Chapter 14  Drawing up surveys of the erosion and International support and cooperation in
salinisation of soils, avoiding pollution of pursuing the same goals
surface and underground freshwater resources
through sustainable agriculture

Chapter 17  High-quality landscape planning and water Support for sustainable management and
use, emergency plans, avoidance and protection of seas and coasts (prevention of
treatment of sewage, nature reserves, waste water pollution, maintenance of agquatic
treatment on land habitats, sustainable fishing)

Chapter 18  Promoting regard for water, further International support and cooperation in

development of water policy, protection of
water as a public asset, adaption of human
activities to natural limits (environmentally
sound agriculture, saving water, integrated
water cyclesin industry, ecological urban
restructuring, precaution against floods)

combatting water-borne diseases and in the
following fields: water resources, quality
assurance, provision of drinking water and
sanitation facilities, ecological urban
development, primary production, climate
change
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Chapter 19  Improving chemical safety (water pollutants, International support and cooperation in
accidents, transport on waterways) pursuing the same goals

Chapters Preventing or recycling of hazardous, solid International support and cooperation in

20,21,22  and radioactive wastes and sewage sludge pursuing the same goals

(water protection through safe storage,
reduction of emissions, prevention of
accidents in transit)

Chapters Participation of women, indigenous International support and cooperation in
24, 26,27  communities and non-governmental pursuing the same goals

organisations in all decision-making

(water culture, traditional hydraulic

engineering, local knowledge)

Chapters Science, technology and research for International support and cooperation in
31, 35 sustainable development: water efficiency, pursuing the same goals

hydraulic engineering, water culture,

integrated biogeochemical cycles, regional

cooperation in catchment areas

Chapter 39  Developing international environmental law (see national)
(Water Convention), compliance with
agreements (transboundary catchment areas)

Assessment / need for action

In view of the basic importance of water for sustainable development at the local, regional and global level, four rele-
vant fields of action should be looked at, without evaluation at this juncture, but ssmultaneously if possible: the demand
for and the supply of water, water pollution, and nature-related risks. In the following, these four central fields of ac-
tion shall be outlined and elements of a global water strategy proposed.

Demand for water

With all we know about the interrel ations between hydrosphere and anthroposphere, there cannot be any doubt that the-
re are many ways of handling water carefully, i.e. significantly lowering water consumption or increasing water pro-
ductivity (wise use or demand side management). In this regard, efficient use of water isjust as necessary as appropriate
water-saving technology in all major areas of consumption (quantitative approach). Furthermore, the quality of water
resources can also be maintained through measures on the demand side (qualitative approach). Several examples of
each will be mentioned below.

® [ndustry, quantitative approach: A large portion of the water required can be reutilised, the most effective means
being the introduction of fully integrated water cycles. In some branches of industry, such as the iron and steel in-
dustry, or the paper industry, traditionally some of the largest industrial users and polluters of water, it has become
economically profitable to keep water in closed systems, even at low water prices. Qualitative approach: Drinking
water quality is not necessary for a large number of industrial processes, such as cooling, separation of substances
and cleaning. The substitution of environmentally degradable substances for water pollutants reduces the pollution
of water resources and lowers the costs for subsequently required environmental technology (example: substitution
of peroxide bleaches for chlorine bleaches in the pulp and paper industry).

® Agriculture, quantitative approach: Effortsto achieve greater efficiency of water use for irrigation purposes are ne-
cessary, purely through the fact that agriculture is the biggest water user in many countries. Even asmall percentage
of saving inthisareawill correspond to large quantities of water. Many new and old methods are available, they me-
rely need to be adapted appropriately to the specific needs of the plants grown and to local conditions. Qualitative
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approach: The use of non-renewable groundwater reserves, which takes place for irrigation purposesin severa re-
gions (including the Aral Sea, Near East, North Africa, Midwest of the U.S.), must urgently be changed over to re-
newable sources. Pomotion of ecological farming methods, precipitation use and choice of adapted plant species
opens up a variety of opportunities in this respect.

® |Infrastructure, quantitative approach: As far as the introduction of water-saving techniques is concerned, the
developing countries have a certain advantage over the old industrial nations becauseit is not old infrastructures that
have to be renewed and replaced, but rather new ones that have to be established in the first place. With some of the-
se techniques one can save up to 90% water. Qualitative approach: In general, it is true that drinking water quality
is not necessary for every application in industry, agriculture and households. Double pipeline networks, local non-
potable water supply, care or repair of local drinking water wells are some of the main optionsin this area.

® Households, quantitative approach: In comparison to industrial water use and irrigation in agriculture, water
consumption by private householdsis generaly relatively low. On the other hand, storage, distribution and treatment
of water here is rather expensive because of the required quality standards. Many people have drastically reduced
their water consumption without the slightest economic incentive to do so. Active saving of water can significantly
lower the water costs per household as well as the costs of the utility companies. Considerable savings can be achie-
ved, particularly through technically more efficient equipment and facilities (such as more efficient toilets, washing
machines, dishwashers and bath facilities). Qualitative approach: The public can be made more aware of the value
of clean water and resource protection so that pollution and wastage are reduced. Moreover, substitution for water
pollutantsis also possible in the private sector (chemicals used in the household, the garden and for hobbies). Avoi-
dance of unnecessary water consumption for precautionary reasons can even be successfully propagated in areas
without acute water scarcity (analogously to the principles of waste avoidance in German legislation), and lead to
corresponding technical innovations.

One requirement for successful implementation of these and similar proposals is the measurement of water
consumption. In many regions of the world thisis either unknown or not customary, and even Germany is still far from
having a comprehensive distribution of water meters. In countries with high water consumption the price for freshwa-
ter and for sewage must be high enough so that the financial incentive to save water can take effect at all. In most ca
ses, the water priceis still low, in some countries water continues to be provided to users at no charge or is subsidised
to agreat degree. Wise use or demand side management can and should start from these points.

Supply of water

The second area requiring action is supply side management. Water supply can be increased in a variety of ways; the-
re are conventional, unconventional and still untested methods. The first, conventional, step should sensibly be to lo-
wer the current, sometimes enormous losses from existing supply systems. This ranges from renewal of supply linesto
reduction of evaporation loss by means of shorter conveying distances and underground storage tanks. A separate wa-
ter supply with drinking water and non-potable water (dual system) may mean an expansion of supply since water re-
sources of lower quality can be used to a greater extent. Successful examples of this kind can be found in several in-
dustrial countries (Environmental Protection Agency, 1992; Kraemer, 1990).

Unconventional methods include artificial cloud harvesting, possible in some regions of the world, desalination of sea
water and brackish water, and long-distance transport of water using tank trucks and pipelines (which, strictly speaking,
is not an expansion of supply but only geographical transfer). Different desalinisation techniques have been devel oped,
but many of them are still too expensive and, in addition, very energy-intensive. L ong-distance transport of water, on
the other hand, is aready common in some countries and regions, for example in the Near East. An example of an un-
conventiona method requiring little expenditure and adapted to local conditionsisthe extraction of drinking water from
fog. Along the coast of Chile, for example, the moisture passing across the land from the sea, which normally fals as
rain in the hinterland, is condensed and collected on nets set up against the wind. In addition to direct expansion of sup-
ply, water quality control or avoidance of water pollution will indirectly increase the total supply of usable water.

Expansion of the supply of clean drinking water and installation of reliable sanitary facilities are very urgent from the
global perspective. Though some remarkable successes in some areas were achieved with the “International Drinking
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Water Supply and Sanitation Decade” during the 80s, the number of people without an adequate drinking water supp-
ly was not lowered significantly.

Water resource protection

Asfar as the third area requiring action is concerned, there is extensive agreement on the fact that great efforts are re-
quired worldwide to avoid the pollution of surface water and groundwater reserves (pollution prevention). Avoidance
of water pollution means, in the end, keeping all hazardous substances away from water. This applies particularly to in-
dustry and agriculture, which have to be restructured to more environmentally sound methods. The use of pesticides
and mineral fertilisers should and can be reduced rapidly while sustainable, environmentally sound farming can be pro-
pagated as amodel. Subsidiesfor irrigation agriculture should be terminated and ecological farming be financially com-
pensated for its contribution to water protection. This applies equally to industrial and developing countries, though in
developing countries special consideration must be given to the food supply of the population.

In developing countries it will continue to be difficult to prevent pollution of water bodies by municipal and industrial
sewage because there is alack of functioning supply and disposal systems. Through the establishment of new busines-
ses, however, there is a chance of ensuring low water consumption (high “water productivity*) right from the begin-
ning. Industrial production can be made considerably more water-productive through water-saving techniques and bans
on water pollutants. There are also noteworthy examples of primeval sewage treatment for industry and human settle-
ments (e.g. “pond systems” in individual tropical and subtropical countries, reedbed purification in Germany), which
should be examined with regard to their international applicability and, if suitable, supported.

In the reduction or avoidance of water pollution great importance has to be attached to planning processes at the local
and regional level. Integrated development planning should be more oriented to the natural conditions, taking water re-
sources as the framework for sustainable development.

Crisis and disaster management

The fourth area requiring action can be described as crisis and disaster management. The frequency and intensity of
flood and drought disasters have increased in the course of time with far-reaching regional migration of population
groups (Bangladesh, Somalia, Sudan). The term “environmental refugee” was coined in connection with the drought
disastersin Africa. According to estimates of the International Committee of the Red Cross, already more than 500 mil-
lion people can be regarded as environmental refugees (Stiftung Entwicklung und Frieden, 1991b). Although there ha-
ve always been periods of drought in the course of history, the ability to cope with them seems to have deteriorated.
Floods are caused by nature in various parts of the world, but are increasingly also the result of human activities. De-
velopment successes can thus be reversed in a short time.

Therefore, in the view of the Council, it is not just curative emergency aid that is necessary, but greater emphasis has
to be placed on preventive disaster management, i.e. better adjustment to and prompt preparation for such events. Up
to now there have only been initial proposals and plans for an “environmental and disaster relief organisation” which
could act on behalf of the EU and/or the UN and whose tasks might include questions in connection with flood and
drought disasters as well as water pollution.

Elements of a global water strategy

The Council proposes the setup of a global “water strategy” as a structured, precisely formulated policy area. The wa
ter problems already existing today and, more importantly, those expected in the future make a systematic examination
of the related causes and effects urgently necessary (WMO, 1993). The contours of a possible future global water stra-
tegy will therefore be outlined below. To implement such a strategy, a number of initiatives of a bilateral and multila-
teral nature could be taken on the part of the Federal German Government because valuable knowledge and technolo-
gies on wise use of water and prevention of water pollution are available in Germany.
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o Aims
It can be assumed that the specific aims of awater strategy differ from country to country and region to region; ap-
plicable aimsfor all of them, however, include: wise use of water (“ water saving” ), developing new water resources
(“ water supply” ), avoidance of water pollution (* water quality” ), revival or preservation of cultural values (* water
culture”). Concrete formulation of these aims and corresponding guidelines could take place, similar to the topics
of climate and biodiversity, in a“water convention” to be agreed upon internationally.

In the industrial countries more economical utilisation of water (higher water productivity) must be achieved as
quickly as possible since, in many cases already, local water reserves no longer suffice either qualitatively or quan-
titatively. Up to now, however, focus has been on the pollution of groundwater (through hazardous waste from the
past and non-point sources) and surface water bodies.

In the developing countries the provision of clean drinking water and adapted sanitary facilities should probably
continue to receive the highest priority. Since conflicts with the growing demand for water on the part of agricultu-
re and industry are inevitable, sectoral priorities will have to be set and efficient distribution mechanisms establis-
hed. Introduction or differentiation of water prices and, in particular, better allotment of the rights of water use can
contribute to this.

In many developing countriesthereis, in addition, a specia problem regarding the gap in water availability between
urban and rural areas. So far state measures have frequently concentrated on urban areas in which the “ pressure from
below” generally develops more quickly than in rural areas. This, hoever, often involved an unadapted technology
transfer, which in certain situations may lead to a collapse of water supply. For irrigation, on the other hand, tech-
niques were frequently applied which are too complicated for sustainable use or connected with high water losses
(e.g. evaporation).

Besides improvement of the price and quantity mechanisms, in many devel oping countries there is a great need for
introduction and restoration of infrastructures for water supply and sewage disposal. This requires, as many exam-
ples show, more active participation of the population because only this guarantees long-term operability of new sy-
stems.

® |nstruments:

Understandably, different opinions prevail regarding the suitable instruments of a global water strategy. The
significance and scope of economic instrumentsis presumably far greater than has been assumed up to now. In view
of the increasing scarcity, continuing pollution and extensive wastage of water in the industrial countries, a proac-
tive water price policy appears sensible there, i.e. systematic levying of fees and charges and abolition of consump-
tion-promoting subsidies. The “polluter pays principle” should, in any case, also be applied to a water strategy and
that means: water withdrawal payments as aresource tax, full cost accounting for water use, sewage charges that are
felt and strict liability in cases of water pollution.

The application of economic instruments in water policy can serve several objectives at the same time, given suita
ble formulation: sustainability of water use, prevention of water pollution and more careful handling of water. The
actual challenge, however, will probably involve finding meaningful links between such economic instruments, eco-
logically sound behaviour, revival of submerged cultural traditions and conventional regulative instruments of en-
vironmental policy, such as standards and quantity allocations.

The regulative instruments related to the quality of water and sewage, however, have to be examined. While more
care must be taken in compliance with high standards in industrial countries (e.g. EU drinking water guideling), in
developing countries water quality still has too little political priority, resulting in correspondingly high health risks.
Not least of all, the failure to comply with minimum standards makes active water policy a global topic because of
the possible spread of epidemics.

® |[nstitutions:
An effective institutional arrangement for sustainable use of water resources requires awareness, knowledge and
funds. These factors are extremely unequally distributed in the world, in North and South. Therefore, knowledge
transfer, technology transfer and finance transfer are necessary elements of a global water strategy.
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Knowledge and technology transfer are successful when they lead to a situation in which more people are put in a
position, within as short atime as possible, to solve the given problems of water management on their own. Thein-
stitutions of bilateral and multilateral development aid should take on a greater financial commitment in this connec-
tion, increase their share of the funds for water projects accordingly and formulate concrete time frames for this.

A special problem is posed by cooperative water management in multinational river catchment areas, where there
are questions of water access, quantitative water allocation and water quality control which can only be solved in a
satisfactory manner if “common interests’ are formulated and pursued. Roughly half of al river catchment areasin
the world encompass several countries, over 35% of the world population is dependent on multinationally used wa-
ter bodies for their drinking water supply. In view of these magnitudes and the potentially increasing demand, trans-
fer of successful management models is becoming more and more important. The Council is of the view that the
successes of the Rhine Commission and the ECE agreement on the protection and utilisation of multinational water
bodies may be of significance for numerous river catchment areas in the world. This experience should be brought
into the discussion as a contribution to a global water strategy.

At the global level so far there is only a rudimentary institutional framework for a future water strategy. The UN
Secretariat for Water Resources was formed in 1978 to coordinate the activities of the various UN institutions. Af-
ter formulation of the “International Drinking Water and Sanitation Decade” in 1980 a steering committee was set
up, composed of representatives from eleven UN ingtitutions involved in water issues. Improvements in global wa
ter management are undoubtedly necessary and therefore recommended.

While good arguments can be put forward in favour of comprehensive approaches for a global water strategy, the-
re are many reasons for using an approach which is not too complex. The four central areas of action of such afu-
ture strategy (demand for water, supply of water, water protection, crisis and disaster management) were described
above. In order to cope with the related tasks, greater commitment on the part of the responsible institutions as well
asimproved international cooperation are necessary. The devel oping countries themselves must provide more funds
and personnel for their water problems (and the same applies to individual industrial countries, too); but they will
not be able to come to grips with these tasks alone. Finance transfer must, therefore, be an element of a global wa
ter strategy (see also AGENDA 21, Chapter 18). In a future Report the Council will examine more closely the que-
stion of whether new international institutions should be proposed for this purpose. It already appears meaningful,
however, to establish a “water partnership” between Germany and two or three devel oping countries with different
problems in the form of an innovative pilot project.

Box 6: Historical development of political action
with regard to freshwater

An overview of the historical development of political action with regard to water and water protection can be fo-
und in Schua and Schua (1981). A list of important steps is given below.

National: Hammurabi’s Code; Greek water regulations; Roman water policy; medieval trade code; Prussia; 19th
century nature conservation; WHG (Water Management Policy Act) and subsequent regulations.

International: International coordination in river catchment areas; Water Charter of the European Council of May
6, 1968; EU laws and water association policy; UN activities: Recommendation 51 of the “Action Plan” of the
1972 Stockholm Conference, Report on Freshwater (January 1991) of the Preparatory Committee of UNCED in
Rio de Janeiro, 1992 Dublin Conference, Chapter 18 of AGENDA 21.
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Impact weighting

It is obvious that, regarding the aims, instruments and ingtitutions of a global water strategy, different basic positions
can be taken and, as a consequence, different priorities for action can be derived from them. It has already been men-
tioned that concrete formulation of these aims, instruments and institutions will differ from country to country and re-
gion to region. There are countries and regions where an expansion of the water supply is of primary importance whi-
le in others demand management has higher priority. It is, however, evident that a shift of the focus has taken placein
the historical course of the discussion on water problems. While attention during the 80s, especially within the frame-
work of the “International Drinking Water and Sanitation Decade”, was clearly focussed on an expansion of the water
supply, since then emphasis in the international discussion among experts has been placed on the demand side (wise
use or demand side management), without these two having to be regarded as polar positions exclusive of one another
(Postel, 1992; Water Quality 2000, 1992). A more fitting picture here is that of a continuum in the discussion, in which
the menacingly increasing pollution of water reserves has become an additional element. Accordingly, it is difficult to
propose a weighting of the aspects involved in treating global water problems as a strict order of priorities. Neverthe-
less, the Council feels that it isimportant to point out that the following three elements are essential and should be de-
alt with as consistently as possible:

1. Ensuring the availability of clean drinking water: access to qualitatively and quantitatively adequate water for all
people in the world and restoration and/or protection of intact ecosystems in the hydrological cycle.

2. Prevention and mitigation of water pollution: water hygiene in the large cities of the developing countries, cleanup
of hazardous waste sites in industrial countries, substituting substances in industry and trade (e.g. for water-pollu-
ting chemicals containing chlorine), ecological farming.

3. Invention and innovation of water saving: efficient use of water in households, lowering water consumption or in-
creasing “water productivity” in industry and agriculture; appropriate finance and technology transfer, particularly
for locally adapted water supply and sewage disposal, for water recycling systems in industry and efficient irrigati-
on methods in agriculture.

Research needs

In the view of the Council, there appears to be a great need for explanatory and empirically oriented knowledge con-
cerning the subject of water. The handling of water on a daily basis must be adapted to a larger degree to local condi-
tions (“sustainable water use”). Up to now there has been a lack of suitable learning approaches and models. Moreo-
ver, knowledge of ways of preventing water problems seems to be fundamentally inadequate. This not only applies to
the developing countries, but also to many industrial countries. Therefore, the Council regards the following research
topics as pressing:

0 Satistical data: determine the availability of water; evaluate water quality standards; ascertain water intensities at
the sectoral, regional and product level (“water eco-balances’); improve water price statistics; record and descri-
be the exchange processes between the biosphere and the hydrosphere at the global level (“hydrological cycle”).

O Water efficiency: develop and disseminate technologies of low water consumption for drinking purposes,
irrigation and industrial production.

0 Water saving: sustainable, economical use of water; develop appropriate aims, methods and institutions; build ca
pacity for ecological resource management.

O Water culture: preserve cultural values related to water; disseminate empirical knowledge and practical learning
approaches; promote water-related environmental education.

O Environmental refugees. analyse links between water scarcity and decision to migrate and work up appropriate
countermeasures.

O National water policy: comparative evaluation of examples of optimum water policy: aims, instruments (price and
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guantity solutions) and institutions (private and collective water rights, regional water associations); initiate a pu-
blic “water discourse”.

O International water policy: analyse experience with multinational water management and indicate appropriate
conflict solutions; prepare and support pilot projects of “water partnership” between Germany and two or three
developing countries; develop global water diplomacy; include approaches existing in Germany, such as precipi-
tation climatology, world runoff data register, etc., into an international water institute to be set up.

1.4 Lithosphere/Pedosphere

Brief description

The solid outer section of the Earth is designated as the lithosphere or petrosphere. It comprises the continental and
oceanic crusts and parts of the Earth’s upper mantle. The dynamics and composition of the lithosphere, with its huge
mass, are hardly subject to change by humans. However, it does serve as a source of raw materials (coal, oil, natural
gas, ore, gravel, sand, ground water, etc.) and is used as a disposal site for wastes of al kinds. The lithosphere’ s outer
zones of contact to the other spheres, on the other hand, represent a sensitive area which is of great significance for li-
ving organisms and can be greatly changed by humans: these are soils and sediments.

Soils cover large portions of the ice-free surface of the continents like athin skin. In a zone that may have a thickness ran-
ging from a few centimetres to several metres, the lithosphere, hydrosphere, atmosphere and biosphere form the pedos-
phere (Fig. 6). Thus defined, soils represent structural and functional elements of terrestrial ecosystems.

Figure 6: Linkages between the pedosphere (soil) and the remaining ecosphere

Terrestrial Biosphere

Aquatic Biosphere

Hydrosphere




64 Lithosphere and Pedosphere

Soils do not possess uniform characteristics, rather, as three-dimensional sections of the landscape, they form a colour-
ful mosaic of different types, in which the varied possible combinations of the factors and processes comprising them
are reflected. Depending on local conditions, these mosaic elements may have dimensions from afew square metres up
to square kilometres. Soil diversity contributes decisively to the diversity of terrestrial ecosystems and their biocoeno-
ses as well as to the characteristics of landscapes.

Sediments are the biotically active zones in aquatic areas corresponding to soils. They are, therefore, frequently refer-
red to as underwater soils, although they are extensively free of oxygen due to the lack of atmospheric components. Be-
cause of their great importance for biogeochemical cycles and because similar processes take place in sediments asin
soils, they are also treated in this chapter.

The significance of soils and sediments for plants, animals, microorganisms and humans as well as for the balance of
energy, water and elements can be summarised on the basis of three overriding functions:

Habitat function

Soils are the habitat and basis of life for a wide variety of plants, animals and microorganisms, on whose metabolism
the regulation function and production function of soilsisbased. Soil organisms are, in their entirety, the mediafor syn-
thesis, conversion and decomposition of substancesin the soil. Dueto their diversity, they influence the stability of eco-
systems by decomposing toxic substances, delivering substances for growth and generating a flowing balance between
processes of synthesis and decomposition. Soils are the basis for the primary production of terrestrial systems and thus
the basis for existence of human societies as well (see utilisation function).

Regulation function

This includes transport, transformation and accumulation of substances. Via various processes, soils are agents for the
exchange of substances between the hydrosphere and atmosphere as well as neighbouring ecosystems. The regulation
function comprises all abiotic and biotic internal processes in the soil which are triggered by material inputs and non-
material influences. As subfunctions, they include the buffer capacity for acids, the storage capacity for water, nutrients
and harmful substances, the recycling of nutrients, the detoxification of harmful substances, the destruction of patho-
genes as well as the balancing capacity for matter and energy.

Utilisation function

Soils are locational components of agricultural and forestry production (production function). This refers to the capa-
city of supplying primary producers (plants) with water and nutrients and serving astheir rhizosphere (root sphere). Par-
ticularly in view of the aspect of soil management in agriculture and forestry, this also applies to the aim of producing
biomass that is usable for people (human and animal food, regrowing raw materials).

In addition, people utilise the soil in many different ways. For example:

® asasitefor obtaining raw materials (production function),

® as an areafor settlement, transport, supply and recreation (carrier function),
® asan areafor industrial use (carrier function),

® as an areafor waste disposal (carrier function),

® asagene pool (production and information function),

® asanindicator of productivity (information function),

® asan archive for natural and cultural history (cultural function).
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Soils as vulnerable systems

Soils are open and thus changeable systems. They exchange energy, matter and genetic information with their envi-
ronment and are thus susceptible to all forms of external stress. This situation makes soil degradation a global envi-
ronmental problem. The resulting changes frequently take place very slowly or are not easily perceptible. Once dama-
ge occurs, however, it can often only be remedied over very long periods of time. Soil losses must, therefore, be regar-
ded asirreversible if one does not set geological time scales.

Of the soil covering approx. 130 million km? of the ice-free surface of the Earth, nearly 20 million km?, i.e. 15%, dis-
play obvious signs of degradation caused by humans. Thisisthe result of a comprehensive study carried out within the
framework of the United Nations Environmental Programme (UNEP) by the International Soil Reference and Infor-
mation Centre (ISRIC) (Oldemann et al., 1991). Erosion by water, with a figure of 56%, makes up the largest portion
of this soil degradation, followed by wind erosion with 28%, chemical degradation with 12% and physical degradati-
on with 4%. These figures do not include degradation of forest soils and latent stresses that accumulate over longer pe-
riods of time as well as changes in the biocoenoses of soil organisms.

From the recognition that soils play an important role in terrestrial ecosystems, that reserves are limited and that only
arelatively small percentage of soils can be used for agricultural purposes, it follows that soils and the organisms li-
ving in and from them merit a high degree of protection®. If soils are to be preserved in their existing structure and fun-
ction, it must be ensured that the external stresses remain within the scope of endogenous possibilities for compensati-
on or repair. For the evaluation of stresses occurring in connection with global environmental changes, therefore, it is
important to determine the stress-bearing capacity of ecosystems and their soils. Classification is to be carried out and
stress limits and guiding parameters must be specified for this purpose. Finally, appropriate measures have to be taken
so that these limits are not exceeded. Due to the complex interrelations and slow reaction of soils, however, it is extre-
mely difficult to define stress-bearing capacity in some cases. Therefore, the principle of precautionary protection of
the environment must fundamentally be given high priority with regard to the conservation of soils.

Causes

Geographical differences in soil degradation

Degradation of the soil is, in the first place, a natural process. Constant alteration of the soil takes place as a result of
weathering as well as through supply and discharge of substances with water and air. An important aspect here is that,
apart from afew exceptions, these natural processes occur at very low rates, i.e. extremely slowly. By virtue of thisfact,
it was and is possible for communities of organisms to adapt to the respective situation and they can, in many cases,
slow down the degradation process. The ecosystems which thereby come into being and of which soil represents a part
turn out to be relatively stable, i.e. over periods of decades or centuries, subject to the naturally occurring fluctuations
of the boundary conditions (westhering, climate).

This situation has drastically changed in the last decades. Not only must the basic human needs of food, clothing, shel-
ter and heating material be met for the exponentially growing population of the world, something which is still not gu-
aranteed for alarge proportion of people; to an increasing degree, it is also “higher standards’ which can only be satis-
fied through industrial production as well as services. This leads to a greater number of activities that directly or indi-
rectly pollute the soil and can result in accelerated degradation.

At the local level such activities are predominantly connected with the expansion and intensification of soil use, such
as forest clearing, ploughing up grassland, draining wetlands or irrigating dry areas, the mechanisation and application
of chemicalsin agriculture and forestry as well as the overexploitation of fields, pasture land and forests, and have adi-
rect effect on the soil, leading in some cases to positive, though primarily to negative changes. Characteristic of this de-
velopment is the fact that the gain in arable land through constant cultivation of soil has, from a global point of view,
been offset by losses due to soil destruction. As aresult, the arable area of the world, i.e. approx. 11% of the total area,
has remained roughly constant or has even decreased somewhat over the last three decades, despite continuous forest

3 From an anthropocentric point of view, all assets that are impaired by human activity in their functions or sustainability merit protection.
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clearing (WRI, 1990). This development is extremely problematic because the possibilities for growth are becoming
more and more limited.

The local causes of change also include the increasing cultivation of monocultures up to large-scale cultivation of ge-
netically uniform types. Thisislinked to areduction in the biodiversity up to the ecotope level. Thisnot only hasanin-
fluence on the communities of organisms themselves, but also on the regulation and habitat functions of soils and thus
on the long-term usability and conservation of these resources as well.

Moreover, mention must be made of soil destruction and pollution resulting from deposition or output of toxic sub-
stances, surface sealing and fragmentation of areas by means of roads and settlements. These forms of harmful envi-
ronmental impact are frequently connected with the intensification of industrial activities and traffic and, therefore, play
agreat role in industrial nations and urban agglomerations.

Emissions of acidifiers, nutrients and toxic substances of an anorganic and organic nature which cross borders can be
referred to as causes at the regional level. Increasing urbanisation and the related geographical decoupling of food pro-
duction and consumption also lead to harmful environmental impact. Exportation of biomass not only resultsin a re-
duction in soil nutrients, but also in acidification and release of toxic ions. This is linked to a large-scale decrease in
productivity. In urban agglomerations the excessive supply of nutrients leads to disposal problems, eutrophication of
soil and water as well as pollution of the atmosphere. Hydraulic engineering measures, such as regulation of rivers,
construction of dams, lowering or raising of the ground water table and construction of dikes as well as irrigation and
drainage, affect the water balance of soils. This may result in harmful environmental impact leading to soil degradati-
on. The expansion of settlement, production and traffic areas also poses a growing problem at the regional level.

At the global level changes occur in the soil which are caused by changes in the physical and chemical climate. First
of al, altered temperatures and precipitation may have a direct effect on the soil by means of acceleration or reduction
of conversion and transport processes and, secondly, an indirect effect via the vegetation cover by virtue of changesin
the cover and in biomass production. Increased ultraviolet radiation resulting from ozone depletion and increased CO,
concentrations in the atmosphere may have direct and indirect effects on the soil. Furthermore, arise in the sea level
occurring together with climatic changes may influence the structures and functions of the soil in large areas, just as
climate-related migration of species and destruction of species may. In this connection, one must aso mention the an-
thropogenic spread of species not indigenous to the region, and which may also drastically alter the soil. This includes
the worldwide spread of the rapidly growing eucalyptus tree and the introduction of a fluke that outcompetes ear-
thworms in Ireland and England. There is an increasing trend towards such processes, which occur even beyond natu-
ral barriers due to the greater mobility of people.

Soils are subject to economic interests (utilisation function) so that many of the causes mentioned have an economic back-
ground. The property rights connected with the soil are very often applied without consideration for long-term yield ca-
pacity but oriented to short-term benefit. This effect is reinforced by lacking or incorrect planning and cultivation struc-
tures or by state subsidy programmes that do not, or only insufficiently, take into account long-term effects, such as over-
fertilisation and increased concentrations of harmful substances, or may even foster such effects.

Effects

The above mentioned causes may lead to degradation of the soil at the local, regional and global level. Possible nega-
tive changes that occur in soils are summarised in Table 10. In general, a distinction is made between degradation in
connection with a shifting of soil material and degradation in the form of internal physical, chemical and biotic pro-
perties of the soil. The extent of the soil degradation caused by humans up to now is shown in Table 11.

All types of degradation listed may impair the functions of the soil stated at the beginning on a short-term or even long-
term basis, and the effects can be reversible or irreversible. These effects have been described in alarge number of re-
views (Andreae and Schimel, 1989; Arnold et al.; Bouwman, 1989; Scharpenseel et a., 1990; Sombroek, 1990; Kim-
ball, 1990). The most important results are outlined below.
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Table 10: Soil degradation processes

Displacement of soil material

Internal soil transformations

Water erosion

Wind erosion

Physical processes

Chemical processes

Biotic processes

Loss of topsoil

Loss of topsoil

Surface sealing,

Loss of nutrients

Changes

dunes)

of organic matter)

crusting (export of biomass, in biocoenotic structure
leaching)
Terrain deformation Vegetation damages Compaction Salinization Changes
(rills, gullies, valleys) (use of machinery) (irrigation) in biocoenotic function
Terrain deformation Structural changes Acidification Decoupling of
(depressions, drifts, (dispersion, degradation | (deposition, production and

export of biomass)

degradation processes

Waterlogging
(compaction, irrigation)

Pollution (heavy metals,
organic substances)

Dessication (drainage)

Changes
in red/ox potential

Sedimentation

Subsidence
of organic soil

Table 11: Anthropogenic soil degradation (from Oldeman et al.,, 1991)

Total % of
degradation area | land area Causes of degradation
Water erosion | Wind erosion | Chem. degradation | Phys. degradation

(million km?) (million km?) % [(million km?) % |(million km?) % ([(million km?) %
World 19.64 17 1094 56 5.48 28 2.39 12 0.83 4
Degradation:
- light 7.49 6 343 17 2.69 14 0.93 5 0.44 2
- moderate 9.10 8 5.27 27 2.53 13 1.03 5 0.27 1
- severe 2.96 3 2.17 11 0.24 1 042 2 0.12 1
— extreme 0.09 <1 0.07 <1 0.02 <1 0.01 <1 | <001 <1
Degradation — continents:
Africa 494 22 2.27 46 187 38 0.62 12 0.19 4
North/Centr.
America 158 8 1.06 67 0.39 25 0.07 4 0.06
South America 243 14 123 51 041 17 0.70 29 0.08
Asia 748 20 440 58 2.22 30 0.73 10 0.12
Eurape 219 23 115 52 042 19 0.26 12 0.36 17
Oceania 103 13 0.83 81 0.16 16 0.01 1 0.02 2

Habitat function

Soils form the habitat for a great number of plants, animals and microorganisms. In the course of evolution a nearly
perfect waste utilisation system has developed in soils with the food webs contained therein. Soils can thus also be re-
garded as complex bioreactors. It isimportant to preserve these “services’ of the communities of organismsin the soil
and to make use of the “experience” gained by the complex biocoenoses, which are very well adapted to their location
with respect to effective use of energy carriers and recycling of scarce resources. This also applies to the disposal of
waste. Furthermore, the various and frequently still undiscovered metabolic functions of soil organisms and the gene-
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tic information forming their basis should be made use of more than has been done up to now (soils as a gene pool).
Antibiotics and enzymes for the decomposition of toxic substances represent examples of this.

The synchronisation that exists between decomposition of biomass and the related release of nutrients and their ab-
sorption by plants in the process of production must be preserved for reasons of sustainability. Interventions resulting
from changes in climate and use which disrupt the functional structure between organisms and lead to uncontrolled ac-
cumulation or release of substances (chemical time bomb) must be reduced or shaped such that the spatial and time-re-
lated decoupling of the two main processes in ecosystems, production and decomposition, is minimised.

The spatial structure of soils must be retained so that the habitat requirements of the complex communities of organisms
are met. This means that the erosion of soil material and compaction must be avoided.

Thus far the function of soil as a habitat has been primarily studied with regard to plants and their water and nutrient
supply. The significance of the communities of organismsin the soil for other processesis still little understood. Influ-
ences of global climate change are, therefore, difficult to assess. This also applies to the interventions that people effect
on the soil through alteration of their own habitat.

Knowledge needed: Reliable answers must be found for the following questions:

® Which environmental and soil factors influence biodiversity in soils?

What are the structural and functional consequences of biodiversity in soils?

What role does biodiversity play for the stability of soils and ecosystems?

What significance does soil heterogeneity have for the function of landscapes?

On what scale is an integration of processes possible?

Regulation function

The regulation function of the soil is, as already mentioned, not only restricted to internal processes in the soil, but al-
so comprises the exchange of energy and matter with neighbouring systems, such as the atmosphere and the hydros-
phere (ground water, surface water bodies).

Influence of the soil on radiation exchange and tangible heat
as well as reflection of solar radiation

The surface characteristics of the soil determine the transfer of heat and the reflection of solar radiation. Dark, rough or
open surfaces absorb a great deal of heat. The transport and storage of heat depends on a number of soil characteristics.
Light, incrusted or salt-covered surfaces with little or lacking plant cover, on the other hand, effect a high degree of re-
flection (albedo). Soil use and intermittent removal of vegetation have a direct effect on energy turnover via these pro-
CESSES.

Knowledge needed: Standardised recording of soil characteristics as part of soil mapping is necessary so as to be able
to check albedo values or heat flows recorded by satellites. Thisis required in order to include changes caused by hu-
mans at the global level in climate models. With the help of satellite-aided or aircraft-supported Earth resources survey
methods, the physical properties of the soil surfaces must be recorded at the regional and global level in order to study,
on that basis, scenarios for possible changes (application of remote sensing).

Soil as a buffer system in the water cycle of the Earth

The surface characteristics of soils also determine the portions of precipation that infiltrate into the soil or run off on
the surface. Some soils have open, crumbly surface structures and have a high degree of infiltration. Others form crusts
and tend to lead to clogging and surface sealing. In this case, surface runoff and thus erosion dominate, and evaporati-
on may be increased or insufficient vegetation cover may result from the prevention of germination. As a consequen-
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ce, the water balance of landscapes may be greatly altered.

Textural and structural characteristics of soils as well as their vertical and lateral arrangement and variation determine
the hydraulic conductivity and thus the retention and dynamics of infiltration water in landscapes. The internal charac-
teristics of the soil also determine the storage capacity for water and thus the water supply of the vegetation cover. De-
pending on the porosity and compactness, the clay and humus content as well as the type of clay minerals, structure,
horizontal order, soil depth and rhizospheric characteristics, the storage capacity may vary by as much as afactor of 10.
Thisislinked to the ability to supply plants with water in dry seasons. The productivity of ecosystems and the compo-
sition of vegetation communities are decisively influenced by the availability and quantity of stored water.

Knowledge needed: The specific measurements of hydraulic soil and vegetation characteristics available up to now
must be applied to landscapes in order to make regional statements at alater time. It isimportant here that information
on the soil islinked to that derived from remote sensing (application of remote sensing).

Soils are important sources or sinks in biogeochemical cycles of carbon, nitrogen and sulphur. This has a direct influ-
ence on the dynamics of the gases CO,, CH, and N,O which are relevant to the climate.

The organic substance of soils as a source and sink for carbon

The quantity of carbon that is stored in the soils of the world in the form of living biomass, humus or charcoal exceeds
the quantity of carbon in the living substance of vegetation above surface by afactor of 2-3 (Post et al., 1992). Evenin
regions in which the vegetation cover is very dense, such asin the tropical rainforests, thereis still as much carbon sto-
red underground as above the surface in the vegetation cover. Soils in grasslands or cultivated areas contain up to ten
times more carbon than above-surface vegetation (Fig. 7).

The predicted global warming due to the greenhouse effect and changes in the distribution of precipitation may lead to
areduced storage of soil carbon. Higher CO, concentrations in the atmosphere may, however, increase photosynthesis
and thus result in great formation of organic substance in the soil (CO, fertilising effect). This will be the case particu-
larly for C3 plants, which represent the largest portion of woody plants and cultivated plants. If nutrients, water, tem-
perature and radiation are not limited, a doubling of the CO, concentration may lead to an increase in biomass pro-
duction of more than 30%. Furthermore, this may also result in an up to 50% more efficient use of water per photo-
synthesis unit since the ratio of transpiration to CO, uptake is shifted. The CO, fertilising effect represents a negative
feedback process viaincreased CO, uptake on the part of plants. It might compensate for the CO, increase in the at-
mosphere, which is expected as a result of increasing deforestation. Corresponding studies have not yet been conduc-
ted, however. If one only considers the production of agricultural plants and the 10 billion people who will have to be
fed after 2050, the fertilising effect could be viewed as positive. Since many woody plants utilise water much more ef-
ficiently at higher CO, concentrations, growth of forests is also conceivable in regions which are currently too dry for
this purpose. These are only two aspects, however, and must not be regarded separately. Other effects connected with
the greenhouse effect also have to be included, such as the competitive behaviour of plants within ecosystems and the
possibility for vegetation communities to shift. The resulting ecological consequences are not foreseeable at the mo-
ment and not at all calculable.

If it should prove to be necessary to reduce the rise in CO, concentrations with selective storage measures, one must
not only consider large-scale reafforestation and afforestation, but also give thought to long-term storage of carbon in
soils as a possible measure. The latter could be supported by suitable management and tillage methods.

Knowledge needed: The influence of altered biomass production with an increasing concentration of CO, and altered
temperature and precipitation conditions on carbon reserves in the soil has been difficult to assess up to now. The in-
fluence of changesin land use on carbon reservesin the soil also requires further quantification (Post and Mann, 1990).
The question of the altered competitive behaviour of plants in ecosystems and of quantification of the altered efficien-
cy of the water consumption of different plants under different local conditionsis still open, too.
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Figure 7: Organic carbon in soils compared with carbon stored in biomass above ground
(from Goudriaan, 1990)
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Soils as sources for nitrous oxide (N,O)

It has been possible to quantify the exchange of N,O between terrestrial ecosystems and the atmosphere only approxi-
mately up to now. Roughly half the N,O sources cannot be determined reliably. It is assumed that at least 90% of the
N,O emissions are of biotic origin and, for the most part, come from terrestrial ecosystems, such as the tropical rainfo-
rests, the tropical and subtropical savannas aswell asthe fertile or greatly fertilised areas of arable land and grasslands.
In the case of the latter, the N,O emissions will increase particularly if worldwide intensification of soil cultivation
should become unavoidable due to the imminent growth in population.

Nitrous oxide is mainly formed through biotic processes during nitrification and denitrification in soils. The regulation
of release is effected via ecological parameters, whose quantification has not yet been carried out at the regional and
global level. Currently only rough interconnections can be seen. There are, for example, connections between the nitri-
fication potential as well as the soil fertility or nitrogen fertilisation and the release of N,O from the soil.

Knowledge needed: Information is urgently required to record and set up amodel for the role of physical and chemical
properties of soilsin the regulation of nitrification and denitrification. The influence of the water and heat balance needs
to be quantified. Worldwide there are too few measuring stations where the release of N,O from the soil is continuously
tracked. Geographical expansion of the studies is hecessary in order to be able to carry out reliable extrapolations at a
global level.

Soils as sources and sinks for methane (CH,)

In contrast to CO,, there is no fertilising effect for methane. Approximately 70% of the methane comes from terrestri-
al sources, such asrice fields, wetlands as well as the stomachs of ruminants and termites. The creation of methane dif-
fers very greatly from region to region, resulting in political consequences in the reduction of emission.

Knowledge needed: The mechanisms of microbial methane formation as well as methane oxidation under field condi-
tions are till not understood well. To record the microbial processes that control the formation and release of methane,
studies must be conducted at alarge number of locations. Both natural systems and those created and disrupted by hu-
man activity must be included as well as, to a greater degree than previously, natural and people-made wetlands. The
role of small wetlands and valley riverside soilsin addition to their sum effect has presumably been underestimated up
to now and requires more precise analysis. The area and intensity of cultivation of rice fields will further increase in the
future. The cause of thisis the rapidly increasing food needs of the world's population and changing consumption ha
bits. Soil tillage and water management as well as farming methods must be altered to reduce CH, emissions. The re-
lease of CH, by soil animals has not been sufficiently studied thus far. The interaction between biomass formation by
vegetation and the dynamics of decomposition must be studied in important ecosystems, and the relationship between
N,O release and CH, uptake must be quantified.

Knowledge needed regarding trace gases: In order to improve the global quantification of CO,, N,O and CH, fluxes,
databases are required which contain the distribution of soils and climate in addition to that of land use systems, rice
farming, pasture farming and biomass combustion. Furthermore, more long-term data records are needed to enable as-
sessment of process-oriented models as to their broad (global) applicability.

Soils as a buffer and filter for harmful substances

The buffer and filter capacities for harmful substancesin soils, such as acids, heavy metals and organic substances, are
limited. When the storage capacity is exceeded, the harmful substances are passed on to neighbouring systems. The buf-
fer and filter characteristics of soils are greatly dependent on their physical and chemical condition and thus location-
specific. Changing environmental conditions may lead to changesin the capacities and thus to release of these harmful
substances. Viewed in this light, harmful substances that accumulate in the soil represent chemical time bombs. The
way in which the change in soil use and climate change may affect storage characteristics and mobility of chemicalsin
soilsis depicted schematically in Fig. 8.
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Knowledge needed: The location-specific environmental stress-bearing capacity of soils with harmful substances and
the critical loads oriented to the principle of sustainability are to be determined for changing environmental conditions
(climate, utilisation). The mobilisation capacity of harmful substances and the resulting pollution of neighbouring sy-
stems must be ascertained. Available time series and long-term observation areas must be evaluated and amended.

Soils as stores and transformers for nutrients

The two overriding ecosystem processes, the production of biomass and its subsequent decomposition, meet in soils. Here
nutrients from primary producers are taken up, stored and then released again by animals and microorganisms after death.
To ensure sustainable use of soils, decoupling processes that disrupt the linking of production and decomposition must be
minimised. This can be done via a synchronisation of the synthesis and decomposition processes of biomass. According
to present knowledge, this can best be guaranteed if soils have communities of organisms with a high degree of diversity
(see 1.5.2). A maximum of synchronisation concerning space and time reduces, at the same time, the pollution of water
bodies and the atmosphere with C and N compounds.

Knowledge needed: The internal regulation of the C and N turnover in the soil as well as humanities extreme steering
of the processes involved require further clarification. Although many studies have already been conducted in this area,
they hardly take into account the importance of the biological processes. The natural biotic potential of soils should be
utilised to a greater extent than up to now for those parts of the Earth in which the population is growing most rapidly
and where knowledge concerning the soils found there and their characteristics is inadequate.

Utilisation function
Production function

Increased CO, concentrations and UV-B radiation as well as altered temperature and precipitation have an effect on the
photosynthesis and growth of plants and thus influence biomass production and the degree of soil cover. Here both po-
sitive and negative changes in production may occur. A detailed description of thisis presented in section 1.5.

In addition, people directly intervene in the production of terrestrial ecosystems and thus in soils to an enormous ex-
tent. This takes place with varying intensity, such as through farming, irrigation, grazing, livestock breeding, shifting
cultivation, fire, afforestation, plantation farming. Table 12 depicts the current division of the land areas of the world
and shows that the portion used for farming only accounts for approx. 11%. The great intervention in terrestrial ecosy-
stems, on the other hand, makesit clear at the same time that soils represent amajor basisfor human life and well-being.
They determine to a decisive degree agricultural productivity and thus secure humanities food base.

Table 12: Distribution of ice-free land area (from UNEP, 1991)

Total land area — ice-free 130.69 million km?
arable land 11 %
grassland 25 %
forests 31 %
other land 33 %

Table 13 shows the distribution of arable land on the continents as well as the respective area of arable land per capi-
ta. Satellite pictures show that the area of the soil suitable for farming is between 20 and 40 million km?, depending on
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what is considered arable. It is a fact that farmland resources in large parts of the world have already been exhausted;
this applies to North Africa and for parts of Asia. Wherever reserves are still available, expansion is only possible at
the expense of other ecosystems. This means that sensitive soils with low environmental stress-bearing capacity have
to be cultivated to a greater extent. Fragmentation or isolation of the remaining natural ecosystems is increasing rapid-
ly. If large portions of the cultivated soil continue to be lost due to degradation and have to be compensated for by cul-
tivating new areas, the agriculturally usable soil reserves will probably become scarce in twenty years. In some regions
they are already no longer sufficient.

Table 13: Distribution and per capita distribution of arable land — 1990 (from UNEP, 1991)

million km? hectares per capita
World 14.78 0.28
Africa 187 0.29
North America 2.74 0.64
South America 142 048
Asia 454 0.15
Europe 140 0.27
CIS 231 0.80
Oceania 0.51 190

Use-related human interventions, as aready mentioned, frequently result in destabilisation of ecosystems. As a conse-
guence of this, soil degradation occurs, as described in the section on “Effects’. Table 14 lists the causes on which they
are based and their proportion of the soil degradation on different continents. If one takes alook at this data, it beco-
mes evident that vegetation changes (clearing), overgrazing and farming, with roughly equal proportions, are the main
causes of degradation; obvious regional differences emerge, however.

Table 14: Causes of soil degradation (from Oldeman et al. 1991)

Degraded areas Causes of degradation in %
(million km?) Deforestation Over- Overgrazing Agricultural Industrial
exploitation utilization activities
World (total) 19.64 30 7 34 28 1
Africa 494 14 13 49 24 <1
North/Centr. America 158 11 7 24 57 <1
South America 243 41 5 28 26 <1
Asia 748 40 6 26 27 <1
Europe 219 38 <1 23 29 9
Oceania 1.03 12 <1 80 8 <1

To secure the food supply for the further rapidly growing world population, worldwide efforts are needed to check the
continuing decline in production in soils due to degradation.
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Knowledge needed: A lack of alternatives because of the population growth as well as the rate of change will make ad-
justments in land cultivation urgently necessary in certain regions of the Earth. Therefore, more agricultural and fore-
stry research must be conducted and the results made known and implemented on a worldwide basis. This requiresin-
clusion of the research results in development policy decision-making processes.

Environmental impact of erosion and leaching on neighbouring aquatic systems

Deposited and rel eased substances are leached into the ground water with the percolating water or conveyed into neig-
hbouring water bodies with the surface runoff and transported to the sea via these water bodies. On the way they may
bring about various harmful effects on organisms in aquatic ecosystems. It is important, therefore, to record and eva
luate not only the depositions in soils but also the critical exports of substances from the soil.

The soil material carried off in the course of water erosion is, in some cases, deposited in valleys (flood silt) and can
lead to sanding or silting up of rivers. Large amounts, however, are transported by riversto the sea and deposited in the
estuary (formation of deltas). Table 15 provides examples of the magnitude that this transported material can reach. The
resulting nutrient-rich sediments may significantly eutrophy and alter the marine ecosystems. In the case of rivers who-
se water comes from regions with great settlement of industry and intensive land use and flows into shallow seas or in-
land seas, harmful substances carried off from soils may cause substantial pollution of aquatic ecosystems. Examples
of this are the Baltic Sea and the Persian Gulf.

Table 15: Soil erosion in the catchment areas of major rivers (from WRI, 1986)

River Mouth Size of Average Estimated
catchment anual anual
area sediment load soil erosion
in 1,000 km? in million t per hectare in t

Niger Gulf of Guinea 1,114 5 0
Congo Atlantic Ocean 4014 65 3
Nile Mediterranean 2,978 1111 8
Amazon Atlantic Ocean 5,776 363 13
Mekong South China Sea 795 170 43
Irradwaddy Bay of Bengal 430 299 139
Ganges Bay of Bengal 1,076 1,455 270
Huang He (Yellow River) The Yellow Sea 668 1,600 479

Link to global change

Links exist to nearly all main elements of globa environmental changes. Thisis aresult of the central role played by
soils both in the ecosphere and in the anthroposphere. In the ecosphere soils, as buffer systems with their storage cha-
racteristics, are integrated in the water cycle (hydrosphere). Moreover, they are involved in the biogeochemical cycles
of carbon, nitrogen and sulphur, resulting in close links to the problem of gases relevant to the climate (atmosphere,
stratosphere).

Feedback effects exist in connection with those effects on soils, on the vegetation cover as well as on people which are
related to climate change and increased UV-B radiation. Soils are the habitat of alarge number of plants, animals and
microorganisms so that there are close links to the biosphere (see 1.5).

Sustainable use of the soil is of outstanding significance for the survival and prosperity of humanity. The most impor-
tant link hereis to agriculture and forestry as well as to settlement structures up to big cities. The need for ground area
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for transport, waste disposal sites and industrial activities increases with the growth in population and the rising de-
mands of people.

Effective sustainable soil or land use requires an exchange of information and advisory and training measures to clear-
ly depict the role of people as the causal agents, the persons affected and, in particular, the potential managers of soil
problems.

Assessment

Ecological assessment of soils

If one lists the global soil problems to be solved in the order of their urgency, then, in the view of the Council, soil de-
gradation and the processes causing it should be placed at the top of the list. Erosion through water and wind repre-
sents the main degradation problem worldwide. It is the reason why the productivity of the soil is dropping, soils are
completely destroyed and more and more new areas have to be utilised at the expense of other ecosystems.

At the same time, the dilemma of global soil protection emerges in connection with soil degradation. The most dama-
ge occurs at the local level and its cause can frequently be found there. Regional and global causes, which are the sub-
ject of much discussion today, have not been researched to a great extent up to now and their effects can only be de-
scribed superficially. Since the sum of local effects also has global consequences, as already stated above, these effec-
ts must also be subjected to international regulation. Particularly in the devel oping countries, many people are threate-
ned in their existence by progressive soil degradation; the problems there can, however, hardly be solved at the local
level due to economic and social circumstances.

This realisation was the basis for the creation of the World Soil Charter, which was adopted at the 21st session of the
FAO Conference in 1981. The principles of this Charter, specified in 13 theses, are till applicable. They demand that
governments, international organisations and land users create conditions for sustainable soil use and to preserve soil
as aresource for coming generations (see box on World Soil Charter). Up to now, however, little has been done to im-
plement these principles internationally, although the necessity for protection of the soil has been emphasised in UNE-
SCO, UNEP and UNDP programmes. Furthermore, there are a number of additional international and national institu-
tions, including the European Council, which have taken up the problems of soil protection. Regulations and laws for
the protection of the soil also exist at the national level in various countries. All of these resolutions and declarations of
intent have not, however, led to energetic tackling of the problem of worldwide soil degradation.

Box 7: World Soil Charter

The principles of land use and soil conservation (World Soil Charter 1982), which were recommended by the 21st
FAO Conference of the United Nations and the international organisations involved within the scope of their re-
spective responsibilities, are:

1. Among the major resources available to man is land, comprising soil, water and associated plants and ani-
mals: the use of these resources should not cause their degradation or destruction because man’s existence de-
pends on their continued productivity.

2. Recognising the paramount importance of land resources for the survival and welfare of people and econo-
mic independence of countries and also the rapidly increasing need for more food production, it is imperati-
ve to give high priority to promoting optimum land use, to maintaining and improving soil productivity and
to conserving soil resources.

3. Soil degradation means partia or total loss of productivity from the soil, either quantitatively, qualitatively,
or both, as aresult of such processes as soil erosion by water or wind, salinization, waterlogging, depletion
of plant nutrients, deterioration of soil structure, desertification and pollution. In addition, significant areas of
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10.

11.

12.

13.

soil are lost daily to non-agricultural uses. These developments are alarming in the light of the urgent need
for increasing production of food, fibres and wood.

Soil degradation directly affects agriculture and forestry by diminishing yields and upsetting water regimes,
but other sectors of the economy and the environment as a whole, including industry and commerce, are of-
ten seriously affected as well through, for example, floods or the silting up of rivers, dams and ports.

It is amajor responsibility of governments that land-use programmes include measures toward the best pos-
sible use of the land, ensuring long-term maintenance and improvement of its productivity, and avoiding los-
ses of productive soil. The land users themsel ves should be involved, thereby ensuring that all resources avai-
lable are utilised in the most rational way.

The provision of proper incentives at farm level and a sound technical, institutional and legal framework are
basic conditions to achieve good land use.

Assistance given to farmers and other land users should be of a practical service-oriented nature and should
encourage the adoption of measures of good land husbandry.

Certain land-tenure structures may constitute an obstacle to the adoption of sound soil management and con-
servation measures on farms. Ways and means should be pursued to overcome such obstacles with respect to
the rights, duties and responsibilities of land owners, tenants and land users alike, in accordance with the re-
commendations of the World Conference on Agrarian Reform and Rural Development (Rome, 1979).

Land users and the broad public should be well informed of the need and the means of improving soil pro-
ductivity and conservation. Particular emphasis should be placed on education and extension programmes and
training of agricultural staff at al levels.

In order to ensure optimum land use, it is important that a country’s land resources be assessed in terms of
their suitability at different levels of inputs for different types of land use, including agriculture, grazing and
forestry.

Land having the potential for a wide range of uses should be kept in flexible forms of use so that future opti-
ons for other potential uses are not denied for along period of time or forever. The use of land for non-agri-
cultural purposes should be organised in such away as to avoid, as much as possible, the occupation or per-
manent degradation of good-quality soils.

Decisions about the use and management of land and its resources should favour the long-term advantage rat-
her than the short-term expedience that may lead to exploitation, degradation and possible destruction of soil
resources.

Land conservation measures should be included in land development at the planning stage and the costs in-
cluded in development planning budgets.

The second important area in connection with an examination of soil problemsis that of the release or uptake of gases
relevant to the climate (CO,, CO, CH,, N,O). In this context there are certain activities for the recording of the gasflo-
ws at the regional and global level within the framework of the IGBP (International Geosphere-Biosphere Programme),
i.e. in the core projects, IGAC (International Global Atmospheric Chemistry Project) and GCTE (Globa Change and

Terrestrial Ecosystems). Measures to reduce the release of gases relevant to the climate or increase CO, storage in the

soil have not been taken in practice thus far.

A third important topic is the recording of the accumulation of harmful substancesin the soil and their possible relea-
se dueto altered environmental conditions. Because of the long-term effects, the term chemical time bombs will be used
here for both topics. As in the case of the gases relevant to the climate, the quantity and quality of the organic sub-
stances and their biotic transformation play a significant role here. There is an urgent need for research at the regional
and global level for quantification of the related processes.
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While international projects and agreements, which still have to be activated, already exist concerning the first topic,
the two other areas have hardly been studied on an international basis and only recently have they been included in the
analysis to a greater degree.

Further topics requiring analysis and treatment in the medium term include

® the changein the structure and function of biocoenoses in soils due to atered use and climatic conditions as well as
the introduction of organisms not indigenous to the region,

® the decoupling of biogeochemical cycles dueto increasing spatial and time-related separation of production and con-
sumption of biomass and its subsequent decomposition,

® therole of soils asregulators of the energy and water balance of landscapes, regions and continents.

Box 8: Historical development of political action
with regard to soils

National

BMI, 1985: Soil protection concept of German Government
Bundestag Form No. 10/1977

BMU, 1987: Soil protection measures
Resolution of German Cabinet of 8. 12. 1987

BMU, 1992: Soil Protection Act, Draft

I nternational

European Council, 1972:  European Soil Charter

UNEP, 1978: Action plan for combatting desertification

UNEP, 1979: Action programme of World Conference for Agricultural Reform
and Rural Devel opment

FAO, 1981 World Soil Charter

UNEP, 1982: World Soils Policy

UNO, 1992: Res. 47 / 188: Elaboration of an international convention

to combat desertification

Box 9: Follow-up issues of the UN Conference on Environment and Development
for soils

AGENDA 21 National International

Chapter 3 Creation of basic legal frameworks for land
management, access to land resources and
land ownership and for the protection of
tenants (in developing countries)

Chapter 5 Assessing and eliminating the causes of
change in traditional (environmentally sound)
land use because of internal population
pressures (in developing countries)

Chapter 7 Promotion of sustainable Promotion of sustainable and

land use planning environmentally sound human settlement
(in developing countries)
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Chapter 9 Promoting sustainable land management as national
compatible with conservation and
enhancement of sinks and reservoirs of
greenhouse gases (biomass, forests)

Chapter 10  Development and implementation of Promotion of integrated planning and
programmes for sustainable and integrated management of land resources in developing
planning and management of land countries
resources (especially arable land)

Drawing up of basic general frameworks as nationa
for land use on the basis of current surveys
on suitability for certain uses

Chapter 11  Expanding forest areas, as national
especially protected areas
Exploiting the protective function of forests  as national
in preventing erosion and desertification

Chapter 12 Support for countries concerned

(especially developing countries) in
monitoring deforested lands

Support for measures aimed at the
conservation and rehabilitation of protective
vegetation cover to maintain soil fertility, to
stabilise groundwater balance and reinforce
unstable ecosystems in drylands
Participation in programmes to promote
environmental consciousness and the
application of environmentally sound land
management methods to prevent soil
degradation

Chapter 13 Surveying the different forms and uses of as national
mountain ecosystems and their climatic
conditions
Environmentally sound economic and as national
touristic development of mountain regions
and creation of nature reserves
Application of environmentally sound as national
management methods, conservation and
expansion of trees and plants as protection
against soil erosion

Chapter 14  Creation of the legal frameworks for an as national

economically sensible size of farmland and
to prevent further partitioning

Promotion of measures to protect marginal
soils and sensitive ecosystems against
degradation and destruction through agri-
cultural use

Planning of optimum land use by means

of progressive and environmentally sound
technologies for land management while
adapting to the respective soils and climatic
conditions

as national

Preparing a land resource survey of soil
degradation through erosion, salinisation,
compaction, pollution and loss of

soil fertility

as national
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Preserving soil fertility through the as national
application of natural organic and inorganic
fertilisers instead of synthetic fertilisers

Chapter 19  Introduction of regulations and measures as national
for the protection of soils against
application- or accident-related pollution
viatoxic chemicals

Chapter 20  Introduction of regulations and measures as national
for the protection of land against the effects
of toxic chemicals

Chapter 21  Avoidance or limitation of soil as national
contamination by means of suitable
disposal of solid wastes and compliance
with standards for harmful substancesin
the use liquid waste substances or sewage
sludge

In summary, it can be stated that a comprehensive set of instruments already exists for soil as a site for plant produc-
tion, whereas this is not the case for other functions.

Economic assessment of soils

Needs

By virtue of their services and uses, soils are resources that make a decisive contribution to ensuring the survival of hu-
man societies; to this extent, soils are assets of global importance from an economic point of view.

In the view of the Council, the services and uses connected with the functions of soils are values whose long-term con-
servation, improvement and, to the extent that it is necessary, restoration must also be striven for worldwide with res-
pect to economic aspects. Impairments of the functions reduce the utilisability and efficiency of soils (Table 16). In ad-
dition to the economic losses thus caused, the costs for compensatory and cleaning measures have to be taken into ac-
count, insofar as such measures are feasible in the first place.

Here there are close economic links between the individual functions, such as between habitat and production function.
The regulation function aso has economic significance when processes in the soils, such as the formation of ground
water or of greenhouse gases, are important for humanity or society.

Moreover, one must distinguish between the costs incurred directly as a result of impairment of the soil function and
those that are brought about by the effects of soil changes or contamination or damaged soil functions on people or on
other environmental media. From these interrelations follows their dependence on global changes, such as through the
greenhouse effect. As a rule, the occurrence of soil damage has local causes which lead to global consequences only
when they take place repeatedly.

In an economic assessment of soil changes one must particularly take into account the fact that soils are, for al prac-
tical purposes, not expandable and only available to alimited extent. It must also be considered that the possible ways
of utilising soils are restricted by their characteristics. Thisis of special importance regarding the value of soilsasa pro-
tected interest in relation to other environmental assets and with regard to a cost comparison between reversible and ir-
reversible damage or impairment.



Lithosphere and Pedosphere

81

Table 16: Soil impairment costs caused by global environmental changes

of habitat function

degradation of organic matter

Primary Cost factors Functions
impairments P
Impairment Disturbance of the balance between production and

Measures to minimise impacts of climate and land use change
(accumulation and release of substances)

Impairment
of production function

Production losses due to climatic impacts
(CO,, UV-B, temperature, precipitation)

Fertilisation and pest control to increase
yields and sustain production

Protection of sensitive, vulnerable soils

Protection of other ecosystems

Making additional production areas available

Research and application/distribution of the results

Residues in water, other ecosystems and food

Additional supplies of food

Losses of natural soil cover

Impairment
of regulation function

Irrigation, water supplies X
(despite surface sealing, compaction and scarcity of organic matter in soils)

Poor vegetative soil cover (inhibits CO, assimilation) X
Conservation of soils as carbon storage X

Compensation for N,O release from fertile and intensively
fertilised agricultural areas (water / heat budget)

Reduction of CH, emissions from natural and artifical wetlands
(particularly from rice cultivation)

Release of pollutants from soils at decreasing storage capacity

H = habitat function

P = production function R = regulation function

The environmental area of “soils” in an environmental accounting system

No ready-made concepts are available for the position of soilsin an environmental accounting system. A definition of
the total economic value of soilsis aso lacking. The extent to which the

® current use value of soils (as an expression of the utility for the private sector or national economy),

® option value (as an expression of a preference, i.e. willingness to pay, for the conservation and protection of soils,
e.g. as a habitat for soil organisms)

® existence value (as a preference for the conservation of soils and the landscape, regardiess of future use, e.g. as an
archive of natural and cultural history)

results or should result in an overall economic value would have to be examined within the framework of a research
project for different soils on the basis of different examples, while including developing and newly industrialised coun-

tries.
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The German Federal Office of Statistics is currently developing an environmental accounting system with scientific
support from the “Overall Environmental and Economic Assessment” Council at the Federal Ministry for the Environ-
ment, Nature Conservation and Nuclear Safety. A link to the area of soils can be shown (Fig. 9) by using “modules’ of
this accounting system.

Such accounting systems can be an important instrument in reinforcing awareness of the worldwide increase in soil da-
mage and the related losses in utility and welfare and in encouraging avoidance strategies. For completeness such con-
cepts still require more details: in particular for monetary assessment of the individual resources, they need a great va-
riety of data which are not yet available in adequate quantity and quality. Thereis, therefore, agreat need for action in
determining and recording national and international data.

As a statement of flows and stocks, the services listed in Table 16 are to be alocated to the stand potential of the soils,
whose use leads to changes via natural processes and human activities. Hubler (1991) studied the relation between the
impairment of soil functions and the resulting costs of soil pollution in Germany for different types of harmful envi-
ronmental impact. While taking into account the methodological approaches used there regarding the cost structure of
different kinds of harmful environmental impact on the soils, cost factors can be allocated to the individual soil func-
tions, defined according to direct impairment of the soils as well as according to impairment of other environmental as-
sets and environmental media indirectly caused by changes in the soils or by damaged soil functions. The impairment
of the habitat, production and regulation functions brought about by global environmental changes can also be inclu-
ded here. Cost factors which are necessary for measures to reduce negative effect of global environmental changes, such
as reduction of CH, and N,O emissions, should be taken into account, too. The required expenditures for soil protec-
tion must also be counted as avoidance costs; for example, expenditures of DM 28 hillion for 1992 and DM 48 hilli-
on for the year 2000 are estimated for worldwide erosion protection (WWI, 1992).

To set up such structures, thereis asubstantial need for coordination, both nationally and internationally. The focus here
should be on recording the costs for measures against the loss of soils (especially cultivated soils) due to degradation
and for measures against the progressive decline in production on utilised soils in the newly industrialised and develo-
ping countries. It appears meaningful to provide support in the recording of costs in these countries.

The Council views the following as focal points of future action:

® improvement and expansion of worldwide data and databases for observation of the changes in the terrestrial area
and greater cooperation within the framework of international measuring networks (GEMS, GTOS, CORINE),

® incorporation of the principles and tasks set down in the World Soil Charter and AGENDA 21 into national and in-
ternational legislation and programmes.

It should be the task of the German Government to vigorously pursue a policy of ensuring that the principles contained
in the World Soil Charter and AGENDA 21 are recognised and applied worldwide. It may be necessary in this connec-
tion to work up a Soil Convention.

Weighting

Soils represent a protected interest of very great importance. Dueto their extremely slow development — the age of soils
is, in some cases, centuries but predominantly millennia— irreversible harmful impact, such as building over soil, ero-
sion and soil shifting, heavy metal and acid contamination, etc., must be minimised. Reversible damage, such as struc-
tural changes or harmful environmental impact via organic substances that are biotically degradable, have been regar-
ded as less dangerous up to now. Secondary effects occurring during degradation, however, must be taken into account
as well as the direct and indirect interventions of people in the biocoenoses of the soils.

In addition to further clarification and quantification of the effects that may occur in the soils due to global changes and
of the resulting harmful impact on neighbouring systems, a major portion of future tasks will consist of applying al-
ready available knowledge on aworldwide basis and implementing action strategies. Since in many countries in which
soils are increasingly polluted the parties responsible for environmental damage do not possess the relevant knowled-
ge and the government is not able or willing to intervene, the problem must be solved through international cooperati-
on.
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Research needs

O
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Data basis. Improvement of comprehensive soil assessment at the national and international level, making use of
remote sensing. Calibration of remote sensing data to international measuring networks. Development of asses-
sment programs to derive action strategies.

Soil functions: Determination of the importance of soils and their ecological complexity for the sustainable stabi-
lity and productivity of ecotopes and ecoregions as well as of the influence of increased CO, concentrations and
use strategies on biomass production and C storage in soils of different ecosystems. Quantification of the ecolo-
gical regulating variables of soils regarding uptake and release of trace gases (CO,, CH,, N,O). Development of
strategies for the reduction of trace gases.

Pollution of soilsvia harmful substances: Analysis of the environmental elasticity of soilswith harmful substances
and nutrients, while taking into account the changing environmental conditions; pursuance of a dynamic approach,
such as that of the “ Critical Load Concept” .

Soil degradation: Examination of the influence of the altered physical and chemical climate and altered land use
on the degradation of soils and development of a forecast model.

Soil use: Development of adaptation strategies for agriculture and forestry with regard to the global environmental
changes as well as study of interactions between soil use and climate change.

Soil economy: Assessment of the criteria (current value of assets, option value and existence value) for determi-
nation of an overall economic value for different soils. This should be carried out on different national examples
with the inclusion of developing and newly industrialised countries.

International soil policy: Examination of the possibilities for expanding worldwide information, observation and
research networks and their effectiveness for worldwide soil protection.

Biosphere

A separate and comprehensive treatment of the “Biosphere” would require roughly the following structure:

® structural questions,

® environmental problems of individual biomes, e.g.

® hi
Such

forests,

Seas,

regions threatened by desertification,
agriculture in devel oped regions,

odiversity as a major aspect of the biosphere.

an approach cannot be strictly maintained in this chapter, however, because certain domains are addressed in other

chapters of the Report. Thus agriculture is treated in the chapter on “Economy” and the seas are dealt within the chap-
ter on “Water”. The problems of desertification will not be looked at until the following annual Report. Therefore, the
chapter on the “Biosphere” in this Report only comprises two sections: first of all, a selected biome, the forest, is trea
ted and then we will deal with biodiversity. These two topics have been picked out in the first Report not least of all
because an international agreement was adopted on each of them at UNCED in Rio de Janeiro in 1992: the Rio Princi-
ples on the World's Forests and the Framework Convention on Biological Diversity.
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An overview of the biosphere

The term biosphere does not have a standard scientific definition and is, therefore, used differently. First of al, the bios-
phere encompasses the entire flora, fauna and microorganisms of the continents and seas; human beings asliving beings
are also part of the biosphere. This definition is not very helpful for practical purposes because it does not take into ac-
count either geographical differences or abiotic components. Therefore, a definition not based on living organisms alo-
ne but also on ecosystems is frequently used.

In the following, biosphere will refer to the continental and marine ecosystems in their entirety which interact with one
another at the global level and exchange energy, matter and information with the other spheres via their system bo-
undaries. According to this definition, the pedosphere, aquatic sediments and the living zones of the hydrosphere are
also included in the biosphere.

For practical reasons the biosphere is divided into ecosystems of differing aggregation states. An ecosystem represents
the interrelational structure of living organisms among themselves and in their habitat. Ecosystems are open and have,
to a certain degree, the ability of self-regulation. They include terrestrial and aquatic ecosystems (such as marine eco-
systems) and the corresponding ecological complexes.

With increasing size and complexity ecosystems are divided into ecotopes, ecoregions and ecozones. In contrast to or-
ganisms or physical systems, ecosystems frequently do not have sharply defined boundaries. The boundaries become
even less sharply defined with increasing size. Nevertheless, even arbitrarily drawn boundaries may be of help in struc-
turing and all ocating processes and balances. At the same time, one cannot regard the communities of organismsin eco-
systems as static units, rather they are subject to constant change in space and time. The subdivision into ecosystems
has the additional advantage that the thus defined natural biosphere can be compared to the anthroposphere with its va-
rious subsystems.

A division of the terrestrial ecosystems on the basis of ecozones (biomes) appears meaningful for an analysis of global
problems. For the following descriptions a subdivision into nine ecozones is used, as was suggested by Schulz (1988)
(Table 17), while a division into regions according to L iining (1985) was adopted for the seas (Table 18).

Table 17: The Earth’s biomes (from Schultz, 1988)

Share of zones from land area in
% of % of
total area ice-free area

1. Polar/subpolar zone 148 44
1.1 Tundra and Permafrost zone 39 44
1.2 Polar desert 10.9 -

2. Boreal zone 13.0 147
3. Humid mid-latitudes 9.7 109
4. Dry mid-latitudes 110 123
4.1 CGrass steppe 8.0 89
4.2 Desert and semidesert 30 34

5. Tropical/subtropical drylands 209 234
5.1 Thorn savanna and steppe 9.2 101
5.2 Desert and semidesert 117 133

6. Humid subtropics (winter) 18 20
7. Humid tropics (summer) 16.3 183
8. Humid subtropics 41 46
9. Humid tropics 8.3 94




86 Biosphere

Table 18: The regions of the Earth’s seas (from Liining, 1985)

1. Arctic region

2. Cold temperate region of the northern hemisphere

3. Warm temperate region of the northern hemisphere

4. Tropical region

5. Warm temperate region of the southern hemisphere

6. Cold temperate region of the southern hemisphere
6a. Sub-Antarctic islands region

7. Antarctic region

Ecozones are characterised by a specific climate in each case. This means that the annual amounts of radiation, preci-
pitation and heat as well as their distribution over time differ among the individual ecozones. The latter have characte-
ristic soil communities. The significance of soilsin ecosystems has already been described in the previous chapter. Fur-
thermore, ecozones are characterised by typical plant and animal communities. On the basis of topographical and geo-
logical conditions, azonal ecosystems are also contained in ecozones, in some cases with greatly varying structures and
functions. They may play an important role for the biodiversity of the ecozones and they may be essential for their sta-
bility.

1.5.1 Changes in the biosphere based on the example of the forest

Brief description

Forests cover roughly one-fifth of the Earth’ sland surface and they produce more than athird of the terrestrial biomass.
They play an important role within the framework of global environmental changes in that they determine, to a signi-
ficant extent, the carbon cycle between the biosphere and the atmosphere. A large quantity of carbon (C) is emitted in-
to the atmosphere every year as a result of human activities, some of it coming from the consumption of fossil fuels,
some from the destruction or use of the tropical forests. The role of forests, in addition to the atmosphere and the oce-
ans, asasink for carbon is not yet known precisely. One hypothesis says that primarily the forests of the moderate zo-
ne form this sink. Forests are an effective filter for air pollution; to a certain degree, they “clean” the air. They protect
the soils against erosion. The forests directly serve humanity as a resource for wood and food and they are additional-
ly important for recreation and tourism. Forests possess a great genetic potential, and there is a great diversity of spe-
cies, particularly in the tropical rainforests. Not least of all, forests have, similar to water (see 1.3), a cultural value. At
many |atitudes people have developed in coevolution with animal and plant species. This may be one reason why many
peoples have an emotional relationship to the forest, which in Germany, for example, is extremely positive (Hampicke,
1991). In Brazil, on the other hand, one finds a rather hostile attitude in places where people no longer live in the rain-
forest because the forest appears as a threat to a civilised way of life. In other countries with an urban culture, such as
Italy or France, a more indifferent attitude towards the forest prevails. In any case, this cultural tradition of the respec-
tive country must always be considered in political measures concerning the forest.

The various functions of the forest have been threatened in several ways for some considerable time. Forests are both
destroyed and endangered in their stand directly, e.g. through fire clearing or logging, as well as through long-term da-
mage by virtue of environmental pollution. According to a Report of the Enquete Commission of the German Bundes-
tag (1990b), the destruction of the tropical forests has “increased dramatically: in 1980 the annual destruction in closed
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tropical forests was roughly 75,000 km? and in open tropical forests approx. 39,000 km? according to the estimates of
the Food and Agricultural Organisation of the United Nations (FAO). According to recent, provisional estimates, the
increase in the rate of destruction in relation to 1980 is 90%. This means that, with regard to closed primary forests alo-
ne, 142,000 km? of forest are currently destroyed every year. Up to the year 1980 the tropical forest area had already
declined to roughly half its original size. At that time there were still approx. 19.4 million km? of tropical forests, which
covered roughly 13% of the land surface. Today the stand probably comprises, overall, only 18 million km?. By the year
2050 a further decline down to approx. 5 to 8 million km? is expected. In many countries hardly any forest at all will
remain then.”

For several years damage of alarge magnitude has been observed in the forests of the moderate zones. This forest da
mage occurs as aresult of a complex of factors, including air pollution and climatic influences. This damage can also
take place at a great distance from emission sources, in so-called clean-air regions (Déssler, 1991). It is estimated that
up to 50% of these forests are damaged. They are impaired in their function as a sink for CO,, depending on the da-

mage.

A more recent development involves large-scale logging in the boreal forests, particularly of Russia and Canada. Thus
the taiga, a belt of forest covering over 5 million km? of eastern Russia, has recently been subject to increasing use, es-
pecialy by the foreign wood-processing industry. Awarding of rights to foreign companies for large-scale clearing in
Russian forests is certainly done, in part, in expectation of medium-term contributions to the development of the res-
pective regions, but particularly serves to provide short-term returns of foreign currency.

Causes

Since the beginning of the 18th century the world’ s population has increased eightfold and the average life expectancy
has doubled. The international volume of trade has risen by afactor of 800. Agriculture is expanding, power generati-
on and industrial production have increased drastically. Since then, 6 million km? of the world's forests have been lost
(Clark, 1989). This has been accompanied by a significant growth in soil degradation combined with an increase in se-
diment transported in large river systems. As aresult, up to 2 billion tonnes of carbon enter the oceans annually. Du-
ring the same period the quantity of water removed from the global water cycle annually increased from approx. 100
to 3,600 km?3. These trends are continuing today. The rapidly growing population of the tropical countries is penetra-
ting into the jungle in order to earn its living from logging and agriculture.

Damage to tropical forests can be attributed to a complex combination of causes. In most tropical countries clearing for
the purpose of agricultural use (pasture land, plantations) is the most significant factor. Here one must distinguish bet-
ween small-scale agriculture, shifting cultivation within the framework of autochthonous subsistence farming methods
and agroindustrial land use for the production of agricultural export products (cash crops such as soybeans, corn or cof-
fee, cocoa, rubber) as well as extensive cattle farming. Furthermore, the felling of timber (export, firewood, charcoal),
exploitation of mineral resources as well as the carrying out of large-scale industrial and infrastructural projects num-
ber among the determinants of damage (FAO, 1988; Enquete Commission, 1990b).

Additional causes of forest destruction in developing countries can be demonstrated using India as an example (Haigh,
1984). In India modernisation efforts represent the starting point for many environmental problems. The deforestation
of India began during the period of British rule and continues today as the country endeavours to develop into a “mo-
dern state”. This requires, among other things, a modern transport system (road construction) and improved water sup-
ply (building of dams). The population growth and the resulting land needs have a negative effect on the forest stands
of the mountain regions. Deforestation leads to floods in the fluvial plains.

Overall, the fact that the poor members of the population are forced to earn their living in this way, the effects of agri-
cultural overexploitation of whole regions and the industrial extraction of raw materials have led to new forms of land-
scape changes in many areas whose effects are not yet entirely calculable. The loss of species and a decline in biologi-
cal productivity seem to be inevitable (Clark, 1989).
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Upon closer examination these activities have deeper causes. First of all, there is population pressure. Up to the year
2000 additional needs of 80 million hectares of agricultural land are expected in the developing countries and will pro-
bably be met through further changes in the utilisation of forest areas, which is particularly problematic given the un-
adapted forms of soil cultivation. This development is also connected to the economic underdevel opment of many tro-
pical countries, which very frequently rules out long-term planning and thus ecologically oriented action as well. One
must also point out here the international influences, such as import restrictions on the part of the industrialised coun-
tries or great debt service burdens.

A more profound analysis of the causes also has to look at the deplorable state of affairsin tropical countries themsel-
ves, which, in turn, must not be viewed independently of the above mentioned basic socioeconomic and political con-
ditions. Such factors as unjust distribution of land or lack of land reform, tax systems favouring the destruction of the
forest, corruption, uncontrolled migrations or settlement programmes directly connected with forest damage are exam-
ples (Enguete Commission, 1990b; World Bank, 1992a).

In the industrial countries of Europe and America (forests of the humid mid-latitudes) forest damage occurs, induced
by immissions of air pollutants and soil acidification. Large-scale vegetation damage was caused in the past, in parti-
cular by sulphur dioxide (SO,) and nitrogen oxides (NO, ); in addition, fluorine and chlorine compounds as well as va-
rious dusts influence the vegetation in many cases. The high degree of SO, pollution was primarily due to the sulphur
content of fuels (brown coal, hard coal, ail). Air pollution via SO,, however, was able to be reduced in the Lander of
former West Germany by two-thirds through the installation of flue gas desul phurisation unitsin power stations. Nitro-
gen deposition predominantly comes from road traffic and agriculture (ammonia from liquid manure basins, large-sca-
le livestock farms). Moreover, ozone (O,), photooxidants and ammonia number among the major gas-type, plant-da-
maging air pollutants. Acid-forming air pollutants (SO,, NO,) or acids such as HCI and HF lead to acid rain.

A forest ecosystem consists of primary producers (all plants able to carry out photosynthesis), secondary producers (soil
organisms and other animals) and destroyers (microorganisms) as well as the abiotic components of the atmosphere, of
soils and of water. All components are impaired by air pollutants to a differing degree. Ulrich (1990) summarised the
causes of forest damage as well as their magnitude. They include acid stress at the roots, which results in negative ef-
fects on the intake of nutrients and water, changes in the branching of trees, premature leaf or needle discoloration as
well as the disappearance of the wax layer (cuticul@) on needles.

Other authors (Esher, 1992; Rampazzo and Blum, 1992; Chadwick and Hutton, 1990) also attach great importance to
the role of acid rain in the occurrence of forest damage; soil acidification causes, among other things, a reduction in
mycorrhiza (fungi living in symbiosis with the roots) and a decrease in root growth in European forests. There are dif-
ferent hypotheses for the occurrence of forest damage and its causes and effects (Fig. 10). Nevertheless, the reactions
of forest ecosystems to the interaction of harmful factors and climate have not been clarified completely. One difficul-
ty in determining the connections between cause and effect is the often delayed reaction of organisms and biological
systems to harmful influences. It will also be necessary in the future to study the dynamics of the processes taking pla-
ce in the ecosystem and their mutual influences as well as the outward effects.

The boreal forests are not so much threatened by immission damage as by large-scale logging. Asin tropical forests,
the latter leads to loss of the young trees replacing the old ones, thus preventing natural regeneration, as well asto a
change in the soil structure (Shugart and Bonan, 1991). Clearing is, moreover, linked to an impairment of additional
areas (e.g. infrastructural development of previously untouched regions).

Effects

From an economic point of view the reductions in quantity and quality of the worldwide forest stands must be inter-
preted as different types of costs. In many cases, these costs do not currently appear in the economic calculations of pri-
vate economic subjects and in national budgets (external effects), but they will emergein the course of time in the form
of losses in prosperity or harmful effects on health. In particular, this development involves impairment brought about
in the use of the various functions of the forest as well as the related consequential costs: the forest serves human so-
cieties directly as a resource (wood, food, gene pool, etc.) or as an asset for consumption (recreation, tourism, cultural
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Figure 10: Combined effects of photo-oxidants and acid precipitation on forests (from Dassler, 1991)
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value). The forest stands also serve important functions for the environmental assets of air (forest as an absorption me-
dium for harmful substances, CO, sink, climate stabiliser), water (water reservoir) and soils (erosion protection).

Biosphere

The effects on the carbon cycle as well as on the water balance and climate of the Earth can be designated as the most
profound consequences of the large-scale clearing of forests. As a result of the burning of organic substance, there is,
on the one hand, an increase in the CO, content of the atmosphere and, on the other hand, the reduced forest areais ab-
le to absorb less CO, from the atmosphere. The equilibrium between carbon assimilation and release, which has evi-
dently remained stable for along time, is thus disrupted (Plachter, 1991).

Large-scale logging in forests can lead to floods, landslides and soil erosion, as has been observed on the Indian subcon-
tinent. Especially the forests there on the edge of the Himalayas, which have already been significantly decimated, have
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great importance for regulation of the water cycle in these regions. The reduction of the forests leads to seasonal increa-
ses in water runoff. Bangladesh, for example, which is located much further downstream, is particularly hard hit by this
effect. This country is additionally threatened by the fact that approx. 50% of its area lies less than 8 m above sea level.
In China, too, severe floods and soil erosion can be attributed to the clearing of forests.

Local effects can be perceived relatively well. On deforested aress, for example, a 3 to 6°C higher temperature during the
day with greater cooling down at night was measured in comparison to adjacent wooded areas. The global effects of the
greenhouse effect on forests as well as possible influences of forest decline on the global climate cannot be predicted pre-
cisely. Presumably, however, there is a shift in the climate and vegetation zones towards the poles.

Even dlight changes in the CO, concentration can alter the energy balance of the atmosphere such that feedback effec-
ts on the biosphere can be expected. The magnitude of the carbon sources and sinks and the carbon fluxes goes into the
global carbon balance. The vegetation in land takes carbon from the atmosphere in the process of photosynthesis and
releases it again during respiration. Part of the absorbed carbon is stored in plants (particularly in trees). Also tiny ma-
rine algae (phytoplankton) and photosynthesising bacteria turn over large amounts of carbon (Simpson and Botkin,
1992). However, these organisms lack the longevity and storage organs of trees necessary to store carbon for years.

Although it is known that terrestrial vegetation plays an important role in the global carbon cycle, knowledge concer-
ning the size of the reservoir and the flow rates is not yet sufficient. Even with the help of already existing models, it
till isnot possible to calculate the global carbon balance with adequate precision. Statements on the carbon pool, which
plays a significant role in the carbon balance, deviate greatly from one another. In the future it will be necessary to de-
termine the exact figures for the quantities of biomass as asink and as a source. This requires that the relationship bet-
ween forests and the atmosphere be studied in detail in order to obtain data on the reaction of the forest stands in va-
rious regions. Within the scope of the EUREKA project, EUROTRAC, studies are being conducted on widespread ty-
pes of coniferous forests (Enders et al., 1992). They are focussing on the influence of important meteorological varia-
bles on local sources, the sites of consumption, the flows and thus the balances of different trace gases.

The structure of the vegetation influences the roughness of the Earth’s surface and thus the wind speed, at least regio-
nally. Furthermore, 20% of the water vapour in the Earth’s atmosphere comes from the evapotranspiration of terrestri-
al systems. In some regions, like the tropics, the high amounts of precipitation can be attributed to local evapotranspi-
ration. A change in evapotranspiration caused by destruction of vegetation influences the quantity and distribution of
precipitation, at least at the regional level. Global effects on precipitation, photosynthesis and plant growth are possi-
ble (Waring and Schlesinger, 1985).

Anthroposphere

One serious consequence of the deforestation in the anthroposphere is the destruction of the habitats of indigenous po-
pulation groups. The few still existing cultures, some of which are millennia old, will have died out in 30 years if ap-
propriate measures are not taken. The possibility of sustainable economic use of forests, which, in many cases, is pro-
bably superior to the use methods prevailing today, even taking into account efficiency aspects, will also be lost. Furt-
her socioeconomic aspects include the increase in social tension due to land use conflicts aswell as migration problems
(“environmental refugees”).

Forest damage in the moderate zone has negative effects on forestry, water and soils as well as on leisure time and
recreation and, not least of all, on the forest as a cultural asset.

Link to global change
Phenomena of the ecosphere

Air: Forest destruction and degradation lead to, among other things, emission of trace gases relevant to the climate and
are, accordingly, causes of the additional greenhouse effect; local climate change, in turn, bring about a weakening of,
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in particular, forest ecosystems of the moderate zone (“climate stress’) or their destruction in the event of atoo rapid
shift of the climate zones.

Water: Reduction of amounts of precipitation (prolongation of dry periods); reduction of water storage capacity of soils
and vegetation; impairment of the supply of watercourses and of the regulation of the ground water level.

Soil: Nutrient leaching; erosion; increase in avalanches and landslides in mountains.

Phenomena of the anthroposphere

Population: Population pressure as well as migration and settlement policy as causes of the transformation of forest
areas; on the other hand, displacement due to direct consequential damage (like erosion) or forest reduction.

Economic development: Poverty as a cause of forest destruction (lack of knowledge, abilities, production methods as
well as other preference structure); on the other hand, forest destruction in the long run as a loss of development po-
tential; industrialisation as a cause of forest damage (emission of harmful substances; land consumption in the mode-
rate zones); on the other hand, provision of knowledge (preferences) and potential for action (technical, institutional,
pecuniary) concerning forest protection; the objective of “sustainable development”.

Traffic: Emission of harmful substances as a cause of forest damage in moderate and boreal zones.

Values: Greatly diverging assessment of forest benefit depending on cultural group (e.g. notion of “forest as an enemy
of humanity” in parts of South America and southern Europe); notion of the “limitlessness’ of existing forest standsin
Russia and, in some cases, in tropical forests as a cause of excessive use.

Science and technology: Adapted agricultural technologies (more space-saving, more efficient) as an instrument of fo-
rest protection, particularly in the tropical forest countries.

Ingtitutions: On the one hand, existing institutions at the governmental and non-governmental level run forest protec-
tion projects (see, for example, individual UNEP programmes); on the other hand, existing institutions, such asin the
area of international trade, tend to cause overexploitation of forests; necessity of an international forest convention.

Assessment

In contrast to the ozone layer or, to a great extent, the world’ s oceans, the forest is not, from an economic point of view,
a“global public asset” in dl its functions. For the owner countries, especially to the extent that they are among the eco-
nomically less developed or newly industrialised countries, focus is often on profits from its short-term utilisation as a
consumer and investment good or as a location. This short-term utilisation is frequently connected with damage to the
forest substance. The forest, however, is of global importance as a surface carbon reservoir and as the habitat for most
species of the Earth because these functions serve all countries of the world. The damage resulting from destruction of
forest stands thus first of all affects the owner countries themselves, but is also of a worldwide nature. A conflict bet-
ween national property rights and global interestsis, therefore, characteristic of the entire forest problem.

In this connection, the basis for environmental policy action in industrial and developing countries must be to determi-
ne the value of currently practised forms of forest use and their alternatives, including the costs of environmenta po-
licy measures. The questions of valuation are analysed more precisely in alater chapter on biodiversity because this ex-
ample permits one to describe all types of evaluation problems because of its specia difficulty. The value of the world-
wide forest stand or even of individual forest formationsis, therefore, not easy to determine because the forest must al-
so be interpreted, in many respects, as aglobal public good. Those responsible for forest reduction and those for whom
the global role of the forest is important can be found, to a great extent, in different parts of the world and in very dif-
ferent income situations; thus they arrive at entirely different assessments of the problem as well as of the necessity and
possibilities for taking action. All of this is additionally complicated by the fact that the consequences virtually make
consideration of the high estimation for the forest, also on the part of future generations, unavoidable.
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The difficulties of the procedure connected with assessment are shown here based on the example of the reduction of
tropical forests by the owner countries in favour of economic use in the strict sense, i.e. as agricultural land or for log-
ging, which, for the purposes of simplicity, is merely compared to the benefits of an intact forest stand in the form of a
stable climate for al nations. This requires several steps.

(1) Firstof all, it isimportant to determine the advantages of the currently practised method of utilisation. For 40 tro-
pical forest countries studied the results show, on the average, relatively high shares of the gross national product,
of export as well as positive employment effects by virtue of the currently practised forms of utilisation. This be-
nefit, however, isusually only of ashort-term to medium-term duration. Studiesindicate that sustainable use would
be more efficient (Amelung and Diehl, 1992).

(2) Furthermore, the valuation of atemperature rise —to the extent that it istriggered by areduction in tropical forests
—is necessary, but far more difficult since a“stable climate” is clearly a global public good. A statement of some
sort is possible if a pessimistic scenario is assumed. If rises in temperature take place with regard to extent, distri-
bution and the time dimension in a manner that scarcely permits natural and socioeconomic systems to adjust to
them, then the costs of such a development — from an anthropocentric point of view —would be immense. To avo-
id this, it is necessary to define minimum quality standards in close cooperation with natural scientists.

(3) Finaly, the costs of possible environmental policy measures must be taken into account and, after selection of the
most advantageous measure, compared to the previously calculated costs of the lack of an environmental policy.
Various studies are available concerning the, indeed, very different degrees of efficiency of environmental policy
measures. Thus, for example, projects on conservation of the rainforests are evaluated by means of cost-benefit
analyses. The necessary transfer calculated on this basisis between 15 and 1,575 ECU per km? annually. The main-
tenance of the entire Korup National Park, for example, would first become economically interesting at a mini-
mum inflow of funds of 5.4 million ECU according to such a calculation (Ruitenbeek, 1992). This study, in parti-
cular, pursues the goal of providing a basis for donor countries to decide among different projects. Studies on the
quantification of selected damage and a comparison with the costs of the measures necessary for its elimination
have not yet been published in this connection.

Vauation of forest problems in general can, it seems, not be conducted in a satisfactory way from an economic point
of view. Even the apparently easy-to-make judgements on the economic value or “non-value” of the use of the forest
by the tropical forest countries themselves cannot result in operable statements through arithmetic calculation; for en-
vironmental policy action must take into account, especially at the international level, a number of significant non-eco-
nomic circumstances as well as some economic factors, which can hardly be operationalised. The necessary considera-
tion of the already largely concluded extensive reduction of forests and the transformation of the remaining stands in-
to ecosystems in industrial countries that are entirely anthropogenically influenced, the recognition of the political so-
vereignty of the owner countries as well as the devel opment of the world' s population indicate further limits of an eco-
nomic analysis. However, it can be shown that, when taking into account costs that have been externalised up to now,
the present type of use can be more expensive for nations overall than the implementation of environmental policy pro-
tective measures. In this case, certain transfers from other states to the tropical forest countries furnishing ecological
services are not to be interpreted as a measure motivated by development policy but as a compensation for services ren-
dered.

Need for action

Extensive conservation of the worldwide stand of forests (as an equilibrium between losses and gains) and checking of
degradation are required from an objective point of view. In many regions reafforestation, to the extent that it is till
possible, is aso necessary. If priorities are to be set, then a stopping of further direct interventions in the ecosystems of
tropical forests would stand at the top of the list because of its great significance for the entire world community. Ho-
wever, reference must be made to the not yet cal culable development in boreal zones, which currently represents a great
risk factor. Although the northern forests are less important for climate development, an immediate stop of large-scale
deforestation in these areasisjust as pressing as in the tropical forests. From an ecological and economic point of view,
extensive conservation of the stand of forests at mid-latitudesis also to be striven for as an initial step while areturn to
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more natural forms coupled with the application of sustainable use systems should be aimed at in the long run.

A forest convention with binding measures was not reached at the UNCED in Rio de Janeiro. This is regrettable, even
for economic reasons, because only through such an agreement would it be possible to tackle global forest problemsin
the most cost-effective manner for the entire community of nations. Due to the obvious differences, particularly bet-
ween industrial and developing countries (such as Brazil, Maaysia), this agreement cannot be expected in the medium
term. Efforts should, however, continue to focus on a convention since it would aso make solutions possible at lower
levels. Until an agreement is reached on ajoint forest convention, numerous steps can be taken at the bilateral and mul-
tilateral level with the participation of Germany. We refer to the great number of institutions and initiatives that were
set up prior to UNCED. They include the international Tropical Forestry Action Plan (TFAP), measures taken by the
FAO, UNEP, UNESCO aswell asinitiatives of non-governmental organisations, in connection with which the German
commitment can be positively emphasised on the basis of an international comparison (Enquete Commission, 1990b).
The measures taken up to now, however, do not match up to the significance of the problem. Despite al the advanta:
ges of decentralised, economically motivated agreements, there is a necessity for a more effective and more rapidly im-
plemented solution within the scope of a binding forest convention according to international law as increasing inter-
national consensusis reached on the global importance (uniqueness of the ecosystem; irreversibility of destruction) and
thus on the need to protect forests. This requires accordance with the Climate Convention as well as with the aims of
economic devel opment.

Regarding the political feasibility, the simplest measures to be taken from the point of view of the countries concerned
are those that do not require financial expenditures on the part of the governments and make a contribution to econo-
mic development as well asto environmental protection. Examples include the elimination of subsidies for forestry and
livestock farming or securing land rights for farmers. Furthermore, there are public investments having a positive ef-
fect both on the environment and on the economy, such as expenditures for soil conservation or education. In this
connection, the spread of adapted agricultural technologies enabling more intensive and sustainable use of existing
areas is an important measure. Only then will cost-intensive environmental protection measures follow, i.e. those that
solely compensate for the failure of the market; instruments in this category would include, for example, the increased
designation of nature reserves or the imposition of fees for logging (World Bank, 1992a).

Thereis also need for action concerning the forests in the moderate zones. Although the output of sulphur dioxide was
drastically lowered through suitable measures, there still has not been a decline in nitrogen monoxide and ammonia.
Suitable concepts for the areas of transport and agriculture still have to be developed (see 1.1 and 2.3).

Measures at the international level

e Continue immediate programme for the protection of the tropical forests (in accordance with the Enquete Commis-
sion),

® gtrive for international convention for the protection of the tropical forests (including financing and sanction me-
chanisms), in particular by Germany. The monies should be collected in a special fund for this purpose because lin-
king the purpose to the tropical forest, which isalso highly esteemed in the donor countries, facilitates the raising of
funds,

® reinforcement and expansion of programmes and institutions within the UN for protection of the tropical forests:
— United Nations Environmental Programme (UNEP)
— Food and Agriculture Organisation of the United Nations (FAO)
— United Nations Educational, Scientific and Cultural Organisation (UNESCO)

® within GATT: negotiations on the introduction of socially and environmentally sound minimum standards (see En-
guete Commission),
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® expansion of financing concepts compensating the environmental services rendered by the developing countries to
the world community,

® international efforts to eliminate debt problems,

e transformation of the existing tropical forest action programme into tropical forest protection plans since the pre-
vious regulations are more oriented to use and less to protection.

Measures at the national level

® |nprinciple all countries:
— creation or reinforcement of the possible methods for planning, valuation and systematic observation of forests
— greening of fallow land by means of forest renewal, afforestation and other restoration measures.

® especially tropical forest countries:
— designation of more nature reserves (overall protection of primary forest)
— elimination of subsidies for forestry and livestock farming
— securing land rights for farmers
— investments in soil conservation and in training (e.g. spread of adapted agricultural technologies)
— levying of feesfor logging.

® especially for countries with boreal forests:
— setting up aforest inventory and a systematic survey of damage
— development of long-term, sensible forest use systems.

® gpecial contribution of the Federal Republic of Germany:
— provision of capital, knowledge and technology for the protection of the forests
— easing of debt burden for tropical forest countries
— consideration of environmental compatibility of international trade
— afforestation in Germany to an extent still to be clarified.

Box 10: Historical development of political action
with regard to the forests

national inter national

1) Charter, convention at UNCED, Rio,
only Principles on World's Forests

2) Protocol open
3) Legd texts open
4) Instruments e.g. sustainable €.g. compensation

management, solutions

protected zones
5) Financial DM 300 million Brazil estimated figuresin

framework programme not implemented; AGENDA 21

then directed via World Bank

6) Implementation open
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Box 11: Follow-up issues of the UN Conference an Environment and Development

for the forests

Preservation of the various tasks and functions of all forests,

reinforcement of institutional and personnel capacities for management, conservation and development of
forests as well as for their sustainable use and production of forest products,

setting up and maintenance of a detailed information system on existing forest areas and those to be refo-
rested as well as on their use, taking into account demographic and socioeconomic aspects.

Cost estimate: US$ 2.5 billion per year (1993 — 2000)

Increase of the protection, sustainable management and conservation of all forests as well as the greening
of fallow land by means of forest renewal, afforestation and other restoration measures,

setting up of programmes for the conservation and expansion of wooded areas with respect to their ecolo-
gical compensation function as well as their contribution to the needs and well-being of humanity,

use of the protective function of the forest through afforestation in mountains, highlands, fallow areas, in
arid and semiarid areas and coastal regions, particularly to prevent erosion and desertification as well asto
improve its function as a carbon reservoir and sink,

improvement of the protection of the forests against air pollution, fire, diseases, pests and other anthropo-
genic influences, such as introduction of non-indigenous species of plants and animals,

support of developing countries in the protection of their forest resources through limitation of the con-
sumption of tropical wood, improvement in energy supply and creation of other ways of obtaining income.

Cost estimate: US$ 10 billion per year (1993 — 2000)

Stocktaking in order to be able to evaluate completely goods and services through use of the forests,
improvement of the methods for including the forest in national costing systems,

development of methods for multifunctional use of different types of forest with regard to wood and other
forest products, touristic use and ecological functions of the forest,

support of developing countries in the conservation and restoration of their forests as a sustainable econo-
mic basis and in the development of suitable technologies for further processing of wood and other forest
products into marketable products.

Cost estimate: US$ 18 hillion per year (1993 — 2000)

Creation or reinforcement of methods for planning, evaluation and systematic observation of the forests as
well as appropriate programmes, projects and activities, including trade and production,

introduction or improvement of systems for recording the state of and changesin forest areas as well as for
assessing influences of certain measures on the environment, social and economic development,

support of developing countries in the setting up of institutions and the introduction of methods for long-
term planning with respect to effective conservation, management, restoration and sustainable development
of their forest stands.

Cost estimate: US$ 750 million per year (1993 — 2000)
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Research needs

O Interaction of all causal factors, distinguished according to tropical forest and new types of forest damage; analy-
sis based on natural sciences and socioeconomic aspects and coordinated to one another in each case.

O  Further studies on possible ways of implementing sustainable forest use in the tropic forests, the forests of the mo-
derate zones and the boreal forests. Examination of the economic efficiency of sustainable forestry.

0 Examination of the possibility, necessity and extent of afforestation programmes in the various forest zones, in-
cluding in Germany.

0 Role of the boreal forests in the biogeochemica cycles of the Earth and as a regional climate-stabilising factor
(e.g. influence on wind by virtue of surface roughness).

0  Interaction between forest ecosystems and CO, concentrations in the atmosphere (role of forests as carbon sink).
O Interaction between biodiversity and stability in forest ecosystems.

0 Studies on implementability of political measures with the aim of reaching an agreement on a forest convention,
in particular according to the experience of UNCED.

O Analysis of connection between forest protection and economic development, distinguished according to forest
ZOnes.

O Analysisof individual types of measures of an economic nature against forest reduction.

0 Development of economic valuation methods that include economic as well as environmentally and socially tole-
rable aspects.

1.5.2 Loss of biodiversity

Brief description

Two of the most important global environmental changes, climate change and the destruction of habitats of individual
species or entire biocoenoses, will have considerable effects on biodiversity. “Biodiversity” refers to the number and
variability of living organisms both within a species and between species and ecosystems. The term “ species diversity”
in the stricter sense encompasses the number of species both within a certain biocoenosis and worldwide, but it is fre-
quently used as a synonym for biodiversity. The latter forms the basis for biological resources, which comprise gene-
tic resources, organisms — or parts of them — as well as populations having an actual or potential value for human so-
Cieties.

The precise number of species existing on the Earth is not known. Estimates by biologists vary between 5 and 30 mil-
lion, though only 1.4 million species have currently been described. This incomplete information base does not permit
an exact statement of the number of endangered or already extincted species; many species become extinct even befo-
re they become known. More recent analyses of the tropical forests, which represent the largest reservoir of biodiver-
sity, come to the conclusion that, given the current rate of habitat destruction, 17% to 35% of the species in the tropi-
cal forests will be threatened with extinction by the year 2040. This corresponds to 20 to 75 species per day if one as-
sumes atotal of 10 million species worldwide. If nothing decisive changes, it is expected that 1.5 million species will
become extinct in the next 25 years.

In addition to the tropical forests mentioned, the forests of the moderate zones, the habitats of the subtropics that are
wet in winter (southern Europe, North Africa, the Cape region of South Africa and certain regions of California) and
islands number among the most important habitats.
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The classification of the species of marine ecosystems is far more incomplete than that of the terrestrial ecosystems. Its
abundance of species must not be underestimated. Coral reefs are, like the rainforests, known for their great diversity
of species. This also applies to the deep sea, as more recent studies indicate (WRI, 1992b).

In general, the moderate latitudes have large populations but less diversity of species while tropical regions are cha
racterised by alarge abundance of speciesand small population sizes. Accordingly, the greatest diversity of speciescan
be found in Central and South America and Southeast Asia, i.e. where the largest portion of the rainforests is indige-
nous. Northern countries, such as Canada, Norway, Sweden, Finland and Russia, as well as southern countries, such as
Argentina and Chile, are characterised by comparatively little diversity of species (WRI, 1992b).

What significance do biodiversity and the loss of species have for the biosphere and, in particular, for humanity? The
loss of species has many dimensions. The ethical aspects include the question as to whether people have theright to in-
tervene in Creation to such a drastic degree and to eliminate species of plants and animals on Earth. There are aesthe-
tic and cultural reasons to conserve species or entire landscapes that are unique. Reference is made in this context to
the representation of plants and animals in religion, art, architecture and fashion or as a symbol of power as well asto
the significance of biodiversity for recreation and tourism. Furthermore, people use wild species as the genetic basis for
the development of pharmaceutics aswell as for plant and animal breeding. Interbreeding cultivated with wild formsis
decisive for resistance and thus for the productivity of cultivated species, which, in turn, represent the food basis for
humanity. Moreover, there are agreat number of other plant raw materials. Finally we would like to point out the scien-
tific benefits of the diversity of species; many species that have not yet been described may possess biological features
which help to further promote an understanding of nature.

A moreindirect, but extremely great benefit is provided to humanity by ecosystem stability, which is closely linked to
biodiversity. Intact ecosystems represent the basisfor drinking water supply, regeneration of soils, prevention of air pol-
lution and regulation of the climate at the local and regional level (Solbrig, 1991; Hampicke, 1991).

To ensure the highest possible degree of quantity and quality of renewable natural resources for the present and the fu-
ture, resources must be utilised on a sustainable basis. This means that the right relationship must be found between re-
source use, on the one hand, and regeneration of forests, savannas, grassland and other ecosystems, on the other.

Biodiversity is threatened by great dangers stemming from changes in land use. To obtain land to be used for agricul-
tural purposes and improve the infrastructure, large sections of the tropical rainforest and thus many, also unknown,
species are destroyed. In the industrial countries species are threatened, above al, by fragmentation of the landscape,
caused by its urban sprawl and expansion of the traffic network, as well as by overuse of natural resources and increa-
sing environmental pollution. To effectively counter further deterioration of nature and the basis of human life, it is not
only necessary to protect individual species currently threatened with extinction; rather, the plant and animal stock in
its habitat must be preserved. Thiswill require great efforts within anational and international framework to make well-
founded scientific statements on the role and protection of biodiversity as well as to make these statements the basis of
political and economic action.

Causes

The search for measures to protect biodiversity requires, first of all, an analysis of the causes of the threat to or extinc-
tion of species. The following complexes of causes can be defined as those that actually or potentially contribute to the
destruction of species:

® destruction or fragmentation of the habitats of species or biocoenoses,
® destruction or displacement of species by depositions of harmful substances in the air, water and soils,

® |osses of species through anthropogenic interventions which cannot be compensated for by the natural reproduction
of the ecosystem,

® bringing species into other habitats, in which they destroy the ecological equilibrium.
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According to available estimates, less than 0.1% of the species existing in nature are utilised directly by humans (Per-
rings et a., 1992). Public discussion is always ignited by the extinction of individual plants and animals, particularly if
“popular” animals, such as el ephants, whales, panda bears or seals, are concerned; the threat to diversity of species, ho-
wever, stems less from direct use of individual species, but primarily from the destruction of habitats. Human activi-
ties, such as changes in land use, urbanisation, infrastructural development and industrialisation, lead directly to the de-
struction of habitats; they are indirectly damaged by utilisation and exploitation of environmental resources as well as
the discharge of harmful substancesinto the air, water, and soils. Consequently, emission restriction measures also ser-
ve the purpose of species protection.

Structure and function of ecosystems are maintained through feedbacks between organisms and their environment. The
abiotic environment influences the growth and development of biological subsystems, which, in turn, actively modify
their environment. Species and environment are incorporated in a network of interactions. The driving force for almost
each of these systemsis solar energy, which acts on the systems and thus provides for the flow of energy and matter ne-
cessary for self-organisation and self-preservation in the system. It is this capability of self-organisation that keeps the
entire system functioning after stress. The interna biogeochemical cycle is irreversibly impaired in an ecosystem sub-
ject to excessive stress; the system can then no longer regenerate itself.

All self-organising ecological systems require a minimum of biodiversity to absorb solar energy and set up a cyclical
relation between producers, consumers and destroyers (decomposing organisms). If this minimum is not reached, the
ecosystem can no longer function and collapses. Lack of clarity still prevails, however, with regard to the minimum
number of species that is hecessary to maintain the stability of the respective ecosystem.

Direct human damage of ecosystems includes the fire clearing customary in the tropics, which destroys large portions
of the rainforest. Rapid degradation and erosion of the soils results. The intensification of agriculturein industrial coun-
tries has many effects: enlargement of clearing areas (with corresponding danger of erosion), increased use of fertili-
sers (loss of species with little nutrient needs, eutrophication of water bodies, disruption of equilibrium in aquatic sy-
stems) and pesticides (pollution of ground water, water bodies and aquatic ecosystems) as well as cultivation respec-
tively keeping of alow number of highly productive species and varieties of useful plants and animals (decline in the
diversity of cultivated species and types; monocultures). The diversity of vegetation species in the ecosystem plays an
especially important role since they form a significant element of the habitat for the fauna

The adaptation of different species to altered environmental conditions will depend on their genetic and physiological to-
lerance to stresses, their ability to spread and their dependence on the habitat. Animal specieswhich are specialised in very
specific types of vegetation, for example, are more endangered than less specialised species.

The phenomena mentioned up to now are not the actual driving forces behind the loss of biodiversity. The discussion
of the functions of biodiversity has madeit plain that the entire international community of nations derives benefitsfrom
this resource and is affected accordingly by the damage related to a reduction in the diversity of species. Biodiversity
is, therefore, a“global public asset” that isincreasingly deteriorating. The question that must be asked then is: Why is
biodiversity frequently evaluated differently from a national point of view than from a global point of view? Or to put
it differently: Why does a conflict arise between national and global interests? Various forms of failure on the part of
the market and state can be identified in this context, and they will be briefly outlined below.

Of the previously mentioned functions of biodiversity, at least two types of benefits accruing to the entire world com-
munity can be filtered out: first of all, the diversity of species furnishesinformation, such asfor the development of new
medicines, and secondly it provides security, for example, through the possibility of increasing the resistance of cultiva-
ted plants by interbreeding them with natural species or subspecies. The maintenance of biodiversity, in this sense, re-
presents a kind of insurance against potential future risks, such as in the form of diseases or lack of resistance to pests.
Although these functions are of value to humanity, there are no market mechanisms that permit owners of the species or
the discoverers of the resource to benefit from these values. Rather, they have been, up to now, assets whose utilisation
is open to every individual or country, without the need for articulation of demand on the market or for payment of a pri-
ce. Therefore, thereis alack of sufficient incentives to conserve the resource of biodiversity and ensure its efficient uti-
lisation (failure of the market) (Swanson, 1992).

This problem is further aggravated by state intervention, such as in the form of subsidies. The most greatly subsidised
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sector, both in most industrial countries as well as in the majority of developing countries, isthat of agriculture and fo-
restry. Examples are the agricultural policy of the EU and subsidies to forestry in Brazil, which distort the price relati-
ons to the disadvantage of species protection: the private costs of overuse of species or ecosystems drop and the incen-
tives to expand and intensify agriculture and forestry increase. The market mechanism is thus deliberately put out of
action (government failure); it could become effective again through elimination of these subsidies.

For many areas of nature no individual property rights have been stipulated, or they are not enforced. This applies to
individual species, land areas, watercourses, etc. The inadequate definition and allocation of property rights is respon-
sible for the fact that no one can be excluded from the use of nature. In this situation, asarule, it is not the individuals
and enterprises whose existence depends on sustainable use of the resource or who want nature to be protected that are
able to assert themselves, but those who strive for short-term maximisation of benefits or profits without regard to the
above aspects (WRI, 1992b). It can be said, therefore, that the cumulative effect of both market and political failureis
a cause of the continuing destruction of species.

Link to global change

Pollution of the environmental assets of air, water and soils is a cause of the worldwide loss of biodiversity. The chan-
ge in the climate can have an influence on the abundance of species; possibly only intact ecosystems can adapt to cli-
mate change. The destabilisation and loss of ecosystems may have negative effects on other environmental assets, such
asin the form of additional release of CO,. Consequently, measures for the protection of other environmental assets
may also serve to protect species and vice-versa. For example, forest protection benefits the protection of species when
afforestation provides for mixed forests.

Population growth and the related increase in demand for natural resources affects biodiversity in two ways: on the one
hand, the pressure on transformation of natural biotopesisincreased, for example, for agricultural or infrastructural pur-
poses and, on the other hand, the emission of harmful substances tends to rise. These trends can be countered by stabi-
lising the popul ation, through more efficient use of resources, by increasing the recycling rate and via emission control.
For land cultivation or rural development strategies must be developed that consistently reduce the pressure on natural
resources.

Assessment

The effects of areduction in biodiversity on the biosphere and anthroposphere result, necessarily, from the already men-
tioned functions of biodiversity (or its restriction by virtue of losses in diversity). The extent of these effects cannot be
determined until biodiversity as an asset has been evaluated in one form or another.

This evaluation of biodiversity represents a central step prior to a formulation of objectives, working up of political
measures and their implementation. The area of “biodiversity” along with other global environmental problems has to
be added to the already existing environmental problems at the national level. Tackling all environmental problemswith
the same intensity at the same time would not be feasible and is, moreover, not efficient. Rather, it is necessary to con-
sider the significance of the various political areas in comparison to one another as well as to set focal points within the
problem areas.

Box 12: Procedures and problemswith regard to an economic assessment of
biological diversity

An economic valuation of the resource of “biodiversity” is based on a utilitarian, anthropocentric and instru-
mentalist point of view: utilitarian because it is assumed that a species only has a value if humanity derives a be-
nefit from it; anthropocentric because people determine the value of the species; and instrumentalist because
plants and animals are regarded as instruments for satisfying human needs. The assessment is, therefore, based on
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the preferences of individuals (Randall, 1992). However, the value of “biodiversity” as a resource for humanity
is not as obvious as, for example, the value of clean air or clean water. In addition, as the analysis of the causes
has shown, a market valuation of biodiversity is currently incomplete and faulty.

Fundamentally, one can make use of a cost-benefit analysis to evaluate “biodiversity” as a resource. If, for ex-
ample, one must consider whether the conservation of a biotope or, instead of that, intensive use as agricultural
land is more advantageous, the benefits of biotope conservation have to be compared with those of agricultural
use. According to the cost-benefit principle, the project with the greatest net present (discounted) value is consi-
dered to be the optimum (efficient) one.

The total value of biodiversity can be determined by adding the value of the actual use, the expected future bene-
fit (option value) and the value of existence (existence value). The actual use results, for example, from the use
of a species as the basis for the development of pharmaceutical products or plant breeding. Option values express
the willingness of individuals to pay, which results from the fact that present and/or future generations will pos-
sibly draw benefits from biodiversity. Existence values are based on the fact that the knowledge of the existence
of intact ecosystems or species may represent a form of satisfaction for individuals. The value, therefore, exists
fully independent of any direct or indirect use (Randall, 1992). The recording of this total value thus also encom-
passes the mentioned cultural and aesthetic values.

However, apart from the known difficulties of any cost-benefit analysis, this approach resultsin several basic pro-
blems which are specific for an assessment of biodiversity.

Thefirst point to be clarified is the degree of aggregation on which the valuation is to be based. On the one hand,
it would be desirable to submit a priority list to paliticians with the contribution that each individual species ma-
kesto the abstract variable of “diversity of species’. The little knowledge available on the complex biological and
ecological interrelations, however, currently represents a considerable obstacle for such an approach. Even in rat-
her easy-to-understand ecosystems, ecologists are not able to indicate al interrelations (Norton, 1987, 1992). On
the other hand, an assessment of biodiversity overall does not necessarily serve as a basis for making decisions;
its valueis infinite since the destruction of al non-human life would also mean the extinction of human life. Rat-
her, the question to be answered is that of the loss in value that results if a small part of biodiversity is lost here
and alarger portion there (Randall, 1992).

The valuation would have to record the current and future benefit of species as completely as possible. It is quite
difficult to assess what benefit the already known species might provide, and the potential for uncertainty is fur-
ther increased by the large number of unknown species. In addition, the preferences of future generations are un-
known. If, for example, the preference for the enjoyment of untouched nature increases, which can be presumed
to occur with increasing income, then the losses in welfare tied to destruction today are far higher than is currently
assumed (Hampicke, 1992a). Besides the uncertainty of future benefits, a valuation is made difficult by the irre-
versibility of the extinction of species. Decisions made today can not be reversed; the decision to dispense with a
potential future benefit of speciesis final and thus not only affects the present but all future generations as well
(Arrow and Fischer, 1974; Bishop, 1978).

To eliminate uncertainty and avoid irreversibility, an attempt should be made to record the option values in the
assessment. Uncertainty and irreversibility suggest that payment should be made for the preservation of “biodi-
versity” even if it isnot utilised at present but the option of falling back on the asset in the event of need is kept
open. Although it is generally agreed that an option value should be taken into account for reasons of prudence,
the value to be set for this potential benefit is still unclear (Hampicke, 1991).

Important uses of biodiversity have, as mentioned, the nature of a global public good, which is why market pri-
cing is not carried out. The valuation methods for goods that are not subject to market pricing can be divided in-
to two groups: the so-called “indirect methods for recording preferences’ are based on the fact that “nature” can
often only be used in conjunction with complementary private goods (for which there are market prices). The “tra-
vel cost approach”, for example, is based on the private asset of “transport”: the demand function for a commo-
dity is derived from the varying travelling costs, depending on the distance to a biotope. According to the “direct
method”, on the other hand, the focus is on how much an individua is willing to pay for a concrete protective
measure or how high the compensation must be in the event of destruction of a species or ecosystem. The primary
advantage of the direct valuation methods liesin their broad applicability. Accordingly, the studies conducted up
to now have centred on determination of the willingnessto pay for conservation of individual species (e.g. the gri-
zzly bear), entire ecosystems and even for stopping the extinction of any species. Fundamentally, it is also possi-
ble to record option values with this method (Hampicke, 1991).
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The willingness to pay, however, depends very decisively on the information status. Faulty information and any
form of uncertainty regarding current and future benefit are directly reflected in the willingness to pay. Moreover,
it can be expected that the latter deviates greatly in the industrial and devel oping countries. The willingness to pay
in the industrial countries for nature conservation can merely be regarded as the willingness to finance measures
for the protection of speciesin developing countries, but not as an indicator of an average worldwide appreciati-
on. A great dedl is still open here with regard to methodology and content.

Further problems arise in connection with the recording of the current benefits of the diversity of species: many
biological resources are consumed without market transactions. This applies, for example, to food, firewood and
medicine which are taken directly from biotopes by the indigenous population. To what extent are they consumed
and what value should be set for these goods? Even though the recording of these benefits poses problems, they
should not be ignored in a complete valuation of the protection of species (Swanson, 1992).

Despite or for the very reason of the above mentioned valuation problems, the demand for the most complete re-
cording and consideration of the short-term, long-term, monetary and non-monetary benefits of biodiversity pos-
sible is one of the most important elements of an effective policy for protection of species.

M easuring the benefit of a speciesin an individual caseis, therefore, connected with substantial difficulties. Ano-
ther method for making political decisions, therefore, defines the safe minimum standard as the yardstick for the
protection of species. The starting point of this approach is the idea that society should choose the strategy which
minimises the possible losses in welfare. Since the future benefit of conservation of the biodiversity may be very
high while the decision for extinction of a species is, however, irreversible, the following decision-making rule
has been formulated: minimum protection is to be guaranteed to the extent that the current social costs of conser-
vation, i.e. the loss in benefit to the society due to dispensing with exploitation of the resource, are not unaccep-
tably high (Ciriacy-Wantrup, 1968; Bishop, 1978; Randall, 1992). To put it another way: How much is lost in
other areas that are important for humanity if a safe minimum standard of protection for species is maintained?
Since it can be assumed that every species has a positive value, the problems related to a systematic recording of
benefits are avoided and, at the same time, those who want to exploit the natural resource or prefer the use alter-
native resulting in destruction of species will be given the burden of proof.

Thus — as within the framework of the cost-benefit analysis — there is the question of the costs related to species
protection. They generally correspond to the lost benefits from an activity resulting in species extinction, i.e. the
value of the products from intensive agricultural use, for example. Since this frequently involves private goods,
such as grain, i.e. there are market prices, valuation of the costs of species protection appears to be unproblema-
tic. As aready stated, however, agricultural and forestry production is subsidised through prices kept artificially
high (e.g. EU agricultural policy), the prices consequently do not reflect the actual scarcity of these goods: the
products should be cheaper. As a result, agricultural and forestry areas are artificially made more expensive and
thus the costs of species protection appear higher than they actually are. In a concrete case, an activity that results
in species extinction might not be justified at all from an economic point of view because of its obvious unprofi-
tability, such as if a dam or canal can never recover its construction and operating costs.

From these considerations on the valuation of biodiversity the following conclusions can be drawn (Hampicke,
1992a): not only theoretical considerations, but also empirical studies suggest that the benefits of species protec-
tion have been underestimated and, at the same time, the costs overestimated up to now. With the help of correct
economic valuation, i.e. not only those that record the easily quantifiable, short-term benefits and costs of species
protection, it can be verified that species protection often represents the more efficient, i.e. economically sound,
aternative for use and thus may lead to gains in welfare for the entire economy.

The approaches of “cost-benefit analysis’ and “ safe minimum standard” are not be viewed as competing, but as
complementary concepts. The preservation of the diversity of speciesis carried out in view of the uncertainty of
future benefits and the irreversibility of extinction in the service of intergenerational justice. Providing for the fu-
ture, however, is only conceivable by means of guaranteeing a certain minimum standard of protection. This li-
mit represents a collective safety barrier which must not be overstepped, even if this means doing it without indi-
vidual economic advantages.
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Need for action

Since the diversity of speciesis not equally distributed throughout all regions of the world, one cannot ignore, with re-
gard to the extent of damage, the question of where this environmental asset is endangered — in contrast to the atmos-
phere, for example. Consequently, the package of measures to be taken by the international community of states must
be aimed at those regions in which diversity is particularly pronounced and, at the same time, endangered. Such a set-
ting of priorities ensures that the expenditures for species protection yield high net returns (marginal returns). Thereis
extensive agreement that the developing countries should receive high priority because the tropical ecosystems, espe-
cially the rainforest, are among the richest in species. If, in view of this background, however, politicians in the indu-
strial countries urge developing countries to push forward with species protection, then thisis inconsistent: it is an ap-
peal not to repeat the mistakes of the industrial countries in dealing with nature, which, however, are possibly a result
of their development success. Such appeals will be rgjected by the devel oping countries as eco-imperialism unless their
credibility is enhanced through financial support. If the developing countries conserve natural resources of global im-
portance, the industrial countries must also be willing to pay for that. Thisis all the more imperative in that several of
the countries with the richest biodiversity are, at the same time, the poorest in the world (World Bank, 1992a).

Up to now international conventions on species protection have covered — while supplementing one another — indivi-
dual areas of species protection and stipulated the instruments for achieving the objectives in each case. They include
the 1973 “Convention on the International Trade in Endangered Species of Wild Fauna and Flora” (CITES) and the
“Convention on the Conservation of Migratory Species of Wild Animals’ (1979). The Framework Convention on Bio-
logical Diversity signed within the framework of UNCED in 1992 is currently the most important basis for thisarea. In
view of the background of existing agreements, this convention can be regarded as a “Framework Convention” for
many species protection agreements as well. If species protection can, to a great extent, only be carried out effectively
via biotope protection, then some of the international agreements that have hardly been implemented up to now due to
lack of afinancing arrangement might be filled with new life, not least of all because concrete financing regulations are
provided for in this convention.

Article 8 of the Framework Convention on Biologica Diversity demands protection of the natural habitats (* in-situ protec-
tion”), e.g. designation of nature reserves. A traditional protective measure of the industrial countries, which was also used
later by the developing countries, is the setting up of national parks and reserves, from which human activities are more or
less banned. These areas were typically set up to protect “popular” species, such as elephants, tigers or bears, or “ spectacu-
lar” geological formations and recreational areas. Up to recently, however, few of these areas were explicitly set up for the
protection of biodiversity. In their present structure nature reserves can merely provide minimal protection: in any case, it
has not been possible to prevent the continuing extinction of species with this measure. A number of problems stand in the
way of agreater contribution to species protection by means of this instrument.

Thus the delimitation of the reserves usualy follows political rather than ecological guidelines. In addition, many parks
are too small to be able to effectively protect intact biotopes or individual species; animals, for instance, must look for
food in non-protected areas or human activities outside of the reserves have an effect inside of them so that the actual-
ly untouched area is further diminished. Frequently conflicts arise between local and national interests if the benefit of
the protective measures falls within the responsibility of the government or certain enterprises while the indigenous po-
pulation has to bear the costs in the form of restricted utilisation. Finally, many nature parks suffer from ineffective ma-
nagement and insufficient financial endowment (WRI, 1992b).

Biosphere reserves are an example of the new generation of conservation techniques. They are based on concentric
areas for different uses. theoretically the “core zone” receives total protection, which completely excludes human ac-
tivities. The “core zone” is surrounded by a “buffer zone”, in which certain settlements and also resource use are per-
mitted. This zone s, in turn, contained within a so-called “transition area” in which sustainable development activities
are allowed.

Since the first biosphere reserves were set up by the UNESCO “ Man and the Biosphere Programme” (MAB) in 1976,
their number in the world has risen to roughly 300 today. In practice, however, these reserves frequently came into
being by renaming previous nationa parks or nature reserves, without any real change in their area, functions or the
provisions for use. Moreover, in rare cases was a suitable management set up which was able to make the zone system
function and which had the authority to enforce the corresponding regulations (WRI, 1992b). The ability to migrate, i.e.
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to escape from drastic regional environmental changes, plays an important role for the ability of species to survive.
When reserves are planned, therefore, provision should be made for the creation of so-called “corridors’ that foster the
survival of entire biocoenoses through support of migration.

In principle, biosphere reserves combine the idea of species protection and nature conservation with that of sustainable
development. Their number should, therefore, continue to be increased and support expanded. Protective measures in
the form of reserves, however, remain ineffective in the long run unless action is taken to reduce the overall pressure
on nature reserves and natural habitats. This includes measures which increase agricultural productivity and thus
decrease the necessity of area expansion and promote sustainable management of the forests and development of eco-
logical tourism. These measures promise “double benefit” since they both serve the purpose of species protection and
promote economic development. In this way their chances of implementation are increased significantly (World Bank,
1992q).

As a supplementary species protection measure, Article 9 of the Framework Convention on Biological Diversity pro-
vides for the so-called ex-situ conservation of plant and animal species, i.e. their conservation outside of their natural
biotopes in aquariums, zoological and botanical gardens or gene banks. Since the 70s a large number of these instituti-
ons have been carrying out systematic collection of rare and endangered species, which can be returned to nature after
securing or restoring their biotopes.

Ex-situ conservation often offers the last chance of saving afew highly endangered species from final extinction. For dif-
ferent reasons, however, it must by no means be viewed as a substitute for in-situ protection, i.e. the protection of plants
and animalsin their natural habitat. Time pressure poses one problem. The existing financial, personnel and logistical ca-
pacities do not permit one to save the large number of species that is currently endangered. Nevertheless, this obstacle
could still be reduced by ample expansion of capacities. The most significant limitation of this strategy, however, isine-
vitably found in the standstill of the process of evolution. Natural selection and adaptation in a changing environment can-
not be simulated and the complex interrel ations between coevolution and mutation cannot be preserved in an artificial en-
vironment — insofar as they are known at all — because the populations are too small. Thus with the increasing duration of
ex-situ conservation there is a greater danger that it will become impossible to return the species to their natural habitats
and that species will continue to depend on human support for their future existence. Returning species to nature is, ho-
wever, the very objective of every ex-situ project. Protection and restoration of the natural habitats must, therefore, be gi-
ven priority (Weisser et a., 1991).

According to Article 10 of the Convention, the use of biodiversity should be sustainable and environmentally sound and
included in all internal national decision-making processes. It is urgently necessary, therefore, to examine all economic
policy measures at the national level in order to determine whether they promote the loss of biodiversity. They include
agricultural policy measures that promote the massive use of pesticides, herbicides and fertilisers as well as the plan-
ting of monocultures and also subsidies for the transformation of natural biotopes into agricultural land and for defore-
station. Aslong as such incentives direct the behaviour of individuals, the efficiency of global measures, including pos-
sible compensation payments to the developing countries, remains substantially restricted; scarce funds are wasted in
some cases.

This makes it evident that national policy areas in the individual countries have to be better coordinated. Species protec-
tion must be integrated into national policy. Agricultural and forestry policy as well as regional planning and development
aid policy must not be carried out in isolated fashion so as not to work against species protection policy.

Article 16 of the Convention provides for technology transfer to the devel oping countries to enable them to refine their
resources by themselves. So as not to impair research in the industrial countries, the Convention is based on the prin-
ciple that intellectual property will continue to be protected. At the same time, access to biotechnology is to be facili-
tated for developing countries (Article 19). Enterprises are to receive compensation from the public sector for thisin-
ternationally agreed technology transfer. The question of what the amount of the compensation should be oriented to is
still open, however. Enterprises will be tempted to overvalue the worth of the patents they hold; the compensation
would then be too high. On the other hand, if the compensation lies below the value of the patents, the incentives for
innovation will be diminished. It remains questionable whether state regulated technology transfer can serve species
protection on a sustainable basis and whether, at the same time, negative effects on innovation behaviour can be avoi-
ded (Heister et a., 1992).
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Article 15 is based on the fact that the devel oping countries have, up to now, rarely profited financially from their “bi-
odiversity” as a gene pool, athough the latter can, after refining by means of technologies in the developed countries,
yield substantial profits. It isrequired that the results of research and development and the advantages arising from com-
mercial utilisation of the resources be shared in a just and balanced manner. To avoid access to national resources free
of charge for foreign enterprises, Costa Rica, for example, founded an organisation (Instituto Nacional de Biodiversi-
dad, INBIO) in 1989 which gathers information on the indigenous plant and animal world: name, location and potenti-
a economic utilisation are recorded. In return for afee, commercia users are granted insight into the data. The first im-
portant customer was one of the world’s largest manufacturers of pharmaceutical products, who promised payment of
one million dollars plus percentage shares of the sales of all products developed on the basis of species from Costa Ri-
ca (WRI, 1992a).

In spite of these attempts to strengthen the property rights of the developing countries, the central problem at the inter-
national level remains that the genetic base has extensively been, up to now, a public good from whose use no one can
be excluded. With regard to international law, it remains to be clarified how gains from the use of species are to be al-
located to the physical property rights of the developing countries and the intellectual property rights to the refining
operations in the industrial countries.

The profits from use of the diversity of species as a resource thus fall into the lap of the industrial countries whereas
the developing countries use the biotopes for purposes that rule out protection of the species. If this conflict isto be sol-
ved, the developing countries must be compensated for their species protection services (Heister et al., 1992). In Ar-
ticle 20 of the Framework Convention on Biological Diversity, therefore, the industrial countries are required to provi-
de new funds to the amount of the “incremental costs’ in order to support the developing countries in the implemen-
tation of the obligations stipulated by the Convention. Even if the concept of “incremental costs’ has not been com-
pletely worked out yet, it is roughly based on the following calculation: the additional costs of the species protection
policy of a country are determined by subtracting the national benefits of species protection from the costs of the spe-
cies protection policy (direct costs + opportunity costs). The difference indicates the financial transfer to be rendered
by the international community of states.

The question of how high the incremental costs are for a species protection project can scarcely be answered if the na-
tional economic policy subsidises the destruction of species. The incremental costs of species protection may even be
negative if efficiency gains for the overall economy result from the elimination of price distortions. On the other hand,
the costsincurred are very high if protective measures have to be financed while price distortions are retained. Thus, as
long as national economic policy measures number among the causes of species extinction, the incremental costs of
Species protection projects remain difficult to calculate (Heister et al., 1992). If, however, the developing countries can
profit from the genuine value of their natural resources, i.e. they are compensated for the benefits of species protection,
then differences between national and international concerns are reduced. The interest in industrial countriesin a hig-
her level of protection is, therefore, to be transformed into a flow of funds into the developing countries. It has to be
emphasised that these payments must be regarded as compensation for services rendered to the entire international com-
munity of nations by the diversity of species and not as humanitarian or another kind of development aid. Thisimplies
atransfer of additional funds and not, for example, the restructuring of existing payments (World Bank, 19924).

According to Articles 21 and 39, the Global Environmental Facility (GEF) will serve as afinancing instrument until the
first conference of the states party to the Convention. The GEF was increased from US$ 1.4 billion to US$ 7-8 hillion
within the framework of UNCED in Rio de Janeiro. At the moment it concentrates on four areas. protection of the 0zo-
ne layer, limitation of emissions of greenhouse gases, protection of biodiversity and protection of international waters.
It is estimated that the effective protection of aready designated reserves in the developing countries and the expansi-
on of reserves by 50% in the course of this century, which is deemed to be necessary, will alone cost US$ 2.5 billion
per year (World Bank, 1992a). Therefore, the amount of funds from the GEF that can be expended on protection of bi-
odiversity will, in all likelihood, not be sufficient by any means.

The GEF is supposed to promote the financing of projects that have a positive influence on the global environmental
situation. Thus clear criteria have to be developed for projects suitable for support with regard to protection of biodi-
versity. When granting funds, the responsible institution must then have reliable information regarding the project ap-
plied for. After funds have been granted, their use in accordance with the purpose must be monitored. Finally, it must
be clarified how sanction mechanisms can be structured in the event that the funds are used for a different purpose. The
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guestion of national sovereignty, regarded as sensitive in most developing countries, may substantially impair the
collection of information as well as the monitoring and sanction possibilities of the institution deciding on the granting
of funds, however. Therefore, controversies can be expected between the donor and recipient countries in the imple-
mentation of the financing mechanism: the latter are worried about their independence, the former about use of the
funds granted for a different purpose.

Since the mid-80s “ debt-for-nature swaps’ have been developed as an additional source of financing for species pro-
tection, i.e. exchange of debts for nature conservation services. Given the extent of its use up to now, this instrument
can only contribute a small share to the reduction of the debt burden of developing countries and thus cannot make a
significant contribution to species protection.

In summary, it must be underlined that there is no single instrument for effective species protection. Rather, a compre-
hensive strategy has to be conceived which is based on the local as well as the national and global level and whose tools
must be coordinated with other political areas. In all measuresinitiated by theindustrial countriesit must be kept in mind
that the developing countries usually react very sensitively to sovereignty restrictions.

The irreversibility of the damage and the continued unslowed rate of species extinction makes protective measures ur-
gently necessary. Because worldwide implementation of the Framework Convention on Biological Diversity still re-
quires some time, one must fall back on a variety of smaller instruments, even if their contribution to species protec-
tion, from aisolated point of view, appears rather small. This applies, for instance, to “ debt-for-nature swaps’ or the
commitment of German development aid to species protection.

Box 13: Historical development of political action
with regard to biological diversity

national international

1) Charter, Convention Various agreement prior to UNCED,
Framework Convention on
Biological Diversity, AGENDA 21

2) Protocol Not available yet

3) Legal texts Conservation Act
Government bill submitted

4) Instruments Technology transfer,
compensation solution, global fund

5) Financial framework Specified in protocol

6) Implementation Still open
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Box 14: Follow-up issues of the UN Conference on Environment and Development
for biological diversity

Increased inclusion of questions of biodiversity in planning and programme going beyond single sectors; stu-
dies of their significance for sustainable use of biological resources aswell as their assessment in an economic
and ecological context.

Support for developing countries in the conservation of biodiversity, in the use of biotechnological knowled-
ge and in making use of their rights as countries of origin for genetic resources.

Support for long-term research programmes on significance of biodiversity for the function of ecosystems as
the basis for production and consumption, environmental protection in general and protection of ecosystems
as the basis for the conservation of biodiversity.

Inclusion of environmental impact assessments to determine the possible effects of planned projects on biodi-
versity.

Participation in worldwide cooperation and regular drawing up of reports on biodiversity on the basis of na-
tional surveys.

Cost estimate: US$ 3.5 billion per year (1993-2000)

Research needs

Area of natural sciences

Reference has aready been made to the importance of the self-organisation of ecosystems as the basis for resistance
against stress. This self-organisation is based on flows of energy and matter between the organisms (species) belonging
to the system in interaction with their environment. Considerable research is necessary in this context. Although there
are a number of research results on the relations between the complexity (number of species and individuals) and the
resistance of an ecosystem, the conclusions are, in part, contradictory. Therefore, there are still agreat deal of open que-
stions regarding research:

O
g
U
a
g
O

O

relations between biodiversity, structure and function of ecosystems,

specific composition of the species necessary for the functions of the system,

determination of critical factors of different ecosystems to maintain their biodiversity and services,
adaptability of individual speciesto climate change,

effect of climatic extremes on the distribution of species,

determination of those variables important for the description of the reaction of ecosystems (integrative parame-
ters on many species or indicator species, i.e. speciestypical for an ecosystem),

study of feedback effects between ecosystem and environment,

analysis of the “corridor” hypothesis as an important requirement for the survival of ecosystems, including selec-
tion and management plans for suitable refuges for endangered ecosystems,

working up or further development of suitable research methods for solving problems still open, such as:
— long-term studies on the reaction of ecosystemsin different environments,

— setting up a suitable observation system for the recording of biotic changes on the Earth,
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dynamic, complex models:

models for distribution of ecosystem types on the Earth with different climate scenarios;

models for quantification of ecosystem functions and the relation to biodiversity,

models that quantify the interaction between ecosystems and the expected climate,

models that describe the influence of multiple stress effects on the diversity of species as well as flows of ener-
gy and matter in the system.

Socioeconomic area

O

Studies on the relations between ecology (here: biodiversity) and economy in ecosystems used on a sustainable
basis,

working up of economic valuation criteria that take into account all functions of species or ecosystems,
analysis of precise structure of instruments, such as compensation solution and technology transfer,

influences of GATT and international agreements on trade with wild species or gene resources on biodiversity.
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2 Transformation of the anthroposphere:
Introduction

The changes in the ecosphere analysed in the previous section are primarily caused by human activities or failings. An-
thropogenic effects on the environment result from the production and the consumption of goods and services and can
be characterised as follows:

® Consumption of non-renewable resources. Soecial problems: detecting and evaluating resources which can be utili-
sed in the long-term; efficient management of resources; search for possible substitutes and more efficient uses.

® Use of renewable resources. Soecial problems. conservation and expansion of the reproductive basis (e.g. preventi-
on of soil degradation and water pollution); environmentally sound increases in productive capacity.

® Emissions. Special problems. pollution of atmosphere, water and soils; negative conseguences for the protected in-
terests of human beings, animals and plants; possible depletion of the basis for renewable resources; task: avoidan-
ce or reduction of emissions and the effects of emissions.

® \Waste. Special problems: recycling and disposal lead to further resource consumption, emissions and waste; task:
avoidance or reduction of waste; recycling offers the opportunity to lower resource consumption.

In addition, the current situation is characterised by the following global problems:
e morethan 1 billion people live in absolute poverty,

e afurther 3 billion people are inadequately supplied with goods and services,

e thereisamajor lack of medical care and education in many regions of the Earth.

“Environment” and “development” are two problem areas that mutually interact. On the one hand, environmental pro-
blems (e.g. reduction of renewable resources, increase of emissions and waste) lead to the aggravation of poverty, di-
seases and illness. On the other hand, starvation, poverty and inadequate education and training are causes of environ-
mental damage.

For the reasons listed below, the Council is of the opinion — as was the international community of nations' in Rio de
Janeiro in 1992 — that environment and development cannot be considered as exclusive alternatives, but represent tasks
to be tackled in conjunction and simultaneously with one another.

Quantity and quality of global environmental effects from the global perspective are determined through

® the quantities of goods and services produced, distributed and consumed worldwide
and

® the manner in which production, distribution and consumption are organised (technology).

This interrelationship can be illustrated using the following well-known formula (see DGVN, 1992a):

Effect = Population fi Consumption of goods and services (real, average, global) fi Technology effect

Thus, the following determinants are of crucial importance:

® global population growth,
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® changein global per capita consumption,
® changes due to the technological impulses.

An assessment of the potential impact of these crucial determinants leads to the conclusion that the Earth’s population
will increase further to the middle of the next century. This problem is exacerbated by environmentally conditioned mi-
gration and by urbanisation. This conclusion isalso valid if oneis optimistic about the success of efforts to stabilise the
world’ s population as major effects can only be achieved in the long term (see Section 2.1 below). No options are avai-
lable which could lead to major success in the short term.

Global per capita consumption must be increased on account of problems such as starvation and poverty. This conti-
nues to apply even if one assumes that the highly developed nations consciously reduce their consumption levels and
that redistribution occursin favour of the developing countries. The tendency, at least, will be towards further environ-
mental damage as a result of the necessary expansion of production — even for the case that the structure of goods is
changed through the substitution of environmentally sound products for goods that are environmentally harmful (see
Section 2.2 below). Here, too, it must be stated that there are no options available for reducing global per capita con-
sumption. The hope remaining is that, through changes in applied technologies and the introduction of new technolo-
gies, there will be a strategic action potential available with which improvements in the short and medium term can be
achieved (the technological option).

Technologies are important for global change in many respects:

® Technologiesin use can be the cause of global environmental change, with negative effects as described above. This
was very much so in the past, and is still the casetoday —to a much greater degree in any case than population gro-
wth or the increase in per capita consumption (Commoner, 1988). Current damage to the environment is mainly cau-
sed by the type and the methods of production and development in the industrial nations.

® Changes in applied technologies and the introduction of new technologies signify an action potential and a strate-
gic leverage point for

— organising production and consumption in the future in such away that environmental effects are avoided or at
least mitigated;

— making a significant contribution to sustainable development.

® Furthermore, the development and diffusion of new technologies represent a corrective potential that enables
— negative developments from the past to be corrected (e.g. revitalisation and remediation of soils and rivers);
— adaptation to or protection against irreversible developments (e.g. safe final disposal of nuclear waste).

For these reasons, and given the opportunity to achieve progress in the short to medium term, the Council underlines
the importance of generating, testing, transferring and implementing new technologies.

Box 15: Examples for technology in three different fields

Finite resources
Technological developments with respect to “finite” resources are often aimed primarily at

® preserving existing resources through the use of substitutes,
® increasing the efficiency of resource use and

® converting known resources into utilisable reserves.




110 Anthroposphere

Solar energy, for example, is a renewable energy resource that, in contrast to fossil fuels, can contribute to the
conservation of finite energy reserves or which can extend their availability over time.

Another important research field, in addition to substitution, is finding ways to increase the efficiency of known
procedures for utilising fossil fuels and other resources. During the transformation of primary energy into forms
of energy that can actually be utilised, a large proportion of energy is dissipated and cannot be used. Especially
in large combustion plants, improved extraction of primary energy can be achieved by using the principle of co-
generation of heat and power —i.e. tapping the waste heat that is produced.

Mechanical, biological and chemical separation processes enable access to mineral resources considered in the
past to be technically impossible or too expensive to mine.

Renewable resources

It can be vividly documented, taking the example of “soils’ as an environmental sphere, that the application of
pro-environmental technologies need not always involve major expenditures of time and money. To combat the
widespread occurrence of soil erosion in tropical countries, arable land can be enclosed using high-growing and
very resistant vetiver grass, thereby counteracting the threat of surface runoff and wind erosion.

Biotechnological innovations make numerous contributions towards making plant cultures in agriculture and fo-
restry, and their fruit, more resistant against damaging environmental effects. Millet plantations are very drought-
resistant and can also be made more resistant against increasing salinisation with the help of biotechnology. By
applying so-called “gene shearing” techniques it is now possible to remove undesired genetic information from
plant chromosomes without harming other genetic information.

Reducing the volume of chemical fertilisers and pesticides by planting more resistant plant species also improves
the quality of groundwater.

Waste

Even if there has been atrend recently — at least in the developed countries — towards so-called “ low waste” or
“no waste production” , thereis still aneed for recycling and disposal technol ogies which minimise environmental
damage.

Asaresult of enormous research efforts, the industrialised countries now possess a variety of environmentally so-
und techniques for the recycling and disposal of waste, which can be applied in various combinations within the
context of integrated waste management concepts. Many variations of thermal, biological and physical-chemical
processes are being tested out or indeed applied.

Asfar as the transfer of these technological innovations is concerned, account must also be taken of the fact that
the fractional composition of waste in the developing countries includes a much higher proportion of organic sub-
stances than in the industrialised nations. Accordingly, the treatment and the disposal of waste in these countries
requires processes specifically designed to match local conditions.

The role that “new knowledge — new technologies’ can play in coping with the existing problems was shown by reac-
tions to the “Club of Rome Study” of 1972. This study emphasised in particular the scarcity of resources and made fo-
recasts as to when individual raw materials would be totally depleted. Favoured by high raw materia prices, the “oil
crisis’, etc., private interest (cost savings/income gains) and state-funded research (long-term assurance of raw materi-
al supplies) led to “new knowledge”, that in turn resulted in a partial “détente” in the debate over raw materials deple-
tion.

® Despite increased consumption of non-renewabl e resources (minerals, fossil fuels), there was also growth in acces-
sible stocks (i.e. knowledge about new raw material reserves and the technical and economic opportunities for ex-
tracting them) (Crowson, 1988).

® Fear of political and economic dependence and growing environmental awareness led in the industrialised world to
areduction in raw materials input per unit of product, to the discovery of technical substitutes, to an increase in the
yield per unit of raw material, and to the development of recycling processes.
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The “détente” mentioned above does not mean, of course, that the problem of non-renewable resources can be neglec-
ted. It merely signifiesthat other areasin which the application of new technologiesis essential must be viewed as being
especialy urgent:

® protection and conservation of the basis of renewable resources (e.g. water, soils),
® avoidance and/or reduction of emissions and the effects they cause (e.g. CO,),
® avoidance, reduction and recycling of waste.

In order to do justice to the central importance of changing those technologies in use and introducing new ones, the
Council will concern itself in a future Report with the possibilities and preconditions for generating, testing, transfer-
ring and implementing new environmentally sound technologies. We refer here, for example, to the options for deve-
loping a comprehensive information and communication system through the establishment of so-called clearing houses
(AGENDA 21, Chapter 34).

This could produce the following benefits:

® Clearing houses collect, process and transfer information on existing technologies, their resources, their potential for
damaging the environment, and about the conditional frameworks and acquisitional opportunities necessary for
using such technologies.

® This applies, for example, to technologies in the fields of agriculture, the manufacturing and processing industries,
energy production and supply, and waste disposal.

® Thework carried out by the clearing houses is user-oriented, i.e. information is processed and transferred in a man-
ner appropriate for users; opportunities are developed for and offered to users who are interested in the system but
unfamiliar with its operation.

® |n addition, other well-known and related services are provided in the fields of consulting, training in technologies
and in technology impact assessment.

® |nthisway, clearing houses facilitate joint ventures and other partnerships between industrial and developing coun-
tries.

An important prerequisite for the successful management of the development/environment complex is a transformati-
on of individual and societal values and attitudes (see 2.4). If, for example, consumers experience global environmental
quality as an individual benefit and are prepared to purchase only goods that are produced in an eco-friendly way, then
producers will be “forced” to use “clean” technologies.

The idea that private decision-making could provide the guarantee that such solutions would be developed has turned
out, however, to be a mistaken one. What is absolutely necessary are governmental interventions and initiatives which
influence private decision-making with respect to production and consumption, in the form of

® rules or bans (changing the framework of private decision-making),

® price levies (e.g. taxes, duties, levies) or price relief (e.g. investment aid, subsidies),
® the creation of general and enterprise-specific infrastructures,

® awarding of contracts,

e information, appeals.

Local and regional problems must be coped with first and foremost through state policies in the respective countries.
However, national policymaking is inadequate as a means for solving global problems. Instead, there is an absolute re-
quirement for international cooperation and coordination, and for the creation of supranational institutions. This asses-
sment is based on the idea that global environmental quality from the viewpoint of individual national statesis charac-
terised by the following features:
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® no-one can be excluded from this quality, regardless of his own behaviour (if “others’ provide the requisite quality,
then one abtains the full benefit without having to pay the costs),

o the degree of “impact” differs considerably between regions (an example being the o0zone hole, where those causing
and those affected by the problem are to be found in different countries),

® anindividua contribution to the improvement of this quality would appear not to have any effect in relative terms
as long as the behaviour of the “others’ remains unchanged.

This interrelationship underlines the importance and the necessity of state environment and development policies at na-
tional and international level.

2.1 Population growth, migration and urbanisation

Short summary

One of the greatest challenges associated with the global task of managing environment and development is without
doubt the strong and regionally very uneven growth of the world’ s population. In the long term, human reproduction is
indeed the central problem: every human being has the right to the fulfilment of his’her basic existential needs; thisis
bound up with substantial levels of additional consumption of non-renewable and renewabl e resources, and places se-
vere demands on ecosystems already suffering from environmental stress, especially if production technologies and
consumption patterns fail to change.

The world is currently witnessing a rate of population growth what is probably the highest in the history of humanity.
Whereas approx. 5.5 hillion people were living on the Earth in 1992, the median of three population forecasts of the
United Nations Population Division (UNPD) assumes this will grow to 6 hillion by 1998 and 10 hillion by the year
2050. This means that, on average, an additional 97 million people will be added each year to the Earth’s population
over the next century, reinforcing existing processes of global change. As can be seen from the following diagram (Fig.
11), the estimations of the United Nations deviate only slightly from those made by the World Bank in its 1992 World
Development Report, which predicted abase scenario of 5.3 billion and an annual growth of 93 million for the coming
decade. However, in view of the dimensions involved, these differences are marginal. By contrast, there are extreme
differences in the scenarios produced by UNPD and the World Bank. The highest estimate of the United Nations is 28
billion people by the year 2150, the corresponding scenario by the World Bank shows aworld population of approx. 22
billion. The deviation between the minimum forecasts is even greater, however. The UNPD predicts a total population
of 4.5 billion, whereas the World Bank forecasts around 10 billion people. This discrepancy roughly corresponds to
the difference between the respective estimates of the world population in 1992, and shows just how difficult it is to
estimate birth and death rates.

Despite these differences between forecasts, we must assume that the world population will increase steadily at least
until the year 2050, even if birth rates continue to fall, and we must at least anticipate a doubling of the present world
population. Some 97% of this population growth will occur in Africa, Asia and Latin America (DGVN, 1992a). Ho-
wever, it would be a mistake to conclude from this geographical polarisation that the problem is restricted to particular
regions or continents. The extent of population growth and the unequal spatial distribution of the human race will trig-
ger off or reinforce global change and may cause strong migrational pressures. These problemswill also confront coun-
tries with stable populations, such as Germany; to this extent we are dealing with a genuinely global phenomenon.

Estimates for the total number of migrants in the world today fluctuate between a few million and over half a billion.
The International Red Cross Committee, for example, states that 500 million people migrated for environmental rea-
sons. The United Nations High Commissioner for Refugees' (UNHCR) estimation encompasses all official estimations
of legal immigration and assume a figure of 16 million. The differences between these estimates are mainly due to in-
complete data, to problems distinguishing between legal and illegal immigration, and to a large number of unreported
Cases.
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Figure 11: Population projection up to the year 2150
(from United Nations Population Division, 1992 and World Bank, 1992)
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The number of migrational flows may increase rapidly in the future, exacerbating the present situation still further. The-
re could be an increasing tendency towards intra- and interregional migration due to economic and ecological pressu-
res. The number of people migrating from rural to urban areas worldwide is estimated at around 40 million annually;
thisintra-regional migration occurs predominantly in developing countries.

Migrational flows across national boundaries (international migration) are developing into a problem of global dimen-
sions. At present, no less than 70 million people, mostly from developing countries, are working legally or illegally in
other states. According to DGV N (1992a) the annual number of registered refugees rose from 2.8 millionin 1976to 17.3
million in 1990. These figures, and the number of “environmental refugees’, will increase radically over the next few
years, according to an FAO study. International migrational flows are ailmost exclusively into cities.
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What all estimates have in common is that in a strict methodological sense they cannot be compared, due to the diffe-
rent concepts and statistical bases they use, and that they are imprecise as far as their reliability as forecasts is concer-
ned. They do show, however, that the number of migrants has been growing and will continue to grow in the future.
The simple fact that the population of the developing countriesis growing at a faster rate than the population in the in-
dustrialised nations resultsin:

® migrational pressure in developing countries caused by a combination of poverty and environmental degradation,

® greater “pull” towards industrialised countries on account of their high standard of living and changing age structu-
re (more old people, fewer young people).

Since the 1970s, and especially in newly-industrialising and developing countries, there has been a growing degree
of urbanisation, in addition to population growth at regionally very different levels. Some 83% of world population
growth occurred in towns and cities, i.e. the urban population increased annually by approx. 80 million people. This
is equivalent to eight “new” megacities coming into being each year, in addition to existing urban agglomerations.

Population growth on this scale puts existing settlement systems under additional and considerable stress. Urban in-
frastructures are already overloaded in many cases both in developed and devel oping states. Within 15 years, the de-
veloping world may have to expand by 65% its capacity to produce, its urban infrastructure, its services and its sett-
lement structures if it is to guarantee at least current living and working conditions. To improve them, even greater
efforts would be necessary.

The enormous and rapid expansion of urban systems gives rise to increasing social costs and environmental degra-
dation. Neither of these problems can easily be compensated for or reduced by the cities and metropolises of the
world themselves. The quality of drinking water and the percentage of households attached to the sewage system,
for example, are important indicators for the state of development and the level of environmental stress. If populati-
on growth and the degeneration of settlement systems are not brought under control or reduced, then towns and ci-
tieswill be the first to disintegrate, because their air, soils and water are polluted and because the urban climate — at-
mospheric and socioeconomic — deprives human beings of the very basis for their existence. This is certain to ma-
gnify existing migrational pressure at the international level.

Table 19 shows the expected development of population in some megacities. Even though there may be major dif-
ferencesin the figures quoted by various sources (different spatial entities, parameters and forecasting methods), the
trend is obvious.

The spatial-functional division of labour at the regional and global level, and the polarisation of humanity (into ur-
ban and rural population, rich and poor, people with and without medical care, educated and non-educated people)
will reinforce those migrational flows aready perceptible today. Growing urbanisation exacerbates the negative ef-
fects of population growth and may become a factor exerting the most negative impacts on the global environment.

A self-reinforcing effect can be identified here, too: human reproduction, increasing migration and agglomeration
lead to effects on the global environment, e.g. in the form of higher CO, levels in the atmosphere. These environ-
mental changes then affect human lives. An increase in sea level, for example, unleashes further displacement and
migration.

Causes

Causes of high population growth

Statistically, high population growth is the result of an imbalance between fertility and mortality. The “balance” that
can be calculated on this basis does not, however, permit any conclusion to be drawn about causal relations deter-
mining the current ratio of birth and death rates, which itself shows high regional variation. In order to outline al-
ternatives for action that can also apply to Germany, and which are capable of reducing global population growth,
the determinants of fertility and mortality must be subjected to analysis, as must the interlinkages between them.
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Table 19: Size and growth of some selected megacities
(from Statistisches Bundesamt, 1992; Otterbein, 1991; DGVN, 1992b; Linden, 1993)

In million of inhabitants
Statistisches | Otterbein DGVN Linden Otterbein DGVN Linden
Bundesamt
different data for data for data for estimations | estimations | estimations
years 1990 1990 1992 for 2000 for 2000 for 2000
Mexico City 18.7 (1990) 194 194 153 244 26.3 16.2
Tokyo 28.3 (1989) 28.7 - 258 213 171 28.0
Sao Paulo 16.8 (1989) 172 15.8 192 236 240 226
New York 18.1 (1990) 174 181 16.2 16.1 155 16.6
Shanghai 9.3 (1989) 91 - 141 147 135 174
Calcutta 9.2 (1981) 12.8 9.2 111 159 16.6 12.7
Buenos Aires 111 (1988) 124 10.7 118 131 - 128
Rio de Janeiro 11.1 (1989) 109 105 11.3 - 133 122
Seoul 9.6 (1985) 15.8 9.6 11.6 - 135 13.0
Delhi 5.7 (1981) 9.8 57 88 - 133 117
Bombay 8.2 (1981) 12.9 8.2 13.3 15.4 16.0 18.1
Cairo 7.9 (1986) 110 - 9.0 - - 10.8
Lagos 4.6 (1990) - - 8.7 - - 135
Jakarta 7.8 (1985) 99 - 10.0 132 - 134

Among the principal causes for the imbalance between fertility and mortality are the following:

Children as a form of pension insurance

The theory of demographic transition describes the development of a society with high fertility and mortality ratesto a
society with low birth and death rates. The completion of this process can already be seen in the developed nations. In
poor countries with a high rate of infant mortality, on the other hand, demographic transition is often obstructed by a
mentality that calculates in terms of progeny, since having many children is often the only answer to the lack of state
pension schemes. An increase in average life expectancy does not lead to a lower birth rate as long as infant mortality
remains high. Successor generations “ disrupt (sometimes with atime delay) tightly financed devel opment programmes,
the health system, the education system and factories, and exert pressure on housing markets, water supplies and urban
zones.” (DGVN, 1992b). This development can only be counteracted by additional financial support, i.e. transfer pay-
ments, which will improve the economic situation.

The social position of women

Women's right to self-determination is being increasingly acknowledged as playing a key role in sustainable develop-
ment. Critically important in this respect, in addition to the obvious ethical arguments, is the recognition that through
better health care and education for women, and easier access to employment, important steps can be taken towards re-
ducing population growth.
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Results obtained from studies in Brazil provide impressive evidence of the interrelationship between educational level
and fertility. It was shown, for example, that women with more than basic primary education have four children less on
average than women without school education.

Furthermore, statistics published by the United Nations show that over 10% of al births in Africaand Latin America
are to women aged between 15 and 19 years. Aside from the fact that these women are denied access to higher-level
schooling early on, mothersin this age group are more liable to suffer damage to their health than older women; infant
mortality is also higher among children of younger mothers.

Another problem in this connection is the fact that many women who would not like to have any more children do not
possess the means for active birth control. This state of affairs affects 77% of women in Africa, 57% in Asiaand 43%
in Latin America (UNFPA, 1991).

Deficits in the field of population policy and family planning

Population control programmes as a component of organised population policy definitely have a significant effect on
the rate of population growth. However, not al countries with high population growth rates are aware of this signifi-
cance. Some countries totally reject family planning as an instrument of population policy. One reason for this may be
that population control measures take much longer to have an impact than economic policies, for example. This ex-
plains in many cases why initiatives in the field of population policy fail to receive the necessary support and priority.
To be successful, even in the long term, population policy must be firmly anchored as an institution in the political
structures of a given country; however, this approach is taken by only 45 nations in the world. Partial successes on this
level which can already be witnessed indicate a major potential that can still be exploited.

Medical care

Providing medical care fulfils an ambivalent function with respect to demographic effects. The discovery of antibiotics,
the increasing use of vaccinations and the combatting of malaria have led to marked increases in life expectancy, es-
pecialy in the developing world (DGVN, 1992a). Medical progress is therefore directly responsible, on the one hand,
for the particularly high level of population growth from the mid-20th century onwards, and for the effects this has had
on the global environment. On the other hand, it has been possible through advancesin medical care to achieve sustai-
ned reductions in infant mortality levels. Higher survival rates have led to alower number of children per family.

The demographic effects of medical progress cannot be quantified exactly. The effects that occur when societies are
provided with medical goods and services will remain an uncertain variable within population forecasts.

At the same time, the figure of 1.5 billion people who had no access to modern medical carein 1990 (DGVN, 1992a)
signifies an obligation on the part of the international community to act.

Causes of increasing migration

Migration refers to any “spacious’ movement of individual people or groups of people who move from the region in
which they had previously lived most of their lives to a different region in order to live there for alonger period of ti-
me, or even permanently. Migrations are conditional on the capability and willingness for regional mobility.

The capability of regional mobility is determined by

® type and condition of transport routes and available means of transport,

® the costsinvolved (financial costs, duration and strains which must be endured).
Willingness to be regionally mobile depends on

® migrational pressure (“push” factors): dissatisfaction with location to date; pessimistic expectations regarding the fu-
ture; impairment or destruction of life-support systems.
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® migrationa attractors (“pull” factors): attractive target regions for migrations; hope for improvement of personal cir-
cumstances (safety, economic livelihood, future opportunities). This also applies in cases where the target region is
not clearly defined at the beginning of migration (refugees).

The causes for migration can thus involve a greater or lesser degree of compulsion, or of voluntary factors (a clear di-
stinction between the two is not possible in every case):

® human rights violations and persecution on political, religious and ethnic grounds,

® natural catastrophes,

® anthropogenic catastrophes, such as chemical or nuclear accidents,

e military conflicts at national or international level,

® epidemics,

® reduction and destruction of the economic basis (e.g. desertification, rising sea level),
e displacement due to large-scale construction works (e.g. dams),

e growth of rural population and the exploitation of natural resources associated with this,
® poverty,

® hopes for safeguarding a basis for existence,

® hopes for upward social mobility.

Estimating the scale of present and future migrationsis a highly problematic endeavour. However, thisis without doubt
a globally significant and upward trend.

The largest proportion of migrational flows so far have occurred within national borders. Intranational migrations are
(till) determined primarily by economic factors. Thisis demonstrated, for example, by the roughly 400,000 people who
migrated within one year (1990) from the ex-GDR to the states of former West Germany. Migrations from the coun-
tryside to the city — especidly in the newly industrialising and developing countries — take place because rural areas are
generally economically disadvantaged in comparison with urban areas. They possess little more than half the facilities
needed for health, drinking water and sanitation. Opportunities to earn a livelihood are much fewer in the countryside
than in cities (DGVN, 1992a).

Migrations are ecologically engendered to an increasing extent. Thisis also the case in industrialised regions. The re-
actor catastrophe in Chernobyl resulted in more than 100,000 people leaving the region (Keller, 1990).

Most ecologically motivated migrations arise through anthropogenic land degradation. The reasons for this are
® mismanagement and excessive use of land,

e disruption of the hydrological cycle,

e shifts of natural vegetation zones through anthropogenic climate change.

According to FAO figures, 6-7 million hectares of new desert are created each year as aresult of soil mismanagement.
Floods, salinisation and alkalisation of soils degrade a further 1-2 million hectares of arable land beyond any agricul-
tural usefulness. In total, approx. half a billion hectares of arable land will be irrevocably lost (Keller, 1990). Almost
one hillion people are affected by desertification in the medium to long term, most of whom are compelled to migrate
as aresult (Wohlke, 1992).

Through population growth, on the one hand, and agricultural use, on the other, the per capita area of agricultural land
isdeclining, regardless of the state of development of the countries observed. According to present-day knowledge (e.g.
given the level of best available technologies), it is not possible over the long term to expand the area used for agricul-
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tural production or to increase agricultural productivity to the extent or at the speed at which agricultural land is being
lost through natural agro-climatic constraints. Intensive cultivation of agricultural land in developing countries entails
the risk of higher energy input into agriculture than energy output.

Water scarcity can be another cause for rapid migration of people to areas with a greater abundance of water. Poor wa
ter quality, in contrast, only leads to migration in the long term, if at all, because the danger is underestimated by the
population or because they have no aternative. Estimates for the number of people who fell ill from drinking bad wa-
ter for the reasons mentioned run to more than 1 billion (Wohlcke, 1992).

The number of major dams has risen sharply in recent years. Of the more than 35,000 dams that exist worldwide, mo-
re than half are located in the People's Republic of China. This country needs water and energy supplies that are ade-
guate to cope with the rapid population growth. The negative effects of dams are frequently subordinated to these ob-
jectives:

® Entire landscapes are flooded, or dry out through the regulated water flow.
® Theloca climate can change.

® | arge, stagnant areas of water can become sources of infection and pollution through the accumulation of salts and
chemicals.

® Human settlements must be abandoned as a result of flooding, and the population in question has to be resettled.

® Resettlement often leads to a change in social structures and hence to unforeseeable economic and social restructu-
ring.

® Changes in water management change the economic behaviour and lifestyles of people in the catchment area of a
dam. This applies principally to those employed in agriculture and forestry.

® The construction of dams in the developing countries burdens the latter with high debt levels and repayment inte-
rest.

® Whereas the construction of dams, and the negative effects that ensue, are financed in advance by industrialised
countries, this does not apply when the negative effects have to be removed or lessened. Processes of socia change
occur over extended periods of time and cannot be measured in monetary terms. The countries in which dams were
built therefore have to carry the resulting burden themselves.

A rising sea level caused by global warming of the Earth’s atmosphere will have a very pronounced effect on migra-
tional patterns. The growing risk of storms and floods will play a similar role.

Wars are an important factor causing environmental destruction, pollution and migrations (refugees), athough their im-
pact is difficult to assess. Such effects are mostly local or regional in nature initially. However, the fact that since the
Second World War more than 150 wars have been fought worldwide, but aso the style of modern warfare (e.g. ignit-
ing the Kuwaiti oil fields during the Gulf War; the risks of nuclear or chemical weapons) underline the global signifi-
cance of this problem.

The causes listed above can lead to a major increase in migrational movements, and especially to the flow of refugees
across national borders. International migrations are still relatively insignificant in quantitative terms compared to in-
tranational flows, however. Most migrations at present are from poorer countries with high population levels to
wealthier “low population” states

® within the countries of the European Community, and especially from Eastern to Western Europe. In 1989 aone,
over amillion people emigrated from the Warsaw Pact countries, for example.

o from Asia Minor (Turkey) and (mainly) northern Africa to Europe. Substantial economic and demographic imba-
lances exist here. It is expected that 25-30 million people will drift towards Europe over the next three decades from
the Maghreb zone a one (Stiftung Entwicklung und Frieden, 1991).
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e from highly populated Arab and South or South-East Asian states to lowly populated, wealthier Gulf states and to
Far Eastern, West European and North American states.

e from Latin America and the Caribbean to North America.

Developing countries often experience fluid transitions between international and intranational migrational flows that
make them difficult or impossible to track statistically. The borders of many developing countries date back to coloni-
al times and were demarcated relatively arbitrarily and without regard to national, ethnic or religious distinctions.

Causes of rapid urbanisation

“Even if the globe had a perfectly uniform surface, there would still be cities!” Lésch’s thesis of 1943 refers to the so-
cial behaviour of human beings, their tendency to settle in families, groups and neighbourhoods. This basic principle of
general concentration (centralisation) is considered a fundamental tenet as far as the socia use of land is concerned
(Losch, 1943).

This guiding principle can to some extent explain why urbanisation occurs, i.e. the process whereby land is converted
and developed for urban use resulting in spatial concentration. However, it does not explain why there have been such
massive and extremely rapid urbanisation boosts since the 70s, especialy in the developing countries, continuing or
even accelerating to this day, and leading to concepts such as “primate city” or “megacity”. There is no commonly ac-
cepted definition of these terms, however, e.g. in terms of the parameter “ population”, so that the various concepts over-
lap to a certain extent. In the literature (Mertins, 1992) cities with more than 2 million and less than 10 million inha-
bitants ar defined as“ metropolises’, and cities with more than 10 million inhabitants as“ megacities’ . “Primate cities’
such as Buenos Aires or Bangkok are characterised by the fact that a very large proportion of the entire population as
well as the administrative, economic, socia and cultural functions of the country are concentrated in them, and that si-
milar settlement patterns do not exist elsewhere. Whereasin 1950 there were only 3 megacitiesin the world, there could
be 25 hy the end of the century, 19 of these in developing countries. By then, about half the world’s population will be
living in cities, whereby the regional disparities of urban growth are striking. Cities with populations in the millions,
such as Mexico City or Sao Paulo, have gained more inhabitants within a span of 20 years than London or Parisin 2000
years.

The main cause for the growth of major cities in the first phase of urbanisation is rural exodus. In later phases, natural
population growth within the cities becomes more important. This can be attributed to the fact that the 15-35 age
groups are disproportionately represented amongst those migrating from rural areas and hence that the proportion of
women of childbearing age isincreasing rapidly in urban areas.

The main reason for rural exodus, on the other hand, is the inadequate development of rural areas as compared to ci-
ties. Rural areas often lack appropriate facilities due their inadequate social and technical infrastructure (“push” fac-
tors), whereas in cities the respective situation is relatively good due to certain benefits of agglomeration (“pull” fac-
tors). The greater the degree of urbanisation, the more economic and demographic investments are concentrated on ur-
ban structures. Funds appropriated to support programmes in rural areas are often cut, because existing land property
structures prohibit any effective deployment of such funds. This interrelationship reinforces existing income disparities
between urban and rural populations.

Effects
Effects of high population growth

Every form of human action leadsto environmental changes, some of which on aglobal scale. The qualitative and quan-
titative dimensions of such effects are known for many of these cause-effect relations, but the causal interconnections
between them have till to be researched.

The Council sees substantial deficits in knowledge and research in this complex of factors, and these deficits preclude
a conclusive overview of the global environmental effects of population growth at this point in time.
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Population growth means the reinforcement of migration and urbanisation. These processes can lead potentially to are-
duction of the basis for economic development, and at the same time to a worsening of their global environmental ef-
fects. The lack of facilities and environmental quality (e.g. high infant mortality, low life expectancy, inadequate trai-
ning) tends to result in an increase in population growth. This “vicious circle” therefore contains self-reinforcement ef-
fects that render an integrated solution and rapid action a matter of necessity.

Effects of increasing migration

The global impact of migration on atmosphere, climate, water, soils, biodiversity and the economic basis of human exi-
stence could be assessed at present as being relatively insignificant. Other causes, such as population growth, in com-
bination with resource use, emissions or the waste problem, appear to be more serious. The role that the regiona dis-
tribution of population growth will play in future depends critically on whether

® the problems listed above are exacerbated or not or,

® whether the explosiveness of the issues discussed can be reduced, with the consequence that valuable time for sol-
ving the principal tasks (environment and development) is gained.

Migrations display the following main effects:

® Spatia mobility depends on age and level of education. Y oung and better-trained people are thus more inclined to
emigrate than older or less well-educated people. This leads in areas of outmigration (source areas) to shrinkage of
the basis for development and hence to an increase in the already existing migrational pressure.

® The target regions experience an additional burden on their economic and ecological systems, the precise extent de-
pending on their initia situation. If this burden turns out to be excessive (e.g. through the collapse of urban structu-
res), then migrational attraction turns into migrational pressure, i.e. migrational targets become sources of outmi-
gration.

® The process of urbanisation is reinforced, asthe destinations for both national and international migration are almost
exclusively cities.

® Refugees form a smaller percentage than voluntary migrants in the total number of migrants. But because the rea-
sons why refugees must flee their respective countries often develop quite suddenly and trigger off migrational flo-
ws that are very difficult to control, refugee movements have more serious effects on environmental assets than vo-
luntary flows do.
The war in Afghanistan, for example, caused 5 million people to flee into the neighbouring countries of Iran and
Pakistan (Dannenbring, 1990), where they have been living for over a decade, degrading their social and economic
support systems. In Somalia, one of the poorest countries in the world, a seventh of the more than 6 million people
living there were refugees at one stage. The situation is similar in many other African states, such as Malawi or the
Ivory Coast.

® |n most cases, refugees move to target regions in the vicinity that exert a particular attraction. Because target regi-
ons, as described above, become sources of outmigration as aresult of over-burdening, a renewed wave of migrati-
on is caused in which the problems constantly worsen as one stopping place after another is used.
In Africaor South Asia, for example, migration from densely populated areas to sparsely populated areas where the
land is barren and difficult to cultivate can be observed. Cultivating barren land produces little yield. Within afore-
seeable period, such areas can no longer provide any subsistence at all, with renewed migration the predictable re-
sult.

® The consequence: when intranational target regions for migration have been used up and migrational pressure con-
stantly mounts, international migrations will increase and will ultimately point in the direction of the developed
countries.

® The main effect of national policies for restricting immigration is to encourage efforts to circumvent such restric-
tions:
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— the attractiveness of target regions remains unchanged (high availability of basic requirements, lack of alternati-
ves in developing countries);

— dueto increased scarcity of options, “suppliers’ can be found who offer illegal opportunities for immigration.
In conclusion, this means that migration processes

® can—insofar asthey occur spontaneously — multiply the level of difficulty in solving the combined problem of “en-
vironment and development”,

® acquire global dimensions as a matter of course due to self-reinforcement,

e affect — with time delays — every state; they represent not only a general problem that has to be solved worldwide
for ethical and humanitarian reasons, but attain national dimensions for every society, including the Federal Repu-
blic of Germany,

® giveriseto an acute need for action: internationally coordinated and responsible policies offer a chance to influen-
ce migrational flows; as mentioned above, this is not equivalent to a genuine solution, but only a lessening of the
problems described; it would, at least, create a breathing space in which to cope with the central task of “environ-
ment and devel opment”,

e opens up for highly developed countries the opportunity to equalise their “age structure deficit” (increasing life ex-
pectancy, lower working hours, low “indigenous’ birth rate).

Effects of rapid urbanisation

When taking a historical perspective of society’s use of land, there has always been a positive correlation between the
size of acity and its state of economic development. The furious pace of today’ s urban growth, in contrast, can only be
seen as disquieting for the urban population and as an indicator of increasing pauperisation of the rural population.

Experience gained in the past shows that rapidly growing urban systemslead to serious degradation of the environment,
high traffic levels and major social problems (e.g. rising criminality) (DGVN, 1992&). The question this poses is
whether these phenomena are confined to the local or regional level, or whether the process of increasing urbanisation
in fact conceals problems that are interconnected with global environmental change.

If onelooks at analyses of the climate situation in cities, one frequently encounters the following type of diagram (Fig.
12). Urban space is viewed as an isolated, closed system separated from its environment by a dome. It is not possible
to derive any conclusionsfor the global dimension of such environmental change from thisform of representation. Con-
cepts such as urban climate or heat island underline the local or regional demarcation of urban systemsin precisely the
same way as the quantifiable, higher pollution levels of city air compared to air in the surrounding countryside, which
is “visibly expressed by the haze over the city, reducing the amount of sunlight falling” (Heyer, 1972). Temperature
differences compared to surrounding aresas, less hours of sunlight due to increased cumulus cloud, and modified wind
systems indicate that urban areas cause local rather than global environmental change, at least as far as climatic condi-
tions are concerned.

In the case of urban heat islands, a high correlation can be shown between the temperature difference between the ci-
ty and the surrounding rural areas, on the one hand, and the number of inhabitants, on the other. The higher the num-
ber of inhabitants within a particular urban area, the greater the difference between the urban and rural temperature le-
vel, as shown by the scatter diagram in Fig. 13.

At the end of this century, about half the world’s population will be living in cities, which means that approx. 3 billi-
on people will contribute towards and be affected by environmental changes at the urban level. What appears on the
surface to be locally or regionally confined environmental changes may thus acquire global relevance.
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Figure 12: Changes in urban climate (from Hutter, 1988)
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Figure 13: Correlation between the city-surroundings temperature difference and the size of urban population
(from Changnon, 1992)
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Humanity is in many respects a victim of its own actions. The state of “ecological emergency” is the most recent me-
gacity problem. It manifestsitself in air and water pollution beyond al standardised threshold limits, in noise emissi-
on, sealing of soil surfaces and, last but not least, in the rampant growth of waste disposal sites.

Outdated or badly maintained vehicles cause lead and soot concentrations in the air which far exceed the level that is
technically necessary. In Lima, for example, air pollution is 200% above the internationally accepted level. The lack of,
or overburdened disposal systems compel inhabitants to incinerate their wastein the open air, without any controls, cau-
sing the release of large volumes of toxic gases (Otterbein, 1991). Untreated sewage pumped into rivers imposes limi-
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tations on the utilisation of river water for agricultural production and the supply of drinking water. Rising demand for
drinking water in rapidly growing cities causes a situation where the capacity of existing wells no longer suffices. The
construction of new and ever-deeper wells leads to subsiding groundwater levels. This, in turn, may cause the trans-
formation of arable land into desert and also pose an enormous risk to decrepit buildings, which can collapse as are-
sult, especialy in the peripheral areas of magjor cities.

Through deforestation in the periphery of cities, the oxygen production and water evaporation is reduced over a wide
area. In combination with the high concentration of emissions caused by automobiles, which account for 80% of all air
pollutants in Mexico City, for instance, the health of the entire population is acutely at risk. At least 50,000 deaths per
year in this megacity are directly attributable to smog. The level of air pollution in Mexico City is about six times hig-
her than that defined as tolerable for humans (Schteingart, 1991); as a consequence, 90% of all respiratory illnesses that
the city’ s population suffers from stem from poor air quality.

Through the massive concentration of human activities in urban areas, environmental change takes on extreme forms
in both quantitative and qualitative terms. All spheres of the environment are exposed to stresses far above average,
which often reinforce each other synergetically or develop into a self-destructive cycle. Density of population undoub-
tedly plays an important role in this respect. It is easy to imagine that high-density areas with approx. 4,000 inhabitants
per km?, such as Berlin or Munich, produce much greater environmental change in qualitative and quantitative terms
than rural areas such as the Allgau in Southern Germany, where population density is about 90 inhabitants per km2. In
megacities like Cairo, there are as many as 29,000 people living on one square kilometer, in Calcutta up to 88,000
(UNDP, 1992), thus representing an extreme burden on the various spheres of the environment. To give a last exam-
ple: air pollution in New Delhi is thought to be responsible for a 30% decline in agricultural yields in the surrounding
rural areas (Otterbein, 1991).

In summary, we can state that:
® high population growth involves even higher growth of urban agglomerations,
® the more people that live in a city, the greater are the negative effects on the environment,

o the greater the increase in urban population per year, the less developed are the urban facilities for ensuring basic
supplies (especially sewage and waste disposal), and the greater the probability that urban systems may collapse,

e the more clearly urban decline can be “felt”, the greater the cross-regional or international migrational pressure.

Links to global change

Population growth, increasing migration and self-reinforcing urbanisation processes pose the greatest challenge of glo-
bal change. Below, the particular effects of population growth and distribution are outlined once again.

Atmosphere

Population growth is responsible to acritical extent for the production of greenhouse gases. In Africa, for example, 68%
of the increase in CO, is due to population growth; in Brazil the figure is as high as 76%. Population growth also ac-
counts for 69% of the increase in cattle stocks. The higher volume of methane production leads to further global war-
ming and greater ozone depletion. Greater global warming can lead in turn to rising sea level, which has caused 16%
of Egypt’s population and 10% of the population in Bangladesh to become ecological refugees (DGVN, 1992a).

Water

As a consequence of population growth, the consumption of water by agriculture, industrial and energy production and
private households increases. This higher level of demand has led to severe water scarcity in many parts of the world,
which in many regions is combined with alowering of the water table. The number of people affected by water supp-
ly problems could amount to as many as 1.1 hillion by the year 2025 (DGVN, 19924).
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The constantly increasing volume of sewage in urban areas can no longer be treated to the required extent. Insufficiently
treated sewage is a health hazard for al living beings, however. The deployment of chemical fertilisers to push up agri-
cultural yields is endangering groundwater and surface water. Heavy algae growth indicates that too many fertilisers
and phosphates are seeping into the water.

Soils

High population growth leads to further expansion of agricultural land. Nevertheless, in 2050 there will be about 50%
less agricultural land per capita, because expansion of agricultural land cannot keep pace with population growth (DG-
VN, 1992a).

Overgrazing, agricultural over-use of land through shortened fallow periods, and prolonged periods of drought weaken
vegetation first of all. The unprotected soils are blown away and a crust forms. Rain can no longer seep through the sail,
but drains off the surface instead. The soil erodes and loses fertility. Efforts are made to compensate for thisloss of agri-
cultural land by creating new arable land through deforestation. This process is repeated until the land is unfit for agri-
culture and migration is triggered.

As early as 1975, many countries could no longer produce enough food for their own needs. These are predominantly
developing countries with a high proportion of marginal land. In the long term, only 1/3 of the popul ation in these coun-
tries can be fed from national agricultural production (DGVN, 1992a).

The requirement of land for non-agricultural purposeswill aso assume substantial proportions. In the devel oping world
alone, approx. 2.75 million km? of land will be needed for housing, the production of goods, services and infrastructu-
re by the year 2050. Worldwide, additional land requirements are expected to be in order of 4.5 million km?, with al
the effects that land sealing entails (DGVN, 1992a).

Biodiversity

When natural habitats shrink or become fragmented, then the diversity of species living in them also declines. Since
1900, about half the wetlands of the world have been destroyed as a result of human intervention in the form of drai-
nage for agricultural use, loss of forests for forestry purposes or for expanding cities. Viewed statistically, thereisacle-
ar positive interrelationship between population density (as afunction of population growth) and the loss of natural ha-
bitats.

Global warming and the ensuing rise in sea levels will trigger off migrations that will give rise to a shift in the bound-
aries of human land use in the direction of the two poles and to higher altitudes. Plants and animals living in these re-
gions are therefore threatened with extinction.

Economic development

The relationship between population growth and economic growth has been a controversial issue for more than two de-
cades. One side saw population growth as being the greatest obstacle to economic progress. The other side argued that
population growth can be of enormous benefit for long-term economic growth.

No such interrel ationship between population growth and economic growth can be shown in the industrialised world to
this day. In the developing world, on the other hand, where 97% of future population growth will occur, a negative cor-
relation between population growth and per capitaincome has been established since 1975, as confirmed by the World
Population Report of 1992 (DGVH, 19923).

High population growth has a negative effect on the provision of school education in developing countries, for exam-
ple. Because only very limited financial resources can be provided in these countries for educational facilities and hard-
ly any new capacities can be created, existing educational facilities are confronted with a constantly increasing demand
for education. The quality of education will thus inevitably deteriorate. Many people, women especially, do not even
have access to education.
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Statistically, however, there is a correlation between educational level and economic development in a given country.
The longer the average amount of schooling received, the greater the economic prosperity. A similar correlation can be
found between education and agricultural production, i.e. the better and the longer school education is, the higher is the
yield per hectare of arable land as arule.

Need for action

The Earth’s population is proving to be a crucial determinant in coping with the combined tasks of environmental pro-
tection and development. The greater the rate of population growth, the less chance there is to provide solutions that
address both environmental and developmenta problems at the same time. Uncontrolled migration and urbanisation
processes render this task considerably more difficult. The following objectivesin the field of population development
and distribution are the logical consegquence of this situation:

® |ong-term stabilisation of population levels;
® prevention and/or reduction of involuntary migrations;
® creation of sustainable urban structures.

As aready stressed, there is an immediate and acute need for action in all areas, as documented in the Rio Declaration
and especially in AGENDA 21 (UNCED, 1992):

® Population development:
Reduction of the causes of population growth by
— eradicating poverty,
— promoting equality for women through improved access to education systems and to employment,
— recognition of the right to family planning as an individual human right,
— improvement of opportunities for family planning,
— reduction of infant mortality,
— improvement of education.

® Migration:
— reducing migrational pressure,
— international coordination of international migrational flows.

® Urbanisation:

— internationally coordinated spatial policies,

— definition of guiding concepts for spatial policy that provide for harmonisation of “environment and devel op-
ment”; e.g. through a balanced mixture of land use within cities (Chap. 7 of AGENDA 21) or through the pre-
servation and the development of existing urban parks and green areas in inner-cities (Chap. 6 of AGENDA 21),

— creation of polycentric rather than monocentric land use structures (Chap. 7.19 — 7.22 of AGENDA 21),

— technology transfer aimed at the avoidance or reduction of emissions and waste in urban agglomerations.

If, in the face of this required action, one enquires about the actual possibilities for action that exist, one is struck by
the fact that sustainable stabilisation of the Earth’s population, a reduction of migrational pressure and the avoidance
of uncontrolled urbanisation can only be achieved if development problems (e.g. eradicating poverty) and environ-
mental problems (e.g. water pollution) are surmounted.

Surmounting the population problem in the long term demands that solutions be found for environmental and devel op-
mental problems; thisitself is made more difficult through population growth, migration and urbanisation. This*“vicious
circle” severely restricts the possibilities for action aimed at any short-term influence on population development. Use
of coercion by the state, e.g. by “punishing” high birth rates, cannot, in the Council’ s opinion, be considered for ethi-
cal reasons. Population policies that promise success must therefore be aimed first and foremost at influencing indivi-
dual family planning
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® by combatting the causes of high birth rates,
e through educational campaigns dealing with methods and availability of suitable birth control.

Aware that this touches upon an extremely sensitive areain which cultural and religious persuasions play amajor role,
the Council stresses the individual right and the personal responsibility of every human being to make his or her auto-
nomous decisions with respect to family planning. Implementing this demands not only worldwide recognition of the
right to individual family planning, but obliges the international community to create opportunities for the responsible
exercise of thisindividual right.

The international community must take action, because
® population growth is a central problem of global change,
® the globa importance of this problem is still underestimated in many states,

® such measures only produce results over long periods of time, and because the necessity for immediate action is
doubted as a result,

® eventherelatively modest expense of such aprogrammeis not provided in many areas due to the various other tasks
that have to be managed at the national level.

Through international cooperation (conventions; approaches can be found in AGENDA 21, Chapter 2) and financial
programmes, an ingtitutional anchoring of population policy should be ensured in all states, enabling such programmes
to be carried out independently by the state in question, bearing in mind the respective conditions and sensitivities.

The Council believes that the Federal Republic of Germany (as all other highly developed countries) must assume a
special responsibility in this regard. Thisis derived, both directly and indirectly, from

® the signing of the Rio Principles and AGENDA 21,

® the demand for international solidarity,

® ts position within the international community of nations,
o the immediate effects of international migrational pressure,

e the fact that present global change is mainly attributable to production and sales in the industrialised countries, and
that the management of these problemsis critically dependent on population development.

Precisely because measures to control population only show results over the long term, immediate action is now requi-
red. Modest successes in reducing population growth can make important contributions to the solution of global envi-
ronment/development problems.

Besides the initiation, participation and co-financing of international programmes with the above objectives, emphasis
must be laid on the key role of the highly industrialised nations in the development and transfer of new technologies.
Since the stabilisation of the world’s population cannot be achieved in the short term and is greatly influenced by so-
lutions to environment/devel opment problems, technology policies adapted to fit the circumstances faced by newly in-
dustrialising and developing countries would offer an important potential for action (see box in Section 2: examples for
technology in three areas).
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Research needs

Research into socioeconomic interactions within the context of global environmental change is still in its infancy, in
Germany at least. Thisis shown by the overview of German involvement in international scientific programmes, whe-
re only the environmental research programme “ Human Dimensions of Global Environmental Change” organised by
the International Social Science Council (ISSC) is listed as a socioeconomic research topic (BMFT, 1992a).

The Council sees asubstantial discrepancy between natural science and socia science research. Thereisan urgent need
to balance the major impact of socioeconomic factors, such as population development and distribution, on global en-
vironmental change.

Studying the People-Society-Environment system is one of the crucial analyses regarding “population growth, migra-
tion and urbanisation” that needs to be conducted in order to determine the stress limits and carrying capacity of the en-
vironment. The information basis currently contains too many gaps for any definitive statements to be made about the
long-term development of per capita consumption of renewable and non-renewable resources, for example, as a result
of high population growth. It is not possible at present to make reliable forecasts about the qualitative and quantitative
extent of local, regional and global pollution in the future. There is also a lack of suitable information about the utili-
sation of new, environmentally sound technologies or about the prospects for success regarding the internalisation of
external environmental costs. Finadly, it is difficult to estimate the extent to which individual and social patterns of be-
haviour will become geared towards sustainable development and what influence will be exerted at the political level
in this respect.

Beyond the collection of environmental data and the development of relevant databases in the natural and socia-scien-
ce fields, as demanded in Chapter 35 of AGENDA 21, there is a need to analyse interrelations within the People-So-
ciety-Environment complex that can offer explanation. Proceeding in this way demands, above al, in addition to the
corresponding institutionalisation of research activities, the development of innovative analytical and forecasting pro-
cedures with the help of which anthropogenic influences can be taken into account.

The Federal Office of Statistics' concept of environmental accounting points in the right direction. Such procedures,
which can be transferred to other economies when adapted to the respective conditional framework, offer at least the
possibility of a cost-oriented assessment of environmental impacts, and can form the basis for the targeted deployment
of environment policy instruments.

At theinternational level, this could lead to the expansion of coordinated scientific databases, which would open up the
possibility for establishing global networks for rapid data exchange, and enable the international community to react
quickly and effectively to perceived problems.

Research field: population growth

O Anaysis of explanatory interrelations within the People-Society-Environment system

0 Development of methods for estimating carrying capacity (stress limits)

O Analysisof real and potential consumption by individuals of renewable and non-renewable resources
g

Research into the influence of individual and social behaviour patterns and political structures on global environ-
mental change

0 Examination of the technical, institutional and financial conditional framework for technology transfer

Research area: migration
O Development of methods for analysing and forecasting international migrational flows

0 Quadlitative and quantitative analysis of migrational “push” and “pull” factors
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Research area: urbanisation

0 Determination of an “optimum city size”; assessment of the determinants of the carrying capacity of urban struc-
tures; qualitative and quantitative analysis of urbanisation in relation to global environmental change

O Determination of the environmental impact of different types of cities

0 Designing technologies for integrated solutions concerned with environment and development in urban areas

2.2 Changes in the world economy

Preliminary remarks and definitions

Introduction

The economic activities of human society and economic growth play a significant role as causes of global change. The
Council shares this view and therefore places special focus on the economy along with population growth as the most
important, though very complex causal system.

To be able to better comprehend economic activities and the powerful dynamics they possess, one must first realise that
economic action was, first of al, areaction to bottlenecks in the natural environmental system and thus represented an
intentional attempt to overcome these bottlenecks by expanding the material scope for action. In view of the poverty
and hunger afflicting large portions of the world' s population — during the second half of the 80s over a billion people
were still living on less than US$ 370 a year, thus making them poor according to the World Development Report
(World Bank, 1990; Walton, 1990) — thisis still the reason behind economic activity or behind the demand for econo-
mic growth for agreat proportion of the world's population. More recent studies for 1990 show that the number of peo-
ple affected by poverty has increased rather than declined (UNDP, 1992) and has reached a figure of roughly 1.1 billi-
on today (World Bank, 19924). Economic activities are a question of survival for these people. Hence, the demand for
a change in economic growth based on long-term environmental considerations is not likely to find much support the-
re.

This situation applies in particular when — as was already emphasised at the first environmental conference of the Uni-
ted Nations in Stockholm in 1972 — poverty itself is the cause of many environmental problems, because it forces peo-
ple to exploit their natural resources to a non-sustainable extent and — as the most recent World Bank Report (World
Bank, 1992a) shows in many examples— economic growth and an increase in the efficiency of resource exploitation go
hand in hand. Even in the industrial countries, however, economic growth may generate desirable side effects from an
environmental policy point of view if growth triggersinvestment and environmental protection using technology is boo-
sted via capital-dependent technical progress.

Another point to be underlined is that economic action is frequently more than just a reaction to existential economic
constraints. Value added activities — and this is of major importance for an understanding of the dynamics of growth —
are an expression of a“basic need” in people to overcome finiteness or dependence itself. Therefore, economic action
can aso be interpreted as an implication of a more profound striving for freedom. This makes it difficult to make jud-
gements on the appropriateness of a certain form of consumption or a concept of affluence, or to speak too quickly of
the highly developed nations as “wasteful societies’.

Finally, it is afact that social and global distributional conflicts are usually easier to solve with economic growth than
without growth, and to alarge extent the social policy practised in highly developed nations could not be achieved with-
out economic growth. For example, medium-term financial planning in Germany, the “ Social Pact” currently being de-
bated and the institutionalised system of statutory pension insurance are based on economic growth. Moreover, the lar-
ge-scale problems related to prosperity in reunified Germany can hardly be coped with if there is no economic growth.
In comparison to this, however, the implications of global disparitiesin affluence are even more profound. Thisis sho-
wn very impressively in the most recent UNDP Human Devel opment Report
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1992 (UNDP, 1992), which points out that the richest twenty percent of the world population currently earn an income
which is over 150 times higher than that of the poorest twenty percent and that this disparity has increased even further
over the last ten years. In view of the expected global growth in population and its concentration in the least devel oped
countries, there is reason to fear that the gap between the poorest and the richest nations of this world will continue to
widen in the future.

The “distributional interests’ visible in the protectionist development tendencies of most industrial countries indicate
little “willingness to share” or to solve the problem of disparity through a policy of redistribution. This is also shown
by the fact that the demand made at the UN Environmental Conference in Stockholm in 1972, i.e. that industrial coun-
tries should spend 0.7% of their GNP on development aid, was only met by the Netherlands, Denmark and other Scan-
dinavian countriesin the last twenty years, while the U.S. only managed to reach afigure of 0.19%, Great Britain 0.27%
and Germany 0.42% (Abbasi, 1992). On the basis of an annual financial contribution to be provided by the industrial
countries of US$ 125 hillion, the figure regarded as necessary for environmentally sound development of the develo-
ping countries by the UNCED Secretariat, this contribution would amount to 1% of the GNP of the industrial countries
(Raghavan, 1990). The Council fully supports this appropriate and necessary demand. However, Germany should be
given credit for the aid it furnishes to many countries of Eastern Europe since the latter are in a situation similar to that
of the developing countries concerning their economic conditions and current environmental problems.

Growth and development

Economic growth and devel opment are ambiguous terms that require explanation. The current discussion revolving aro-
und the limits of growth suffers greatly from the fact that different interpretations of the notion of growth and deve-
lopment exist. A very superficial view interprets economic growth as the constant expansion of the economic produc-
tion of goods with given structures. Structure here is defined as the physical appearance of the national economy with
its sectoral, regional and company size characteristics as well as the production methods in their entirety, defined with
regard to, for example, resource intensity or emission coefficients.

It is necessary, however, to include the transformation of economic structures in our considerations because demand
preferences will be decisively influenced by the relative prices. The external and, for the environment, relevant struc-
ture of the economy changes constantly through the effects of other basic conditions (such as the formation of econo-
mic zones via politically desired integration, institutional shaping of the global economic order, etc.). Global environ-
mental change is thus not only the consequence of the respective level of production achieved, but the result of its struc-
ture. These structural changes can, but do not have to be of an environmentally positive nature. For some time now the-
re has been a constant observable trend towards globalisation of markets and thus towards expansion and intensificati-
on of trade, internationalisation of production aswell as an increasing division of labour between companies (“ lean pro-

duction”, “just-in-time production”, etc.). This has an especialy negative effect on energy consumption and traffic
emissions, two other important determinant factors of global change.

Viewed over alonger period of time, moreover, the sectoral sharesin real net output have changed and continue to chan-
ge. On the basis of the classical three-sector hypothesis (Fisher, 1939; Clark, 1960; Fourastié, 1971), for example, coun-
tries like Germany have been in the process of becoming service societies for some time now. Some speak of the post-
industrial society (Touraine, 1972; Bell, 1973), though this development is frequently linked to the hope of achieving
a positive environmental impact through structural change. As will be shown later, the hypothesis of positive environ-
mental effects resulting from such a structural transformation can, by no means, be regarded as verified.

The above-mentioned processes of transformation in the structure of the economy can also be described as develop-
ment. Here, development not only stands for the explanation of statistically observable and theoretically explicable
structural change in the economy over time (in terms of sector, region or company size), but also encompasses those
aspects going beyond the economic dimension. According to recent debate (Pearce et al., 1990) on the notion of deve-
lopment, it is not only supposed to comprise



130 Economy

e theincreasein real per capitaincome, but also

® improvement of the state of health and food situation,
e improvement of the level of education,

® access to resources,

® a“fair” income distribution and

® recognition of basic rights.

Initial attempts at operationalisation have now been undertaken. The work of the United Nations Development Pro-
gramme (UNDP), which has been analysing the notion of “ sustainable development” intensively for some time, ap-
pears particularly relevant. In the most recent Human Development Report (UNDP, 1992), the Human Devel opment In-
dex (HDI) proposed earlier in the 1990 and 1991 Human Devel opment Reports (UNDP, 1990 and 1991) is taken furt-
her through the addition of a Political Freedom Index (PFI), calculated worldwide. On the basis of this HDI, Canada,
Japan, Norway, Switzerland and Sweden are at the top of the world development table, Germany is humber 12 while
countries like Afghanistan, Sierra Leone and Guinea rank last.

Moreover, environmental protection was to become an important element in the concept of development as well. The-
refore, characteristics taking into account the environmental stresses on people as well as on the natural environment
were to be added to the customary list of criteria.

In such abroadly defined notion of development economic growth is a subdomain. Even if great importanceis still atta-
ched to economic growth as a starting point for aleviating poverty (thus the Brundtland Report, 1987; World Deve-
lopment Reports of the World Bank; Economic Outlook of IMF), the Council supports such a concept of development
whose operationalisation, however, has not been undertaken yet.

As dready stated, the latter also applies to the notion of “ sustainable development” . This term can be regarded as a
“strategic imperative” for economic action in order for humanity to survive in the future. What still has to be clarified
is, for example, the extent to which this notion must take into account social and economic concerns (socia and eco-
nomic acceptability of a specific development), the time horizons to be considered and the discount rate to be used.

Growth and the market economy

Asevolutionary and institutional economics are able to show (Dopfer, 1992; Schenk, 1992; von Hayek, 1975 and 1981),
awide variety of rules and ingtitutions have come into being through a kind of social learning process. These, in turn,
have an impact on the economic behaviour of people and a so influence the environment. The market economy is a se-
arch process based on the principle of private enterprise which is decentralised in nature and oriented to efficiency cri-
teria. This process involves a constant search for newer and better ways of allocating resources with individual econo-
mic planning being coordinated through prices determined via competition, as far as possible. These relative prices re-
flect a wide variety of information that includes assessments of the future as well as economically relevant environ-
mental conditions, provided that it is possible to express ecological scarcity in prices. Market economy mechanisms can
therefore be used to take consideration of environmental concerns in the individual economic planning processes.

The price system functions as a mechanism for conveying information and also provides individual orientation, while
very few cognitive demands are made on individuals — a decisive advantage. Under certain conditions — such as with
assets having non-excludable, collective features, information asymmetries and external effects or under certain market
conditions — market failure or failure of competition may occur. As more recent discussion shows (Blankart, 1991;
Eickhof, 1992), however, these cases arise |ess frequently than expected and are caused to a considerable extent by go-
vernment failure (for example, inadequate allocation of property rights).

Although this market economy system fundamentally develops substantial growth dynamics, it is, in principle, compa:
tible with the idea of zero growth —in contrast to many a claim to the contrary — if the basic ecological conditions ma
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ke this necessary. Economic growth is, in fact, the hardly foreseeable and thus hardly predictable result of individua
economic decisions. If, in their assessment of the conditions for action, the individual economic units came to the con-
clusion, on balance, that growth is no longer possible for individual economic enterprises, this would have to be noti-
ceable as a shift in the economy to a stationary development path. If there is a marked preference for economic growth
in the political arena of the most highly developed countries, therefore, this cannot really be attributed to the market
economy as such. It is rather — as has already been emphasised — an expression of the fact that many institutional pro-
visions of these states, such as in the area of social security, would become fundamentally questionable without eco-
nomic growth and could, accordingly, trigger social tensions. In other words, social or global conflicts of distribution
are generaly easier to solve with economic growth than without.

Causes

World economic growth

In order to be in a better position to analyse the global changes associated with economic growth, determine future re-
search needs and set priorities regarding required action, the Council feels that a distinction between different approa-
chesisimperative:

1. A (highly) aggregated approach, primarily based on a view of world economic growth, regardless of its sectoral and
regional features, as the triggering element for the global environmental problems to be explained,

2. aregiona approach which is oriented more to the interrelations between the regional distribution of this global gro-
wth process and the hereby induced negative global or regional environmental impact,

3. asectora approach emphasising the relations between global or regional environmental aspects and the sectoral
structural transformation of the world economy, or segments thereof, which causes them, and

4. a desirable combination of these regional and sectoral approaches which underlines the connections between the
structural transformation of more highly developed regions and the structural changes in underdevel oped areas and
the hereby induced global or regional environmental effects, with explicit consideration of the institutional conditi-
ons influencing them.

The aggregated approach, which seeks to explain global environmental problems primarily on the assumption that
world economic growth, without any further subdivision, is the actual causal agent, was the basis for the construction
of the first world models (Meadows et al., 1972 and 1974; Forrester, 1971) and for the discussion it triggered regarding
possible limits of world economic growth. These models view the global ecosystem

® asthe source of all material flows, which viaresource depletion or use (renewable resources) then enter the economy
® asinputs and throughputs, and subsequently leave this subdomain
® as“wastes’ (including emissions), i.e. return to the ecosystem.

Such economic growth means throughput growth and then becomes a problem when exploitation of finite resources re-
sults with limited options of substitution for the individual input categories, and/or the regeneration or assimilation ca
pacity of the global ecosystem is greatly overtaxed. Therefore, the world model s examine the question of whether such
relevant throughputs or bottleneck situations can be determined.

In summary, the highly aggregated world models currently focus on several bottleneck components. On the resource or
input side they include

e theglobally limited area of arable land, which primarily has to produce the relevant biomass for food, which cannot
be substituted and, in the view of some experts (Vitousek, 1986; Daly, 1992) has been exploited extensively,
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® in connection with this, the demand for protection of large portions of the Earth’s surface (habitat conservation) for
the purpose of conservation of biodiversity by restricting further expansion of the settlement areas or land used for
agriculture,

e furthermore, the increasingly emerging water scarcity (World Bank, 1992a) as well as

® in some case the limited reserves of fossil energy sources. It must not be overlooked, however, that the thesis of the
limiting effect of finite energy reserves is expressed rather cautiously today.

On the emission or waste side they include

e the limited absorption capacity of the atmosphere for greenhouse gases (see 1.1.1), the most important being carb-
on dioxide, methane, nitrous oxide and, in part, nitrogen oxides (Enquete Commission, 1990a),

® the thinning of the ozone layer due to emissions (see 1.1.2), with special emphasis on chlorofluorocarbons,

® soil degradation due to emissions and farming (see 1.4), which has the long-term effect of reducing arable land and
destroying biotopes, as well as

® in part, water pollution (see 1.3), which overtaxes the self-cleaning capacity of existing water bodies.

As far as the bottlenecks of the emission or waste side are concerned, they inevitably placed the focus of analysis on
renewabl e resources. More and more, it was realised that the natural environment represents akind of “production sy-
stem” that produces goods and renders services (such as the disposal site function) which are useful for society. The-
se services are offered without any human action and are not adequately taken into consideration in our economic ac-
counting, despite their beneficial effect (Klemmer, 1987). The assets of this natural “production system”, not expli-
citly shaped by people, develop spontaneously and are extensively oriented to the recycling principle. They are usual-
ly interpreted as production or yield, regulation, disposal and habitat services (SRU, 1985). While removals from and
inputs into the natural environment were, in the past, substantially compensated for by the latter through its sponta-
neous capacity, there is widespread agreement today that the capacity of the natural production system to renew itself
is questionable in many areas. If one assumes a complementary relation between the natural and the people-made pro-
duction system of the economy, in other words, given that real ecological capital cannot be replaced by real “artifici-
al” capital created by human beings, bottleneck effects are theoretically possible which can threaten stable economic
activity in the long run. If, namely, the capacity of the natural production system is no longer available — and that is
the basic message of most world models — a collapse may occur with irreversible consequences, i.e. possibly a new
ecological balance, for example, but at a significantly lower ecological carrying capacity level. In the end this would
imply a societal welfare loss.

One question that arises in connection with such an analysis is the degree to which the ecosystem can cope with ex-
traction, but especially with emissions (wastes), without losing its spontaneous capacity. This inevitably leads to the
further relevant question as to which growth or development paths can be regarded as ecologically stable or sustaina-
ble.

The, for the most part, highly aggregated “world models” available to date furnish a number of important references to
this central question, but no definitive answer as yet. Such models attempt to examine the Earth System as awhole and
to determine to what extent the most important sources and sinks change as a result of energy and materia flows. In
particular, they have shown that exponential population and economic growth does not enabl e sustainable devel opment
(Meadows, 1974; Meadows et a., 1992).

Whereas earlier world models do not adequately take global environmental problems into account, a new generation of
“integrated models’ places the focus of analysis on the interplay between environment and development (“World 47,
personal message from Meadows; “IMAGE 2", Rotmans, 1990). An attempt is also made to provide a higher geogra-
phical resolution, i.e. a “regionalisation” of economic and ecological interaction on this planet. The extent to which it
is possible to go beyond that and include innovative processes as well as price- or income-induced changes in beha
viour appropriately remains open.
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Existing models can essentially do two things:

® Sound out the consequences of different long-term scenarios regarding possible, but not predictable future develop-
ments.

® Short-term forecast of global dynamics on the basis of extrapolated trends and substantiated or presumed “econo-
mic laws’.

These models frequently use extrapolations from empirical studies, e.g. growth expectations, as input variables or are
oriented to parameters derived from targets, e.g. ensuring a minimum nutritional level for the population in all regions
of the world.

Given the special features of the economy, the demands on good “world models’ can be summarised as follows: re-
gionalisation as well as sectoralisation of the model studies are urgently needed. Furthermore, it appears necessary to
use an approach that takes better account of the learning capacity and adaptability of social systems and of their self-
organisation processes. In particular, development and impacts of institutions must be looked at more closely.

The regional structure of world economic growth
A regional analysis of world economic growth as a cause of global change is hecessary, especially since

e pronounced regional differences exist concerning the above addressed “carrying capacity” of the natural environ-
ment which suggest regionally divergent profiles of environmental assets requiring protection,

® people's environmenta preferences possibly diverge, depending on the socio-cultural environment and the level of
economic prosperity achieved,

® comparable economic activities or demographic development processes vary from region to region in their impact
on global change, based on regionally different environmental conditions,

® |arge-scaleinterlinkage of emission-immission effects exists, characterised by spatial separation of causal agentsand
those affected and requiring international agreements on environmental policy coordination with regard to the envi-
ronmental problems hereby induced, and

e profound differences emerge in the spatial distribution of global economic growth and the prosperity effects indu-
ced by this and exert an influence on environmental consciousness, the willingness to take environmental policy ac-
tion as well as options for environmental policy reaction, thus holding consequences for recommendations for poli-
tical action aswell.

The importance of aregionalised view of a development process can be shown clearly on the basis of population de-
velopment. For example, it is of decisive significance for an analysis of the expected impact on global change to know
how the currently forecast increase in the world' s population of 3.7 billion people during the period from 1990 to 2030
will be regionally distributed. If it is concentrated in areas with a high population density, for example, urbanisation
problemswill grow; if it takes placein areaswith alimited area of arable land, on the other hand, a mobilisation of mar-
gina land may occur, followed by soil degradation or irreversible destruction of ecologically valuable land. If it takes
place in underdevel oped regions, it may accelerate the process of economic impoverishment, while in highly develo-
ped regions one can expect an acceleration of economic growth. In view of the fact that this population growth has, in-
deed, a very unegual regional distribution, a geographicaly differentiated analysis is necessary: 90% of this populati-
on growth will, in al likelihood, be concentrated in the developing countries, with possible increasesin the coming four
decades from 500 million to 1.5 billion in Black Africa, from 3.1 to 5.1 billion in Asia and from 459 to 750 million in
Latin America (World Bank, 1992a; UNDP, 1992).

Population development and economic growth do not run parallel, however. Rather, for reasons that will be explained
below, it can be assumed that these processes will sharply diverge geographically, resulting in special global environ-
mental problems. To illustrate this better, countries will be divided into groups, taking into account extensive results
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from developing country research, in such a way that the global interrelations focussed on in this Report are defined
more precisely and a basis can be provided for political recommendations. Rough differentiation criteria here include
population development and density, level of economic prosperity achieved, economic development perspectives, glo-
bally relevant interest positions, globa functions and the feasibility of environmental policy measures. According to
these, one might make the following distinctions:

Group 1. The highly developed countries or economic world centres of gravitation

This group can roughly be characterised by the OECD members (the “ Organisation for Economic Cooperation and De-
velopment” comprises. Australia, Belgium, Denmark, Germany, Finland, France, Greece, Great Britain, Ireland, Ice-
land, Italy, Japan, Canada, Luxembourg, New Zealand, the Netherlands, Norway, Austria, Portugal, Sweden, Switzer-
land, Spain and the United States). From a global point of view, they are certainly the main emitters of pollutants and
greenhouse gases. The core of this group, especialy with regard to its influence on world economic activities and its
role within the scope of UNCED, is composed of the G-7 countries (in alphabetical order: Canada, France, Germany,
Great Britain, Italy, Japan and the U.S.), though more strictly speaking just the G-5 countries (France, Germany, Great
Britain, Japan and the U.S.). Thus Germany has special significance in the context of dealing with global environmental
issues.

These countries are currently the focus of the triad formation described in more detail below and are referred to as hig-
hly developed because they not only possess an above-average per capita income and a corresponding degree of soci-
al and political consciousness, but are usually also characterised by stable political conditions, an extensive environ-
mental legal system with regulations that are enforceable by virtue of a functioning administrative system (few imple-
mentation shortcomings), and can afford a high level of technical environmental protection (such as a well-developed
infrastructure for supply and disposal) on the basis of its affluence.

Despite all the current economic problems, their prospects of future growth can also be regarded as good (UNDP, 1992).
Prior to UNCED in Rio de Janeiro, however, it became apparent that the G-5 countries show little inclination to make
firm pledges as to the extent and time of increased development aid. Their position on the question of debt relief is one
of restraint, and they tend to have little interest in the establishment of new world institutions.

The countries of this group develop a considerable gravitational force. They are especially important for economic de-
velopment of the developing countries as importers and exporters in that these countries are frequently in a position of
dependence. An increase in the growth of the OECD countries of 1% over three years, for example, triggers an annual
rise in exports of US$ 60 hillion in the developing countries (World Bank, 1992b). A weakening of growth in this
group of countries or a protectionist policy usually affects the states of the other groups overproportionately.

The developed states are the starting points of new technological developments. They thus possess the majority of pro-
perty rights to new products and production processes and play an important role with regard to technology transfer.

Moreover, these countries are often able to handle economic activities to which the environment reacts sensitively (such
as power generation based on nuclear energy or chemical production) in an efficient manner by virtue of their control
mechanisms (government agencies, neutral monitoring institutions, public opinion) and are, to a great extent, the star-
ting point for new product life cycles, production methods and thus new environmental technologies. In addition, they
are responsible for globa environmental problems in a different way than the developing countries (World Bank,
1992a). The main role with regard to the global aspects of pollution is played by carbon dioxide, carbon monoxide,
nitrogen oxide and sulphur dioxide emissions, the destruction of the ozone layer of the stratosphere by CFC depositi-
ons, photochemical smog and hazardous wastes. The latter are of global significance when they are transported to other
countries with problematic disposal sites.

Group 2: The Eastern European countries

Concerning the magnitude of production, these are still economically important nations. They may soon drop out of the
group of developed countries, however, because of the transformation of their economic systems, the obvious efficien-
cy problems of their economies as well as the disintegration of their politically isolated economic zones.
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The majority of them are characterised by a below-average degree of environmental consciousness and, in comparison
to the highly developed regions, by deficient environmental protection, i.e. by very great emission reduction potential
as compared to the countries of the following groups.

Up to the beginning of this decade these states took a rather negative position towards climate policy resolutions, some-
times in agreement with the U.S. In the preliminary negotiations on UNCED most of the countries in this group pursu-
ed the goal of being exempt from the emission limits of the industrial countries as states with transitional economies and
of laying claim to having the status of developing countries (Czakainski, 1992). For the time being, these nations will be
ruled out as financial donors within the framework of global development aid.

As aresult of the achieved level of national value added, with a high share of industrial production, in connection with
deficient technical environmental protection, the countries of this second group number among the world’s main emit-
ters of CO,, SO, and CFCs and thus share responsibility for many global environmental problems. At the end of the
80s, for example, roughly athird of all global CO, emissions came from Eastern Europe, including the then Soviet Uni-
on (RWI1, 1993). According to initial assessments, air pollution problems, followed by water pollution, represent the lar-
gest burden from the past (Hughes, 1992).

In view of the current economic problems as well as those to be expected in the medium term in these nations, it is to
be feared that without help from the outside the urgently necessary establishment and expansion of technical environ-
mental protection (e.g. modernisation of power stations) and thus mobilisation of a substantial potential for reducing
emissions of air pollutants will not take place.

Group 3: The newly industrialising countries

These are countries for which the highest growth rates are expected in the coming years in comparison to the world
average and even in relation to the highly developed nations (World Bank, 1992b). Since most of them are, at the sa-
me time, still characterised by high population growth rates and, in some cases, aready have a high population densi-
ty, they are especially important in the context of global change.

In the Pacific region of Asiathis group of newly industrialising countries includes the four “old tigers’, i.e. Korea, Tai-
wan, Hong Kong and Singapore as well as the “new tigers’, Malaysia, Thailand and Indonesia; outside of this region
the countries of Argentina, Brazil and Turkey, in particular, belong to this group (World Bank, 1989; IMF, 1989).

What is characteristic of these newly industrialising countries is that the proportion of directly productive investments
in relation to national income — the most important criterion for an economic upswing — increased sharply in recent
years, resulting in vertical diversification of the production structure combined with an overproportionate increase in
interindustrial networks; with the exception of capital goods, this frequently enabled substitution for import products
and resulted in exportable production surpluses. The export structure shifted away from intermediate goods produced
at specific locations towards industrial articles that can be produced with standard technologies; in many cases it was
even possible for countries to build up their own key sectors (Milton, 1990; World Bank, 1992b; UNDP, 1992).

In some cases environmental relief was able to be provided in the newly industrialising countries through the sectoral
transformation just described. Of greater relevance, however, isthe fact that the newly devel oping key areas (e.g. micro-
electronics) usually place high demands on the location and thus on environmental quality so that greater importanceis
gradually being attached to technical environmental protection, particularly for the newly industrialising countries in
the Pacific seaboard of Asia

Economic development in this group of countries led indirectly to substantial productivity increases in agriculture and
thus to an expansion of the food base.

The main problems in these countries are those related to urbanisation, expansion of settlement areas, toxic industrial
waste disposal as well as rapid increase in the volume of traffic.
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Group 4: The fuel-exporting countries

This avery heterogeneous group of countries whose oil and natural gas exports account for at least 50% of its exports
of goods and services (World Bank, 19924). They include, in particular, Algeria, Angola, Irag, the Islamic Republic of
Iran, the Congo, Libya, Nigeria, Oman, Saudi Arabia, Trinidad and Tobago, Venezuela and the United Arab Emirates.
The major countries of interest here are the OPEC states, whose oil exports make up 75% of their export earnings on
average (Schirmann, 1992).

These countries owe their affluence primarily to the great foreign exchange earnings they obtain from the export of a
resource that is becoming increasingly scarce and is, up to now, hardly replaceable. In comparison to other exporters of
raw materials, they have managed to push through advantageous prices via cartel strategies (OPEC Cartel). Thisiswhy
they show little interest in measures to restrict and increase the price of consumption of fossil fuels. In their Vienna
Communique (1991) they decisively spoke out against growth-limiting considerations and rejected the proposals for re-
duction of CO, emissions,

In these countries one frequently finds a concentration on the oil-processing and chemical industry which is not aways
oriented to the environmental standards of the highly developed countries. In many cases these countries are faced with
the economic and environmental problem of “growth without development”, at the expense of the environment. Some
countries have, therefore, squandered their development opportunity and are slipping more and more into the group be-
low.

Group 5: The developing countries

Thisis, again, a very heterogeneous group of countries which are all still characterised by underdevelopment. In this
situation they are both causal agents and victims of global environmental problems. Thus 36 states, particularly Pecific
island states that hardly contribute to greenhouse gas emissions, but fear the negative consequences of climate change
(risein sealevel) because of their island situation and geographical location, have joined together to form the Alliance
of Small Idand States (AOSIS). They call for an international climate fund and actively support the establishment of
an international insurance system for climatic effects. Another group comprises the G-77 countries and China, whose
main demand is for development aid and free technology transfer. China, India and Brazil, for example, often utilise
the potential ecological threat posed by their situation as a means of leverage to push through their demands. The ma
jority of them speak out against a substantial obligation to limit greenhouse gas emissions (see the Kuala Lumpur Decla-
ration signed by 55 states prior to UNCED). This applies to both India and China, which possess the world’ s largest co-
al deposits.

In thisgroup it is particularly the “least devel oped countries’ that are faced with the biggest problems. They are not on-
ly increasingly cut off from the trend of world economic growth, but are also characterised by a kind of “ development
crisis’ or “growth in poverty and its consequences’ (Nohlen and Nuscheler, 1992a), i.e. by a considerable concentrati-
on of disease, illiteracy and malnutrition (Sachs, 1989; Nohlen and Nuscheler, 1992b) or a “vicious circle of poverty”
(Stucken, 1966). Life in these countries is often a question of sheer survival, which usually means neglect of long-term
oriented environmental protection considerations. The population is growing rapidly as life expectancy increases —
though it is still lower than that in the countries of the first group, mainly because of the high birth rates. In the field of
environment thereis frequently alow degree of social and political consciousness and alack of money for technical en-
vironmental protection. Since the administration does not function efficiently, control and implementation problems
usually exist, even if the legal framework for environmental protection is expanded, thus making the application of in-
stitutional regulative instruments almost impossible. Frequently state-owned enterprises are generously exempted from
environmental requirements.

The most pressing environmental problemsin these countries are essentially contaminated water, inadequate sanitation
facilities, overexploitation of soils, smoke from fireplaces in houses and emissions from the use of wood and coal
(World Bank, 1992a). In contrast to the highly developed countries, a direct threat to human life and regional concen-
tration of these problems prevail here — such asin the rapidly expanding big cities.

From a global point of view, the destruction of ecosystems requiring protection (e.g. tropical forests), caused by popu-
lation growth and underdevelopment, soil degradation induced by maladapted agricultural technology as well as the
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danger of epidemics due to the catastrophic hygienic conditions play a great role. At the beginning of the next century
the least developed countries will account for one-fourth of the global CO, deposition, primarily stemming from hou-
seholds, small businesses and transport (RWI, 1993).

Economic growth and development of trade relations within and between these five groups diverge significantly. In all
likelihood this will continue to hold true for the future. For this reason, the causes of global change are also tending to
move apart. One obvious development during the post-war period — especialy in view of the spatial interlinkages bet-
ween the flow of capital and goods — has been, for example, the formation of three gravitational centres, recently de-
scribed as the development triad. Thus for some time now

o therelatively solid European trade block (12 EU countries, the 3 Scandinavian countries, Switzerland and Austria),
currently expanding into the eastern part of Central Europe, as well as

o the three North American countries of Canada, the U.S. and Mexico (NAFTA) as the second block

® areincreasingly being joined by anot yet very solid Asian block, including Japan, Korea, Taiwan, Hong Kong, Sin-
gapore, Malaysia, Thailand and Indonesia.

The extent to which China and India can catch up to this last block as potential newly industrialising countries is still
open. Since they are both very highly populated countries striving for industrialisation and, in this process, making use
of their enormous fossil fuel reserves, their development will be of significance to global change with regard to rele-
vant emissions.

Today, however, there is widespread agreement that the three gravitational centres just described, including the newly
industrialising countries, will be a major determining factor for world economic growth over the next ten to twenty
years (World Bank, 1992b), and their growth will, to a great extent, have a decisive influence on the economic expan-
sion of the other groups as a result of the existing economic dependencies. As demonstrated by development in recent
years, aweakening of growth in these three large gravitational centres often leads to arelatively serious economic set-
back in the other groups. Thus in comparison to the 80s the currently emerging economic growth risks in important
countries of thistriad represents arather gloomy medium-term outlook for the least devel oped countries, combined with
the danger of arevival of protectionism. From an environmental policy point of view this poses a dilemma as declining
growth rates incite resistance on the part of the economies of the highly developed countries against stricter environ-
mental requirements and there is no relief for the environment induced by economic growth in the other groups. The
latter applies above all to group 5, as will be shown below.

At present it is virtually impossible to venture a forecast for the difficult-to-classify new group of Eastern European
countries (Borenzstein and Montiel, 1992; World Bank, 1992a). A certain degree of pessimism tends to prevail at the
moment. This presents a problem in that this group of countries numbers among the major emitters of globally harm-
ful substances (at the end of the 80s, for example, one-third of all global CO, emissions) and emissions could be dra-
stically reduced viamodernisation of antiquated real capital — such asto increase the efficiency of power stations. Whe-
reas 2.2 t of carbon was emitted in Western Europe and Japan per capita and annum in 1989, the corresponding figures
for Eastern Europe were 2.9 1, for the former USSR even 3.7 t (CO, figures: *3.67). While merely 4.2 gigagjoules (GJ)
of fuel and alittle less than 1.3 GJ of electric power were consumed to manufacture products having a value of US$
1000 in Japan at that time, the Eastern European states required nearly eight times as much energy to achieve the same
production output (RWI, 1993). Therefore, if it were possible to bring these countries up to the level of efficiency and
environmental standards that has been reached in Japan or Western Europe — and only then will necessary modernisa-
tion of the antiquated real capital stock take place — this might already lead to significant ecological relief.

The latter would be tied to several consequences for the least developed countries and thus for global change as well,
though major distinctions have to be made within this group as far as the current level and trends of development are
concerned (World Bank, 1991 and 1992a; UNDP, 1992). Starting from the status at the end of the 80s, the largest por-
tion of truly poor countries with an annual income of less than US$ 370 was in Southeast Asia as well as Black Afri-
ca, where half the population fell into this category as compared to 20% in East Asiaand Latin America (World Deve-
lopment Report, 1990, 1991 and 1992; Walton 1990; Summers, 1992; UNDP, 1992). This means that even today over
a hillion people have to live on less than a dollar a day — a standard of living that Western Europe and United States
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had reached, statistically speaking, about 200 years ago (Thomas, 1992; World Bank, 1991 and 1992). Rural areas are
hardest hit by poverty, which explains the massive migration to cities and in its wake the accelerated process of urba-
nisation.

As far as the decline of poverty is concerned, obvious progress has been made in recent years — when viewing these
countries in their entirety — and, contrary to some claims, the 80s were by no means the frequently quoted “lost deca-
de’ (Karaosmanoglu, 1991). Over the last 25 years the majority of countries of the former Third World have, indeed,
been able to record positive development — based on per capitaincome, expansion of food production (Osten-Sacken,
1992), increase in life expectancy as well as the lowering of infant mortality (Summers, 1992; World Bank, 1991 and
1992a). If one ignores Bangladesh, Laos, Nepal, Pakistan, the Philippines, Sri Lanka and Afghanistan, this particular-
ly applies to the poor countriesin South and East Asia (Walton, 1990; Summers, 1992; World Bank, 1991 and 1992a).
The above-average growth in the rapidly industrialising countries of Korea, Thailand, Malaysia and Indonesiain com-
parison to all developing countries is especially striking here. If the forecasts of the World Bank turn out to be accura-
te, therefore, then the share of world poverty in Asia, where roughly half of the world's 5 billion people live today,
could definitely drop from 72% (1985) to approximately 53% by the year 2000 (World Bank, 1990).

A fact that cannot be ignored, however, is the advent of ecological problemsin Asiain view of the high population gro-
wth — roughly 35% are younger than 15 years of age — as well as of the already high population density, particularly in
the wake of this expected population and economic growth (see 2.1). Thus approx. 354 people currently use a square
kilometre of arable land in Asia (excluding Pakistan), as compared with 55 people in Latin America, 58 in the region
south of the Sahara and 116 in the Near East and North Africa. In Bangladesh the figure is over 1000 inhabitants per
square kilometre of arable land (Karaosmanoglu, 1991). Regional differences within these countries were not taken in-
to account here, though they may become increasingly significant in the future. Thisis especialy true if one takes into
consideration future population development — growth from 3.1 to 5.1 billion —in thisregion. It is expected today that
by the year 2025 more than 50 cities will have over 4 million inhabitants, as compared to roughly 20 at present (Kara-
osmanoglu, 1991). In Bangladesh the population density may rise to the aimost inconceivable figure of 1700 inhabi-
tants per square kilometre (World Bank, 1992a; in comparison to the Ruhr area with a figure of just under 1200 inha
bitants per square kilometre at the end of 80s; KVR, 1989).

In spite of future economic prospects that sound positive to many devel oping countries, there will, in all probability, be
no decisive changes in the existing North-South Development Divide over the next few years. One-fourth of all deve-
loping countries even run the risk of experiencing a decline in development (Thomas, 1991). At the end of the 80s, for
example, there were already 40 countries that had fallen below the level of development they had reached 25 years ago.
Thisfigurewill possibly increasein coming years rather than decrease. A source of worry can befound in several coun-
tries of Latin America, but particularly in Black Africa®, where an amost uncheckable development disaster seems to
be imminent south of the Sahara (Walton, 1990; Broeckh, 1992). In the mid-80s nearly half abillion people lived here,
with agross national product only corresponding to that of Belgium with its 10 million inhabitants (Landell-Mills et al .,
1989). At the end of the 80s some of these African countries had a per capita income that was less than what it was at
the time they became independent over thirty years ago; in many of these countries even the daily supply of calories
per capita declined (Easterly, 1991).

For this reason the World Bank also assumes that the proportion of poverty in Africamay increase from 16% in 1985
—afigure aready corresponding to 85 million people — to roughly 32% by the year 2000. Another cause for worry is
that food production will, in many cases, not be able to keep pace with population growth. Should the population “night-
mare scenario” worked up by the UN Economic Commission at the beginning of the 80s turn out to be accurate, one
would have to reckon with a doubling of the population in Black Africa every 23 years (Landell-Mills et al., 1989).
What is depressing about these figuresisthat it would still be possible to cope with such a growth in population, as far
asthe food base is concerned. Thus according to the calculations of expertsin large sections of Africa, there would still
be sufficient land available to achieve the growth in African agriculture necessary to feed the population (presumably
4%), even with conventional agricultural technology, given adequate development of the transport infrastructure, solu-
tion of logistical problems, including stockkeeping, and liberalisation of the price and sale systems (Ali and Pitkin,

4 The term Black Africarefers, as arule, to the countries south of the Sahara, excluding South Africa.
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1991). It would only be problematic in Nigeria, Ethiopia and Kenya (FAO, 1984). However, all signs indicate that this
potential cannot be utilised.

Thisfailure in combatting poverty in Black Africais attributed, in particular, to neglect of the agricultural sector. The
situation has been additionally aggravated by insufficient investment in schooling, a problematic industrialisation stra-
tegy in past years, a worsening of the “ terms of trade” in the second half of the 80s (Nsouli, 1989; Summers, 1992),
rising budget deficits, frequently accompanied by arelatively high proportion of military expenditures (Hewitt, 1991),
agrowing foreign debt burden (Summers, 1992), a deterioration of those institutions responsible for maintaining poli-
tical and economic stability as well as a spread of armed conflicts (Walton, 1990; Summers, 1992). In part, a series of
drought periods in the 70s and 80s played an important role, mostly affecting East and South Africa.

Particularly among the group of “ least developed countries’, it is strikingly evident that environmental destruction is
often the cause and consequence of poverty and the development crisis. If one takes into account, for example, that the
relevant environmental consciousness of individuals, society or politicians for taking ecologica action is co-determi-
ned by factors related to development, or that population devel opment moves inversely to prosperity development, then
it becomes evident that economic development can also trigger positive environmental impact. A regionalised analysis
of world economic growth development is indispensable with regard to research into causes as well asregarding the as-
pect of recommendations for action.

The sectoral structure of world economic growth

From a scientific point of view, there have been, even at the national level, very few satisfactory answers so far to the
guestion concerning the extent to which the perceptible change in sectoral structure, particularly in industry, can con-
tribute to increasing or reducing environmental stress. In Germany analyses in this field have mostly been conducted
on the reporting of structural transformation (Graskamp et al., 1992); at the international level, however, such analyses
arerare. Especialy with respect to the thesis that the transformation of an industrial society into a service society is bo-
und up with “free ecological benefits’, differing views still exist. There are different reasons for this.

First of al, even in the highly developed nations it is by no means certain that there is an uninterrupted trend towards
service economies. More recent forecasts for Germany, for example, definitely indicate a phase of slight “re-industria-
lisation” (RWI, 1993). From a global point of view, however, further industrialisation will be inevitable. Moreover, it
must be taken into consideration that, under certain conditions, many areas in the tertiary sector (service sector) may be
linked to significant environmental stress. This includes major service sectors, such as transport or tourism. The possi-
blerelief effect through intersectoral structural change can, however, be offset by possible stress effects of intrasecto-
ral change. Thisisthen the case, for example, when the networking of different production stages becomes more com-
plex and induces additional traffic along with a globalisation of markets and an internationalisation of production. Re-
gional relief effects (e.g. environmental relief of the Ruhr area through decline of the coal and steel industry) may the-
refore be accompanied by national or global stress effects.

The role of the primary sector

Specia importance must be attached to the role played by the agricultural, forestry and fishery sectors in global envi-
ronmental change. Thisimportance is, in part, already expressed in the chapters on water, soils and forests, but it can-
not be treated exhaustively in this Report. The future task of the Council will consist of analysing the role of the pri-
mary sector in further Reports. This analysis should include the basic principles currently being worked up by the En-
guete Commission for Protection of the Earth’s Atmosphere.

Both in developing countries and in the more highly developed nations the primary sector is closely tied to global chan-
ges. In the former the main sources of concern are the expansion of farmland, pasture land and irrigation areas at the
expense of other ecosystems as well as the overexploitation of pastures and forests. In the case of the latter countries,
problems are caused by the mechanisation and use of chemicals linked to intensive farming methods. In both casesthree
overriding questions can be formulated with regard to sustainability.
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1. To what extent will sustainability and productivity of cultivated farmland, pastures and forest areas be impaired by
the use strategies applied in different regions and by their socioeconomic control ?

2. Towhat extent do changes in the physical and chemical climate influence the usability and productivity of the cul-
tivated farmland, pastures and forest areas (key phrase regarding 1 and 2: Sustainable Land Use)?

3. To what extent are the cultivated farmland, pastures and forest areas sources of stress for neighbouring (terrestrial
and aguatic) ecosystems as well as for the ground water and atmosphere (key phrase: Environmentally Sound Land
Use)?

Productivity is significantly reduced by the degradation processes described in the chapter on soils. In regions with a
high precipitation level, for example, the temporary exposure of the soil surface resulting from harvesting, grazing or
fire considerably accelerates erosion by water. This processisreinforced if such activities are accompanied by soil com-
paction. In regions with strong winds or storms, asis frequently the case in arid regions, degradation of soil cover leads
towind erosion. Examples of this can be found in al parts of the world, though there are great regional differences. Ne-
gative factors in the more highly developed countries include the trend toward large sections of farmland and the uni-
form cultivation associated with them, the use of extremely heavy machines, non-adapted cultivation methods and a
shift from crop rotation to monocultures. Examples of such factors in the developing countries are uncontrolled expan-
sion of farmland and pastures at the expense of forests, overgrazing of grasslands with little productivity as well asthe
use of inappropriate cultivation techniques.

Chemical degradation consists of, first of al, depletion of nutrients in agricultural and forestry ecosystems. It results
from leaching, burning and export of biomass. This form of degradation frequently occurs in the developing countries
as money for fertilisersis often not available. The opposite is true of many highly developed countries, where overfer-
tilisation leads to stress on neighbouring systems. In particular, dissolved (NO;) and gaseous (NH,, NO,, N,O) nitro-
gen compounds must be mentioned here (see 1.4). In industrial countries and urban agglomerations additional local and
regional stress stems from acids, toxic substances like heavy metals and organic substances that are toxic for people and
ecosystems. These kinds of soil degradation along with the homogenisation of plant stands resulting from increasing
intensive farming methods and ranging up to genetically uniform sorts lead to a reduction in biodiversity. The related
decrease in stability and renewability of ecosystems can then only be reached with an increased utilisation of energy,
fertilisers and pesticides. Efforts must be undertaken here to optimise land use with the aim of reducing the input of
energy and material.

In contrast to natural and forestry ecosystems with long turnover periods, agricultural ecosystems are more adaptable
with respect to the expected climate change. By selecting existing species and types of plants, growing new types and
applying suitable forms of cultivation, it is possible to react to change flexibly. There are limits to the possible adjust-
ments, however. Asfar as provision of nutrients and water supply are concerned, marginal locations can only be main-
tained through amelioration or irrigation measures, though they frequently have to be abandoned for economic reaso-
ns.

Therise in CO, concentration may signify fertilisation for agriculture. Since the other yield-producing factors are opti-
mised in agriculture, significant effects can be expected here. The extent to which natural ecosystems react to this (gro-
wth, shift of species) is still extensively an unknown factor, a situation which also applies to the world's forests (see
15).

The specific features of agriculture can only be assessed with regard to environmental policy against the background of
a spatially defined natural balance (see 1.5) (SRU, 1985). In view of the importance and sensitivity of ecosystemsin
the tropics, the region with the largest population growth, this fact must be given specia attention.

Agriculture and forestry are not only affected by global environmental changes but are also causal agents. They con-
tribute to the emission of trace gases through deforestation (see 1.5.1) and the transformation of land use (see 1.4),
through release of methane from rice farming and the stomachs of ruminants, through release of CO, stemming from
decomposition of organic substancesin the soil as well as through release of nitrous oxide from greatly fertilised agro-
ecosystems (see 1.4). The substances deposited from ecosystems used for agriculture and forestry may pollute ground
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water and surface water bodies in dissolved form (nitrate, pesticides, heavy metals) or settle in particle form in rivers,
lakes or shallow seas. These neighbouring systems may undergo great change in their characteristics in this way.

From these examplesiit is not only evident that identical economic activities under diverging natural conditions must
be assessed differently with regard to their global effects (destruction of tropical forest, desertification, etc.) (Guppy,
1984), but it also becomes clear that many global environmental effects are a consequence of maladapted agricultural
technology. Thus, defined on the basis of area, the scope for agriculture use of the Earth’s surface is limited, though
substantial opportunities still exist as far as biological, technical and organisational progress is concerned (Revelle,
1976).

The role of the secondary sector

The elaborations on agriculture showed how important a differentiating analysis or a simultaneous consideration of re-
gional aspects are. This also applies to the environmentally significant secondary or industrial sector, for which high
growth rates are expected in the developing countries. Such a development is linked to high investment needs, which —
in the event that sufficient funds are available — make it possible to implement integrated environmental protection. It
is assumed, for example, that new equipment will provide for more than half the industrial production in the develo-
ping countriesin roughly ten years and will, for all practical purposes, be responsible for the entire production in twen-
ty years. In contrast to the industrial countries, therefore, the influence exerted on new investment will be more impor-
tant than retrofitting existing facilities.

In the developing countries there will be an expansion in power generation which, according to recent studies of the
World Bank (World Bank, 1992a), however, could certainly be achieved without any significant increase in pollutant
emissions, provided that consistent reforms to increase efficiency are implemented, measures to lower pollution are ta-
ken and the necessary funds are provided. The efficiency of power generation still varies greatly, depending on fuel use
and country groups. In the case of coal in 1990, for example, the figure for OECD countries was 38.2%, in Western Eu-
rope 40.5% and in Japan 44.2% while only 28% was reached in Eastern Europe, 29% in Africa, 31.4% in Latin Ame-
ricaand 32.4% in China (RWI, 1993). The divergencesin the utilisation of gas are even higher, and are aso high in the
case of ail.

If one defines the negative environmental impact stemming from the individual economic sectors via selected pollutant
indicators (e.g. their proportions of the total SO,, NO, and CO, emissions as well as the accumulation of sewage and
waste), ten sectors stand out in Germany, as well as in other countries. They consist of energy and water supply, mi-
ning, oil processing, non-ferrous metal production, the chemical industry, the iron and steel producing industry, cellu-
lose, paper and cardboard production, foundries, wood processing and the non-metallic mineral sector (Graskamp et al.,
1992). It can be demonstrated that these sectors have contributed significantly to pollution of air and water as well as
to waste accumulation and were, therefore, the starting point for environmental policy measures. Should it turn out in
the course of time that these sectors — especially with respect to their production volume — decline in absolute or rela
tive importance, one certainly could refer to a environmental relief effect caused by structural change.

On balance such relief has, indeed, taken place in most highly developed countries because of the devel opment-related
structural transformation and has been particularly visible regionally (such as in the Ruhr area). Generally, however,
the relief effect achieved through lowering of the sectoral emission coefficients has, thus far, been greater than those of
the structural change effects. “ Additive” environmental protection in the form of “ end-of-the-pipe solutions’ played a
special role in this context. However, it necessarily involved an additional cost expenditure for the operator. In the ca-
se of production-integrated environmental protection, on the other hand, it is possible to keep the costs for reduction of
emissions minimal or even to lower manufacturing costs via optimisation of the process flow (Lipphardt, 1989). In the
future it can expected that integrated environmental protection or the environmental relief effect brought about through
structural change will play an increasing role.
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For the developing countries comprehensive studies on these issues are still rare. It is coming to light, however, that
greater industrialisation there is connected with three problems in particular (World Bank, 19924):

® Short-term increase in emissions in existing industrial enterprises with low environmental technology standards,

® expansion of industria cities, leading to aggravation of local and regional pollution aswell as urbanisation problems
as industrialisation attracts people, and

® changes within the industrial structure, away from activities that result in moderate pollution (manufacture of tex-
tiles, wood products and food processing), and towards other activities with higher pollution potential (metal and
chemical industry, paper production).

Also of importance for global environmental change are the interactions between sectoral and regional devel opment
tendencies of the individual country groups. The economic structure of aregion or nation is not only decisively influ-
enced by the growth of the observed unit itself, but above all by the type and development of interregional or interna-
tional division of labour. Within the framework of the international division of labour, which isin turn co-determined
by economic and political power structures, basic ingtitutional conditions (e.g. world economic order, trade agreements
or contractual creation of economic zones, etc.), protectionist measures of the large economic blocks, etc., specialisati-
on processes result which have an effect on the environment of these countries as well as on the global environmental
conditions. These questions are becoming more and more important in connection with the discussion over the basic
institutional conditions of world trade (UNDP, 1992; World Bank, 1992b) and touch upon, in particular, the current de-
bate within the scope of the Uruguay Round and reform of the General Agreement on Tariffs and Trade (GATT).

Reference will be made here to several interrelations. For example, globa environmental problems may arise if export
of “dirty industries’ to the least developed countries takes place in connection with the structural transformation in the
highly developed countries. This may occur via direct geographical transfer (of a production site, for example) or via
increased investments in devel oping countries, and becomes problematic if these countries are less suitable for such de-
velopments because of their environmental circumstances and basic institutional conditions (problem of control and im-
plementation shortcomings). Thus, thanks to the restrictive requirements of environmental legislation, higher environ-
mental standards and fewer implementation deficiencies, chemical production (e.g. of products of the chlorine complex)
in Germany may proceed in a much more environmentally sound way than in Brazil, where in 1984/85, for example,
extremely high immission values were recorded with grave conseguences for the local population in Cubatao near Sao
Paulo due to the spatial overlapping of emissions from production plants of the steel, chemical fertiliser, petrochemical
and cement industries — where particularly state-owned enterprises played an unpleasant role (World Bank, 1992a).

World trade and its basic conditions may also have an effect on the global environmental situation (Siebert, 1974; Ben-
der, 1976; Walter, 1975; Gronych, 1980). An empirical and theoretical-analytical examination of this complex structu-
reisstill at aninitial stage and should be intensified. The specific role of multinational enterprises in technology trans-
fer, for example, as well as the negative reactions of the increased protectionism of industrial countries must be looked
at more closely.

The question of how to assess international division of labour with regard to global change is being given more and
more attention. Some empirical analyses in this context are already available. They are directed at, among other
things, “exported environmental stress’ via environmentally sensitive goods. In a comparison of 109 countries at the
end of the 80s this resulted in an average level of “exported environmental stress” in environmentally intensive sec-
tors for Germany, an extremely above-average level for the Soviet Union and Brazil and a significantly below-aver-
age figure for Japan and most newly industrialising countries (Low and Y eats, 1992). On the basis of this research
work, one can also detect, with some caution, a trend towards transferring environmentally problematic production
sectors to the less devel oped nations. In some casesit isreferred to as “industrial emigration”, in the course of which
“dirty industries’ are shifted to the least developed countries as a reaction to the shortage of environmental assetsin
the highly developed nations (Low and Y eats, 1992). Whether this was primarily a result of wage cost differences
or of geographically relevant environmental protection regulations cannot be said definitively at present. Thisis al-
so indicated by more recent studies for Germany (DIW/RWI, 1993). In any case, problems would arise if structural
development of the least developed countries were to result solely on the basis of comparative cost advantages in
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“dirty industries’ (Siebert, 1991).

This discussion is steering attention to the question of the ecological effects of world trade institutions (Kulessa, 1992),
atopic which GATT is already concerned with and which focusses on “free trade and environmental protection” (Ku-
lessa, 1992; Klepper, 1992; Petersmann, 1991). Thereis a prevailing fear that liberalisation of trade brings about nega-
tive regional and global welfare and environmental effects. Regional welfare effects may occur when — for reasons of
market price or exchange rate developments and foreign exchange needs — the least devel oped countries have to export
goods whose overall social and economic costs are higher than the social or economic value of the imports made pos-
sible by foreign exchange revenues (El-Shagi, 1991). Depending on the respective price elasticity, the more highly de-
veloped countries may be able to pass on part of the environmental costs to other countries, while conversely the least
developed countries may be “forced” in the short or medium term to dispense with strict environmental protection in
order to maintain their trade position.

The role of the tertiary sector

The service sector in the highly developed countries will decisively shape global economic activity in coming decades.
It is, therefore, all the more astonishing that even now little knowledge is available on the environmental implications
of thistrend at the national level. Partly this has to do with the heterogeneity of this sector, which ranges from trade and
transport, insurance, consulting, federations, the educational and health system, non-profit organisations to the public
sector. It is also due to substantial data deficiencies, a fact which particularly applies to the global level. For this rea
son one should initially remain cautious, as already emphasised in the introduction, with the hypothesis that devel op-
ment of the service sector has a positive environmental impact.

This becomes quite evident from aglobal point of view if onelooks at two examples from this sector, transport and tou-
rism involving long-distance travel. Both have gained increasing significance in recent years. Asaresult of shorter wor-
king hours, longer annual holidays and the rising number of old age pensioners, consumer travel activity on the part of
many people is growing with simultaneously increasing income. In Spain, for example, the number of tourists rose by
50%, from 25 to 38 million annually, from 1986 to 1988. In Italy the flow of tourists during the same period jumped
by 40%, from 25 to 35 million, and in Greece by more than 100%, from 7 to 16 million (Schneider, 1990). The causa
factor behind this process is the desire for recreation as well as satisfaction of certain interests, such as viewing cultu-
ral and natural monuments. The recreational activities first mentioned are usually oriented to a specific infrastructure
(hotel buildings, sports facilities, beaches, hiking paths, etc.) while the desire to experience nature, countryside, animals
living in the wild as well as to see historical monuments plays an important role for the second category (Klockow and
Matthes, 1990). As arule, recreation-oriented mass tourism is concentrated in certain regions and places, sometimes re-
sulting in profound alterations of the landscape because of the infrastructural preparations and the leisure-time activi-
ties themselves. Conversely, mass tourism reacts sensitively to information about deterioration of the landscape or of
the quality of water and air. The reactions of tourists for whom the quality of the landscape or nature experience is the
decisive criterion for their trip are even more sensitive.

This demonstrates the ambivalence involved in an assessment of long-distance tourism with regard to environmental
aspects. On the one hand, it is the cause of severe environmental damage, which then takes on global proportions when
it isaccompanied by large-scal e transport movements and destruction of the habitats of plants and animals. On the other
hand, specific forms (ecotourism in Costa Rica and Indonesia) and the related economic effects may become the rea-
son for increased interest in the conservation of primeval areas and biodiversity. Should greater environmental cons-
ciousness, i.e. an increasingly critical attitude on the part of the recreation-seekers as well as greater sensitivity to en-
vironmental damage, develop in the course of time, positive environmental effects may, indeed, result from such tou-
rism. Therefore, it appears very important to examine and assess touristic activities with a discriminating eye, atask for
alater Report.

Effects

The previous sections made it clear that the economic subsystem represents a complex structure of interlinkages who-
se global environmental effects not only depend on its global input, production and emission or waste volume (world
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economy as a highly aggregated variable), but also on its regional and sectoral aspects. Furthermore, it became appa-
rent that a sociopolitical concern lies behind economic activities, calling for exhaustion of al expansion options for se-
veral reasons (overcoming hunger and poverty, human striving for material independence and security, social security
within an institutional framework, facilitation of distribution tasks to be performed), which will make any kind of pro-
blem-solving especidly difficult. Finally, it was shown that poverty and environmental stress are mutually reinforcing,
particularly in the least developed countries, and, there at |east temporarily, economic development as well as environ-
mental relief go hand in hand.

The material growth expected for these reasons must be examined with respect to the following aspects (Hartje, 1992):

® Implications for the ecosystem respectively restrictions on the resource side as well as limiting constraints imposed
by sinks;

® estimation of the costs of practised environmental protection and actions not taken and of the benefits of environ-
mental protection.

Asfar asthe first complex of issuesis concerned, the following factors, which may also mutualy reinforce each other,
play the most important role (Goodland, 1992):

® |imitations in the production of biomass,

risk of climate collapse,

thinning of the ozone layer,

soil degradation,
® |oss of biodiversity as well as
e water pollution and water scarcity, above all important from aregional point of view.

The individual components are dealt with in detail below.

Limitations in the production of biomass

For nourishment human beings require biomass, which in the view of advocates of a “bottleneck hypothesis’ (Vitou-
sek et al., 1986; Daly, 1992) is not indefinitely reproducible. Currently 40% of the net primary production of terrestri-
al photosynthesis is consumed by the human economy, and there is a danger that potential biomass production is even
declining on along-term basis due to desertification, decrease in arable land, fire clearing, erosion, etc. In view of po-
pulation growth, one can assume in any case that 80% of the existing reserves will be exhausted in roughly thirty to
forty years, and soon thereafter 100%. In this context, therefore, reference is made, in almost classical fashion, to an
input component and a kind of ecological carrying capacity is defined, in particular for the acceptable number of peo-
ple. For the most part it will impossible to influence this ecological carrying capacity.

Bottleneck hypotheses concerning biomass production appeared frequently in the course of history — one merely has to
think of the ideas of Thomas Robert Malthus (1766 to 1834) — only to be questioned again by actual developments. The
primary reason for questioning them was less the expansion of arable land than biological, organisational and technical
progress in the area of agriculture production. In the view of many experts, lack of technology in semiarid regions re-
presents a serious problem even today (Nelson, 1991). Scope for expansion of biomass production may be created by
the application of low-cost techniques of moisture conservation — such as the combination of contour farming, which
creates a comb pattern on the soil surface, and planting vetiver grass in the contours or the formation of stone rows. It
has also been shown in recent years that many Asiatic nations turned from food importers into surplus producers
through cultivation of high-yield sorts of rice or other types of grain requiring irrigation (Barghouti and Moigne, 1991).
In Nigeria new methods of soil conservation were successfully introduced in cassava production, a significant feat in
view of the 600 million people who subsist on this agricultural product (Blake, 1992). These and other examples do not



Economy 145

yet provide sufficient proof to refute the biomass bottleneck hypothesis. They do demonstrate, however, that thereis a
chance for aless radical version alowing for the possibility of a broader food base in the developing countries.

The risk of a climate collapse

Whereas population development, in particular, along with limited arable land is of central importance as a causal agent
in the bottleneck components just described, the focus of the question regarding world climate is clearly on the conse-
guences of a certain economic (throughput) growth, with special attention given to the limited absorption or assimila-
tion capacity of our global ecosystem for certain harmful substances, i.e. the sink problem. The section on “ Assessment”
will go into detail concerning the question of whether this sink problem is adequate to make statements about the exi-
sting perspectives of growth.

The greenhouse gases altered by human societies are carbon dioxide (CO,), methane (CH,), ozone (O,) and nitrous oxi-
de (N,O) as well as the chlorofluorohydrocarbons (CFCs). In the view of the Council, the critical absorption capacity
has already been exceeded and there is need for action in view of the expected consequences.

Those responsible for the rise in CO, are known. It is known that, given current development trends, in the year 2000
roughly 35% of all CO, emissions will stem from Eastern Europe, approx. 25% from the developing countries and ab-
out 40% from the highly developed economies, the primary causal agents being households and small consumersin the
least devel oped countries, power generation and industry in general in Eastern Europe and generation of electricity plus
transport in the highly developed nations (RWI, 1993). Agricultural emissions contribute to the increased greenhouse
effect worldwide with 15-17% (Armbruster and Weber, 1991; Burdick, 1991; Ashford, 1991).

The regional consequences are more difficult to ascertain. Already the determination of the direct effects for the envi-
ronment in the event of arisein the sealevel is disputed, while the implications of expected shifts of climatic zones are
even more difficult to predict. Special problems are posed by the translation of these effects into economic variables,
i.e. into DM or dollars. In most cases, the problematic avoi dance cost approach is used to cal culate economic costs, ran-
ging from 0.04% to 1% of the worldwide GDP (World Bank, 1992a; Masuhr et al., 1992). In any case there is further
need for research here.

Problems also exist in connection with the damage cost approach. It requires above al pronounced regionalisation of
the consequences. Only in thisway is it possible to determine regional damage (losses of crops, income losses, reduc-
tionsin productivity, etc.). In addition, there may not only be injured parties — such as in the case of a shift in climatic
zones — but also beneficiaries. A balancing can hardly be permitted here, however. The question of how to assess mi-
gration effects is also open. They may take on large proportions, though many reasons indicate that highly popul ated
developing countries will be especially affected. Finally, if one wishesto make a comparison with the results of the na-
tional accounting, a willingness-to-pay analysis would have to be employed (Junkernheinrich and Klemmer, 1992).

Since future consequences are involved here, the question arises as to the rate (discount rate) to be used to convert fu-
ture net earnings into their present value. Cline (1992 and 1993) recommends a 2% discount rate, while other authors
prefer arate adjusted for inflation of 10% per annum. The lower the discount rate, the greater the possibility of a con-
sistent climate protection policy. The Council does not consider an apodictic establishment of a certain amount of da-
mage or avoidance costs to be useful; it holds the view, however, that the available analyses of consequences are ade-
quate for justifying political action to cope with the climate problem.

The thinning of the ozone layer

Increased UV-B radiation as a consequence of the thinning of the ozone layer is primarily caused by chlorine-contai-
ning CFC fragments in the stratosphere. Estimates of the quantitative extent of this damage till differ, however (see
1.1.2). Whether substitutes for CFCs, e.g. R 134a, cause global environmental problemsis still a subject of controver-
sy. Critics point out that they possess a high greenhouse potential. Welfare estimates, which would have to employ the
damage cost approach or even the willingness to pay, are not yet available.
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Soil degradation and decline in biodiversity

Whereas, in many cases, treatment of the latter three effect and bottleneck components led in many cases to attempts
at estimation or even valuation, the discussion revolving around the magnitude of global soil degradation, the hereby
induced drop in productivity in agriculture as well as the erosion, salinisation and desertification effects is still open.
Sometimes annual soil loss rates of between 10 and 100 tons per hectare are spoken of, or annual salinisation or wa-
terlogging of possibly 6 million hectares (Pimental et al., 1987; Goodland, 1992). It is estimated that the annual defo-
restation rate in the last decade was 0.9%, attributable to a great extent to agriculture; due to its higher population den-
sity and its population development, Asiawith 1.2% recorded a higher deforestation rate than Black Africa with 0.8%
(World Bank, 1992a). Nevertheless, Africa’s forests declined by roughly 8% during the 80s. The World Bank estima-
testhelossesin land productivity on tropical soils at 0.5% to 1.5% of the GNP of these countries (World Bank, 1992a).
It is even more difficult to determine the effects of losses in biodiversity. Attempts at quantification, as carried out by
Hampicke for the “old” West German states (the “Bundesldnder” that existed prior to reunification), for example, are
not yet available at the global level.

Water pollution and water shortage

In many recent studies water pollution and water scarcity are underlined as serious global environmental problems. This
is controversial, however, because it is not possible to determine the extent to which regional stress and bottleneck ef-
fects have a global influence, if one ignores the migration reactions they trigger. It is afact, however, that this polluti-
on or scarcity is, directly and indirectly, a consequence of economic conditions, and here the interplay of population de-
velopment, population density, underdevelopment and environmental stress must be emphasised. Particularly poverty
and underdevel opment lead to shortcomings in water supply and treatment and even to wasteful consumption of water
sometimes — in the case of free water supply or subsidised prices, for example.

The effectsinduced by this situation are considerable, though still primarily of aregional nature. Water pollution could,
however, become a global issue. Roughly 1.7 billion people have no sanitary facilities, thus fostering the occurrence of
diarrhoea — approx. 900 million cases per year (World Bank, 1992a) — as well as the large-scale spread of cholera, ty-
phus and paratyphus. According to estimates of the World Bank, over 2 million cases of death and billions of cases of
illness every year must be attributed to water pollution; in some cases water shortage leads to restrictions of economic
activities (World Bank, 1992a), i.e. water isbecoming aregional limitational factor. On the basis of the customary stan-
dard parameter of 1000 cubic metres of renewable water resources per capita, for example, water scarcity already pre-
vailsin 22 countries of the Earth and another 22 appear threatened. The majority of these countries are concentrated in
the Near East, North Africa and the sub-Sahara region (World Bank, 1992a). Attempts at a monetary valuation of this
damage are still rare.

Assessment

The above statements have made it plain that the subsystem economy is, just like population development, centrally re-
sponsible for global environmental change and that the form of economic activity employed up to now has, globally
speaking, reached a critical point which holds no promise for “ sustainable development”. In other words: if a decisive
change in course is not effected, human society runs the danger of using up its “natural capital” at the expense of co-
ming generations. In this respect the Council is also of the conviction that substantial restructuring of the economic sub-
system has to take place, and no one knows whether it can be managed. It is possible that the economic system is mo-
re adaptable than the social system and that the main problems must be seen in the resistance to social adjustment. In-
creased environmental consciousness, improvement of social learning ability and environmentally sound individual and
social behaviour are required to a high degree.

The primary task of thisfirst Report, as has already been explained in detail, is to analyse the interactions between hu-
man activities and global environmental aspects. The question as to the conclusions to be drawn from this analysis and
political recommendations will be answered in more detail by the Council in a later Report. Nevertheless, some basic
aspects will be addressed at this point.



Economy 147

In which direction are economic activities to be influenced?

If oneinitially attempts to find an answer to the first question in relation to the rough guideline of “sustainable econo-
mic development”, then there is extensive agreement that the previous goal of material-intensive growth in throughput
has to be changed. If areduction in the scope of global economic growth, exacerbating social tensions, is to be avoided
—if only in the interest of development on the part of the developing countries — a trend towards increased resource ef-
ficiency and waste reduction must be brought about, the latter via waste avoidance or via closed cyclesin the economy.
Many even talk about the necessity of an “efficiency revolution”, which they define as dematerialisation of production,
reduction in element flows, ecological product design and, in particular, increased energy productivity. Thiswill require
exhaustion of all (possible technical) potential for savings as well as an active structural policy, which isintended to ef-
fect a decoupling of income growth and environmental degradation via an “ecological structural transformation”.

Sometimes there is also a demand for a “sufficiency revolution”, i.e. anew “simple” lifestyle manifested in the renun-
ciation of growing consumption or in reduced consumption of energy-intensive goods. It becomes apparent here that
concrete formulation of the guiding principle involves some profound normative stipulations — such as the definition of
the “appropriateness’ of certain consumption activities, the definition of terms like “wastefulness’ and recognition of
the notion of saving resources for its own sake. These questions are still the subject of much controversy so that the
Council would first like to dispense with taking a position.

There is, however, agreement that options exist regarding the treatment of renewable resources. That is, if there are li-
mitsto the carrying capacity of ecosystems which — if they are not observed — will lead to unacceptable ecological con-
sequential costs (like climate catastrophe) or a collapse of the efficiency of these ecosystems (such as reduced cleaning
capacity of running waters or declining yield capacity of soils due to degradation) and thus go against the interests of
future generations, then one can stipul ate maximum degrees of use or emissions and ensure that the economy meetsthe-
se targets. A prime example is the Climate Convention of the Rio de Janeiro Conference, which provides for determi-
nation of a maximum emission quantity for CO, in Section 2 and thus describes a minimum secondary condition to be
met that is relevant for future economic development. Therefore, the Council is of the view that it is up to politicians
to implement this aspect of sustainable economic development as quickly as possible. This leads to the question of im-
plementation strategies, which will be dealt with later.

What kind of environmental information system will be required to cope with this task?

If one accepts the thesis that sustainable economic development can, in part, be defined on the basis of the limited dis-
posal capacity of ecosystems or, even better, on the basis of conservation of the efficiency of ecosystems, i.e. conser-
vation of renewable resources, conclusions can be drawn concerning development of an economically oriented envi-
ronmental information system. The conclusion must then not only be globally oriented, but provide for, in particular,
an accounting of environmental assets. Sustainable then means conservation of “real ecological capital”. Just as a so-
ciety iswell advised to renounce reduction of its “real people-made capital” (real assets of the national economy), sin-
ce it would otherwise live from its substance, it must also maintain its real ecological capital in its long-term interest.
This requires an accounting of assets, however. In this respect the Council explicitly supports current efforts to deve-
lop an environmental-economic national accounting approach. On the other hand, it demands that this approach should
not only concentrate on the correction of the flow variables (such as costs or turnover), ecological concerns (so-called
ecological national product) as well as development of national systems of accounting, but should go over to underta-
king global accounting of assets. In alater Report thistopic will be taken up again, while taking into consideration cur-
rent ongoing work, e.g. of the German Environmental Economic Council at the Federa Office of Statistics and corre-
sponding UN bodies.

What must be done to overcome the North-South Affluence Divide in the world?

The Conference of Rio de Janeiro showed further that environment and development are two closely linked topics. In
other words: not only must the interests of nature or future generations be taken into account, but also the interests of
those suffering now. This must be effected via financial transactions and technology transfer. This means that changes
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also have to be made with regard to development aid. The Council thus advocates an increase of such means and funds
and holds the position that a percentage of the GNP on the order of 1% for development aid appears desirable in view
of the worldwide disparity in affluence. The assistance for Eastern Europe provided by Germany should either be ent-
irely or partially included here since many of these countries are in a difficult economic situation (frequently compara-
ble to that of the devel oping countries) and renewal of the facilities there, often operating with low resource efficiency,
also has a positive global environmental impact. However, there is also potential for greater efficiency of the develop-
ment aid itself. It would, for example, be possible to distribute the funds to the above described countries that also ta-
ke into account development aspects on a quota basis so that a call for tenders could take place among these groups —
at least for part of the quoted funds — in which importance is placed on the consideration for environmental policy con-
cerns. In addition, atropical forest fund would have to be set up on the basis of aworldwide cooperation agreement and
financialy supported primarily by the highly developed industrial nations (Scheube, 1993).

Is there any scope at all for growth?

Answering this important question poses some difficulties. Even the world models can only provide limited informati-
on here. They deal more with the problems expected in the event that the present form of economic activity is retained
or it is applied to al countries of the globe. However, they are not able to forecast technical progress or substitution
processes themselves. There are some indications that we are reaching limits or have already exceeded them, though a
precise demarcation of the limitsis difficult. Even the hypothesis formulated by several economists (such as Georges-
cu-Roegen, 1971 and 1976), according to which any global economic growth has to end in the long run in a kind of
“sea of entropy”, i.e. astate of “material disorder”, because of the second law of thermodynamics, requires differentia-
ted analysis (Nicolis and Prigogine, 1977 and 1989; Haken, 1978; Kafka, 1989).

Nevertheless, the question of whether the energy or sink problem has a growth-limiting aspect must be taken serious-
ly. An attempt at providing an initial explanatory answer will be made here. It is, indeed, true that anthropogenic ener-
gy production both plays a decisive role and became the medium ensuring economic growth and was sometimes even
its engine of growth. Though human beings were still extensively integrated into the natural process of photosynthesis
up to the beginning of industrialisation, they have today unhitched themselves from this process to a great extent with
an anthropogenic energy generation of roughly 11 terawatts per year (Seifritz, 1993). Thistook place, for the most part,
through the constant tapping of new fossil energy reserves. Every form of economic growth or of the commodity pro-
duction, distribution and use processes connected with growth was and is linked to use or transformation of natural re-
sources. While, in the case of many resources, it was possible to constantly fall back on further reserves via substituti-
on processes, dependence on energy production has even increased. And all recent attempts to disengage energy con-
sumption from economic growth have not significantly changed the situation. In the highly developed countries ex-
pensive work has been replaced by energy-intensive processes. For this reason people burn today more fossil fuels per
day than have been created in 1000 years (BMFT — Federal Ministry of Research and Technology, 1992b).

Anthropogenically generated energy itself is not consumed in this process, but is only transformed from a higher to a
lower state (energy extraction). Thus this form of economic growth, which has dominated up to now and as it has ta-
ken place in the four previous “ Kontradieff cycles’, can justifiably be called “throughput growth”. Such throughput
growth is, indeed, problematic if

® the energy reserves come to an end and substitution for this limitational factor is not possible, and/or

e the disposal capacity for the “waste” of this form of economic activity is exhausted or can no longer be increased
without endangering humanity.

Asfar asthis “waste” is concerned, it is not the waste heat that becomes a special problem, but CO, deposition in the
Earth’s atmosphere. In other words: it is not the exhaustion of the finite reserves of fossil fuels that becomes a limita-
tional factor, but the sink problem related to CO,. Namely, there are now 5.8 billion people burning roughly 5.9 billi-
on tons of carbon into 22 billion tons of carbon dioxide every year. As was shown above, however, such deposition is
connected with ecological risks which can no longer be accepted.

Fundamentally, limitation of this deposition is only possible if
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® economic growth is disengaged from energy consumption,

® economic growth itself can be limited,

® anew carbon-free energy system is available or

® new technical means for climate-neutral use of fossil fuels are developed.

Disengagement of energy consumption from economic growth scarcely appears possible today, though there is scope
for relative disengagement. In view of worldwide popul ation growth and the related additional need for energy, a short-
term increase in energy efficiency may not be sufficient to limit CO, deposition to the required extent so that many ad-
vocate a policy of limited growth in connection with the exhaustion of all possible means for increasing energy effi-
ciency as well as saving energy. Another reason for doing so, in the view of the supporters of such a palicy, is that it
hardly appears possible in the short term to fall back completely on carbon-free energy systems. They would include
renewable energy sources (water, wind, biomass), water power, photovoltaics or nuclear fusion. Their future perspec-
tives are till uncertain and/or are dependent on large inputs of capital and time.

Are then state-compelled saving of energy, exhaustion of all technical potential for increasing energy efficiency aswell
as energy avoidance or limitation of growth the only possible means available in the short term? This question, which
is answered in the affirmative by many, must be handled more cautiously in the view of the Council. Until now there
have been few economic incentives for a basic change in our present economic structure, the development of relative
prices even suggested energy-intensive methods of production and consumption, the CO, sink problem was scarcely
price-effective due to alack of property rights regulating the disposal of and the search for carbon-free energy systems
hardly appeared necessary, at least from an individual economic point of view. In this respect great importance is atta-
ched to the instruments provided for by national and international environmental policy.

Before looking at this point in more detail, it must be underlined that the basic possibility of a strategy for a permanent
CO, disposal site also exists. At least it cannot be ruled out, as recent studies indicate (Seifritz, 1993). Alternative so-
lutions include a people-made CO, disposal site, deep-sea disposal or terrestrial dry ice disposal sites. The question of
the various possihilities is not to be discussed here; what isimportant is that theoretical solutions exist that might grant
us a pause to set up an operable carbon-free energy system. So far, however, economic incentives for looking more clo-
sely into development and implementation of such ideas have been lacking. Therefore, a procedure is required which
is not one-sided in giving the economy instructions as to what to do, but functions as an improvement of the overall so-
cial and global search processes.

Need for action

Political concept

This brings us back to the basic question addressed above, i.e. how to transform the economy into a path promising “ su-
stainable development”. Must this path be stipulated by the state and then implemented or it is enough to set a frame-
work and to leave the answering of the question to a social search process? If the latter strategy is preferred, the state’s
efforts must concentrate on improvement of the organisation of the search process, with great importance being atta-
ched to the market economy as such an organisation of the search process. It cannot be overlooked, however, that we
are faced with a complex of questions here, the answers to which are very controversial in some cases. There is a mix-
ture of ideological positions and diverging assessments of the efficiency of the market. It is also a fact that in reality
there is not only market failure but also political failure. Even the opinion-forming process within the Council on this
topic has not been concluded.

In somewhat exaggerated terms, however, one can aready distinguish between two political directions, as far as the
above mentioned strategic conclusions are concerned (Klemmer, 1993):
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1. A political approach which — frequently in reference to model analyses — attemptsto arrive at an explicit modifica-
tion of the devel opment path striven for and, in most cases, assigns this operationalisation task to the state, while the
exploitation of all resource-saving and cycle-closing options for their own sake is frequently elevated to the status
of an objectivein itself and exemplary economic procedures are demanded to this end, in particular by the more hig-
hly developed countries. For this purpose there is a wish to exert influence on the economic structure via the expli-
cit and selective application of al “command and control” instruments provided by the institutional law, of econo-
mic incentives (particularly charges and environmental taxes) as well as of planning law, and to steer this economy
away from an economic structure based on high resource and disposal requirements as well as high risks and to-
wards economic activity favouring a resource-saving, risk-reducing and cycle-based concept. Because it has recent-
ly become apparent that the “command and control” approach in many countries has, to a great extent, reached the
end of its tether, there is greater support for a general increase in the costs of resource use and waste disposal. Ba
sically thisinvolves an interventionist economic and social policy oriented to what is technically feasible as well as
to the “appropriateness’ of consumption. The latter implies, in an extreme case, an intervention into consumer fre-
edom that goes far beyond individual interventions (such as a ban on drug consumption and CFC-containing pro-
ducts).

2. A second political approach renounces quantified specification of a guiding principle to be striven for and leaves
successful adaptation to ecological shortage up to the economic units themselves. The state is then only assigned the
task of specifying the “scarcity” and setting the basic conditions. The idea behind thisis that the future is ascertain-
able only to alimited extent and nobody knows enough about future needs, risks and possible ways of taking action.
In other words: the task to be performed is seen as the efficient organisation of a search process whose result itself
is still unknown. In this approach the state is primarily responsible for ensuring that all consequentia costs of indi-
vidual action are price-effective (i.e. internalised), while leaving individual s sufficient scope for speedy adjustment
to this scarcity information. Whenever there is a danger of overuse and creation of consequential costs that are so-
cialy no longer acceptable because of the collective, non-excludable characteristics (lack of an exclusion principle,
free rider problem) of an environmental asset (such as the Earth’s atmosphere as a CO, sink), the state must stipu-
late the maximum usable quantity based on natural science findings.

Internalisation of all consequential costs appears to be an especially important task. Only it creates that “ecological
truth” of prices which, as arule, cannot be reached by imposing state levies. In most cases changes in important fra-
mework conditions, such as tightening of the liability law, allocation of property rights or elimination of a problematic
subsidy are sufficient for this internalisation. In other words: whenever there is no explicit market failure (such asin
the case of the tropical forest as a non-excludable, collective good), it usualy suffices to strive for a situation in which
the prices that are formed by themselves express ecological scarcity better. Thisis somewhat different (ignoring the Pi-
gouvian tax for the moment) from the strategy of generally making resource use or waste accumulation more expensi-
ve via state-imposed resource or energy taxes or waste levies in order to force the economy to constantly increase effi-
ciency. There is always the danger, however, that because this interventionism has to take group interests or elections
into consideration, it will become ecologically inefficient and economically too expensive. This second political ap-
proach can aso be termed an approach based on the “ Ordnungspolitik” , the German institutional policy concept which
aims at forming the legal und institutional framework of an economy.

When a decision is made as to which of the two approaches one should lean towards, one must not only take into ac-
count aspects of the “ Ordnungspolitik” , but also the fact that important special features prevail at the global level. The-
re has been alack of akind of “world government” that establishes the “command and control” policy and is able to
enforce compliance with it. Worldwide charges are aso difficult to implement since such action intervenes in the re-
venue autonomy of nations. In addition, price elasticity diverges depending on the respective average income. The al-
location of such supplied funds will always be controversial because of the different interests and because conventions
are required (internationally agreed standards). To this extent, great importance will have to be attached to solutions
that ensure autonomy for taking action and attempt to provide for an environmental orientation via economic incenti-
Ves.

If one takes the path of a global organisation of the search process, then agreement must be reached on important basic
conditions. They are:
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Allocation of clear property rights to natural resources

Many natural resources are common property that are available for common use or belong to the state, which does not
want to, or in many cases cannot, assert its property rights. Experience shows that in such cases there is dways a dan-
ger of uncontrolled overuse or misuse (common property). Here nationalisation is frequently mentioned as the main
cause for the advance of overexploitation of natural resources, forest depletion or soil degradation and reference is ma-
de to the positive experience with the transfer of clear rights of utilisation (such as in Costa Rica, New Zealand, Thai-
land and Kenya) or with the creation of formal legal norms for common soil property, asin Burkina Faso (World Bank,
1992a). Acquisition of property rights to parts of the tropical forest to be protected, for example, can aso be effected
via conservation organisations that finance themselves internationally through donations or membership fees (“ debt-
for-nature swaps” ).

However, property rights may also involve rights to utilisation environmental assets that have not had any clearly defi-
ned “owner” up to now. Thisisthe case, for example, when scope for utilisation (in this case policy about quantities as
well), e.g. of the Earth’s atmosphere for CO, deposition, isto be defined and subsequently allocated in accordance with
property rights. This requires an international agreement on maximum emission level and on initia allocation of rights
to thislevel. Thiswill be dealt with later.

Elimination of subsidies

It is becoming increasingly evident that widespread subsidisation of resource use, even in the highly industrialised coun-
tries, not only costs the developing countries, including Eastern Europe, an estimated US$ 230 hillion annually (World
Bank, 1992a) but also sends problematic signals regarding environmental policy. Water is, in some cases, provided free
of charge, energy utilisation is cheap, the fees for logging do not cover the costs of afforestation and subsidisation of pe-
sticides sometimes runs up to 80%. In relation to consumption which would result from internalisation of al costs, this
induces “wasting of resources’ and makes the setting up of self-supporting supply and disposal facilities difficult. In other
words, it must be ensured that all ecological consequential costs are internalised. Without such internalisation allocation
of property rights becomes a problem.

Tightening of the liability law

A great portion of environmental risks to date has resulted from the fact that no compensation was possible through
claims for transnational damages. Therefore, atightening of the liability law may not only have a compensatory effect,
but also a preventive effect on the basis of its features. In other words: allocation of property rights is only acceptable
if damage to environmental assets of other nations can be legally prosecuted and prophylactically effective compensa-
tion can be demanded.

Clear definition of assets requiring protection

There are assets which are of global importance or have the characteristics of non-excludable, collective goods (imple-
mentation of principle of exclusion not possible). In this case other measures are required to solve the problem. First of
all, however, a clear definition is necessary: thus this Report emphasised many times the necessity of specifying global
environmental assets so as to place them under special protection. Allocation of property rights is often not enough to
implement this demand for protection; then planning law must be applied. Experience gained from the highly developed
countries shows that regional planning is frequently less able to initiate development processes, but can have amore sig-
nificant impact on conservation (resource protection, planning environmental protection). It cannot be overlooked, ho-
wever, that this instrument requires a state which is capable of taking action and has the necessary power to ensure com-
pliance with regional planning specifications.

Priorities for taking action

A policy with such aframework allocates important tasks to the state or to the international community of nations. This
will be described in more detail on the basis of three problem areas that are to be tackled with priority or require sol-
ving.
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Coping with the climate problem

The UN Conference on Environment and Development led to a convention which can be trandlated into a quantity tar-
get regarding the reduction of CO, emissions via interpretation of Section 2 of the “Climate Convention”. The German
Government was supposed to continue the discussion that started there and furnish instrumental considerations, i.e.
steer the discussion away from the Whether and towards the How. The primary question is then how the scope for use
of the Earth’s atmosphere for a climatically tolerable deposition of CO,, as indirectly defined in the Climate Conventi-
on, can be allocated to the different nations or parties interested in use and how these rights of use should be handled.

In the view of the Council, one should take advantage of the opportunity offered by the above described path of aglo-
bal search process via alocation of property rights, i.e. installing a new market. CO, is a“harmful” substance which
does not require solution of the regionalisation problem (determination of geographical emission-immission interlinka-
ges), but represents a mass flow that permits a great segmentation of rights of use because of its “divisibility” and gu-
arantees functioning marketsin view of the large number of plant operators (or countries as owners) (Kdlle, 1992; Hei-
ster and Michaglis, 1990; Grubb, 1990). An initial allocation of property rights regarding the maximum CO, emission
level, indirectly predefined via Section 2 of the Climate Convention, should be oriented to the current population or the
population of a past reference year. This appears to be a “fair rule” that might be generally accepted. In view of their
low degree of industrialisation, it would, in particular, almost automatically guarantee most devel oping countries a sco-
pe for development defined on the basis of property rights that have not yet been utilised. The argument that the high-
ly industrialised nations could “buy off” the scope for development of poor countries by “buying” the rights of use can
be countered with appropriate precautions and the objection that the temporary leasing of rights (combined with es-
calation clauses) should be more interesting for the devel oping countries. Moreover, the presentation of utilisable rights
of use may act as an investment premium and accel erate the industrialisation process without increasing global CO, de-
position. In addition, in the highly developed countries investments can be “bought off” via capital transfers serving the
purpose of renewal of inefficient energy production plants (such asin Eastern Europe). In any case rapid ecological ef-
ficiency would be ensured with a global minimisation of costs. Finally, an orientation of initial allocation to the current
population (or to a past base year) would also furnish an indirect incentive for devel oping countries to exert greater in-
fluence on their demographic processes.

Conservation of the tropical forests

A second focal point of action for global environmental protection policy concerns protection of tropical forests. This
will presumably require other instrumental conclusions than in the example just described of a CO, reduction policy.
Based on their functions for world climate and conservation of species, tropical forests have the character of a global
non-excludable, collective good that should be conserved in the interest of the entire world population. Because of the
non-excludable, public features, this interest is not expressed in individual demand activities; demand must, therefore,
be organised. Only in this way do the global benefits come to economic fruition and can the “costs’ be reimbursed to
the countries connected with tropical forest protection. These costs have the nature of opportunity costs, i.e. of disad-
vantages resulting from the renunciation of use (such as renunciation of use of tropical wood or use of forest areas as
pasture). To this extent, one must consider whether a cooperation agreement should be concluded to set up aglobal tro-
pical forest fund financed by the world’s population — on the basis of population level and average income, for exam-
ple. Acquisition of such rights of use of the tropical forests could be effected by auctioning off certificates of obligati-
on in order to minimise the financing burden (Scheube, 1993). Their holders (private or public forest owners) are bo-
und either not to use the forest areas at all or only in an environmentally acceptable manner. Compliance with these ob-
ligations could be monitored via remote satellite sensing.

Securing the food base

Agriculture or the securing of the food base in the developing countries represents a third focus of action. The starting
point is the realisation that even a successful population policy will not be able to slow down rapid population growth
in the short and medium term. Thus this expansion has the nature of an incorrectable basic condition, with the largest
portion taking place in the devel oping countries. In the case of unproductive land use, not only isthe cultivated area ex-
panded at the expense of forests and grasslands, or rural emigration promoted, the poverty and hunger problem is also
intensified. Thereisaneed here for consulting, finance and technology transfer. The objective should be to develop and
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implement adapted forms of land use as well as to create domestic markets, e.g. by promoting expansion of the food,
beverage and tobacco industry.

Research needs

For along time the area of global environmental research was dominated by the natural sciences, which pointed out the
consequential effects of population development and of many forms of our economic activity. In the analysis of causes
in environmental economic research the central question right from the beginning was whether a market or a political
failure was responsible or what role is played by institutional influencing factors. In addition, interest soon devel oped
in transformation of cause-and-effect research into economic variables (estimation of consegquential costs) and adequa-
te consideration of intergenerational equity. These complexes of issues can, by no means, be regarded as answered suf-
ficiently.

In the meantime, however, there is extensive agreement on the need for action, which raises the question of the options
available for taking action as well as the starting points and instruments of a national/international environmental po-
licy. As a consequence, discussion over the guiding principle has recently ignited again, interest is directed particular-
ly at institutional aspects and research is conducted on conceptual questions regarding global environmental policy.

In view of the current status of environmental-economic research, thereis till significant need for research on the fol-
lowing questions.

Assessment of consequential costs and analysis of causes

O  Applicability of willingness-to-pay analysis or damage cost and damage avoidance costs approach to global ana-
lyses of the costs related to the absence of environmental protection

Adeguate consideration of divergent preference structures with respect to space and time
Definition and assessment of global non-excludable, public goods
Development of global accounting of assets in order to assess “ecological rea capital”

Globa environmental and development impacts of current institutions of world economic order

o o o o o

Global environmental aspects of sectoral and regional structural transformation of the world economy, including
geographical transfer of environmentally intensive economic sectors

Basic research for political recommendations
O  Operationalisation of the term * sustainable development” from an economic point of view

O The significance of an increase in resource efficiency as well as closing of cycles within the framework of envi-
ronmental policy targets

0 Basic conditions for environmenta policy at the international level, particularly applicability of “command and
control” policy framework, of liability law and of economic instruments within the scope of a global environ-
mental policy

O Economic instruments of global climate protection policy — certificates versus taxes

0  Conceptual and instrumental implications of certain environmental assets (protection of the seas, protection of the
soils, protection of water, etc.)

O  Securing of food base in developing countries — agricultural policy conclusions
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System of indicators

Development of a system of indicators to record the variables that are able to illustrate global change from the point of
view of cause and effect aspects entails the solving of severa questions:

® solution of the regionalisation problem
® solution of the criteria problem

® solution of the indicator problem

® determination of critical thresholds

Asfar asthefirst problem is concerned, the method preferred up to now has been to fall back on the“ Lander” (federal
state) level. From the point of view of political responsibility this is certainly a suitable observation unit. Within the
scope of this Report, however, it became apparent that a need for regionalisation exists in many places. It was shown,
for example, that smaller geographical units are required for environmentally relevant factors which can only be trans-
ported or changed at high cost. A typical example of thisis the area of water because a development-limiting compo-
nent in this connection already exists in many countries. This applies similarly to the designation of globally relevant
nature reserves. The 1992 World Development Report attempts to designate areas having priority for conservation
(World Bank, 1992a; Mittermeier, 1992; Myers, 1988 and 1990).

The drawing up of alist of criteria should be less oriented to the available data material than to the hypotheses regar-
ding global cause-and-effect relations. After that one would have to examine how the required detailed information can
be procured or substitute information can be illustrated by means of auxiliary indicators.

The question of the formation of indicators concerns the frequently expressed desire for compaction of specific infor-
mation. This would require standardisation and weighting of the individual criteria. Since few possibilities are availa-
ble for constructing an overall indicator taking into account all environmental aspects, development of partial indica
tors will certainly be more important.

Any formation of indicators compels a classification in the end. Thisimplies a search for critical thresholds, leading to
political action in the event they are exceeded or not reached. In this context one must examine the extent to which glo-
bally relevant thresholds can be determined or still require further differentiation.

2.3 Increases in transport

Summary

Transport is amajor factor influencing patterns of global change. It ensures aregional and international distribution of
labour, stimulates sales potential and thus, amongst other things, creates the conditions required for lower-cost, large-
scale forms of production. At the sametime it contributesto the creation of large economic blocks. For many years peo-
ple particularly emphasised these positive effects and promoted them by consciously expanding transport routes. Ho-
wever, since then it has also been acknowledged that transport is among the primary causes of pollution. It is a major
source of air pollutants, takes up large amounts of land and has a negative impact on the countryside. Over and beyond
this many people suffer as aresult of traffic noise, while their lives are endangered and the environment harmed by the
various forms of transport operations, while the disposal of vehicles poses substantial waste problems. In the following
section, the Council will concentrate on those aspects of transport which are of global significance. In this context it
will deal with the issue of emissions above al and —amongst the traditional forms of transport — with road traffic.

Transport reflects the capacity of people, commodities and information to overcome space and distance. Leaving
aside the expansion of the traffic networks for the time being, the transport of people and of freight are of parti-
cular significance for the environment. In this context mobility can be defined as the ability to move in space. To
a large extent, the degree of mobility is a function of the quality of infrastructural traffic facilities and of the
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means of transport provision available (speed, capacity for networking etc.), the level of use of transport routes (roads,
railways, etc.), the cost of transport (per kilometre per person, per item or per unit of weight), the methods of produc-
tion in the economy (as in the desire for more just-in-time transport and a lower vertical range of manufacture), econo-
mic development, disposable income and available time. In this situation the desire for greater mobility can be a de-
pendent variable (traffic as a consequence of economic development or as a result of changes affecting the organi sati-
on of production), but also an independent variable (the desire for greater mobility as a result of consumer “demand”).
Most transport operations are still functional in nature, but as incomes rise and increased leisure time is available, the-
reisagrowing desire for mobility in itself.

Given the requirements of transport and environmental policy, attention needs to be focussed not only on the devel op-
ment trends with regard to the number of vehicles and the levels of use of the various means of transport, but also on
the relationship between the quantity of traffic (as measured in passengers or tonnes), the transport capacity (as mea
sured in passenger or tonne-kilometres) and the actual distance covered (as measured in the number of kilometres per
vehicle). In order to obtain a preliminary impression of the trends in global development, one can chart the develop-
ment of the number of vehicles according to country and country group and establish the resulting trends (Table 20).

One can see that, in the case of road traffic with its relatively high emission levels, marked increases in the numbers of
vehicles can generally be expected, with an exponential rise in some regions (e.g. Asiaexcluding Japan) (Fig. 14). Itis
true that by the end of the century two-thirds of all the carsin the world will still be in the highly developed industrial
nations in North America, Western Europe and Japan should these patterns persist. Nevertheless, the proportion in the
rest of the world will be clearly rising, particularly in the newly industrialising countries. This pattern has already be-
come quite evident as far aslorries are concerned. However, it is safe to assume that the age structure of vehiclesin the
different parts of the world differs. In the developing countries older types of vehicles with higher emission levels pre-
dominate.

Causes

Transport and economic development are closely interrelated and interdependent. For example, economic growth ge-
nerally produces increased levels of traffic, while — conversely — the construction and maintenance of roads, railways
and other transport services form vital elements in the growth-oriented infrastructural policies adopted in developing
countries — policies which aim to help overcome the basic obstacles to development. The comparatively low levels of
financing expenditure, planning and construction work involved in road building (as compared with the expansion of
railway networks) has favoured road transport — or in large countries air traffic. A further determinant here is the fact
that modern railway systems require relatively high levels of qualification and equipment and very often do not func-
tion effectively under the specific conditions existing in tropical climates. As a consequence, road and air traffic have
particularly gained in importance in the majority of developing countries. Unlike the situation in the developed coun-
tries, the potential for influencing or changing the distribution of transport among the various types of carrier (“ modal
split”) is often slight here. In this respect the scope for instituting environmental policiesis severely restricted.

In the context of environmental problems, attention must not only be focussed on the numbers of vehiclesin use but al-
so on the trends underlying the development of the levels of traffic of the different means of transport as well asthe in-
terrelations between level of traffic (measured in numbers of people and tonnes), transport capacity (measured in pas-
senger- and tonne-kilometres) and the actual distance travelled (measured in kilometres per vehicle). The level of
freight traffic is decisively influenced by the magnitude of commercia production of these commodities — although it
must be said that the level of freight traffic is not expanding as fast as goods production in developed countries, a pat-
tern whose cause can be found in sectoral structural change. The proportion of heavy, homogeneous bulk goods, which
generally dominate in non-consumer sectors, is gradually decreasing. The level of passenger traffic is also influenced
by the real net output. But the scale and geographical distribution of population development constitute a further deci-
sive factor here. In this respect a large proportion of future passenger traffic in developing countries must be regarded
as a variable independent of economic growth, being largely autonomous of external factors and difficult to influence.
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Table 20: Growth in numbers of automobiles and lorries (from IEA, 1991 and RWI, 1993)

Automobiles
Million vehicles Variation Share of total vehicles
in in % from in %

1990 2000 1990 - 2000 1990 2000
OECD
North America 158.15 189.72 19.96 36.95 3154
West Europe 146.76 212.31 4467 3429 3529
Pacific 957 12.37 29.23 2.24 2.06
Japan 3262 46.21 41,65 763 7.68
Non-OECD
Asia 1132 17.78 57.10 2.64 294
Near East 6.32 10.09 59.69 148 168
Africa 9.03 14.66 62.23 211 244
Latin America 25.69 46.82 82.25 6.00 7.78
East Europe 15.29 30.25 97.77 357 5.03
former USSR 13.23 2142 61.94 3.09 356
World 42798 601.63 4057 100.00 100.00

Lorries
Million vehicles Variation Share of totel vehicles
in in % from in %

1990 2000 1990 - 2000 1990 2000
OECD
North America 46.65 55.35 18.65 36.02 28.83
West Europe 18.82 29.87 58.70 1453 15.56
Pacific 254 379 49.45 1.96 1.98
Japan 21.65 27.96 29.18 16.71 14.56
Non-OECD
Asia 11.11 22.18 99.68 858 1155
Near East 323 10.94 238.54 249 570
Africa 436 8.18 87.84 337 426
Latin America 9.35 15.80 69.00 7.22 8.23
East Europe 243 411 69.58 187 214
former USSR 9.39 1381 4713 7.25 719
World 129.53 191.99 48.25 100.00 100.00

The transport capacity is even more significant in explaining the patterns of global environmental change than the le-
vels of traffic. Through the globalisation of consumer and purchasing markets, internationalisation of production and
more complex division of labour, the average shipment distance for almost all forms of transport has substantialy in-
creased in recent years. Consequently, transport capacity has generally increased more rapidly than the actual level of
traffic. This trend towards growing mobility in passenger transport has been primarily favoured by greater levels of af-
fluence in the developed countries. This has produced an above-average rise in the number of kilometres travelled per
person as compared to the development of real income, particularly with respect to individual passenger traffic. It can
be assumed that the developing countries will also follow this trend, although urban traffic (local transport) is still the
dominant form here.

Of particular importance for the environment is the development of distance travelled via the respective means of trans-
port. If the individual vehicle is seen as the critical source of environmentally relevant effects (noise, emission of pol-
lutants, waste problems, etc.), then the development in the number of vehicles and the average distance travelled by
each must be taken into account. If the average size and capacity use of individual vehicles is increasing, then rising
traffic levels need not necessarily be accompanied by greater distance travelled per vehicle. In the more highly develo-
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Figure 14: Development of automobile numbers for different groups of countries (RWI, 1993)
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ped countries, the distance travelled (kilometres travelled per year) in the freight sector rose to alesser extent than did
the supply of goods (volume per year in tonnes). Thisis mainly explained by aresult of increasing average loads, grea
ter efficiency in the logistical coordination of the various means of transport and partly by the expansion of the trans-
port infrastructure (reduction of shipment distances) (Klemmer, 1991). The reverse trend can be observed for passen-
ger transport, however. Not only did transport capacity (passenger kilometres) in this sector increase more than the vo-
lume of traffic, there was also an increase in distance travelled, reflecting greater mobility on the part of individuals. In
West Germany at the end of the 80s, the latter figure was about 17,500 km per person per year, with an upward ten-
dency (BMV, 1991).

For the most part it is likely that the trends outlined above will also occur in developing countries. However, the ab-
sence of adequate rail services will restrict the transport options available in these regions, i.e. traffic will find its way
primarily onto the roads. Population developments will further aggravate this situation. Bearing in mind the fact that
there were 325 cars for every 1000 people in Western Europe in 1990 (North America 553), whereas there were only
13in Africaand 3 in Asia (RWI, 1993), then one can easily imagine how the patterns of traffic levels might develop if
the same trends continue to prevail. As can be seen in Table 20, recent estimates (RWI, 1993) suggest that there will
be approximately 602 million cars and 192 million lorries on the roads in the year 2000 — which would mean an in-
crease of amost 41% for cars (compared to figures for 1990) and of over 48% for lorries (compared to 1989). It should
not be forgotten here that forecasts for transport and traffic levels usually prove to be too low rather than too high.

The qualitative and quantitative impact of traffic on the ecosphere and anthroposphere is mainly determined by the use
of different means transport. In general it can be said that road and rail traffic, inland and ocean shipping and air trans-
port form the main alternatives here. Positive and negative effects are triggered in the production, use and disposal of
the operating equipment and of the components of the transport infrastructure — these effects varying between the dif-
ferent modes of transport. The following characteristics of the individual means of transport are of global relevance:

® Road transport:
High networking capacity, set up to meet specific needs, lower capacity than railway and waterways for transport of
bulk commodities, generally higher average speed, networks can be partially expanded more easily and more quick-
ly than with other forms of transport, less capital is needed because partial networks can be developed, little sensi-
tivity to climatic influences, low maintenance requirements, relatively high need for land (“land requirements’), seg-
mentation effects, highest producer of environmentally significant emissions amongst the modes of transport.

® Rail transport:
Less easily networked (based on junction points), high levels of capita required, generally long development peri-
ods, high levels of concentration and collectivisation, similarly high need for adjoining land, restricted applicability
as a result of increased demands on service staff and greater proneness to breakdowns depending on climatic con-
ditions, high capacity for transport of bulk commaodities but generally lower speed, lower levels of environmentally
significant emissions.

® Ocean and inland shipping:
Well suited for the transport of bulk commodities, low capacity for networking, low speed, high capacity for con-
centration, restricted applicability due to dependence on natural conditions, including climatic conditions, high ca
pital needs for expansion of artificial waterway systems (canals), little impact on levels of climatically significant
emissions.

o Ajr traffic:
Difficult to network, less capacity for transport of bulk commodities, capacity for relatively quick expansion, high
speed over long distances, restricted and purely localised land requirements, sensitive to specific climatic conditi-
ons, high maintenance requirements, high levels of environmentally significant gas emissions.

Any decisions relating to the economically efficient and ecologically acceptable mix of transport carriers can only be
made by analysing the prevailing conditions in the region in question. It is possible to create a typology for the diffe-
ring regions on the basis of the following criteria:
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(1) Geographical location
Relative proximity to a major centre of economic activity or location near globally important traffic routes can be
afactor in the selection of the transport carrier (Meyer-Schwickerath, 1989).

(2) Factorsinfluencing demand for transport
In freight traffic the economic development and the sectoral economic structure with the affinities between speci-
fic types of freight and means of transport, in passenger transport the distribution and expansion of the population,
the population density and the level of disposable income are all factors influencing demand for transport.

(3) Theinstitutional infrastructure and the financial provision needed to achieve short-term flexibility in the use of
transport
Inefficiency in the area of administration and financial constrictions resulting from the absence of operative capi-
tal markets and high levels of foreign debt impede the application of complex and elaborate transport networks and
the exploitation of environmentally acceptable forms of technology (Meyer-Schwickerath, 1989; World Bank,
19923).

Based on these criteria the following groups of countries can be identified:

The highly developed countries or global centres of economic gravity

This category is characterised by relatively slight restrictions in its transport carrier use alternatives as a result of the
natural circumstances (Criterion 1), by its active integration into all major global transport networks, by increasingly
individualised and differentiated requirements vis-a-vis the speed, reliability and frequency of transport services, by a
dispersed settlement structure, and by high per capita income levels and the resulting strong preferences for road and
air freight and passenger transport. It also possesses an operationally effective institutional infrastructure and consider-
able potential for the continued development of environmentally acceptable transport systems. Given this high level of
transport use and the positive and negative effects associated with this in these countries, and the further probable shift
in favour of forms of transport with a comparatively severe impact on the global environment (air traffic), thereis a par-
ticularly urgent need to create effective incentives in these countries. These would serve to stimulate ways of compa
ring environmentally significant forms of transport use with the actual economic costs, thus enabling the creation of
economically efficient and ecologically compatible transport carrier combinations, on the one hand, and providing ad-
ditional incentives for increasing the degree of environmental acceptability of the components used within these trans-
port systems, on the other.

The Eastern European countries

These countries are characterised by only few natural restrictions on the choice of transport carrier (Criterion 1), by a
relatively favourable location for gaining access to global transport networks — a result of their proximity to the EU
countries —, and by a probable significant change in the “ modal split” since the rigorous promotion of the railway sy-
stems came to an end. Moreover, these countries can expect to undergo sectoral structural change which will result in
areduction in the proportion of bulk commodities and an increase in the level of individual motorised forms of trans-
port in the air and on the roads — a situation which will come about as a consequence of the convergence between sett-
lement patterns and income levels. Action needs to be taken in these countries, given their inadequate institutional in-
frastructures and the low level of environmental protection technology. Due to the projected increases in traffic volu-
me and a similar shift in usage towards environmentally |ess acceptable forms of transport, these countries particular-
ly need to reduce emission levels and further expand their institutional framework for dealing with the increase in traf-
fic.

Newly industrialising countries

These countries have one thing in common in particular, their economic development (Criterion 2). Sectoral structural chan-
ge from labour-intensive industries producing bulk commodities to differentiated and capital-intensive sectors will also ge-
nerate a shift in demand in these countries towards individually utilised forms of transport. Natural regional restrictions on
the choice of transport will be of particular significance for railway systems. In these countries with their large unspoiled
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areas the construction of axis-like lines for land-based transport systems may serve as akind of “gateway” to the establish-
ment of large communities. In order to prevent such a development the expansion of air services will probably be actively
promoted there. These countries are already integrated into the main global transport systems, so that their share of interna:
tional trade will continue to expand and it should also prove easier for them to implement environmentally acceptable tech-
nologies. There are great variations in the institutional infrastructures within these countries. Whereas some of the Asian
countries have relatively stable political systems and a tight administrative organisation, the potential for reducing the ne-
gative impact of traffic in South American countries in this group is limited by inadequate institutional conditions. In these
countries transport use will have to be adjusted to comply with the natural restrictions, although attempts from the outside
to impose a particular solution may well meet with opposition and claims of infringement upon the country’s national sov-
ereignty (see the dispute between Brazil and the USA on the financia arrangements for aroad construction fund; Kennedy,
1993). This problem is particularly evident in these countries because the types of transport available are limited, while se-
vera options are usually open in highly developed countries. Moreover, the projected increase in the negative effects of traf-
fic needs to be countered by further improvements in the technology available for an environmentally more acceptable so-
lution.

Developing countries with considerable potential for increased traffic

There are good reasons for making a further distinction in relation to this heterogeneous category of developing coun-
tries, one which is based on the classification criteria specified above. The potential for increases in traffic volume in
each country and the associated impact of such increases can be seen as constituting generally valid indicators. It isrea-
sonable to assume the existence of considerable potentia if the country in question can gain access to the major global
transport routes relatively quickly and at little cost, for example because the country is located near one of these routes
or because it has access to natural transport facilities such as seaports (Criterion 1). For the most part transport activi-
ties are still concentrated in urban areas. The level of development of the local institutional infrastructure is also of de-
cisive importance, as deficiencies in the organisation of the country’s administration, insufficient technical expertise
and shortfallsin financial resources — the latter two factors being the consequences of inadequate educational instituti-
ons and capital markets — can restrict the development of efficient multimodal transport systems (Criterion 3) (see re-
ports on case studies in Egypt: Soliman, 1991; Hafez Fahmy Aly, 1989). If the existing potential could be exploited in
these countries, then an increase in transport capacity on the same scale as in the newly industrialising countries could
occur. In order not to curb the positive economic effects associated with this, it makes sense to make this development
environmentally more acceptable through transfer of environmentally acceptable technology.

Developing countries with little potential for increased traffic

These countries are characterised by the following features: they currently have alow standard of transport provision;
they are a considerable distance from the major global traffic routes; their natural circumstances and lack of financial
and human resources result in severe restrictions in the use of transport methods; inadequate institutional structures due
to political instability; rapid population growth; and they have high levels of population density as well as shortages of
natural resources and developing economies (Criteria 1 & 3). The influence of these countries on global transport de-
velopmentsis likely to be dlight.

These basic distinctions need to be refined when applied to the individual regions. For example, there are very sub-
stantial differences between the development of transport in the major cities and in the rural areas of developing coun-
tries (World Bank, 1992a). The varying regional requirements and potential effects must be taken into account when
evaluating individual means of transport.

Effects

The effects of traffic on the environment have been investigated and evaluated on numerous occasions (SRU, 1978;
SRU, 1987). In general a distinction is drawn between those effects

e which are produced by the expansion and maintenance of transport infrastructure, and those

® which occur as the result of transport operations themselves.



Transport 161

In the first category the direct effects include

® “land consumption”,

local influence on soil characteristics through surface sealing, compaction, etc.,
e fragmentation of the environment (e.g. of biotopes),

® changes to the regional microclimates (barrier effects), and

® impairment of the landscape.

These are complemented by the indirect environmental effects:

® the controversia traffic-inducing effect (“he who sows streets will harvest traffic”),
o the environmentally significant effects on the “ modal split” .

The second category (effects of traffic and transport) generally includes

e traffic emissions significant for the climate,

® the deposition of pollutantsin air, water and land,

® traffic noise and vibration,

® the waste problems associated with the disposal of vehicles (disposal of used engine ail, tyres, cooling fluids, scrap
cars, €tc.),

® the consequences of accidents which occur during the transport of (hazardous) goods/substances.

Many of the effects listed here can only partly be classified as environmentally significant effects on aglobal scale. The
causes of these and their remedies affect above al the governments of individual countries or their regional authorities.
However, the situation is different

® where global effects can be observed and
® international coordination is necessary to solve problems associated with local development trends.

Asfar asthefirst category is concerned, the climatically significant traffic emissions are currently considered the most
important. Here the Council sees a primary need to take direct action, particula