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Foreword
Environment and sustainability are key issues in problems of the
developing world. In this perspective, the Royal Academy of Overseas
Sciences has taken various initiatives in order to tackle the problems. 1
would like to recall the following symposia and conferences held since
1 980 and published in the proceedings ' series: "Les problèmes de l'en
viionnement dans le Tiers-Monde" ( 1 987), "La prévention des catastro
phes naturelles" ( 1 99 1 ), "Agricultural intensification and environment in
tropical areas" ( 1 99 1), "The management of integrated freshwater agro
piscicultural ecosystems in tropical areas" ( 1 995), "Tropical climatology,
meteorology and hydrology" ( 1 998), "Water : Worldwide and Worth
while" ( 1 998).
This colloquium on "Developing Countries Facing Global Warming :
Kyoto 1 997 and Beyond" lies within the same environmental scope.
Our purpose was to highlight various approaches to the subject, in an
objective scientific way with emphasis on consequences for the develop
ing world. The aim was not to confront the different points of view.
The organization of this colloquium has also led to the creation within
our Academy of a Commission on Environment and Development whose
task will be to coordinate further initiatives related to this orientation. In
this respect, the Academy would like to draw attention to present envi
ronmental problems in developing countries. Therefore all the above
mentioned symposia are intended for a large public : students as well as
young researchers, the media, politica! decision makers, the private
sector.
Yola Verhasselt
Permanent Secretary of
the Royal Academy
of Overseas Sciences
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Welcome
by
Georges STOOPS *

Your Excellencies, Presidents and Secretaries
of the Royal Academies,
Colleagues, Ladies and Gentlemen,
It is a pleasure to welcome you, in the name of the Royal Academy of
Overseas Sciences, and in my own name, in this beautiful "Palais des
Académies" in order to discuss one of the most fascinating problems of
our environment - What is happening to our atmosphere ? How does it
influence life ? , involving a series of important questions such as : Are
changes really unexpected from a geological point of view ? Is mankind
responsible ? What can we do ?
Pollution of the atmosphere started millions of years ago. The earth
then had a fine, pure atmosphere of gases such as nitrogen, carbon dioxi
de, methane, ammonia, and maybe some other nice components. Bacteria
had a happy life there, but some of them, using sun energy, started pol
luting this atmosphere with products of their metabolism, with a very
toxic gas called oxygen. Some species adapted and breathed with delight
this new atmosphere, starting a never-ending struggle against oxidation.
Finally they won, and life as such continued. Maybe we are again reach
ing a period of minor changes in the atmosphere, but now the question is
no longer "will life continue ?". lt surely. will, but "will mankind as a
species continue to exist" ? Here also the answer can be as optimistic as
dramatic, if not catastrophic as climatic changes have occurred several
times in the history of mankind. The real question therefore is not "is life
endangered ?" , but "can our modem society survive, and how ?"
-

* President 1999 of the Royal Acadeµi.y of Overseas Sciences, Defacqzstraat 1/3,
B - 1 000 Brussels (Belgium).
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Most of the questions about global warming are not purely academie.
Every part of our society can be influenced, as changes in climate imply
also changes in water/land distribution, changes in vegetation, even
changes in patterns of diseases. The only way to respond to such a situa
tion is to take measures long in advance. Therefore we need first of all
good information, not only about the northern industrialized countries,
but also about the Third World countries in the tropics, which are prob
ably more at risk if temperature would change. This means that in
dustrialized countries, for their own safety, cannot escape their duty to
help developing countries to develop and organize fundamental research.
Up to now such fundamental research in Third World countries bas rarely
been supported by national or international donors, as they always prefer
to sponsor immediately applicable research. This is especially true for the
fields of agriculture and environment, as already explained on the occa
sion of the opening session of our Academy in October. Therefore I am
very glad that, during the Fifth World Conference on Climate, which took
place a few weeks ago in Bonn, support to enhance real research in devel
oping countries was recognized by the participants as a priority.
When I mention the need to have more information on global change
issues, collected in developing countries by native scientists, I have not
only in mind obtaining the data as such, but also the importance to
involve scientists of these countries, who are in a better position to reach
their politicians. lndeed, whatever scientists may do or think, it is up to
the politicians to decide, or not to decide.
The Bonn Conference aroused only very little attention in the news
media. The general public appears to have lost interest in this matter. The
meeting, however, seems to have been relatively successful in some
aspects :
- A better understanding between experts seems in progress ;
- The organization of the Sixth World Conference on Climate in
November 2000 in Den Haag bas been given a new impulse, although
some highly industrialized countries tried to postpone it ;
- The political intention to take active measures for reducing the
amount of anthropogenic "greenhouse gases" bas increased.
Although this may sound fairly hopeful, reality is less optimistic.
Especially the highly industrialized countries, apart from Europe, are
very reluctant to propose measures that might affect their economy.
Moreover, the impact of modern society on global heating is not at all
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evident. As an academie exercise it might be therefore interesting to con
sider also the opposite change: what would happen if temperature
dropped by a few centigrades ?
Your Excellencies, Colleagues, Ladies and Gentlemen,
It is the task of the Royal Academy of Overseas Sciences to promote
science in general and with respect to overseas countries and problems in
particular. Tuis colloquium is an excellent example of an activity in
which both objectives are combined, dealing with problems that really
bother people. Tuis meeting is not a first experiment, but part of the
Academy tradition to organize events dealing with different aspects of
global change. This programme seems well equilibrated, giving the floor
to "believers" and "non-believers" of the role of mankind in these
changes.
For the excellent preparation I would like to thank the organizers of
this meeting, namely the Permanent Secretary, Prof. Yola Verhasselt, and
the members of the organizing committee, especially Prof. Morgan
De Dapper and Prof. Edmond De Langhe.
Whether the meeting will be a success now depends upon you.
Thank you for your kind attention.
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lntroduction
by
Frank DEMEYERE *

Monsieur le Président,
Mesdames, Messieurs,
C' est un grand plaisir d'être parmi vous aujourd' hui et d' ouvrir ce col
loque très important traitant du lien entre les pays en voie de développe
ment et le problème du réchauffement de la terre.
En parcourant le programme , j ' ai pu constater à ma grande satisfaction
et à juste titre, que les organisateurs ont choisi d'aborder le sujet d'un
point de vue multidisciplinaire.
Mon Ministre, Monsieur Rudy Demotte, qui a l' économie et la
recherche scientifique dans ses attributions, tient à ce que des tiens entre
différentes disciplines de recherche soient avancés le plus possible. Et
ceci est d'autant plus vrai quand on sait que la problématique du réchauf
fement de la terre s' inscrit dans une logique de développement durable.
Etant responsable des aspects scientifiques dans le développement
durable, il me semble dès lors évident que cette problématique du
réchauffement de la terre devrait être abordée dans le contexte du
développement durable.
Avant de détailler les actions qui sont menées dans le cadre du thème
d'aujourd'hui, par les Services fédéraux des Affaires Scientifiques,
Techniques et Culturelles, notre administration, j ' estime nécessaire, vu la
présence dans la salle de plusieurs hötes venant de différents pays, de dire
quelques mots concernant les compétences du Ministre de la Rechèrche
scientifique.
·

* Chef de Cabinet adjoint du Ministre de !'Economie et de la Recherche scientifique. /
Adjunct-kabinetschef van de Minister van Economie en Wetenschappelijk Onderzoek.

12

F . DEMEYERE

To begin with, let me tell you something about the Belgian Institutional
Framework
Due to the constitutional changes in 1 980, 1988 and 1 993, the politica!,
administrative and consultative structures of the science and technology
policy have been considerably changed. The public responsibilities in the
area of R & D are shared between the Federal State and the federalized
entities: the Regions and Communities.
The Federal Office for Scientific, Technica! and Cultural Affairs
(OSTC) forms an administrative part of the Prime Minister's Services,
under the authority of the Federal Minister for Science Policy. Within the
context of our competencies, the main tasks of the OSTC are :
Exploiting, on assignment by the Government, scientific and tech
nica! means to support the competence of the federal authority, devel
oping the capacity of general expertise for the service of the
Government in scientific and technica! fields ;
Implementing, on assignment by the Government, information pro
grammes, action networks and systems at Belgian level or in interna
tional context, to promote the scientific and technica! research poten
tial ;
- Managing Belgian participation in the programmes and activities of
the European Space Agency and other intergovernmental organiza
tions having competence in the field of scientific research and public
service ;
- Co-ordinating and supervising, within the limits of the "separate
management" system, the financial and budgetary aspects of person
nel management and operating procedures in the federal scientific
institutes placed under the authority of the Minister of Science Policy
and the centres associated with them.
Amongst the federal scientific institutes that play a role with respect to
climate change research are the following ones :
- The Belgian Institute of Space Aeronomy;
- The Royal Meteorological Institute;
- The Royal Museum for Central Africa.
When we look at where the research is done in our country concerning
the climate system, we can say that it is basically carried out in universi
ty laboratories and, to a lesser extent, in major research institutions such
as those mentioned above.
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Since the mid-eighties, several research programmes have been
launched by the Federal Office for Scientific, Technica! and cultural
Affairs (OSTC), each contributing to some extent to the research on the
climate system.
Maybe the most ambitious one was the Scientific Support Plan for a
Sustainable Development Policy. This plan, with a total budget of 75 m
EUR was approved by the Council of Ministers on March 7th 1 996 and
consists of several thematical programme s such as:
-

Global Change and Sustainable Development ( 1996-2000);
Sustainable Management of the North Sea;
Scientific Research Programme on the Antarctic ;
TELSAT (Earth Observation by Satellite);
Horizontal activities such as accompanying measures and the information system for Sustainable Development.

Let's have a closer look at the research programme on Global Change
and Sustainable Development.
The research programme is planned to cover a period of four years,
from December 1 996 to November 2000, with a total budget of about
1 6 m EUR. Another 2 m EUR were allocated at the end of 1 998, which
mainly address the socio-economie aspects of climate change (including
tropospheric ozone).
The programme is a balanced mix of the basic research essential to
reducing a series of uncertainties (understanding the fundamental
processes of the Earth system, natural climate variability and the effect of
anthropogenic or human-induced changes) and the more urgent research
needed to support policy decisions. lt is targeted as a priority on the needs
deriving from the Climate Convention.
The two general objectives of the programme are :
- To reduce uncertainties about the extent and pattems of global envi
ronmental problems through a better understanding of the ecosystem
and its interaction with socio-economie systems to provide a firmer
scientific basis for decision-making ;
- To strengthen the scientific and technica! basis needed to make and
implement a policy on Global Change and Sustainable Development,
with particular reference to climate change.
The scientific objectives are :
- To understand the physical, chemical and biologica! processes of
change in the Earth System and their interactions, particularly those

F.
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implicated in climate change, stratospheric ozone change in the mid
latitudes, the oxidative capacity of the atmosphere (including tropo
sheric ozone creation) with particular attention to human-induced
changes ;
- To develop methods and models to explain the operation and evolu
tion of the climate system, its influences, and to project potential cli
mate ;
- To understand the effects of Global Change and especially the effects
of climate change of terrestrial ecosystems, hydrological cycles,
essentially in Belgium, including a risk or "vulnerability" assess
ment ;
- To develop tools through which we can evaluate the consequences of
policy options.
The strategie objectives are :
- To provide the information necessary to identify and onderstand the
problems ;
- To provide tools to evaluate the policy options ;
- To provide policy-makers with contextual information and knowledge.
Taking into account the importance of research into the domain of
global change, I can announce that our Minister has already taken the
necessary measures to ensure a continuation of the Scientific Support
Plan for a Sustainable Development Policy and more particularly the con
tinuation of our scientific research concerning global change and climate
change.

Dames en Heren,
De vele uitdagingen waarvoor de diverse overheden staan met
betrekking tot het vandaag behandelde onderwerp, raken zowel het
departement Wetenschappelijk Onderzoek als het departement Economie
op diverse vlakken.
In dit verband verwijs ik graag naar artikel 2 van het Verdrag dat het
bovenstaande op een krachtige wijze samenvat en waarvan de doel
stelling luidt : Een stabilisering van de concentraties van broeikasgassen
"
in de atmosfeer op een niveau waarop gevaarlijke antropogene verstoring
van het klimaatsysteem wordt voorkomen. Dit niveau dient te worden
bereikt binnen een tijdbestek dat toereikend is om ecosystemen in staat te
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stellen zich op natuurlijke wijze aan te passen aan klimaatverandering, te
verzekeren dat de voedselproductie niet in gevaar komt en de econo
mische ontwikkeling op duurzame wijze te doen voortgaan". Het mag
duidelijk zijn dat bovenstaande doelstelling genoeg stof biedt om vanuit
het beleid op het terrein de nodige initiatieven te nemen die het uitein
delijk mogelijk moeten maken om ter zake voortgang te boeken.
Het zou mij hier te ver leiden om alle mogelijke actoren te vermelden
die bij dit proces kunnen en dienen betrokken te worden. Wel wil ik als
uitzondering melding maken van het uitstekende werk dat geleverd wordt
door de Federale Raad voor Duurzame Ontwikkeling dat het beleid op
geregelde tijdstippen confronteert met waardevolle adviezen.
In dit verband vraag ik graag uw aandacht voor het recente advies over
fiscaliteit in het kader van het klimaatbeleid. U weet dat wij als vertegen
woordigers van de overheid voortdurend op zoek zijn naar geschikte
instrumenten op basis waarvan een beleid kan worden gerealiseerd. Het
zonet vermelde advies waarin het fiscale instrument naar voor wordt
geschoven met het oog op het waarmaken van het Belgisch engagement
in het kader van het Kyotoprotocol zal in het licht van het bovenstaande
alvast onze aandacht krijgen.
Niet alleen naar de inhoud is dit advies bijzonder waardevol ; het feit
dat het gedragen wordt door zowel de wetenschappelijke, de maatschap
pelijke als de industriële wereld, en dus een bijzonder ruim en bijna uniek
te noemen draagvlak heeft, lijkt mij evenzeer een belangrijk element te
zijn.
De brug die hier wordt geslagen tussen verschillende actoren, en die
wij ook binnen het beleid willen realiseren, moet gekoesterd worden. Ze
bevat immers, en hiermee wil ik besluiten, de kiemen van daadwerkelijke
oplossingen die verandering beogen te implementeren.
Ik dank u voor uw aandacht en wens u verder nog een boeiende
studiedag.
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Quid Kyoto?
by
Cédric PmLmERT *

KEYWORDS.
Climate Convention ; Kyoto Protocol.
SUMMARY .
The Kyoto Protocol must be replaced in the context of the UN
Framework Convention on Climate Change, its "ultimate objective" of stabilizing green
house gases concentrations and its relevant principles, in particular that of "common, but
differentiated responsibilities". In Kyoto, industrialized countries have accepted to "take
the lead" in mitigating climate change by taking quantified emission limitation or reduc
tion objectives for the period 2008-201 2. The Kyoto Protocol does not put any limitation
on developing countries' emissions, for it is recognized that they have other priorities:
economie development and eradication of poverty. However, the Protocol establishes a
Clean Development Mechanism (C.D.M.) to assist developing countries in achieving sus
tainable development and in contributing to the ultimate objective of the Convention, and
to assist industrialized countries in achieving their objectives in the Protocol. This C.D.M.
should also provide funding for adaptation to climate change of the most vulnerable
developing countries. The next important step will be the sixth Conference of the Parties
to the UN Convention on Climate Change to take place at the end of 2000, where remain
ing details of the Kyoto Protocol will be decided upon. UNEP is committed to fully sup
port the efforts of all parties to the Convention in fully implementing the Kyoto Protocol
and its clean development mechanism. UNEP will in particular help capacity building of
C.D.M. negotiators and stakeholders in developing countries, before and after COP-6.
-

-

*
* *

Before describing the Kyoto Protocol, 1 will first say a few words on
the global issue we are dealing with today, that of "Developing Countries
facing Global Warming". Developing countries are the most vulnerable to
climate change, due to their lack of economie and technica! resources.
Low-lying island states and populous deltas are threatened by the rise of

* United Nations Development Programme, Tour Mirabeau 39-43, quai A. Citroën,
F-75739 Paris Cedex 15 (France). Now at the International Energy Agency, 9 rue de la
Fédération, F-75739 Paris Cedex 15 (France).
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the oceans. Arid countries might face increased droughts and desertifica
tion. Hurricane Mitch showed us one year ago the terrible effects of
extreme weather events, of which the frequency and power may increase
as a result of climate change.
Meanwhile, developing countries have a lower historica! responsibility
in climate change. Their aggregate gross emissions of carbon dioxide, the
prominent greenhouse gas, are about 45 % of world emissions, while they
gather more than two thirds of mankind. Their share in the cumulative
emissions since industrial revolution - the build-up of concentration of
gases in the atmosphere, which is the driving force towards climate
change - is evaluated at roughly 15 %.
The Kyoto Protocol has to be put in the context of the UN Framework
Convention of Climate Change, which was signed by numerous heads of
states or govemments at the 1 992 "Earth Summit" in Rio de Janeiro. The
Convention has an ultimate objective: stabilizing atmospheric concentra
tions of greenhouse gases at a level, and within a time frame, that could
be considered as without danger for human societies and ecosystems. For
the reasons I have just recalled, the Convention also recognizes "com
mon, but differentiated responsibilities" of the Nations. Thus, it gives
more obligations to the industrialized countries, listed in its "Annex-!''.
The most important of these obligations is to stabilize greenhouse
gases emissions at their 1990 levels in 2000. As a whole, this is what the
Annex-! is about to succeed in doing, but basically for other reasons than
climate change : mainly economie recession and emergence of pricing of
energy products in former socialist countries, and shift from oil to natur
al gas in power production in some European countries. Some Annex-I
countries are very far from the commitrnent taken in Rio.
Other commitments, specific to the OECD countries listed in
Annex-II, include the financing of developing countries in achieving their
own commitrnents, like emission inventories, financing of technology
transfer, and finally financing of adaptation of these countries to the detri
mental effects of climate change. The Global Environment Facility is the
tool of the Convention for doing so.
After ratification by many countries, the Convention entered into force,
and the first Conference of Parties met in Berlin in April 1 995. The com
mitments of the Convention were there recognized as "non-adequate" to
fulfil the ultimate objective - although different groups of countries had
different views on the reason for this inadequacy. For some industrialized
countries, the commitrnents were inadequate because the developing
countries had not adopted quantitative targets concerning their emissions.
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For developing countries, the inadequacy arose first from the weakness of
industrialized countries' commitments. Whatsoever, the "Berlin
Mandate" opened a two-year negotiating process which culminated in
Kyoto in December 1 997.
As regards the Kyoto Protocol itself, we will see the commitments it
contains, its flexibility mechanisms, then have a look at the on-going
negotiating process, and finally give some elements for appreciation.
The Protocol first contains an indicative list of policies and measures
that countries may implement - if they wish to do so. What matters most
is the list of commitments taken by industrialized countries on their emis
sions for the years 2008-20 12. Six greenhouse gases are concemed: car
bon dioxide, which comes mainly from fossil fuel use; methane, which
may come from fossil fuel extraction, rice paddies, cattle, or municipal
waste dumps; nitrous oxide, which comes from industry or agriculture;
and three families of industrial gases.
In ful:filling their commitments, industrialized countries will take into
account the removal of carbon dioxide from the atmosphere by the forests
or other so-called "sinks" (land use), provided they can demonstrate an
increase in removals since 1 990. If the change is a reduction in removals
or carbon stocks in forests, they have to be taken into account as well.
This bas been limited to man-made afforestation, deforestation or re
forestation, at least in the beginning. Their definition, as well as the pos
sible broadening or the inclusion of sinks into the inventories, will be one
of the most dif:ficult scientific issues in implementing the Protocol. The
very few countries for which the "sinks" were in fact "sources" in 1 990
have been allowed to add these emissions to their reference level, thus
increasing their "assigned amounts".
Then, the targets are not the same for all industrialized countries. This
is usually referred to as "the differentiation". While the European Union
and most of the Centra! European States are committed to a 8 % reduc
tion below 1 990 levels, the US a 7 % reduction and Canada, Japan,
Hungary and Poland a 6 % reduction, Russia, Ukraine and New Zealand
have a 0 % reduction commitment, while Norway, Australia and lceland
are allowed to increase their emissions by, respectively, 1 %, 8 % and
1 0 %. These commitments are referred to as the "assigned amounts". For
the commitment period 2008-20 1 2, the assigned amount of a European
country, as an example, is five times its 1 990 emissions multiplied by
92 %.
The second prominent feature of the Kyoto Protocol is the use of dif
ferent flexibility means. The rationale for these is the following:

20
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- Greenhouse gases mix up in the atmosphere, and thus, the place
where they are emitted does not matter for their environmental effect ;
- There is no simple technica! way to reduce carbon dioxide emissions,
as they arise from any fossil fuel consumption ;
- The emissions of greenhouse gases are linked with almost all pro
ductive activities or consumption pattems, and thus, the economie
impact might be huge.
Reducing these economie impacts not only matters for economie
reasons, but also for the climate itself, as it will be a precondition for fur
ther, more stringent, cornmitments in subsequent periods.
First of all, there is a full flexibility in the different gases, sources and
sinks, and sectors. A country may have increased carbon dioxide emis
sions in its transport sector if it is fully mitigated by a reduction in, say,
methane emissions from landfills and carbon dioxide emissions from
industries, and/or increased carbon dioxide removals by managed forests.
Secondly, there is some flexibility over time in the Kyoto Protocol. The
cornmitrnent is over a five-year time period, and this may smooth small
unexpected changes in emission pattems due to economie or climatic
short-term fluctuations. The banking of assigned amounts is also allowed:
a country whose emissions are below its assigned amount may bank a
part of these emission "rights" to face future cornmitments in the next
cornmitrnent period.
But a lot of attention is drawn to the flexibilities between countries.
Article 4 of the Protocol provides the right of ')oint fulfilment", nick
named "bubbles". This bas been brought into the debate by the European
Union, where a burden-sharing agreement bas already been reached. For
example, France will not face an 8 % reduction, but a 0 %. Germany will
have a 2 1 %; Portugal is allowed an increase of 27 %. Nothing could pre
vent other countries from forming a bubble under Article 4 - like the US
and Russia, for example. However, if the flexibility in Article 4 is unlim
ited in size, it is limited in time, as the ne� burden sharing bas to be fixed
once for all at the time of ratification. Thus, Article 4 is not considered as
one of the "Flexibility Mechanisms" of the Kyoto Protocol, naw recalled
the "Kyoto Mechanisms".
There are three of these "Kyoto Mechanisms". Joint implementation
under Article 6 and the Clean Development Mechanisms under Article 1 2
have in common that they are project-based mechanisms. Article 6 only
works between Annex-! countries, while Article 1 2 is relative to projects
financed by Annex-! countries or entities in non-Annex-! developing
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countries. Emissions trading will be amongst Annex-! countries only, but
strongly differs from joint implementation in that countries will be
allowed to sell or buy allowances now included in their assigned
amounts.
But let us focus a little on the Clean Development Mechanism, which
is of great interest for developing countries. It has twin objectives : to
allow developing countries to achieve sustainable development while
contributing to the objective of the Convention, and to allow industrial
ized countries to fulfil part of their quantitative commitments. It is based
on the concept of "projects" or "project activities" that have to be cer
tified by unspecified "entities". Above all, they should ensure "real, mea
surable, long-term benefits for the climate" with emission reductions
"that are additional to any that would occur in the absence of the certified
project activities".
This "additionality" requirement is necessary to ensure the environ
mental integrity of the Protocol, for the emission reductions will be fully
compensated by emission increases in the investing country. One may
also argue that it is necessary to achieve the "development" aim of the
Mechanism, for if credits were to be given freely for business-as-usual
investments in developing countries, then no investor will need to fund
any new and additional project. But of course it is difficult to demonstrate
this additionality, for the real emissions of a project have to be compared
to a "baseline", the hypothetical emissions that would have occurred in
the absence of the project and, arguably, in the absence of the Mechanism
itself.
Another important feature of the Clean Development Mechanism is
that "a share of its proceeds" should go to finance the adaptation of the
most vulnerable developing countries to climate change impacts. This
share still has to be defined, and even the concept of "proceeds" is not
quite clear. Such details are amongst the numerous ones that still have to
be decided upon by the Conference of the Parties.
After Buenos Aires last year and Bonn last month, the Parties are to
meet in The Hague next year, and take final decisions on a great number
of issues. Let me just remind you of the important issue of land use, land
use change and forestry, and quote the two other very important and
sometimes controversial ones :
- The mechanisms : not only numerous details have to be dealt with,
but also the controversial question of supplementarity remains.
Should the use of the mechanisms by countries be limited and, if so,
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how ? The European Union favours a "concrete ceiling" on the use of
mechanisms, to ensure that domestic action is sufficient to curb long
term emission paths through technica! change and changes in con
sumption patterns. Others argue that it is more important to reduce
the cost of achieving the Kyoto commitments with full flexibility if
countries are to take new and more stringent commitments for the
next commitment periods.
- Compliance : what to ensure that countries will fulfil their commit
ments ? What procedures should they face if they don't ? Economie
theory suggests that countries have a strong interest to agree on com
mon action, but then to do very little and hope that other countries
will act. lt would be of common interest to implement enforcement
procedures strong enough to prevent free riding.
The Kyoto Protocol will enter into force after its ratification by
55 countries, provided they include the Annex-1 countries responsible in
1 990 for 55 % of Annex-1 carbon dioxide emissions. In practice, it is hard
to believe that this could happen without US ratification. The latter relies
on the US Senate goodwill, which is a big question mark.
Let me now give you some elements of appreciation of the Kyoto
Protocol. It represents a very important step in mitigating climate change.
However, it has some shortcomings :
- As for now, although it is said to be "legally-binding", it has no
enforcement rules.
- No explicit criteria have been given for the differentiation of commit
ments: they only result from politica! negotiations, and they allow a
few countries to do nothing, for their agreed "assigned amount" will
probably be above their needs into the commitment period, following
a business-as-usual path of emissions. This is usually referred to as
the "hot air" - although the concept is not accepted by all.
- The trading of this hot air may allow other countries to do less than
they would have otherwise. This is one of the reasons given by the EU
in favour of placing some limitation on the flexibility mechanisms.
- The Kyoto Protocol will have little short-term effects. lts full imple
mentation would prevent the emissions of 4 to 6 gigatons of carbon
dioxide out of 1 40 Gt in the 1 990 - 20 1 0 time period. lt will lower the
concentration of C02 in the atmosphere to 382 ppmV (parts per mil
lion by volume) from 383-384 in 20 1 0 (against 270 ppmV pre-indus
trial, and 366 ppmV today). lts effects on climate change in 20 1 0 will
thus be very limited. The Kyoto Protocol is only of value if you con-
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sider it as a first step in preventing long-term climate change. What is
at stake is not the doubling of pre-industrial C02 concentrations,
which will hardly be avoided, but its tripling and beyond, with very
large environmental effects, in the second part of the next century.
Considering this timing, two final comments could be made regarding
developing countries facing Global Warming: they will need adaptation
to the short and middle-term climate change. The Kyoto Protocol pro
vides far too little means for that. Second remark: the Kyoto Protocol has
not solved the long-term issue of global participation by all countries to
mitigating climate change - although the Clean Development
Mechanism is an important step in that direction. Let me say in conclu
sion that the United Nations Environment Programme is fully committed
in helping to implement the Protocol, and mainly the Clean Development
Mechanism, in particular through a "capacity-building" effort with devel
oping countries.
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Global Warming, Fact or Fiction ?
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SUMMARY.
Observations clearly show a significant warming over the whole
20th century. Tuis warming reached about 1 °C in 1 998, the warmest year ever observed
over the last 1 ,000 years. In parallel, C02 has increased from 280 to 364 ppmv since the
lndustrial Revolution, at a rate 100 times faster than over the last 20,000 years . Models
and statistica! analysis show that there is a 95 % probability that the warming of the last
decades has resulted from greenhouse gas (GHG) concentration increase. Before, the
solar activity, the volcanic activity and the natural variability of the climate system itself
resulting from ocean-atmosphere-sea-ice interactions are playing an important role in the
interannual to decadal variability of climate.
Uncertainties in the explanation of the 20th century global warming still exist related
mainly to clouds, the hydrological cycle, the oceanic circulation, the chemistry and the
greenhouse gas cycle. But comparison of model results with present-day climatic obser
vations and past climate reconstructions allows to conclude that the models capture rela
tively well both the natura! climatic variations and the impact of man's activities on cli
mate (GHG and aerosols). Tuis makes possible to draw conclusions from modelling
results obtained for the next century. The Business-as-Usual scenario with a climate sen
sitivity of 2.5 °C for a doubling of C02 leads to a warming of 2 °C by the year 2 100 rel
ative to 1 990 and a sea-level rise of 50 cm. More scenarios will be constructed in the near
future to allow a larger range in greenhouse gas emissions and different policies.
-

1. Temperature over the Globe during the Last 1,000 Y ears

Four fundamental parameters have shown a similar exponential behav
iour over the last 1 50 years : population, emission of carbon dioxide
(C02), atmospheric concentration of C02 and air surface temperature
(fig. 1 ) . These parameters cannot grow exponentially forever, but the

* Université Catholique de Louvain, Institut d' Astronomie et de Géophysique
G. Lemaître, 2 Chemin du Cyclotron, B- 1348 Louvain-la-Neuve (Belgium).
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question remains : when are these curves going to bend and the parame
ters to stabilize ? What are the relationships between them ?
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Fig. 1 . - Change between 1 860 and 1995 in (a) population, (b) emission of carbon
dioxyde, (c) concentration in carbon dioxyde and (d) in global annual mean surface air
temperature.

1 998 has been the warmest year since we have meteorological obser
vations over the Earth (PARKER & HoRTON 1 999). 1 999 has been the fifth
warmest year in the 1 40-year record with 0.33 °C above the 1 96 1 - 1 990
normal. The four warmest years were 1 998 ( +0.58 °C above normal),
1 997 (+0.44 °C), 1 995 (+0. 38 °C) and 1 990 (+0.35 °C) (WMO 1 999a).
The high temperature in 1 999 is remarkable because it occurred despite
the typical cooling influence of the tropical Pacific La Nifia which per
sisted throughout the year (WMO 1 999b). Worldwide temperature mea
surements, carefully screened for instrumental and measurement ar
tifacts, such as effects of urbanization, have been used to estimate that
global mean annual surface temperatures have increased between 0.6 and
1 .0 °C during the last 150 years (fig. 2). The 1 990s were the warmest
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decade since instrumental measurements started in the 1 860s. However,
it must be stressed that the increase has not been monotonie, with inter
annual fluctuations in the global annual mean temperature equal to an
appreciable fraction of the overall rise over this time period.
Moreover, this kind of warming is far from being uniform over the
whole globe (HENSON 1 999, WMO 1 999a). This heterogeneity of the
individual observations complicate therefore seriously the detection of
any clirnatic trend or change. December 1 997 to February 1998 was dom
inated by anomalous warmth throughout most of the tropics, North
America, Europe and eastern Asia. The tropical Indian and Atlantic
oceans, as well as the eastern tropical Pacific and part of Canada, were
extremely warm. North America and many places in Central Europe
experienced their warmest February in 1 00 years. Only a few places were
colder than normal, as north-west Russian Federation and the mid-lat
itude South Atlantic. Sirnilar conditions prevailed from March to May
1 998 with cold anomalies continuing in the Pacific and very high warm
anomalies in the eastern tropical Pacific, the tropical Indian ocean and
south-east Asia. In May a severe heatwave prevailed in the south-eastern
United States of America and over many parts of India where it resulted
in 1 ,300 deaths. A record in breaking heatwave in Central Russia in June
killed also more than 1 00 people. June to August was warmer than nor
mal over almost the entire land area of the Earth. Parts of the tropical and
subtropical Pacific oceans were colder than normal, in relation with the
transition from El Nifio to La Nifia. In the period of September to
November 1 998, much of the central Pacific to northern Eurasia were
colder than normal. Europe and northern Asia experienced bitter cold late
in 1 998, with excessive amounts of snowfall. By contrast, much of North
America had record-breaking warm weather.
Very dry conditions prevailed in south-east Asia in early 1 998. April to
June was the driest period on record in the south-eastern United States of
America ; Canada reported one of the 1 00 driest years since records
began. Extensive flooding in parts of northern Argentina, Peru and
coastal Ecuador occurred after El Nifio-enhanced torrential rains in the
early part of the year, leaving 50,000 people homeless. The Indian mon
soon season brought massive flooding in July and August. China suffered
from severe flooding brought on by heavy rains from June to August in
the north-east and along the Yangstze River (more than 3,500 deaths ;
2 1 rnillion houses destroyed or damaged ; direct economie loss of nearly
US $ 32 billion). The rainy season in the African Sahel began late, but
ended with higher than normal rainfall across much of the region.
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Perhaps the most devastating single event of 1 998 was Hurricane Mitch,
which triggered massive flooding and landslides in Centra! America in
late October. Mitch left an estimated 1 8,000 people missing, caused more
than 1 1 ,000 deaths and displaced 3 million people. Mitch was one of the
strongest hurricanes ever recorded in the Atlantic basin, damage esti
mates exceeding US $ 5 billion. Extreme weather events in 1 998 caused
significant outbreaks of disease throughout the world (WMO 1 999a).
Extensive flooding in eastem Africa resulted in large increases in inci
dence of malaria, Rift Valley fever and cholera. In south-east Asia,
delayed monsoons, compounded with local farming practices, led to pro
longed fires, which caused widespread respiratory illnesses and extensive
wildlife losses. Centra! America, in the wake of Hurricane Mitch, ex
perienced an increase incidence of cholera, dengue fever and malaria.
It has been argued for a while that the global warming was an artifact
related to the quality and representativity of the surface observations
themselves because satellite data, which have a more global character, did
not show the same trend. This is not the case anymore since it has been
discovered that the drift of the satellites themselves bias the satellite data.
Satellite data were indeed suggesting that the Earth's lower atrnosphere
was cooling since 1 979. But atrnospheric friction drags the satellites
down and these orbit changes alter the angles at which the satellites view
the atrnosphere. Taking this drift of the satellite into account actually
changes the cooling into a warming trend of 0.07 °C per decade, in close
agreement with greenhouse warming models and surface observations
(WENTZ & SCHABEL 1 998).
1 998 is also the warmest year over the last 1 ,200 years (fig. 3,
MANN et al. 1 999) and the 20th century the warmest century in the last
1 ,000 years (POLLACK et al. 1 998).

2. Greenhouse Gases lncrease since the lndustrial Revolution
Observations at Mauna Loa Observatory, Hawaii, since 1 958 show
C02 has steadily increased from 3 10 ppmv to 364 ppmv in 1 998
(fig. 4, KEELING & WHoRF 1 998). In addition, analysis of the air bubbles
trapped in the ice in Greenland and Antarctica shows that atmospheric
C02 concentration was 280 ppmv roughly 200 years ago (before the
Industrial Revolution) and - 200 ppmv at the Last Glacial maximum
(20,000 years ago ). Under the pressure of man, C02 bas therefore
increased hundred times faster over the last 200 years than it did naturally
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over the last 20,000 years. Over the last four glacial-interglacial cycles
C02 and T varied more or less in phase. At these timescales, C02 is a
feedback in the climate system and the exact phase relationship between
C02 and temperature seems not to be constant with time (PETIT et al.
1 999).
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Fig. 4.
Carbon dioxide atmospheric concentration between 1958 and 1 998 at
Mauna Loa Observatory, Hawaii (KEELING & WHORF 1998).
-

The rapid increase of C02 concentration since the onset of industrial
ization has followed closely the increase in C02 emissions from fossil
fuels which reaches now almost 6 GtC, to which 2 from deforestation and
soil management must be added. The relationship between C02 emission
and C02 concentration is pretty well established owing to measurement
of the isotopes 13C and 14C in C02. The isotopic fractionation of 13C ver
sus 12C in the continental biosphere allows to identify the biospheric
impact of C02 on the atmosphere and the decay of 14C the fossil fuel con
tribution. Moreover, highly accurate measurements of the o*ygen con
centration in the atmosphere (- 2 1 0,000 ppmv) show that it decreases by
an amount of - 3 ppmv per year, just what is needed to oxidize the an
nual amount of C injected into the atmosphere by man's activities.
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Other gases (CI-L, N20, 03, CFC's) show a similar increase (fig. 5) with
a clear levelling of the CFC's concentration related to the application of
the Montreal Protocol (but with a phase lack due to the lifetime of these
gases).
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3. The Greenhouse Effect
These gases are called greenhouse gases because they absorb the
infrared radiation emitted by the surface of the Earth and the atmosphere
and so participate in the greenhouse effect. If the atmosphere would not
be present, the effective temperature at the Earth's surface would be
-1 8 °C (it is now - 1 5 °C).
Present-day observations show that the solar net input is indeed
237 Wm2 (342 from the solar constant minus 1 05 from the albedo). Since
the surface emits 390 Wm2 and since 237 Wm2 must be given back to
space, there is a trapping of 390 - 237 = 1 53 Wm2• This is materializing
the greenhouse effect which is characteristic of atmospheres where
greenhouse gases are present (for the Earth : water vapour, C02, methane,
. . . ) and where atmospheric temperature decreases with height. More
GHG means more trapping (this is called the infrared forcing leading to
the intensification of the greenhouse effect). The radiative equilibrium at
the top of the atmosphere is therefore temporarily broken, hut finally
restored by a global increase in temperature (the so-called response of the
atmosphere through the Stefan-Boltzmann law). Tuis response includes
the feedbacks and leads, in particular, to a warming at the surface. By
how much remains a difficult problem to answer, especially at the local
scale.
The radiative forcing due to the different chemical compounds in
the atmosphere since the lndustrial Revolution amounts to 2.5 Wm2
for the GHG. The direct effect of sulfates and biomass burning is
slightly reduced by black carbon absorption leading to a net value of
- -0.5 Wm2• If the indirect effect due to changes in both cloud albedo and
lifetime is included, the global mean cooling relative to pre-industrial
times reaches - 1 Wm2, slightly less than in previous, not fully interactive
experiments.

4. Modelling Climatic Change

Although deficiencies remain, models allow now to quantify the con
tribution of individual factors on the climatic variations of the last
1 50 years (fig. 6, BERTRAND et al. 1 999). If solar and volcanic activities
are used as natural forcings and GHG and aerosols as contributions from
man's activities, it becomes accepted that the natural factors explain a
large part of climate change up to the mid- 1 950s. For the most recent
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warming, GHG are absolutely requested to explain the climatic trend,
with aerosols reducing slightly the GHG warming (MITCHELL et al. 1 995).
G lobal air temperature change
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This anthropogenic (greenhouse gases plus sulfate aerosols) versus
natural (solar activity) contributions change with time. The anthropo
genic effects are very likely to contribute to warming over the recent
period, but there is a significant contribution from solar variations early
in this century.
For the interannual to decadal variability, internal processes related to
the complex interactions between the atmosphere-ocean and ice com
ponents must be taken into account. In particular, the El Niîio of 1 997-98
(the most intense of the century) bas undoubtedly contributed to the
exceptional 1 998 temperature record. This El Niîio was appreciably
warmer than that of 1 982/83 which had been the strongest event this cen
tury. By December 1 997 sea-surface temperature anomalies exceeded
3 °C over a large area of the eastern tropical Pacific, with anomalies

GLOBAL WARMING, PACT OR FICTION ?

35

exceeding 5 °C locally. This El Nifio episode, one of the strongest in the
historica! record, prevailed into early May 1 998 and then gave way to La
Nifia conditions for the rest of the year (WMO 1 999), continuing through
1 999.
The phenomena with the greatest potential for explaining the variabil
ity over tens of years are the El Nifio-Southern oscillation, the atmos
phere and ocean interactions in the Pacific and North America, the North
Atlantic oscillation and the global ocean circulation. Of concern to
Europe is the possibility of abrupt changes in the North Atlantic and con
sequent extreme climate change.
When this internal variability is simulated, the natural factors (sun and
volcanoes) appear clearly to be insufficient to explain the recent warm
ing. The range of chaotic climate variability changes with time (Met.
Office, 1 998-99). The Hadley Centre model HadCM3 forced with
changes in only solar irradiance and stratospheric aerosols from volca
noes is consistent with the observations until approximately 1 960. The
model indicates thereafter a cooling largely due to the effect of the vol
canic eruption of Agung, El Chichón and Pinatubo, a cooling not seen in
the observations, probably due to the increasing amount of greenhouse
gases in the atmosphere. If such results are correct, then the warming
from 1 970 onwards cannot be due to natural causes alone (fig. 7).
lt remains, however, that the detection of the anthropic signal in the cli
matic variations is still a difficult problem. This signal must be identified
both in time and space. In an ocean-atmosphere coupled experiment,
using the B-a-U scenario for both GHG and sulfate aerosols, the surface
air temperature increases by more than 7 °C in high northern latitudes by
2,050 (C02 of slightly more than 500 ppmv, total radiative forcing of
4 Wm-2) and between 3 and 4 °C in middle latitudes of the northern hemi
sphere. These main features of the climatic change pattern must then be
attributed to a specific cause. For example, the signal of an increase in the
solar energy is significantly different from the signal of a double C02.
The best simulation of the present-day zonal structure (at least)
requires C02, aerosols and stratospheric ozone to be explicitly included
in the model.

5. Scenarios for the Future Century Temperature
Scenarios have been constructed under the Intergovernmental Panel on
Climate Change. These scenarios of C02 (or other pollutants) are based
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upon a formula which involves three main factors : the C02 amount
produced by technology, the number of technologies by inhabitant and
the total population.
We were slightly more than 1 billion inhabitants at the turn of the
century, 2.5 in 1950, 5 in 1 985 and 6 in 1 999. UN predicts (out of any
natura! and man-made cataclysm) 10 billions by the end of the 2 1 st cen
tury, 8.5 billion in the developing countries and 1 .5 in the industrialized
ones.
Most of the emission scenarios (fig. 8a) extend to the year 2 1 00 and
include emissions of C02, CIL, N20, the halocarbons, precursors of
tropospheric ozone, sulfate aerosols and aerosols from biomass burning.
For the Business-as-Usual scenario, the rate of increase of equivalent C02
is about 0.8 %/yr during the 2 1 st century. Depending upon the kind of
development, C02 emissions will vary between 5 and 35 GtC/year,
although it bas just been recognized that limiting the scenarios to these
values is biasing the predictions. As a consequence, the IPCC has come
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up with a total of forty new scenarios constructed around four equally
realistic futures. The central scenarios from each of those provide a range
of 6 to 29 GtC annually. There will be no best guess anymore and the new
analyses extend the range significantly toward higher emissions.
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The traditional IPCC resulting atmospheric C02 concentrations
(fig. 8b) are calculated using the Bern carbon cycle model and the carbon
budget for the 1 980s. This leads to a range of values extending from 500
to more than 1 ,000 ppmv, with the Business-as-Usual reaching 700 ppmv.
The radiative forcing is dependent on the concentration of the gas
and the strength with which it absorbs and re-emits long-wave radiations.
For sulfate aerosols, the direct and indirect radiative forcings are now
included. For the B -a-U the largest contribution comes from C02 with
almost 6 Wm2 by 2 1 00. The total non-C02 trace gases amounts to
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- 3 Wm2 of which 1 is from CH4 . Temperature projections assuming a
"best estimate" value of the climate sensitivity of 2.5 °C lead to a range
of 1 .3 to 2.5 °C increase relative to 1 990 by 2 1 00 (fig. 8c). The B-a-U
value is 2 °C. If a sensitivity of 1 .5 or 4.5 °C is used, this B-a-U warm
ing will be 0.9 and 3.5 °C respectively.

6. Scenarios Impact on Sea Level
For the B-a-U scenario, with a climate sensitivity of 2.5 °C, the sea
level rise by 2 1 00 is 49 cm. lt is 1 2 and 95 cm respectively for a sen
sitivity of 1 .5 and 4.5 °C. For the best estirnate of 2.5 °C, all scenarios
lead to values ranging from 38 to 55 cm (fig. 8d).
Using the flux adjusted coupled model (HadCM2) under the non-inter
vention emission scenario, the largest term of sea-level rise derives from
the expansion of ocean water as it warms up (35 cm) ; the melting of
mountain glaciers mostly in high northern latitudes contributes about half
as much. In these projections, the combined contributions of the
Greenland and Antarctica ice sheets are projected to be relatively minor
over the next century with a possible negative contribution from
increased accumulation of snow over the Antarctic ice sheet. However,
recent results lead to assume that the western Antarctic ice sheet may
eventually collapse, even regardless of human impacts on climate
(CONWAY et al. 1 999).
The warming of the ocean leads to an increase in thermal expansion of
sea water which does not occur uniformly. By 2 1 00, it varies from 0
around parts of Antarctica to over 60 cm in parts of the northern oceans.
In practice, it is not the change in mean sea level that is of concern, but
the effect on extremes occurring during storm surges for example. By the
mid-2 1 st century, a 1 -in 1 00-year storm surge at some North Sea parts
could occur in average once every 20 years as a consequence of a 3 1 cm
sea-level rise.

7. T hermohaline Circulation in the North Atlantic
Most climate models indicate that increases in greenhouse gases can
lead to a slowing-down or collapse of the deep-ocean circulation which
brings warm salty water into the north-eastern Atlantic (the thermohaline
circulation, MANABE & STOUFFER 1 999a, b ). It has been speculated that
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such changes could lead to a local cooling over Europe, even if the globe
as a whole gets warmer. However, in a HadCM3 model experiment using
non-interventionist GHG ernissions leading up to four times the present
day ernissions within 70 years, the thermohaline circulation slows down,
but does not collapse, nor does the climate of Europe get colder. A sirnil
ar result (fig. 9) bas been obtained at the Max-Planck Institute for
Meteorology in Hamburg (LATIF & RoECKNER 1 999). Using the B -a-U
scenario, the thermohaline circulation remains stable due to anomalous
high salinities in the tropical Atlantic advected into the sinking region,
thereby compensating the effects of the local warming and freshening.
30

25

20

15

Fig. 9. - Tropical stabilization of the thermohaline circulation in a greenhouse warming simulation. Time series of the maximum overturning (Sv) in the North Atlantic for the
control integration with present-day greenhouse gas concentrations (control line) and the
transient greenhouse warming simulation (C02 line) (LATIF & RoECKNER 1 999).

8. Uncertainties
One of the main criticism of coupled climate models to date bas been
that they require arbitrary unphysical fluxes of heat and water between

·

40

A. BERGER

the ocean and the atmosphere to maintain a realistic simulation of climate
when driven by the changes in GHG concentration, both in the recent past
and into the future. Under a non-intervention ernission scenario, the pre
dicted temperature changes by the HadCM3 , which does not require flux
correction, are very sirnilar to those estimated in a sirnilar experiment
with the HadCM2 which required flux adjustments.
HadCM3 includes a model of the sulfur cycle which allows the calcu
lation of sulphate concentration and its direct and indirect effects on
climate from sulphur ernissions. In an experiment from 1 860 to 2 1 00,
using the non-interventionist GHG ernission scenario, the effect of
adding aerosols is to reduce the simulated warming to date. Expecting
that ernissions of sulphur will change very little over the next century
leads to a global mean warming of 3 °C by 2 100 with and without the
inclusion of sulphur ernissions. The aerosol cooling effect in HadCM3 is
therefore weaker than in the earlier studies and the predicted precipitation
changes consequently smaller. However, the geographical distribution of
ernissions will change and this can lead to regional effects. Without
aerosols, there is a pronounced reduction in summer rainfall over
Europe ; when aerosols are included, the reductions over southem Europe
are much smaller, confinning results found in earlier models.
Because of the interactions between the hydrological and C02 cycles,
work bas begun on developing coupled climate-carbon cycle models
(e.g. HadCM3 coupled to the Met. Office Surface Exchange Scheme,
MOSES). An enhanced warming of the land surface leads to C02 induced
stomata! closure, which tends to suppress transpiration at high
C02 levels, reducing cloud cover and increasing surface warming. For a
double C02 concentration, the reduced surface evaporation is especially
evident over the tropical forests of Africa and South America. There is a
corresponding increase in screen-level temperatures especially over the
Amazon basin and also in the high latitudes as a result of snow-albedo
feedback acting on the general warming over land.
A significant part of research is directed towards improving the physic
al parameterization used in climate models (e.g. Met. Office Unified
Model). In particular, the correct simulation of clouds is of high impor
tance. But this requires rather high vertical and horizontal resolutions in
the climate models. The reductions in temperature errors when HadCM3
is run with 30 instead of 19 levels is significant, due in particular to a bet
ter representation of dynarnical processes in the tropopause region.
Increasing in addition the horizontal resolution from about 300 km
to about 1 00 km leads, in particular, to a warming of the troposphere,
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mainly near the tropopause which reduces the model biases, and to a bet
ter representation of storms.

9. Policy of C02 Reduction
One of the issues facing policy makers is the effectiveness of scenarios.
Although it seems already very difficult to implement policies leading to
a reduction of 5 % in the emissions of industrialized countries within the
next 1 2 years, the scientific community suggests much stronger involve
ment in the stabilization scenarios (fig. 1 0). A recent model experiment
(HadCM2) showed that a scenario which leads to a stabilization of C02
levels at 550 ppmv by the end of the next century (which otherwise would
be reached by 2040) reduces the global mean warming between the pre
sent day and 2 1 00 by about 2 °C, from the 3 °C which would result from
the non-intervention IPCC B-a-U scenario. The change in sea level due to
thermal expansion is also reduced, but the sea level is still increasing at
6 cm per century at 2250 with little sign of remission.
Clearly for reaching such a goal, we must be very careful about the
implementation of voluntary policies aiming to reduce seriously and rap
idly the GHG emissions. The stabilization at the 550 ppmv level which,
in any case, will not be reached before the first half of the 22nd century,
requires a maximum emission of 7 GtC per year not to be exceeded dur
ing the first half of the 2 1 st century and a progressive decrease during the
second half before a rapid decline which must start during the last
decades of the 2 1 st century at the latest. In order to meet such a challenge,
we must be very careful in the policy we are implementing now, because
of the long time-lag between the moment the decision is taken and its
effect on environment. The Kyoto target seems, in such a framework,
absurdly low, although the recent emission data from the European
Union, the most voluntary countries for executing the Kyoto Protocol,
already appears to be almost impossible to be met in due time.

10. Conclusion

In conclusion, I am deeply convinced that policies to slow down (or
prevent if ever possible !) the global warming must be accompanied as
soon as possible by policies to adapt to such a severe change in our envi
ronment and climate. More research needs to be done not only to improve
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Fig. 10. - (a) CO, concentration profiles leading to stabilization at 450, 550, 650 and
750 ppmv following the pathways defined in IPCC ( 1 994) (solid curves) and for pathways
that allow emissions to follow IS92a until at least 2000 (dashed curves). A single profile
that stabilizes at a CO, concentration of 1 ,000 ppmv and follows IS92a emissions until at
least 2000 has also been defined. (b) CO, emissions leading to stabilization at concentra
tions of 450, 550, 650, 750 and 1 ,000 ppmv following the profiles shown in (a). Current
anthropogenic CO, emissions and those for IS92a are shown for comparison. The calcul
ations use the "Bern" carbon cycle model and the carbon budget for the 1 980s. (c) The
global mean surface temperature response to the CO, concentration pathways leading to
stabilization at 450 (dashed curves) and 650 (solid curves) ppmv (see fig. a) for a climate
sensitivity of 1 .5, 2.5 and 4.5 °C. The changes shown are those arising from CO, increa
ses alone. The date of concentration stabilization is indicated by the dot. Calculations
assume the "observed" history of forcing to 1990, including aerosol effects, and then CO,
concentration increases only beyond 1 990. (d) The global mean sea-level response to the
CO, concentration pathways leading to stabilization at 450 (dashed curves) and 650 (solid
curves) ppmv (see fig. a) for a climate sensitivity of 1 .5, 2.5 and 4.5 °C. The changes
shown are those arising from CO, increases alone. The date of concentration stabilization
is indicated by the dot. Calculations assume the "observed" history of forcing to 1990,
including aerosol effects, and then CO, concentration increases only beyond 1 990
(HouGHTON et al. 1 996, IPCC report WGl 1995).
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our understanding of the global climate, but also to simulate the impacts
of climate change at the regional scale, including the probability of
extreme events and their possible intensification (hurricanes, tornadoes,
storms, floods, drought, . . . ) .
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SUMMARY. - Recent years have witnessed significant progress in the study of anthro
pogenic climate change and its impact on human activities and environment. The
Intergovernmental Panel on Climate Change was created by the World Meteorological
Organization and the United Nations Environment Program.me in 1988 to assess the state
of knowledge, as reflected by the refereed scientific literature. The IPCC published a
number of important reports and papers reflecting these advances. The international com
munity is so preoccupied by our impact on climate and by the impacts of climate change
that it has designed a Framework Convention on Climate Change, now reinforced by the
Kyoto Protocol, in order to safeguard our climate for present and future generations.
Indeed, according to the IPCC, the projected changes in climate will result in significant,
often adverse, impacts on many ecological systems and socio-economie sectors, including
food supply and water resources, and on human health. In some cases, the impacts are
potentially irreversible. It is becoming increasingly clear that developing countries and
small island countries, which are among the least responsible for the greenhouse gas
emissions, are typically more vulnerable to climate change. The main issues related to the
potential impacts of anthropogenic climate change will be reviewed, with a view to their
implications for the sustainable development of North and South countries. The respon
sibilities of those who negate the problem are highlighted.
-

1. Introduction

The Toronto Conference concluded in 1 988 that the ultimate con
sequences of anthropogenic climatic change would only be second to
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those of a global nuclear war (BERGER 1 992) . lt was in the same year that
the Intergovernmental Panel on Climate Change (IPCC) was created by
the World Meteorological Organization and the United Nations
Environment Prograrnme to (i) assess the available scientific information
on climate change, (ii) assess the environmental and socio-economie
impacts of climate change, and (iii) formulate response strategies. Recent
years have indeed witnessed significant progress in the study of anthro
pogenic climate change and its impact on human activities and environ
ment. IPCC ( 1 990, 1 996a, 1 996b, 1 996c, 1 998) published a number of
important reports and papers reflecting these advances (summaries are
available on the Web at http://www.ipcc.ch. See also HouGHTON 1 997).
Hundreds of specialists have participated in the IPCC work as authors or
reviewers, in a rigorous procedure to assess the state of knowledge, as
reflected by the refereed scientific literature. The IPCC reports provide an
excellent work of reference, widely used by policy makers, scientists and
other experts. The few critics of the IPCC assessments come mostly from
non-specialists, narrow-minded scientists, or persons paid by industrial
lobbies, who have a vested interest in the propagation of incomplete
information about climatic change (EHRLICH 1 996, ÜELBSPAN 1 998). Tuis
paper will be largely based on the IPCC work. The main issues related to
the potential impacts of anthropogenic climate change will be dealt with,
with a view to their implications for the sustainable development of North
and South countries.
2. What is at Stake ?
Human activities have always modified the local environment, e.g.
through forest clearing, water channelling, mining or burning. The scale
of the domain affected has grown from a few dozen metres to hundreds
of kilometres over the past 300 years (MEYER 1 996). During the 20lh cen
tury, the level of consumption of energy and resources by humans, par
ticularly in developed countries, has started to have consequences on the
continental and global scale. The massive combustion of fossil fuels suc
ceeded in increasing the atmospheric concentration of carbon dioxide, the
main anthropogenic greenhouse gas, by 30 % between 1 750 and 2000.
The additional infrared heat trapping due to this change in atmospheric
composition will inevitably increase average global surface air tempera
ture and modify the Earth's climate. The IPCC reports that continued
emissions will increase this global temperature by 1 to 4 °C between
1 990 and 2 1 00, depending on which scenario and model is used.

IMPACT OF ANTHROPOGENIC GLOBAL WARMING

47

A number of other climatic parameters will also be affected. Average
sea level will rise by 1 5 cm to 1 m over the same period, and would con
tinue to rise centuries after the temperature has stabilized. The hydrolog
ie cycle will be intensified, producing droughts in some areas and floods
in others. Several of the changes anticipated for the 2 1 " century start to be
perceptible in the climate record. Speaking about the 0.3 to 0.6 °C glob
al average warming . observed over the last century, the IPCC wrote that it
represented a "significant change" and that "the observed warming trend
is unlikely to be entirely natural in origin" (IPCC 1 996a). Tuis statement
excludes explanations of the warming that would be exclusively based on
natural factors such as solar activity or volcanic eruptions. So, is it possi
ble to attribute the "missing factor" to human activities? The IPCC
( 1 996a) answer is: most probably "yes", or to quote precisely: "the bal
ance of evidence suggests that there is a discernible human influence on
global climate". The basis for that strong statement is pattern-based stud
ies, in which the modelled climate response to combined forcing by
greenhouse gases and anthropogenic sulphate aerosols is compared with
observed geographical, seasonal and vertical patterns of atmospheric tem
perature change. These studies show that such pattern correspondences
increase with time, as one would expect as an anthropogenic signal
increases in strength. Furthermore, the probability is very low that these
correspondences could occur by chance as a result of natural internal
variability only (IPCC 1 996a).

3. Climate Change :
Opportunities and Risks for Human Development

Climatic changes due at least in part to human activities are projected
by the IPCC to intensify in the coming decades and centuries. They might
represent both opportunities and risks for human development.
Opportunities could for example be opened in regions where agriculture
is currently limited by the low temperature. The thinning of Arctic sea ice
might allow surface navigation in areas that were only accessible to sub
marines. The increase in winter temperature could decrease the mortality
due to cold spells. But the existence of the UN Framework Convention on
Climate Change (UNFCCC 1 992) shows that the international commun
ity is more concerned with the risks that climatic change represents for
human development than by the possible opportunities it offers. Those
risks are classified in Article 2 of the UNFCCC, which describes the
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Convention's ultimate objective : "achieve stabilization of greenhouse
gas concentrations in the atmosphere at a level that would prevent danger
ous anthropogenic interference with the climate system". That article
mentions the need "to allow ecosystems to adapt naturally to climate
change, to ensure that food production is not threatened, and to enable
economie development to proceed in a sustainable manner". Let us
briefly review these three areas.
3 . 1 . ALLow EcosYSTEMS TO ADAPT NATURALLY TO CuMATE CHANGE
The speed and magnitude of climate change affect the success of
species, population, and community adaptation. The rate of climatic
warming may exceed the rate of shifts in certain species ranges, which
could then be seriously affected or even disappear. Por example, climate
change is expected · to occur at a rapid rate relative to the speed at which
many forest species grow, reproduce, and re-establish themselves. Por
rnid-latitude regions, a global average warming of 1 -3 .5 °C over the next
1 00 years would be equivalent to a poleward shift of the present
isotherms by approximately 1 50-550 km or an altitude shift of about 1 50550 m. This compares to past tree species rnigration rates that are
believed to be in the order of 4-200 km per century. Therefore, the species
composition of forests is likely to change ; entire forest types may disap
pear, while new assemblages of species, hence new ecosystems, may be
established (IPCC 1 996b). Same plant and animal species (such as
endangered species generally and species adapted to narrow niches for
which habitat is discontinuous and harriers impede or black rnigration),
and natural systems (such as coral reefs, mangroves and other coastal
wetlands, prairie wetlands, grasslands, mountain ecosystems, ecosystems
overlying permafrost) will be adversely affected by climatic variations for
scenarios of less than 1 °C mean global warming by 2 1 00. With mean
warming of 1 to 2 °C by 2 1 00, adverse impacts to these highly sensitive
species and systems would become more severe and increase the risk of
irreversible damage or loss, and additional species and systems would
begin to be adversely impacted. Warming beyond 2 °C would further
compound the risks. Those changes are also likely to result in a net
decrease in global biodiversity ( IPCC 1 996b).
Global net ecosystem productivity (NEP), or the flux of carbon
between the atmosphere and the vegetation and soil sink, is also affected.
In a recent study, WmTE et al. ( 1 999) used a model representing biogeo
chernical, biophysical and biogeographical processes, including the car-
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bon, nitrogen (N) and water cycles, to simulate potential vegetation and
transient changes in annual growth and competition between eight
generalized plant types in response to the climate output from the UK
Hadley Centre's HadCM2 and HadCM3 three-dimensional global cli
mate experiments for the period 1 860 to 2 1 00. The climate model was
forced with the IPCC IS92a scenario (Business-as-usual) greenhouse gas
forcing, together with predicted pattems of nitrogen deposition and
increasing C02 . They found that climate change, combined with increas
ing C02 and N deposition, will have a beneficia! or benign potential (i.e.
if other conditions are ideal) effect on most ecosystems until about the
2050s. But thereafter shifts in temperature and precipitation become large
enough to adversely affect the growth of many tropical and temperate
forests, with a decrease in NPP followed by forest decline and a loss of
carbon from vegetation and soils. By the 2080s, the global terrestrial car
bon sink would have been eliminated, which would aggravate the carbon
accumulation in the atrnosphere. The authors qualify these changes as
"clearly dangerous" in terms of Article 2 of the UNFCCC.
3.2. ENsURE THAT Fooo PRooucTION 1s NOT THREATENED
Human production factors notwithstanding, food production is mostly
influenced by the availability of water and nutrients, and by temperature.
The increases in temperature could open new areas to cultivation, hut will
also increase the risk of heat or drought stress in other areas. Livestock
(cattle, swine and poultry) are all susceptible to heat stress and drought
(GATES 1 993). The effects of climatic changes, even smooth trends, will
not be uniform. Generally, middle to high latitudes may experience
increases in agricultural productivity for moderate global warming (up to
2 °C global increase), depending on erop type, growing season, changes
in temperature regimes, and the seasonality of precipitation. In the
tropics and subtropics - where some crops are near their maximum tem
perature tolerance and where dry land, non-irrigated agriculture predom
inates - yields are likely to decrease (IPCC 1 998). Moreover, the adap
tive capacity of less developed countries in the tropics is limited by finan
cial and technological constraints not equally applicable to more tem
perate, developed countries. This would increase the disparity in food
production between developed and developing countries. For global
warming larger than 2 °C, the productivity increases in middle to high lat
itudes will diminish, and the yield decreases in the tropics and subtropics
are expected to be more severe. A recent illustration of these trends is
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given in the study by PARRY et al. ( 1 999). These authors studied the
impacts on global food production of climate change simulations with the
UK Hadley Centre climate model subjected to the IPCC IS92a (Business
as-usual) greenhouse gas emission scenario. They found that climate
change is expected to increase yields at high and mid-latitudes, and lead
to decreases at lower latitudes. This pattem becomes more pronounced as
time goes by. By the 2080s the additional number of people at risk of
hunger due to climate change is about 80 million people. Some regions
(particularly the arid and sub-humid tropics) will be adversely affected. A
particular example is Africa, which is expected to experience marked
reductions in yield, decreases in production and increases in the risk of
hunger as a result of climate change. The continent can expect to have
between 55 and more than 70 million extra people at risk of hunger by
the 2080s under that scenario.
Water availability can be seen as another component of food security.
Water quantity and distribution depends to a large extent on rainfall and
evaporation, which are both likely to be affected in a changing climate.
The estimated pattem of changes includes rainfall increases in high lat
itudes and some equatorial regions and decreases in many mid-latitude,
subtropical and semi-arid regions. This suggests that water stress would
increase in the Middle East, around the Mediterranean, in southem
Africa, Mexico and parts of Europe and Latin America, while water stress
would decrease in China and south-east Asia. For perspective, it should
be remembered that the capability of current water supply systems and
their ability to respond to changes in water demand deterrnine to a large
extent the severity of possible climate change impacts on water supply.
Currently, 1 .3 billion people do not have access to adequate supplies of
safe water, and 2 billion people do not have access to adequate sanitation,
mostly in arid and semi-arid regions (see UNEP 1 999). In addition to
changes in average supply, climate extremes such as drought and floods
are projected to become a larger problem in many temperate and humid
regions (IPCC 1 998).
3 . 3 . ENABLE EcoNOMIC DEVELOPMENT To PROCEED IN A SusTAINABLE
MANNER
Sustainable development (WCED 1 987) implies "meeting the needs of
the present without compromising the ability of future generations to
meet their own needs". Besides food and water, essential needs include a
space to live, good health, no damaging extreme events, peace and basic
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freedom, energy and natura! resources allowing development, etc. Bach
of these factors could be affected by climatic change. For example, a one
metre sea-level rise would decrease the area of Bangladesh by 1 7.5 %, or
that of the Majuro Atoll in the Marshall Islands by 80 %. Large numbers
of people also are affected - for example, about 70 million each in China
and Bangladesh (see Chapter 9 of IPCC 1 996b). Human health impacts
of global climatic change include changes in the geographic range and
seasonality of various infectious diseases, effects of malnutrition and
starvation due to redistribution of food and water resources, and increases
in mortality and morbidity associated with heat waves. Death rates in
large cities could be doubled or tripled during days of unusually high
temperatures (KALKSTEIN 1 993). In many large cities, this would represent
many extra deaths annually (see Chapter 1 8 of IPCC 1 996b). The fre
quency and severity of extreme events such as droughts, floods, cyclones,
storm surges and windstorms is likely to change in a warmer world, and
this would have a range of adverse impacts on human settlements, and
affect the conditions of development (see Chapter 1 2 of IPCC 1 996b).
Migration of populations affected by extreme events or average changes
in the distribution of resources might increase the risks of politica! instab
ilities and conflicts (see Chapter 1 2 of IPCC 1 996b).
For each of these potential impacts, the relative vulnerability of dif
ferent regions to adverse impacts of climatic change is largely determined
by their access to resources, information and technology, and by the
stability and effectiveness of their institutions. This means that the pos
sibilities to promote sustainable development will be more negatively
affected by climatic change in developing countries and among less
privileged populations. Of course, climatic change will not explain all the
problems encountered by developing countries in the coming century, but
it will render more difficult the satisfaction of the essential needs of their
population, both in the short and long term. In that sense, climatic change
is likely to increase world- and country-scale inequity, both within the
present generations and between present and future generations.

4. Developing Countries on the Frontline
Ministers convened at the second session of the Conference of the
Parties to the Framework Convention (CoP-2, July 1996) endorsed the
1 996 IPCC reports in their "Geneva Ministerial Declaration", and noted
following IPCC that "the projected changes in climate will result in sig-
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nificant, often adverse, impacts on many ecological systems and socio
econornic sectors, including food supply and water resources, and on
human health. In some cases, the impacts are potentially irreversible ;
developing countries and small island countries are typically more vul
nerable to climate change". This statement, together with the principle of
"common but differentiated responsibilities" (in historie ernissions) summarize the context of the international efforts to protect the climate.
Developing countries will bear most of the adverse consequences of
climatic changes that are largely the result of greenhouse gas ernissions
that took place in developed countries (BARTIAUX & VAN YPERSELE 1 993).
This is why the Climate Convention recognizes that developed countries
must take the lead in reducing the ernissions which endanger our climate.
Of course, developing countries have today many more urgent problems
to deal with than climatic change. But climatic change will represent an
additional, very significant stress on the world environment and economy.
Ignoring it would be very short-sighted. When developed countri�s have
shown that they start to face their responsibilities by implementing the
Kyoto Protocol and making their econornies sustainable in the long term,
the South rnight be willing to talk about the convergence of ernission
levels per capita towards a sustainable level (see AGARWAL et al. 1 999).
Wealthy countries should start today to share their resources and tech
nologies with the South to help it achieve a more sustainable development
path, and adapt to those climatic changes which will have become
inevitable. In many cases, the actions taken to protect the climate or adapt
to changes can be beneficia! from other points of view : adaptation to
probable future climatic changes can help to reduce vulnerability to exist
ing climate variability, and reducing our dependence on fossil fuels pres
ents many other benefits in terms of noise, water and air pollution (see
WGPHFFC 1 997) or traffic fatalities and congestion.
5. Waiting before Acting ?
The temptation in both North and South rnight be to wait until the
impacts are plainly visible and attributable to human activities. But if we
wait until we are certain the windstorms that killed dozens of people and
downed hundreds of rnillions of trees in France in December 1 999, the
torrential rains that killed 1 0 to 30,000 people in mudslides in Venezuela
the same month, or those that flooded Mozambique in February and
March 2000 are all attributable without doubt to anthropogenic climate
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change, then it will be too late to reduce the severity of future similar
impacts, given the huge inertia in both natural and social systems. The
responsibility of those, in oil companies, governrnents or scientific ins
titutions, who have helped to "betray science and reason" (EHRLICH 1996)
and deploy various delaying tactics, will then be huge.
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SUMMARY. - Historical records suggest that the Sun has played an important role in
the climate of the Earth, even in this century. However, an accepted causal link between
solar activity and Earth's lower atmosphere has not been found. Changes in solar irrad
iance are believed to be too small to explain the observed temperature changes. Satellite
observations of Earth's cloud cover suggest that clouds are influenced by solar activity.
Since clouds play an important role in the Earth's radiation budget, any significant solar
influence on global cloud properties can be very important for Earth's climate.

Introduction

Climate is always changing. In some cases climate varies fast and at
other tiines slowly. Such variability of climate is very clearly seen in
records from Greenland derived from ice-cores covering the last 1 00,000
years. Tuis period covers the last glacial period and our warm interglacial
period (the last 1 0,000 years). From such records it is seen that dramatic
climatic changes could happen within a few decades (DANSGAARD et al.
1 989, JoHNSEN et al. 1 992). However, during the last interglacial period,
climate variations have not been nearly as dramatic as in the glacial pe
riod. Instrumental measurements of Earth's temperature have only been
recorded during the last 1 40 years, and from these data it is found that the
surface temperature of the Earth has · increased by approximately 0.7 °C
during this century.
There are several possible physical illfluences of the above historie cli
mate variability. For example : changes in solar activity ; large volcanic
eruptions, which are known to cause a sudden cooling lasting 2-3 years ;

* Danish Space Research Institute, Juliane Maries Vej 30, DK-2 100 Copenhagen Oe
(Denmark).
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intemal variability in the climate system, e.g. changes in ocean current.
Here the idea is that the randomness in weather is also present in climate
variability. Buming of fossil fuel during this century has caused an
increase in atmospheric C02 concentration from about 280 to 365 ppm.
Because C02 is a greenhouse gas that traps outgoing long-wave radiation,
there is a worry that this increase could lead to a warmer climate. It is
necessary to have a detailed understanding of the atmospheric response
to the various influences in order to understand climate change. The rel
ative importance of the above different influences is not known very well ;
it is however obvious from historica! records that the Sun has played an
important role in the climate of the Earth (EDDY 1 976). Solar activity is
today known very long back in time due to the production of isotopes in
the atmosphere by galactic cosrnic rays (GCR), the latter being in
fluenced by solar activity. How this comes about will be shown in the
next paragraph.

T he Heliospbere

Figure 1 illustrates the Heliosphere, the part of space that is directly
affected by the Sun through the solar wind. lt is the magnetic structure of
the solar wind that shields against the energetic cosrnic ray particles.
Cosrnic ray particles consist mainly of very energetic protons (90 %) and
helium particles (8 %) produced in stellar processes in our galaxy. A
variation in the solar wind (or solar activity) changes the flux of cosrnic
rays that reaches the Earth.
The magnetic field of the sun is interwoven within the solar wind. The
solar wind is made from continuous streams of particles (a plasma),
mainly protons and electrons that "evaporate" from the solar atmosphere.
It is the collision between a cornet and the solar wind that produces the
comet's tail. The solar wind expands out through the solar system, until
it changes from supersonic to sub-sonic speed at what is called the ter
rnination shock. The distance is believed to be about 200 AU. This part of
space is called the Heliosphere, enclosing the whole solar system (Pluto's
mean distance is 39 AU). Because of the magnetic structure of the
Heliosphere, only some of the GCR particles penetrate into the inner part
of the solar system ; in other words, the magnetic field of the Heliosphere
works as a shield. If solar activity were constant, the GCR flux on Earth
would be constant. But because the magnetic activity of the sun changes
with the solar cycle (every 1 1 years the sun magnetic field reverses,
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meaning that the true cycle of the sun is about 22 years), the flux of GCR
varies with the solar cycle. When the sun is active, the magnetic field is
"stronger" and so is the shield, and as a result fewer GCR arrive in the
vicinity of Earth. When the solar activity is low, the shield is weaker, and
more GCR arrive. The modulation of GCR is of course dependent on
their energy. The higher energy the particles have, the less they are modu
lated by the solar cycle. (Note : the solar particles in the solar wind have
much lower energy than the GCR.)

Fig. 1 .

-

The Heliosphere.

The effect of the above-mentioned solar modulation of GCR can be
seen in figure 2. Instrumental recordings of cosmic rays started around
1935. The first measurements were taken primarily with ionization cham
bers, which measure mainly the muon flux. The muons are responsible
for most of the ionization in the lower part of the troposphere. Figure 2
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shows a measure of cosmic ray flux, based on ion chambers, covering the
period 1 937 to 1994. These data represent part of the high energy GCR
spectrum. In figure 2 is also plotted data from the Climax neutron mon
itor ( 1 953- 1 995) in Colorado, which measures the low energy nucleonic
part of the GCR spectrum. Por comparison the relative sunspot number is
plotted, which follows closely the solar 1 0. 7 cm flux. Notice that the
amplitudes of the solar activity cycle and the amplitudes of GCR are not
closely related, which is fortunate since it gives a possibility to make a
distinction between long-term trends in both of them. As will be shown
in the next paragraph, solar activity is not just varying on decade
timescales but also on much longer timescales.
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Fig. 2. - Top curve is cosmic ray flux from the neutron monitor in Climax, Colorado
( 1953- 1 996). Middle curve is annual mean variation in cosmic ray flux as measured by
ionization chambers ( 1 937- 1994). The neutron data has been normalized to May 1965,
and the ionization chamber data has been normalized to 1965. Bottom curve is the rela
tive sunspot number. Note that even though there is a clear solar cycle modulation of the
cosmic ray flux, the amplitudes are not well correlated.

Solar Activity and Earth's Climate

Cosmic rays hitting Earth's atmosphere cause a production of isotopes,
for example radiocarbon C L4 • This isotope enters the biologica! cycle and
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some of the radiocarbon gets stored in trees. The amount of radiocarbon
in a particular tree ring is a measure of the cosmic ray flux at that time,
which, as mentioned in the previous paragraph, is influenced by solar
activity. From such records there is a striking qualitatively agreement
between cold and warm climatic periods and low and high solar activity.
In figure 3 is shown the variation in radiocarbon during the last millenni
um. For example, from year 1 000 - 1 300 AC, solar activity was very high
which coincided with the warm medieval period ; in fact it was during
this period that the Vikings settled in Greenland. Solar activity decreased
considerably after 1 300 AC and a long cold period followed, now called
the Little lee Age. This climatic shift was a disaster for the Viking settle
ments in Greenland. The Little lee Age lasted until the rriiddle of the last
century. Climatic and human impact of the Little lee Age are best docu
mented in Western Europe. As a result, some climatologists have naively
concluded that this climatic episode was a regional anomaly,
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Fig. 3. - Production of C14 during the last 1 ,000 years. The variation in the C14 prod
uction is caused by changes in solar activity. When solar activity is high the production of
C14 is low, due to the shielding effect of the solar wind against cosmic rays. Note that the
axis for the C1• production bas been reversed. The Maunder minimum refers to the period
1645- 1 7 1 5 when very few sunspots were observed on the sun. In this period the produc
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and not a worldwide event. This point of view is strongly contradicted by
evidence from glaciers in tropical mountain locations. During this cen
tury solar activity has again increased, being the highest in the last
600 years. In fact, the variation is very sirnilar to the global temperature
increase on Earth, which seems to suggest that the Sun has had an impor
tant role in this century also.
In spite of the sirnilarities, an accepted causal link between solar activ
ity and Earth's lower atmosphere has not been found. The most obvious
and direct way solar activity could affect Earth's climate is via changes in
solar irradiance. But based on recent satellite measurements of the solar
output it is found that the variations are too small (0. 1 %) to explain the
observed temperature changes. But this does not exclude the Sun's role,
because there could be other ways by which Earth's atmosphere could
amplify the effect of solar variations (NEY 1 959). One way of amplifying
solar activity could involve Earth's cloud cover (DICKINSON 1 976).

A Possible Link via Earth's Cloud Cover

Recently it was found that the Earth's cloud cover, observed by satel
lites, is strongly correlated with GCR (SvENSMARK & FRTis-CHRISTENSEN
1 997, SvENSMARK 1 998). Clouds influence vertically integrated radiative
properties of the atmosphere by both cooling through reflection of incom
ing short-wave radiation (sunlight), and heating through trapping of out
going long-wave radiation (thermal radiation). The net radiative impact
of a particular cloud is mainly dependent upon its height above the sur
face and its optica! thickness. High optically thin clouds tend to heat
while low optically thick clouds tend to cool. With a current climatic esti
mate for the net forcing of the global cloud cover as a 1 7-35 W/m2
cooling, clouds play an important role in the Earth's radiation budget.
Thus any significant solar influence on global cloud properties can poten
tially be very important for Earth's climate. In fact, clouds are generally
accepted as one of the key uncertainties in our understanding of climate
change.
In figure 4 the cloud data is compared with the variation in GCR flux
and the 1 0.7 cm radio flux from the Sun. One sees clearly that there are
differences between the variation of GCR and the radio flux. From 1 987
to present, the two follow each other. However, there is a lag between the
two of almost two years prior to 1 987. What is crucial in this context is

·
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that Earth's cloud cover follows the variation i n GCR. This i s important
since it indicates that it is the ionization in the atmosphere
produced by GCR that is essential in the solar climate link, and not nec
essarily the variations in the 1 0.7 cm radio flux which follows closely
variations in total solar irradiance, soft X-rays, and in ultraviolet radia
tion. For a variation in cloud cover of 3 % during an average 1 1 -year solar
cycle a crude estimate of this effect is 0.8 to 1 .7 W/m2 • This is a very sig
nificant amount compared to the total radiative forcing of the increase in
the concentration of C02 since 1 750 which is estimated to 1 .5 W/m2 .
See table 1 for a few constants that give an idea of the size of various
influences.
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Table 1

Numbers to illustrate the size of a few influences relevant for climate
s

Solar constant (at 1 AU)

S/4

Top of atmosphere

S/4 ( 1 - a )

Earth's albedo a

=

340 W/m2
0.3

1 % change in Earth's albedo

235 W/m2
1 W/m2

Estimated radiative effect of the increase of C02 since 1 750
until present

1 .5 W/m2
4 W/m2

Doubling of C02
Radiative effect of clouds

1 ,360 W/m2

(cooling)

17-35 W/m2

Conclusion

The influence of solar activity on Earth's atmosphere is not under
stood. However, from historica! records there are empirica! evidences that
the Sun is important for Earth's climate. Changes in solar irradiation
seem to be too small to explain the observations. There is however the
possibility that processes in the atmosphere can amplify variations in
solar activity. One such possibility could be via an influence by galactic
cosmic rays on Earth's cloud cover, as satellite observations of clouds
seem to suggest.
There is at present no detailed understanding of a microphysical mech
anism that connects solar activity and Earth's cloud cover, although it is
believed that ionization produced by galactic cosmic rays affects the
microphysics in cloud formation. A microphysical mechanism that could
link cosmic rays and clouds needs to be found. Since cosmic rays are the
main producers of ions in the lower atmosphere, the most likely a inech
anism would involve ions and their influence on cloud processes. An
experiment is now being planned at CERN, the European Organization
for Nuclear Research, in Geneva, to test the cloud/cosmic ray link.
Results of the experiment will hopefully add to a deeper understanding of
the Sun's influence on Earth's climate.
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KEYWORDS. - ENSO ; El Nifio ; Southem Oscillation.
SUMMARY. - There is no doubt that the term ENSO (El Nifio - Southem Oscillation)
has acquired a worldwide mediatie interest, not without reason since its most recent 1 9971 998 event. Tuis is the world's most important intertropical climatic anomaly on the inter
annual timescale. lt involves large masses of the atmosphere and of the ocean in a very
coherent climatic dynarnics with a large amplitude and a strong persistence from month
to month. The term ENSO has been coined around two different manifestations of the
phenomenon : the first term points to a recurrent wanning event every two to ten years of
the ocean along the coasts of Ecuador and Peru, which typically appears around
Christmas time. The nutrient-rich upwelling along the coast decreases and reduces the
supply of nutrients to the food web. As a consequence, the catch is less abundant and may
have strong economie effects for the above-mentioned coastal areas. Furthermore, it
brings heavy rains in the coastal zone that may further disrupt life. Such an event took
place in the years 1 982-1983 and had dramatic consequences. It disrupts the climate
around the globe leaving its marks. Another strong El Nifio with similar consequences
took place in the years 1 997-1998. The second term, i.e. Southem Oscillation, is the
atmospheric component of the larger coupled ocean-atmosphere ENSO system. It refers
to a zonal exchange of air masses between the tropiçal Eastem Pacific area and the
Austral-Asian region. The Southem Oscillation Index (SOi) expresses the standardized
differences of monthiy atmospheric pressure anomalies between Tahiti and Darwin. It is
of utmost importance to leam from the past and to bring together the different pieces of
the puzzle since, most of the time, no two ENSO events are identical. Pieces of different
sources may include : sea-surface temperature records, fishery records from South
America, daily atmospheric pressure series in the larger Pacific area, precipitation records

* Risk Analysis and Sustainable Development Section, Royal Meteorological Institute
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from the Austral-Asian region (e.g. lndonesia), logbooks of Spanish ships sailing from the
Philippines to California and to the Vice-Kingdom of Peru, colonial records from the
Spanish settlements in South America, chronologies of famines and droughts in Eastem
Africa and India, proxy records of corals and dendrochronological evidence from large
surrounding areas. As a conclusion, the ongoing debate on the possible connexion
between Global Warming (GW) and ENSO is discussed in the light of recent
findings.

1. Introduction

In the 1 990s, several meteorological terms such as ENSO, El Nifio, La
Nina, Southern Oscillation, teleconnection, etc. have definitely entered
the vulgata use of the English language. In fact, these terms were quasi
non-existent in 1 980 and were introduced into the broader scientific
literature after the 1 972-73, and more particularly after the 1 982-83
strong ENSO event. It was the human impact of the long-lasting 1 990-95
and the very strong 1 997-98 ENSO event that caught worldwide atten
tion.
The introduction into standard scientific language is demonstrated
here by some newspaper cuttings :
- El Nino, the not-so-fair weather friend, is back". China Daily,
Beijing, January 1 5 , 1 992.
-"Estrategias abarcan distintas áreas de trabajo. Crean cornisión para
enfrentar a 'El Nifio"'. La Tercera, Santiago de Chile, martes 1 6 de
septiembre de 1 997.
-"De Franse Revolutie ; de pest en . . . El Nino". De Morgen, 23 juni
1 998 (see also GROVE 1 995, 1 998).
-"El Nifio, l' enfant terrible du Pacifique". Ciel et Terre, mars-avril 1 998
(see VANDIEPENBEECK 1 998).
-"El Nino & La Nina, les enfants terribles du Pacifique". Le Vif
L'Express, 1 998.
Even on the modern information highway, the worldwide web, there
are plenty of ENSO entries (New Scientist Planet Science 1 998). Let us
recall the dramatic titles :
-"El Nifio tightens its grip on the Galápagos" ;
-"On the march ; tropical diseases are spreading as the world's climate
changes" ;
-"Winds of change. The rnischief making El Nifio bas struck again" ;
-"Playing with fire ; the Indonesian forests are burning again" ;
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-"The Galápagos, Darwin's paradise awash" ;
-"An ill wind : watch out South America, there's an epidemie of
malaria coming away" ;
-"El Nifio is innocent for once" ;
-"Parched Papua prays for rain" ;
-"Sneaky El Nifio outwits weather forecasters" ;
-"El Nifio goes critica! : what's happening to the Pacific ?" ;
-"El Nifio puts a damper on stargazing".
These electronic papers are followed by a collection of El Nifio media
doomsday predictions - hundreds of predictions, ranging from the
creditable to the completely mad. lt shows that El Nifio is a hot topic in
Global Warming (GW), but can we blame it for the climatic "ten plagues
of Egypt" ?

2. What is El Niiio ?
The term El Nifio (which is Spanish for "the Christ Child" or "the
Child Jesus") was originally used by the fishermen along the coasts of
southem Ecuador and northem Peru to refer to a warm ocean current that
typically appears almost every year around Christmas time and lasts for
several months. Fish is less abundant during these warm intervals, so fish
ermen often take a break to repair their equipment and spend time with
their families.
In some years however, the water is especially warm and the break in
the fishing season persists until May or even June. Over the years, the
term El Nifio bas come to be reserved for those exceptionally strong
warm intervals. Those warm intervals do not only disrupt the normal lives
of fishermen, but bring also heavy rains to the inland areas of Ecuador
and Peru which may be followed by catastrophic floods, and are associat
ed with large environmental disturbances in the region.
The scientific term El Nifio seems to have been used at the end of the
last century by Peruvian geographers and oceanographers, all inspired by
the 1 89 1 El Nifio event (HisARD 1 992).

3. Genesis of the Terminology
The term Southern Oscillation (SO) was proposed by Walter a.11d Bliss
in 1 932 to identify a see-saw behaviour in the atmospheric pressure field
difference between the eastem and western tropical Pacific. The classica!
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index to measure the Southern Oscillation (SOI) is provided by the
monthly standardized Sea-Level Pressure (SLP) difference between
Tahiti and Darwin. This SOI was devised by Sandy Troup in the period
after his major paper on the SO phenomenon (TROUP 1 965).
The SOI starting in the 1 870s was defined in this way (RoPELEWSKJ &
JoNES 1987, ALLAN et al. 1 99 1 , ALLAN 1 993). WRIGHT ( 1 975, 1977, 1 984,
1989) using long-term meteorological observations defined a seasonal
SOI back to 1 85 1 . The meteorological stations of Darwin and Tahiti have
been used since they had long-term high-quality records but other stations
such as Santiago de Chile, Easter Island, Batavia (the present Djakarta),
etc. may substitute them. Recently, the SOI has been extended to 1 841
using early Dutch East Indies and Tahitian meteorological readings
(KONNEN & KALTOFEN 1 998, KONNEN et al. 1 998).
Periods when the SOI is negative are characterized by low pressure in
the eastern tropical Pacific and high pressure in the western one.
Expressions like a "warm event" or "El Nifio" were introduced to iden
tify periods with anomalously warm waters in the eastern Pacific and cor
respond with a negative SO phase. On the other hand, periods when this
index is positive are associated with high pressure in the eastern tropical
Pacific and low pressure in the western one. lts counterpart, a "cold
event" or La Nina, is used to denote the periods of abnormally cold
waters in the eastern Pacific and correspond with a positive SO phase.
However, under the impulses of the modelling community, new but
sometimes confusing interpretations were derived. As bas been said
before, ENSO is a complex ocean-atmosphere interaction, and therefore
bas oceanographic and atmospheric manifestations. In this coupled
ocean-atmosphere system, there is a natural oscillator between the warm
event or El Nifio phase and the cold event or La Nifia phase of the cycle.

4. Pressure, Wind, Upwelling, Food Web and Raio
In the complex ocean-atrnosphere ENSO system, pressure, wind,
upwelling and food web play an important role. Therefore, it is necessary
to describe first the patterns during "normal" years and, then, to see how
they are affected in the El Nifio years.
The easterly winds blow along the equator and the south-easterly
winds that blow along the Peruvian and Ecuadorian coast tend to drag the
surface water with them. The Coriolis farces (rotation of the Earth) then
deflect the resulting surface currents northward in the Northern
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Hemisphere and southward in the Southern Hemisphere. When the
deflected surface water moves away, colder water rich in chemica!
nutrients from below replaces it. Tuis phenomenon is known as equatorial
and coastal upwelling. At the same time, along the equator the winds
dragging the surface water westward, the thermocline, the dividing layer
between the warm surface water and the <leep cold water, is tilted. It
reaches almost the surface in the eastern equatorial Pacific and it is
depressed in the western part. In addition, because of lower density of the
warmer water and the wind force, the sea level in the western part of the
Pacific is about half a metre higher than on the eastern part. Along the
coast, the south-easterly winds drag the surface waters northwestwards
and cold, nutrient-rich water is upwelled along the shore of the eastern
Pacific. The newly upwelled water is colder than the surrounding water ;
it can be seen as a cold tongue on infrared satellite pictures. It is extend
ing westward along the equator from the South American coast.
During El Nifio years, when the easterly winds weaken and retreat into
the eastern Pacific, the thermocline flattens out (rising in the west and
plunging in the east) and the equatorial upwelling decreases. The cold
tongue in the SST weakens or disappears and the sea level flattens out,
dropping in the west and rising in the east. Warm surface waters ·reach the
South American coast and are forced to turn northward and southward
along the coast causing sardines and other species to move.
The changing sea surface temperatures then turn to affect the winds
and the precipitation pattems. During the normal years when the easter
lies blow at full strength, the upwelling of cold water along the coast
chills the Pacific, and prevails condensation into clouds and hence pre
cipitation. The rain is confined to the extreme western end of the Pacific,
the larger Indonesian archipelago.
When, during an El Nifio warm event, the easterly surface winds weak
en and retreat to the eastern Pacific, the centra! Pacific waters warm up,
and consequently the precipitation area migrates eastward. The pressure
falls over the centra! and eastern Pacific and rises over Indonesia and
Australia.

5. Atmospheric, Oceanic and Hydrological Impacts of ENSO
As stated already above, the complex Ocean-Atmosphere Interaction
that is ENSO generates atmospheric, oceanic and hydrologie impacts
over a large part of the Earth. These impacts are locked within the ENSO
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cycle and do not occur simultaneously. In this context the notations (-),
(0) and ( +) denote the year before, the year of, the year after the ENSO
event. In the same way, not all events do present all characteristics as they
may depend on the strength of the event, the timing of the event and be
influenced by regional weather patterns. Usually, contrasting patterns are
demonsirated in the El Nifio and La Nifia phases of ENSO.
During strong El Nifio events, convective regions develop over the
central and eastern Pacific (the Pacific Equatorial Dry Zone), the central
western equatorial Indian Ocean, the Atlantic equatorial coast of Africa,
and southern South America. The Indonesian/Australasian region, the
Sahelian and southern Africa, the Indian continent, northern South
America and northern China experience dry conditions or drought. Such
conditions lead to low river discharges in the Nile River, Senegal River
(West Africa), Murray-Darling River (Australia) and other large river sys
tems.
The top part of figure 1 represents the precipitation . anomalies
(mm/month) with respect to the period mid- 1 988 till 1 997 for the year
long period April 1 997 till March 1 998 based upon satellite data. The
lower part of the figure represents the precipitation anomalies
(mm/month) fM the winter 1 997- 1 998 based upon monthly land station
precipitation depths ovei; the 30-year baseline period 1 96 1 - 1 990 (court
esy Dr Bruno Rudolf, Global Precipitation Climatology Project (GPCP)
at the Deutsche Wetterdienst, see HUFFMAN et al. 1 997, FucHs, RUDOLF &
ScHNEIDER 1 998). Dark blue colours are indicative of strong positive
anomalies (heavy precipitation), while yellow to red are showing strong
negative anomalies (too dry). The equatorial Pacific zone is too wet,
while its counterpart, the Indian Ocean and the Australasian region, suf
fers drought. In particular, Rapa Nui or Easter Island (27° S, 109° W) was
suffering from prolonged and severe precipitation.
On the opposite, strong La Nifia events present enhanced rainfall in the
Indonesian/Australasian region, southern and Sahelian Africa, India,
northern China, the north-east of South America, whereas continental
regions in south-eastern Argen�ina, central Chile, central China, eastern
Africa, western Cape of South Africa, and western Europe are showing
dry or drought conditions (ALLAN et al. 1 996, pp. 64-65).
As to how ENSO events interfere with the regional climate, SELESHI,
DEMAREE & VANNITSEM ( 1 992) studied the statistical relationship between
the long-term precipitation in Addis Ababa (Ethiopia) and in Asmara
(Eritrea) and the warm El Nifio and the cold La Nifia events. The follow
ing conclusions, valid for Addis Ababa, were obtained :
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The top part of the figure represents the precipitation anomalies (mm/month)
with respect to the period mid-1988 till 1997 for the year long period April 1997 till
March 1 998 based upon satellite data. The lower part of the figure represents the precip
itation anomalies (mm/month) for the winter 1 997-1998 based upon land station month
ly precipitation depths over the 30-year baseline period 1 96 1 - 1 990 (courtesy Dr Bruno
Rudolf, Global Precipitation Climatology Project (GPCP) at the Deutsche Wetterdienst 
see HUFFMAN et al. 1997, FucHs, RUDOLF & ScHNEIDER 1 998).
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- For the long rainy season, locally named Kempt, lasting from end
May/early June till end August/end September :
* warm El Nifio events are generally associated with below long
term average precipitation ;
* cold La Nifia events are generally associated with above long-term
average precipitation ;
- For the small rains, locally named Belgh, lasting from March to May :
* slightly more than half of the warm El Nifio events are associated
with above average precipitation while cold La Nina events are
generally associated with below average October (0) - May ( +)
precipitation.
The Asmara precipitation depths follow a less pronounced relationship
with ENSO. This is due to its more northerly position and hence to
shorter rainy periods since less influenced by the up and down movement
of the Intertropical Convergence Zone (ITCZ). These conclusions were
consequently used by SELESHI ( 1 996), SELESHI & DEMAREE ( 1 995, 1998)
to produce stochastic predictions of the summer rainfall depths over the
Ethiopian highlands using SST and SOI as predictors. These predictions
can be used in an early drought warning system for the Horn of Africa.

6. ENSO and Global Warming
The question whether the 1997- 1 998 El Nifio was so powerful because
of Global Warming, or even whether the unusual character of the El Nifio
events of the last decade may be attributed to Global Warming, is of great
scientific concern (TRENBERTH & HoAR 1 996, RAIAGOPALAN et al. 1 997'
LATIF et al. 1 997, HARRISON & LARKIN 1 997, PHILANDER 1 999, WUNSCH
1 999). However, the answer is not evident and, in its turn, generates many
other questions. What is the natural variability of the climate system on
decadal, on centuries timescale, in the tropics, in the mid-latitudes and in
the Arctic and Antarctic regions ? How strong are the teleconnections
between the different parts of the system ? If there is a change in ENSO,
does it influence the other systems like the North Atlantic Oscillation
(NAO), the Arctic Oscillation (AO), etc. ?
How will ENSO behave in the hypothetical Greenhouse climate of the
2 l st century ? Do the most recent strong El Nifio events fit into the long
term natural ENSO variability ? In order to answer that question with
confidence, it immediately appears that the instrumental data sets are far
too short. Therefore, two major lines of research are designed.
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The first one is to construct coupled Global Atmospheric and
Oceanographic Circulation Models (GAOCMs) that reproduce the ENSO
cycles with a sufficient degree of accuracy. These ENSO models must be
further embedded into a Global Warming model in order to answer the
above-mentioned question. Although a large effort is undertaken by the
modelling community and considerable advance has been made, at the
present stage of research no absolutely unequivocal response can be given
(VAN DER VAART 1 999).
In particular, the interannual variability in such models is not well
simulated (LATIF et al. 1 999). Furthermore, the extremely strong 1 997-98
El Nifio event provided a good test case for the state-of-the-art of coupled
models. IPCC states that such models have shown their ability to forecast
El Nifio sufficiently ; nevertheless, they fail to forecast the onset of an El
Nifio. IPCC believes that increased resolution and improved model
physics, and a suitable initialization with improved data assimilation
techniques will improve the simulation (IPCC 1 999, TAR, WG 1 ,
Chapter 8).
A second promising way of enlarging our mainly late 1 9th century and
20th century data sets is to produce long-term records of ENSO-related
proxies and to integrate them into the data set. This item will be devel
oped in the next section.

7. Widening our Knowledge on the Natural Variability of ENSO
The ENSO has a much wider terrestrial and marine environmental
impact than the Pacific region. Through nearly worldwide teleconnec
tions ENSO impacts are demonstrated in large parts of the Earth (GLANTZ
1 984, 1 996). In the early years of El Nifio research, Ecuadorian and
Peruvian fisheries appeared to be the primary concern. However, research
has now focussed upon the economically and socially important agricul
tural sector. lndeed, ENSO, through its associated variability of precipi
tation, i.e. the occurrences of drought and flood periods, changes in the
seasonality of precipitation and the associated modifications in tempera
ture, can have far-bearing impacts upon the agricultural production.
In ENSO prone areas, drought might result into famine (although not
all droughts are ENSO-related and not all famines are necessary drought
induced). Such an area is, for instance, the Horn of Africa, where
droughts and famine have sometimes been closely related. lt was shown
that ENSO explains 25 % of the variability in the annual flow of the Nile
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River (ELTAHIR 1 996). It follows that the long-term (7th- 1 5th century
A.D.) Nilometer observations (JARVIS 1 935) provide a proxy for the SOL
In the same way, famine chronologies contain interesting information on
ENSO. SELESHI & DEMAREE ( 1 993) studied the relationship between the
famine chronologies and the Addis Ababa and Asmara precipitation
depths in the 20th century.
Outbreaks of human, animal and agricultural diseases have also been
linked with ENSO given that ENSO conditions are favourable to the
development and spread of the disease vectors. Coral, present in the
tropical oceans, is another marine organism that is affected by the ENSO
related environmental conditions. It builds up an annual ring which prov
ides palaeoclimatic information through isotopic analysis of the carbon
and oxygen (DUNBAR et al. 1 994, 1 996 ; JoNEs 1 996). The more classica!
tree-ring width and density aiJ.alysis (see for instance the dendrochron
ological reconstruction of the SO by STAHLE et al. 1 998) and ice cores
from the Andes provide also information.
Same unexpected histoiical evidence bas been collected over the last
few years since our interest in this complex ocean-atrnosphere interaction
is steadily growing and more and more sources are being exploited. It was
found that 70 % of the high flows of the Mendoza River in Argentina cor
respond to the ENSO event years whereas that percentage increases to
83 % if only the extraordinary floods are considered. In the same way,
relationships were found between the historica! ENSO records and
historica! information on droughts, floods and heavy precipitation in
Northem and Central Argentina in the 1 7th and 1 8th century. That infor
mation is collected from archives in Argentina and from the Archivo
Genera/ de Indias in Sevilla (see Maria del Rosario at the Barcelona
Workshop, Anonymous, 1 998).
In the same way, the travel times of the Spanish galleons that made
ahnost yearly the round trip from Lima, through Acapulco to Manila in
the Pacific Asian Basin are indicative of ENSO conditions since they
were · only subject to winds and ocean currents. It is thought that these
logbooks contain a wealth of weather information, especially on signifi
cant anomalous weather conditions that occurred along the sailing routes
(BURT 1 990). Also that information is being extracted from the Archivo
Genera/ de Indias (see Ricardo GARCIA et al. at the same B arcelona
Workshop).
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8. Conclusions
The assessment of the climatic change in ENSO remains an open ques
tion. This problem is difficult because of the relatively short climate
records available. In particular, the persistent anomaly in the SOi in the
1 990s gave rise to much concern and it was questioned if the extended
anomaly duration is indicative of a climate shift under Global Warming
conditions.
Following WUNscH' s ( 1 999) analysis of NAO and SOi, it appears that
inferences about recent changes in the SO climate state are fragile. There
is still a gap to bridge between the application of statistical models, our
understanding about the climate system and inferring that deterministic
physical changes did indeed occur. His results are not a proof that a
change in statistics did not occur but merely that on the basis of the
statistical models used the data did not require such a conclusion.
Public awareness, political decision-making processes and scientific
knowledge in the field of Global Warming (GW) will definitely gain
impetus if a clear disti.nction is made between what we know definitely
and what we are expecting under our assumptions.
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SUMMARY. - Since the mid- 1970s climatic and astronomical modellers usually have
been predicting global warming as a result of the global temperature rise observed since
the 1 870s. They commonly attributed this to the onset of industrialization and thus relat
ed the global warming to an "anthropogenic greenhouse effect". This would produce an
undeniable effect on the earth's climate, land environment, sea level, floods and storms.
These effects were largely overestimated at the beginning of this rage for modelling which
became already by the end of 1980s much more attenuated. Evidently, the sea level is
rising slightly, drought is increasing, floods are more frequent, typhoons, hurricanes and
tomadoes have become more disastrous in such a way that Man is becoming seriously
conscious of the fact that his societal environment is defeated and that measures for the
future must be taken. The question is: is global warming, which no doubt ex.ists, really the
sole result of man's polluting activity on the atrnospheric condition ? For if this proves to
be correct, then man will probably be able to diminish its effect in the future as some
scientists, and by and large decision-makers, are inclined to believe. lt is indeed the most
securing way for modem Mank:ind that cause and effect are clearly understood. From the
geoscientist's point of view this may only reflect a wishful thinking which decision
makers can easily manipulate in various scenarios of their policy making. However, the
question remains, if such broad-scale conclusions can be drawn from only a rising second
half section of the temperature curve invoking that industry and modem society as a
whole is the dominant evil. For this leaves Man's Society with the steady hope that no
thing or very little can go wrong if the proper measures are taken to lower anthropogenic
greenhouse gas ernissions. Geoscientists absolutely do not think it is really that sirnple.
The conclusions reached by modellers are based on the Milank:ovitch Periodicities main
ly, derived from sedimentary time series from the <leep sea and from ice cores showing
almost perfect continuity and homogeneity as when compared to the much more com
plicated land geological sections. Milank:ovitch curves reflect changes in the amount of
eccentricity, obliquity and precession but little if any indication is given about the possible
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effect of planetary periodicities, resonance and solar parameters other than solar radiation.
Milankovitch's success is still mainly the result of the time when sediment subdivision of
the Glacial Age or Quatemary Epoch in distinctive periods was based on the subdivision
of the Loess sequences which boundaries correspond to high and low peaks in the
Milankovitch Curve. Nevertheless, higher resolution sections were obtained when con
sidering the fossil soil levels even in very short-time sections as the last 10,000 and last
1 ,000 years. Fossil soils stand for wooded landscapes and each time they disappear in a
section means that all such landscapes from poles till equator shifted reluctantly and vice
versa, when a fossil soil reappears. This is known as the land-surface "homeostasis
effect". It is believed therefore that the orbital Milankovitch parameters may not effect the
evolution of the land-surface (including vegetation cover) as strongly as presumed by
modellers. As during the last 10,000 years warming-up of the Holocene Interglacial was
indicated, at least a new fossil soil added to the cycle (read change of vegetational cover)
every 500 years, with minor cycles of 250 and 100 years interwoven with it, and a drought
cycle occurred every 1 ,000 years. The 1 ,000 years cycle may clearly be separated in four
parts of 250 years: one earlier warmer part as in the Middle Ages in Europe, one colder
part of 500 years in the middle as the reknown Little lee Age lasting until the beginning
of the 20th century and finally the last warmer part which started with a peak about 1 940
and bas become more generally outspoken since the l 970s. Such strong warming-up at
the end of each millennium cycle is historically very well known from archaeological ev
idence especially made available from Greece as the 8th century BC Akominatos
Drought, the l st century AD Roman Drought, the 1 2th century AD Byzantine Drought at
which end stands the 20th century Sahel Drought. All were reported to go along with great
historica! periods of farnine. This leads henceforth to the conclusion that the present
warming may naturally be included in such warming-up cycle occurring at the change of
each millennium. From this point of view the present natura! warming will last for cer
tainly one century and probably beyond. If it is proved that the anthropogenic warming
must still be added to this natura! warming-up, then the <langer of the Greenhouse Effect
becomes even greater. In that case Mankind should not develop measures to diminish the
anthropogenic warming-up, but get prepared to change bis future plannings into a sus
tainable development of a societal environment. This seems to us a more realistic, how
ever, more dramatic view of the future.

1. Introductory Statements

Before starting this extremely critical subject on the aspects of Global
Warming in the framework of a geoscientist's view, some preliminary
statements should hereby be made clear in order to trace the red line of
geological thinking on climate modelling as well as on climate changes
of the past on basis of geo-proxy-data.
Climate Modelling : This concept was mainly introduced some
quarter of a century ago under the agis of the sea-level change studies, the
deep-sea drilling activities and the ice core research in Greenland and
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subsequently in the Antarctic Region. The fluctuations hereby revealed in
these studies were bound essentially to long-term climatic changes of the
order of a million years and more. Climate modelling as it was then
defined by climatologists and astronomers, was and is still merely based
on the introduction of a number of estimates of selected parameters such
as assumptions of different values of solar radiation due to the Earth
Orbital Changes, carbon dioxide variations retained in the atmosphere, or
different values of the Earth's temperature rise as a result of the anthro
pogenic impact on the Earth's atmosphere and many others more. Such
modelling is thus based rather on qualitative and quantitative assump
tions, implying that geo-proxy-data of land records are still not properly
integrated in such studies. Moreover, only a few selected ones for the
checking of any of these assumptions, which were thought to be the most
representative of a given situation, were chosen although there is an end
less variety of parameters that build up and control landscape evolution.
Just on selecting a few parameters (highly subjectively depending on the
investigator's appreciation) can never bring up a realistic image of cli
mate change.
The Geological Climatic Approach of the lee Ages was first introduced
at the end of the 1 9th century in Europe. It was a direct result of the
newly-invented sport of alpine climbing and photography. Indeed, both
made observation of glacier advances and retreat quite evident. Further
on, these observations led directly to computation of climatic cycles in
order to obtain a realistic view of the possible climate changes. Fifty
years later, MILANKOVITCH ( 1 943) gave a new boost to this approach inso
far that he _was able to calculate periodicities on basis of solar radiation at
65°N.L. which could be encompassed with the subdivision of the Last
Interglacial - Last Glacial stratigraphy of the Loess sediments in Middle
Germany. But still he did not really "compute" in the real sense of the
word these geological boundaries or cycles on basis of geo-proxy-data
hut on elements which might just give an approximation of the climate
change as well. Actually, these computations in bis approach remained
restricted to strictly Long-Term Cycles as well.
Climate Computation : Computation of climatic events, especially of
Middle-Term (Last Interglacial - Last Glacial Cycle) and Short-Term
Events (Post-glacial warming-up since 1 2 Ka, the 1 000 yrs and 1 00 yrs
Cycles), the latter ones being most appropriate with regard to the cur
rently believed Global Warming Record of the last hundred years, bas
never been successfully tried out in recent Climate Modelling of the last
quarter of the 20th century. Not only land records, were no longer used
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and deep-sea and ice records seemed not the most appropriate to detect
with certainty the short periodicities. However, since 1 990, VAN OVER
LOOP ( 1 990, 1 99 1 , 1 995, 1 998a, 1 998b, 1 999 and 2000) has successfully
worked out a computation method for directly derived palaeoclimatic
records evidenced from geological proxy-data, at engineering and quater
nary geology laboratories of both the Vrije Universiteit Brussel
(Belgium) and the Uppsala University (Sweden) at the latter of which she
also attended her Ph.D. Thesis in 1 998. This method, which will be
explicitly explained hereafter, is called the ExSpect-Matlab Method.
Geological periodicities and boundaries are hereby calculated from the
geological field evidence and more especially from the fossil soil geo
proxy-data record in the geological sequence. At no point preconceived
parameters are used and no estimates produced. Purely real-time results
are calculated. Based on this ExSpect-Matlab computation method, geo
logical records all over the world dealing with the Long-Term (2.5/
3.0 Ma), the Middle-Term (Last Interglacial/Last Glacial Cycle or 1 27 till
1 0 Ka) and the Short-Term Records (Holocene Current Interglacial of
last 1 2/ 1 0. 000 post-glacial years) were "computed". Besides the
Milan-kovitch Periodicities of the Earth Orbital Changes, also much
smaller ones revealed to exist including a 1 00 years' cycle.
Quite apart from Van Overloop's Method, FAIRBRIDGE of Columbia
University N.Y. and the NASA research group of the Goddard Institute
for Space Studies in New York ( 1 987, 1 994, 1 996, 1 997) worked out his
astronomie chronology on basis of planetary periodicities for the second
half of the Pleistocene (the last 400 Ka) and for the Holocene which,
especially for the latter short-term period, revealed spectral peaks which
perfectly encompassed the computed spectra! data on basis of the fossil
soil records of the Holocene as well as the absolutely perfect correlation
between the age of development of the Holocene fossil soils, the '4C-flux
and the Planetary Key Resonance. Thus for the very first time it could
undoubtedly be proven that short-term time series as e.g. palaeosoils are
controlled by planetary key resonance and periodicities, Solar Orbital
Precession (SOP) and Solar Sun Spot (SSC) activity apart from the
Milankovitch Cycles which refer in the first place to Long and Middle
Term Time Series.
The dating of palaeosoils and retracing of periodicities especially of
short-term soil sequences as observed in the field by Paepe over the last
30 years of field investigation which was carried out all over the Globe,
could never have been achieved without the integrated and parallel
research carried out independently by Van Overloop and Fairbridge. I feel
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extremely indebted to both my colleagues for giving me spontaneously
the right to use their newest results forwarded either by oral communica
tions or by not yet published documents. Therefore I feel obliged to
discuss the combined results of all three of us, at full length hereafter,
which resulted into this comprehensive contribution.
Climate : The word "climate" sounds differently to meteorologists,
climatologists, astronomers, archaeologists and geologists just to men
tion the five main groups of disciplines dealing with Global Climate
Changes. Not only is there a difference in thinking on that matter of the
consequences of climate change with regard to Planet Earth, but it is even
more difficult to bring separate approaches together of a subject so com
plex and so vital for Mankind and hls survival. Therefore some prelim
inary statements which follow hereafter.
1 . 1 . ÜLOBAL WARMING IS A FREQUENTLY ÛCCURRING FEATURE IN THE
ÜEOLOGICAL RECORD
It sounds almost as too simplistic to write this title of the first state
ment. Actually, since Jurassic Times and the Dinosaurs it bas become a
common public language to talk about the Earth in the past that bas been
subject of much higher rising temperatures, more carbon dioxide in the
atmosphere and more abundant vegetation cover all over the Planet some
200 - 1 5 0 Ma [*] ago than there is today.
Fewer know that for about 65 Ma the Earth's climate has started dram
atically to cool off and finally reached the Pleistocene Glacial Period
some 2.5 Ma ago. While the Earth was generally cooling, warmer and
colder periods happened to occur in relatively quick succession but yet
well and orderly distanciated in time.
The lee Ages provide a good example of it in a series of alternating
1 03 warm (Interglacial/Interstadial) and cold (Glacial) periods. Today
Mankind has arrived at the end of the ultimate Current Interglacial called
the Holocene, which started some 1 2 Ka [**] .
It is very much questioned whether the warming-up, as the Earth's cli
mate bas been attesting of since the end of the 1 9th century, will geolog
ically speaking finish naturally slightly after the 2 l st century, or not as
some modellers claim. Geoscientists, even when believing in the present

[*] Ma : Million years.
[ **] Ka : Thousand years.
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warming-up of the Earth, cannot believe though that all the other plan
etary factors will stop forcing climate change.
This is not a simple matter to disentangle and in order to clarify prop
erly the integrated complexity, many aspects will have to be discussed in
full detail as will be seen hereafter.

1 .2. GEOLOGICAL CYCLES DIFFER IN DURATION FROM EXTREMELY LONG TO
EXTREMELY SHORT
It is not because some features occur at regular steps in a time series,
e.g. fossil soils in loess sequences, that they express a single cyclicity and
belong to the same cycle. Fossil soils provide changing degrees of dev
elopment along the timescale of the sequence.
A closer analysis of the parameters of each soil level points at differ
ent types of periodicities giving proof of an interwoven pattern of longer
and shorter cycles which are all acting synchronously.

1 .3. GEOLOGICAL GLOBAL WARMING IS AN lNTERFERENCE OF CYCLES OF
MULTIPLE ÜRIGIN
Long and short cycles may then concur simultaneously, they may be of
totally different origin, i.e. Earth's orbital forcing, Sun's Orbital forcing,
Sun Spot Cycles, Planetary resonance, and moreover they may or may
not interfere in time. The effect is that their impact on Earth, especially
when occurring via a vegetation cover as during the interglacials, fossil
soil development differs considerably from one point to another in the
vertical sequence. The amount of carbon dioxide in the fossil soil may
also differ reflecting a number of synchronously acting orbital and
planetary factors providing 14C-Fluxes of different amounts.

1 .4. GEOLOGICAL CYCLES POSSIBLY DIFFER FROM CLIMATIC CYCLES ESPECIAL
LY FROM SHORT ÜNES
Hereby it is meant that the geological implications of such phenomena
as changing monsoonal regimen or the ENSO effect are not yet com
pletely understood. It is known that sea currents or mountain building (as
the Himalayas) may have a bias on the monsoonal geographical area of
activity. The relationship with geology is still in its phase of development
and so far Climatic Cycles are considered mainly as of purely climatic
origin.
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RESPONSE OF THE GEOLOGICAL CYCLES TO CLIMATIC

The dynamic complexity of the water, ice and land distribution through
time along the Earth's land surface can never be controlled by one single
changing climate factor alone. Even when all above-mentioned forcing
agents (orbital and planetarian) are acting synchronously, the land surface
and its vegetational cover will reluctantly respond in retardation to the
integrated complex of multiple causes. This is the "Principle of
Homeostasis" which will be discussed more in detail at the end of this
paper.

1 .6. THE EARTtt' s CURRENT GLOBAL WARMING OVER THE LAST CENTURY MAY
BE NATURAL !
Hence, the present Earth's Global Warming lasting already for more
than one century may be caused by a natural phenomenon wherein the
Earth's land surface is an important controlling factor.
The answer to the question whether the current Global Warming is
either a natural geological phenomenon and irreversible in the future or
just an anthropogenic phenomenon and redeemable within reasonable
limits of time, is a fundamental statement for the economie and social
impacts in overseas developing countries.
Because, if geological studies reveal a natural cause for the last
century's upwarming, then :
- Heating of planet Earth becomes irreversible within the next century ;
- lt must be disentangled whether the anthropogenic warming-up is
reinforcing the natural one or not ;
It is very much questionable if it makes really sense to imply meas
ures and taxes for controlling just an assumed anthropogenic increase
of gases especially in overseas developing countries which are the
poorest.

2. Major Effects of the Greenhouse Theory
on Geo-Environmental Aspects

Only three regularly recurring changes in the geo-environment of the
Earth will be recalled here pointing at uncertainties as well as well-estab-
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lished statements. It is impossible to treat the whole matter here but it is
hoped that out of the examples given here it will again be stressed that
geo-environment bas been misunderstood or simply neglected in studies
related to the last century's Global Warming.

2. 1 . MAIN SEA-LEVEL (MSL) VARIATIONS
The most densely populated areas of the world are the Lowlands as the
Netherlands which is the only well protected one. However, most other
lowlands, especially in the overseas developing countries, like
Bangladesh, are not. It is important to know their geo-environmental
behaviour :
- MSL is rising in subsiding deltaic regions although dropping in tec
tonic uplift areas.
- MSL rise and fall in the South-eastem Pacific is corresponding to the
El Nifio/La Nina succession.
- MSL average rise for the 20th Century is estimated at the order of
1 .2 mm/year according of the IGCP 200-UNESCO project.
- MSL will rise between 1 .4-2.2 m (4.7-7.0 ft) by 2 1 00 at an "estimat
ed" temperature rise of 1 to 5 °C according to EPA-Environmental
Protection Agency projections.
- MSL was higher in the past warmer and wetter periods like the Last
Interglacials when temperature was estimated to have been 2.5 °C
higher in average than today, in the current interglacial of the
Holocene. The higher position averaged about 2-5 m according to
subsidence or fall of the concemed region.
- MSL-curve of Papua-New Guinea correlates perfectly well with the
Pollen Climatic curves of Belgium and the Netherlands (zAGWIJN &
PAEPE 1 968), NE France as well as with the temperature/carbon diox
ide curve of the Vostok lee Curve (Antarctica) and the Greenland lee
Curve. The question remains : was it the Carbon dioxide rise which
caused the temperature rise or vice versa? In fact the Last Interglacial
rise corresponding to a 2.5 °C temperature rise was a complete nat
ural one with no additional anthropogenic greenhouse gases. This
pleads in favour of the first postulate that the temperature rise is fol
lowed by the rise of atmospheric carbon dioxide.
In conclusion, these few examples prove that the scientific knowledge
bebind these statements on the sea-level/qlimate relationship and of the
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geological factors of subsidence/crustal uplift, i s still inadequate.
Rigorous interlocking of cause and effect is still not proven in favour of
an initia! carbon dioxide increase followed by the temperature rise.

2.2. FLOODS AND STORMS
- Increase in storm frequency is normal when carbon dioxide and cli
mate warm up as is experienced all over the world today.
- Floods may be a direct consequence of high precipitation rates, e.g.
monsoonal rains, typhoons and hurricanes in tropics like Bangladesh,
Tanzania, Mexico, Venezuela, etc.
- Floods also result from abundant snow melting in temperate zones
combined with the engineering problem of poor water evacuation
since canalization started in the l 9th century. Today, sewage water
plants should perhaps equally control the long-term effect of their
activity.
- Floods are hampered perhaps also by poor water evacuation due to
the MSL rise of 1 .2 mm equally occurring over the last century.

2.3. DESERTIFICATIONS
Drought and desertification have not the same meaning. Drought does
not necessarily imply desertification. Desertification always implies
drought whether dealing with a warm desert like the Sahara, Iranian,
Mexican or Gobi deserts or with polar deserts like the dry valleys in
Antarctica, some parts of Greenland, Tibet and North America. Not to
forget the currently called periglacial area extending from the present tun
dra southem limit towards the equator, i.e. from Western and Central
Europe till Sudan and in the New World from Alaska/Canada till the bor
der of Texas and Arizona and Northern Mexico. It is important to state
here that once these periglacial areas were the storage rooms of the per
mafrost ice containing the carbon dioxide reserves and other gases that
escaped into the atmosphere during the warming-up since the Aller!lld
some 1 2,500 years ago and conditioned the Holocene-Current
Interglacial. All great deserts formed at the maximum of the Last Glacial
Cold phase which was reached about 20,000 years ago.
However, more recent fluctuations also occurred as attested by numer
ous examples of the Sahara desert :
- It is known that North Africa, after its maximum extension around the
Glacial Maximum Cold of 20,000 years ago, during Roman Times
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and equally some thousand of years before, as attested by numerous
graffiti found throughout the Sahara desert, was a flourishing
savanna of both abundant flora and fauna. lt is clear that drought
returned at the transition of the last millennium BC lasting till the first
millennium AD, the warming-up of which chased the former
savanna.
- At the time of Cleopatra's reign, the project to construct the canal
from Alexandria to Port Said was hampered by this sudden invasion
of drought so that when her reign was finished, the canal was still not
functioning because of lack of water.
Recently it was clearly established that this renewed desertification
occurring for the first time about Anno zero, at the transition between
the millennia, continued a couple of centuries (Roman Drought) and
that the Sahara displaced its southern limit further south over more
than 1 ,000 km towards Mali and beyond (PETIT-MAIRE 1 990).
Actually, not only the Sahara was involved in this process but further
east this process of desertifications could be followed up to the
heights of Pamir.
- However, abundant rainfall in Mali in the 1 970s made people, polit
icians and managers believe that desertification had come to an end.
With soft loans, agricultural investrnent (for tractors and cows) had
immediately started for a new future, after the first rain drop and
under the pressure of sales people lobbying local managers. The first
ones, coming from the industrialized countries and knowing a little
bit more than the managers of the developing world, knew that they
had to urge their counterparts for quick action. And they were right
although nobody had understood that this initial rain was the forecast
of a renewed phase in the desertification process which is better
known now as the "Sahelian Drought" of the 1 980s. However, re
imbursement of the soft loans went on causing quite a number of
politico-, socio-economie problems in that country and in the region.
- In order not to kill all the cattle, wells were drilled and from the satel
lite photographs soon one could now trace hundreds of paths leading
to each of these wells establishing brilliant "stars" of converging
paths around each well which caused the death of thousands of new
vegetational embryos that could never survive under the hoofs of so
many exhausted cattle in search of water.
Again, all these cases of misconception are nice examples of misun
derstanding the cause and effect principle. It is a typical example in mar-
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ginal regions of a decaying climate situation at the transition of one to the
next geological period, even when dealing with a relatively smaller
periodicity. These are in fact the most dangerous ones because unpre
dictable. For, as will be shown hereafter, it was probably one of the Sun's
Orbital precessions or Sun Spot Cycles that caused this interruption in the
general global desertification process.
Quite on the contrary, the global desertification of 20,000 years ago,
which was the birth of all present great warm deserts on earth, left no
doubt about cause and effect relation as it was clear that this went along
with the maximum of land-ice extension from the poles towards the equa
tor quite in accordance with the Milankovitch cycles. Greater parts of
today's tropical forest in Congo, the Amazone and Indonesia-Papua-New
Guinea was invaded by desert illustrating the dramatic character of this
global desertification.
Quite at the same time the permafrost area reached from the North Pole
its southern most extension as well, invading even greater parts of North
Africa. This points to the fact that the permafrost region had at least
tripled its geographical extension of today and to a lesser extent its vol
ume. This was to have a bias on the global climate's evolution.
It is quite surprising, and somewhat contradictory, to observe that this
expansion of the permafrost region went along with the greatest deser
tification expansion, for a great deal of the carbon dioxide was retained
in that permafrost and released only to the atmosphere again after the first
warming-up of the Current Interglacial about 1 2,500 years ago. Deser
tification is not always a consequence of increased atrnospheric carbon
dioxide and warming-up of the climate.
Two important conclusions rest on the evidence of these two contro
versial matters which are worth repeating here in detail :
- The fact that desertification became strongest and geographically
most widespread about 20,000 years ago when permafrost (known as
the container with the highest volume of carbon dioxide and other
greenhouse gases) also reached its greatest geographical extension
and hence its greatest bulk capacity as well. In other words, at the
moment when atmospheric saturation with carbon dioxide is general
ly reported to be at its lowest level. Thus the greatest desertification
took place when atrnospheric carbon dioxide was lowest.
The other controversial fact is that as of 1 2,500 years ago the climate
undoubtedly rapidly warmed up, even when cooler peaks interfered
periodically, and the amount of carbon dioxide in the periglacially-
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bound permafrost was released to the atmosphere and thus shrinking
in the pergelisol at the same time as the geographical permafrost
extension was rapidly diminishing. At the same time of increase of
atmospheric carbon dioxide, desertification reduced its geographical
widespread territory in favour of a savanna in Northem Africa and of
the Oak Woodland (Quercus pistacia) in both the European and North
African Mediterranean belt. Thus, once more, it is controversially
observed that when the carbon dioxide (and other greenhouse gases)
was rapidly saturating the atmosphere during the postglacial warm
ing-up, the desert was invaded by steppe (savanna) and even wood
land.

If the cause and effect relation is well understood for the major deser
tifications responding to the Milankovitch cycles, yet it is in complete
contradiction with the decay of the periglacial permafrost releasing tons
of greenhouse gases when the climate warms up and the desert stops
growing and is shrinking and vegetation is invading the area at the
expense of the former desert when carbon dioxide was controversially
low.
Desertification is not a result of higher amounts of atmospheric carbon
dioxide but rather a consequence of a general cooling of the climate
towards the equatorial belt as the amount of atmospheric carbon dioxide
increases. lncreased drought and increased desertification are thus totally
different phenomena.

3. Climate Simulations compared to Geo-Climatic Evidence
In the light of the foregoing it is important to compare the results of the
climate simulations set up for the future by modellers of Global
Circulation Models (GCM) on basis of geoclimatic evidence of the past
obtained by the geoscientists themselves. In fact geoclimatology and
related modelling is older than recent modelling practices and was indeed
already a very common exercise in geosciences all over the last two hun
dred years at least.
Most of today's modellers do not know this because these early excer
cises were published in specific geological reviews of the early geologic
al congresses which astronomers and climatologists were and often are
still not aware of.
Geology offers actually one of the first possible parametric approaches
in order to get an idea of the environmental changes of the Earth by
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palaeontological studies, especially in more recent years by those dealing
with pollen analysis which stands in direct relation with the vegetation
cover. Estimates of temperature evolution based on the evolution of the
vegetational cover through geological time lead to a realistic view of geo
logical evolution of the last 550 million years and especially of the last
3 Ma.
Geologists and palaeontologists made every possible effort to reprod
uce all the landscapes of the past in accordance with the appropriate fauna
and flora. At the same time they derived from the very same fossils they
had found buried in the sediments, approximate estimates of the atmos
pheric condition that must have been the controlling factors of the envi
ronment at that very moment. In comparing these, true enough, original
ly rough parameters, geology learned with certainty that landscapes <lid
not change quickly enough after the initial impetus in the following geo
logical time.
Hence, for geologists it is not easy to understand that climate change
should follow step by step changes of the atmospheric carbon dioxide
cycle and likewise, they will not easily conclude to swift changes of the
surface warming and landscape changes.
The following examples may clarify this difficulty :
- GCM-studies by HANsEN & LEBEDEFF ( 1 988) at different scenarios of
carbon dioxide emission rates lead to the conclusion that by 2030 a
surface warming of 0.6 ° to 1 .5 °C would occur. Por doubling of the
carbon dioxide emission a total warming of even 4.5 °C was pre
sumed after modelling.
- In the same line of prediction, it was estimated that :
* the 1 .0 °C rise for 2000 is compared to the Holocene Climatic
Optimum of 6-7 Ka ago ;
* the 2.5 °C rise for 2025 is compared to the Last Interglacial
(Eemian) Maximum Stage of 1 25 Ka ago ;
* the 4.5 °C rise for 2050 inferring a doubling of the carbon dioxide
is compared to the Pliocene Maximum of 3-4 Ma ago.
No geoscientist and equally nobody with common sense on matters of
natural environment will ever believe that the above figures imply that
from now on planet Earth would successively return to conditions of cli
mate/atmospheric conditions of the deep past in less than half a century.
Tacitly this would also imply that the environment, i.e. the biosphere, the
hydrosphere, the geosphere and the pedosphere, would change likewise
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in only half a century which in the geological record of the past took at
least hundreds or thousands of years.
The very question is what is meant by the modellers in making such
predictions on basis of a few presumed and selected parameters which
can never reflect the complexity of the landscape environment.
Such reasoning as practised by modellers starts from the tacit assump
tion that the rise in temperature is an irreversible consequence of an
increase in the amount of atmospheric carbon dioxide and not vice versa.
This is a deep-rooted concept in the world of modellers without having
the proof of it and without taking the geological evidence of landscape
building into account. By their way of modelling practice it is actually
impossible to take the geoscientifical reality into account whatever para
meter and number of parameters is used. This will be explained in full
hereafter.
True enough, it is worth stating that HANSEN et al. ( 1 988) warned him
self against such inadequate modelling. Hence it is worth controlling cli
matic scenarios set up by modellers with the geological evidence of the
past.

4. Three Major Climatic Land Cycles of the Developing Countries
High-resolution deep-sea and ice-core cycles do not reflect what is
happening on the land surface of the Earth. Modellers know that, but their
modelling approach is far too inadequate for reaching a realistic mirror of
the landscape. As stated before, there is a great difference in the state of
a landscape and its response to the atmosphere, whether this landscape is
covered with vegetation or desertie. It is proven that the albedo is chang
ing quite considerably under one or the other situation. If the deep-sea
and ice cores were hitherto successful the land records of the temperate
zone and higher latitudes remained absolutely insufficient as to the
degree of resolution. It was only when continuous land profiles showed
up to exist in outcrops of the lower latitudinal tropical and sub-tropical
developing countries that land time series were also found suitable for
computation with comparable resolution to the deep-sea and to the ice
cores. In these tropical and sub-tropical regions geological land sections
are generally continuous and homogeneous and fossil soils are the undis
putable time-stable marker horizons on which spectra! analysis can be
worked out.
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Long Term, Middle Term and Short Term Cycles

The three Loess/Sediment/Gravel Time Series in which fossil soil forms.
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Three major climatic time series of land cycles are found to exist
(fig. 1 ) (PAEPE & VAN OVERLOOP 1 990a). All land cycles reflect a specif
ic geomorphological position covering a specific time interval. The com
mon factor is that these land cycles are built up by time series of the
already mentioned fossil soils interfering in a time-stable position with
eolian and fluvial sediments respectively loess (or equivalent deposits),
gravel and/or sand beds in all of which the time-stable key level with
stochastic behaviour is present and which henceforth are suitable for
spectra! analysis computation of spectra! peaks and dating.
- Long-Term Time Series : they encompass the Pleistocene Cycle
with Glacial and Interglacial Stages of the 2.4 Ma time interval ; these
soil/sediment sequences form geomorphologically an uninterrupted
continuous column located on a plateau site or in a subsidence basin
dealing with rift tectonics. They extend from southern Europe
towards the equator and even further south.
- Middle-Term Time Series : they encompass the Last Interglacial Last Glacial Cycle of 1 27 Ka through 10 Ka ; their soil/sediment
sequence is bound to the Pre-Eemian-Last Interglacial geomorpholo
gy in erosional valleys of the previously undulating land surface ;
usually these deposits do not occur on top of the Long-Term Series in
which latter they only fill up the erosional valleys. Thus normally
there is no continuity between these Last Interglacial - Last Glacial
sediment series and the underlying older Pleistocene deposits from
which they are separated by an unconformity.
- Short-Term Time Series : they encompass the Holocene Cycle of
approximately 1 0 Ka ; their soil/sediment sequence fills up the low
land shallow basins and valley bottoms. They contain the over
whelming amount of archaeological and historica! vestiges.

The sediments of all three time series as described above, consist of
fossil soils interfering with gravels, sands and loess. Fossil soils point at
vegetational landscapes : tropical forest, savanna and steppe pointing at
highly concentrated hydrology under warm/wet conditions. Gravels,
sands and loess point at more arid or complete desertie circumstances
with mainly sheetflood hydrology under cooler and drier conditions.
4. 1 . LONG-TERM (LOESS/SoIL) TIME SERIES
- The long-term loess/soil cyclostratigraphy reveals 103 peaks in the
Grain Size Record (GSR) of the loess strata comparable to the
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1 03 stages of the deep-sea isotopic record of the last 2.6 Ma
(Matuyama/Gauss Polarity Boundary) (figs 1 and 2).
In that number of 1 03 isotopic stages, fossil soils representing
Interglacial stages and Interstadial sub-stages are usually different as
to number as well as to intensity of development depending on the
edaphic position of each soil. 32 soils are usually strongly developed
interglacial soils which occur in both the loess of China in the Bast
and of Belgium in the West of the Eurasian continent. 6 major
gravel/sand beds occur within this long-term interval at a random
time interval of --400 Ka (2.6 Ma/6 = 403 Ka). They represent 6 major
phases of drought with prevailing sheetflood sedimentation (PAEPE
et al. 1 996).
Compared with the deep-sea record, the combined soils, loess and
gravel beds land cyclostratigraphy offers a time-stable position in the
sediment sequence and is thus also suitable for computation by spec
tra! analysis.
Since fossil soils form the pedosphere as being the interface between
the lithosphere and the biosphere, their time-stable occurrence in the
sediment series is also controlled by steady recurrent periodically
combined variations of atrnospheric chemistry, orbital cycles as well
as of planetary cycles and many others more.
The 400 Ka "land gravels"periodicity also found in the deep-sea
record and in the ice cores, is considered as a main global event inter
fering with fossil soils assemblages of 8 to 1 2 groupings each.
Actually this 400 Ka cycle controlled the evolution of Mankind as
well with a major boundary at 1 .2 Ma when tropical/subtropical envi
ronment and climate changed into arid/desertic landscapes and
Australopithecus roomed the place for Homo erectus. As of then
Mankind spread all over the world and probably races also started to
develop hereafter.

As each fossil soil level definitely represents a landscape, the latter
roving between poles and equator each time the climate is changing from
warm to cold and polar glaciers are extending and vice versa, it does not
seem very likely that such landscape shifting all over the globe may occur
within 50 years, i.e. by the year 2050 as some modellers claim. Or do they
believe climatic changes and atmospheric changes may just occur with
out any sustainable impact on the land surface? Rapid landscape/envi
ronmental changes never occurred in geological times and will probably
never occur as long as the effect of geological homeostasis and the
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Fig. 2. - The 32 fossil soils of the site of Luochuan (Chinese Loess Plateau), kindly
provided by Prof. Dr Liu Tungsheng, Academia Sinica, Beijing.
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solar/planetary system will exert its regulating effect. Perhaps modellers
did not exactly mean that landscapes should change but climate only.
Landscapes, however, whatever climate modellers say, are a direct con
sequence of climate and each climate change induces a changing land
scape respecting the laws of homeostasis. That is what the soil series and
their inherent time stability learn to geoscientists.
4.2. MIDDLE-TERM (LoEss/SoIL) TIME SERIES
- The Middle-Term Time Series is equally best developed in the
Loess/Soil sequence (fig. 3) (PAEPE et al. 1 990b). This series repre
sents the Last Interglacial - Last Glacial Cycle, the last one of the
more than hundred Interglacial-Glacial Cycles occurring during the
Long-Term Time Series of 3.0 Ma. The Last Interglacial - Last
Glacial Cycle was first described on basis of geological evidence in
the Upper Pleistocene Series of the Belgian and Dutch loess/cover
sand areas by Paepe and Zagwijn, independently since 1 963 and com
monly published in 1 968 (ZAGWUN & PAEPE 1968). The reconstruc
tion of the first climatic pollen-curve was published in 1 968.
Unfortunately it was written in the German language and later in
French and in Russian and not in English. Before, Zagwijn had
labelled for the first time the Last-Interglacial Stage as the Eemian
Stage.
- Considering the fact that 32 strongly developed interglacials have
been observed in the Long-Term Time Series, it is acceptable that
Interglacial-Glacial Cycles recur in average more or less every
1 00 Ka. This bas been geologically ascertained in deep-sea, ice and
in an overwhelming amount of land cores and outcrops especially
from the developing countries since fossil soils are better developed
there.
- The start of the Last Interglacial is everywhere dated at 1 27 Ka and
its end at 1 1 5 Ka (covering an interval of 1 2 Ka). Hereafter, the Last
Glacial extends until 1 0 Ka in the temperate zone or until 1 5 Ka in
the tropical regions. It may thus be concluded that in average each
Interglacial-Glacial Cycle lasts for about 100 Ka (being the average
of 1 10 Ka and 90 Ka). This is true for all major 32 Interglacial/Glacial
Cycles of the Long-Term Time Series (�3Ma). In the deep-sea record,
the Last Interglacial or Eemian Stage encompasses the MIS [*] 5e

[*] MIS

=

Marine Isotopic Stage.
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Thirteen interstadial geosoils between the Last and Current Interglacials.
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( 1 27- l l S Ka), the first warming-up after the cold maximum of
MIS 6.
- The term Last Interglacial is not to be confused with the current
lnterglacial of the Holocene Stage which started some 12 -10 Ka ago
and which should now very soon come to an end if the comparison
with the Eemian Stage proves to be adequate. In fact, the latter simil
itude of geological evolution between the Eemian and the Holocene
(as well as with all other interglacials of the Long-Term sequence) is
now a matter of crucial discussion between geoscientists and classic
a! modellers. lt is indeed highly questioned today by astronomie and
climatic modellers, as will be broadly discussed hereafter, if the
Holocene Current lnterglacial follows the trend of the Eemian
lnterglacial, which geoscientists usually accept but for some minor
differences apart. It will become a major part of the conclusions
reached in this paper.
This is most probably the reason why on each successive new soil
development, a new historica! period is located. As societies at that time
were more easily subject to devastation and as conditions of wealthy soil
development between a fluviatile and a drought phase were short, civ
ilizations did not last very long which fact also encompasses with the
rapid changes of historica! periods keeping pace with each new soil
development allowing settlement and transport easily. Thirteen fossil
soils interfering with loess drought phases (or alike sediments) in the Last
lnterglacial - Glacial record build up cyclostratigraphies comparable to
the deep-sea record (fig. 3). In the first section of MIS S covering the time
interval of 1 27-73 Ka, they are incorporating respectively MIS Se/
Eemian-Last lnterglacial s.s. (warm/wet red soil) and the following so
called Weichselian lnterstadials MIS Sd (cold/frostwedge) about 1 1 0 Ka,
MIS Sc (warm/wet brown red soil) about 1 00 Ka, MIS Sb (cold/frost
wedge) about 90 Ka, MIS Sa (warm/wet brown red soil) about 80 Ka end
ing up at the severe cold break of 73 Ka both in deep-sea and on land.
Thus the first half of the Last lnterglacial - Last Glacial Cycle ( 1 2773 Ka) is characterized by preponderantly warm/moist climatic con
ditions with the maximum at the start namely that of the Eemian-Last
lnterglacial s.s. lt is quite important to put emphasis on the fact that this
warm/moist Eemian s.s. of 2.S °C higher in average than the Holocene,
was followed by a natural warm period of almost as warm and wet as the
Eemian s.s. itself, lasting over the next S0,000 years with only two major
cold interruptions ( 1 1 0 Ka and 90 Ka) and some minor ones during MIS
Se ( lOS - 93 Ka).

1 04

R. PAEPE

This has led to a rapid succession of four superposed red soils (GS l ,
GS2, GS3 and GS4) after the Eemian-Last Interglacial s.s. of which the
equivalents are found in the pollen diagram of "La Grande Pile" and the
Greenland lee Curve. Similar situations are found to exist in all pre
eemian interglacial-glacial fossil stages of the long-term record cor
responding with MIS odd/warm stages 7, 9, 1 1 , 1 3 , 1 5 , 1 7, 1 9 and 2 1 of
the last 800 Ka of the Pleistocene (fig. 2). This is the proof that the
Eemian s.s. and the next 50,000 years of warming-up is absolutely not a
unique example of its kind and thus quite comparable to the evolution of
all just mentioned older Interglacial/Glacial Cycles.
Hereafter some details of this mechanism are explained in detail
(fig. 3) :
- The dramatic major cold at 73 Ka brings the warm first half of the
Last Interglacial-Glacial Cycle to an end and climate is rapidly decay
ing all along MIS 4, however, with minor jumps of warm and cold
peaks until the next severe cold of about 55 Ka is reached. The warm
peaks express another series of interstadial soils (GS5, GS6, GS7),
however, much less developed than the ones before 73 Ka. In both the
aforementioned pollen and ice curves they show a downsloping trend
of steady diminishing peaks.
- After 55 Ka the clirnate remains definitely cold until it reaches an
extreme cold period again about 25 Ka. The middle of this interval
encompassing MIS 3 provides a third series of interstadial soils (GS8,
GS9, GS l O) still more weakly developed than the previous ones. In
the aforementioned pollen and ice curves each of these interstadial
soils correlate with a grouping of a series of small peaks.
- As for the first group of warm interstadial soils of MIS 5d, c, b and a,
these interstadial fossil soils combine into two assemblages of each
three successive stages of soil developments. The possible time cor
relation between soil assemblages, "La Grande Pile" pollen diagram
in north-eastem France and the Greenland ice peaks as shown in
figure 3, proves that all these soils occupy a time-stable position in
sediment series and also their validity as climatic marker horizons.
- Actually, these sequences of soils can be traced step by step without
any interruption along the meridional geological/soil traverse from
the Dutch/Belgian boundary towards the equator (PAEPE & VAN
OVERLOOP 1 990b, VAN ÜVERLOOP & PAEPE 1 998) and in longitude
towards Russia/Siberia in the eastward direction (VELICHKO 1 975,
VANDENBERGHE & PrssART 1 993). The two geosoil traverses point at
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the global stability in time of their occurrence as well as of the glob
ally bound climatic succession of warm and cold peaks.
- After 24 Ka, the coldest period (MIS 2) is reached with the extreme
cold maximum of about 1 8-20 Ka in the middle of it. This goes along
with the sea-level drop all over the Earth which was at least 100 m
lower than today, and the great phase of desertification which started
in all of the currently known world deserts keeping pace with the
extension of the polar caps towards the equatorial belt pushing the
periglacial/permafrost regions in front of it until the Mediterranean
and alike belts.
- After 17- 1 5 Ka, global climate improved rapidly and again three
phases of interstadial soil development (GS l l , GS 12, GS 1 3), each
separated by cold phases of short duration, are observed. The warm
ing-up continued after 1 0 Ka when entering the current interglacial or
Holocene or MIS 1 , however, without any more sign of severe cold.
More on this subject hereafter in the next section.
- Finally it should be made very clear here that, notwithstanding the
fact that several warmings occurred during the Last Interglacial - Last
Glacial Cycle, and especially during the exceedingly warm ones in
the lenghty period after the Eemian Interglacial from 1 1 5 Ka till
73 Ka, thus lasting for almost 50,000 years, GRIP studies undoubt
edly pointed out that the Greenland lee was never totally melting
(SoucHEz 1 997) during the Eemian interglacial. Quite on the contrary,
at the initial phase of the three warmings, ice was rapidly increasing
in volume due to the higher amount of snow precipitation.
4.3. SHORT-TERM (SEDIMENT/Soa) TIME SERIES
- The Short-Term Time Series starts with the current interglacial of the
Holocene which is conventionally limited to approximately the last
1 0,000 years ( 1 0 Ka). As stated before, this period was devoid of
phases of extreme cold peaks as experienced during the preceding
Last Interglacial-Glacial Cycle and therefore considered as an inter
glacial. Notwithstanding that definition, there is the occurrence of
"The Little lee Age" in the middle of it, after the Medieval warming
up of 300 AD till 1 300 AD and the present one at the end of the
Holocene that started at the end of the 19th century and which has
now become a controversial matter whether it is natural or anthro
pogenic. Nevertheless, this warm-cold-warm sequence is suggesting
that the Holocene Short-Term Time Series proved of the existence of
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a series of still minor cycles within the last millennium. Quite evi
dently, the latter mentioned short cycles are of course of extreme
importance to trace periodicities with implications on a man's life
time. These different cycles will be analysed in successive order of
magnitude hereafter.
- Twenty fossil soils (PAEPE et al. 1 995) occur within the sequence of
the Holocene Interglacial of 1 0,000 years (fig. 4). All have been dated
archaeologically mainly on sites in Greece and compared to other
areas spread all over the world in China, Bangladesh, Belgium and
Equatorial Africa (VAN OVERLOOP & PAEPE 2000). This leads to the
same major general conclusions as for both long-term and middle
term time series, namely that soils are time stable in occurrence even
within shorter periods of time. This can, as of now, be formulated in
a rule or perhaps in a law, that soil occurrence obeys to a stochastic
process and hence is suitable for spectral analysis.
From the Holocene fossil soil sequence compared with the archaeo
logical periods in Greece four main soil/climatic cycles were estimated
since long (PAEPE & VAN OVERLOOP 1 995) as follows : 2,500, 1 ,000, 500
and 250 years :
1 . The 2,500 years cycle is subdividing the Holocene into four sections
known as the Boreal/Pre-Boreal Substage ( 1 0-7.5 Ka), the Atlantic
(7.5-5.0 Ka), the Subboreal (5.0 - 2.5 Ka) and the Subatlantic (2.50.0 Ka). This subdivision was also used by BLYTT ( 1 893) and
SERNANDER ( 1 9 1 0) for the first subdivision of the Holocene on basis of
vegetational assemblage of Scandinavia and reported as the Suess
Carbon dioxide cycle.
2. These sections tally extremely well with prehistorical/archaeolog
ical/historical periods in Greece respectively with the Mesolithic, the
Neolithic, the Bronze Age and the Historical Times. The Mesolithic is
dominated by the 1 ,000 years cycle and as of the Necilithic Period, the
500 yr and the 250 yr intervene as well.
3. All three become preponderant during the Bronze Age and the
Historical Times. An exceptional gap of drought corresponding with
the 1 ,000 years cycle, seems to exist since the middle of the Byzantine
till present. This positive correlation between border geological per
iods of climatic change and man's historical periods leaves no doubt
about the stringent impact on societal environment throughout the geo
logical and archaeological ages. Mankind seemingly had to adapt him
self, most often continuously, to meet with the new conditions of life.
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4. The 1 ,000 years cycle is undisputably the representative of the his
torical drought cycle as the historically known phases of famine cor
responding to soil development of the 8th century BC (Akominatos
Drought), l st century AD (Roman Drought), 1 2th century AD
(Byzantine Drought) and 20th century AD (Sahel Drought).
5. As the Mesolithic was in general dry only two fossil red soils were
observed. A greater variety of fossil soils carne into existence during
the Neolithic as it was much wetter than before and thereafter (Bronze
Age). Valleys were regularly uninhabitable. But this to some extent is
also true for the whole Holocene, becoming more accentuated during
the Historica! Period in which soil levels interfere rapidly with fluv
iatile boulder deposits.
6. Thus it can be said that fossil soils have another environmental mean
ing during the Holocene than before during the Pleistocene. During the
latter lee Age soils represented warm/wet interglacial phases whereas
during the current interglacial, soils represent drier phases with little if
any flooding in the valleys. Probably soils developed at the beginning
of each new drought, thus marking the transition of a wetter fluviatile
phase towards a dry arid environment. This is most probably the rea
son why on each successive new soil development, a new historica!
period is located. As societies at that time were more easily subject to
devastation and as conditions of wealthy soil development between a
fluviatile and a drought phase were short, civilizations did not last very
long which fact also encompasses with the rapid changes of historica!
periods keeping pace with each new soil development allowing settle
ment and transport easily.
7. Thus it may be concluded that natural drought in the Bronze Age and
Historical Times most probably was the major factor in the rise and fall
of civilizations much more than sea-level changes and floods. It
explains why the understanding of the Earth's warming-up is of
extreme importance for modem society more than anything else relat
ed to natural hazards.
8. Finally, periods of drought throughout the Holocene are not related to
absolute major rises in temperature as is mainly the case for the
Pleistocene. This is attested by the temperature curve of the Holocene
which shows little if any temperature variation through time when
compared to the Pleistocene enormous changes.
9. Desertification processes are thus more likely to be a result of changes
in humidity rather than in temperature although bath are coupled to
some extent. Moreover, precipitation over the last century seems not to
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have changed greatly either. Most probably other factors like the car
bon-flux should be taken into account.
Hence, it is important to compute rather than estimate presumed cli
matic ages and cycles.

5. Computation of Milankovitch and Complementary Periodicities

The lengthy geological explanation that is given before explains and
underlines the importance of the occurrence of fossil soils which proved
to occupy extremely time-stable positions in the sediment series. Hence,
their use as a stochastic parameter in time series of these sediments is
highly ascertained. Soils can thus be used in spectral analysis for compu
tation of cycles and cycle-boundaries and ages.
Moreover, soils and especially fossil soils are of a complex nature of
evolution and create a cycle of their own by which they appear as a stand
still in the normally ongoing sedimentation processes from which the soil
cycle must be disentangled. Soil levels therefore appear as stable bench
marks with sedimentation rate zero or standstill, in the sedimentation
sequence.
5 . 1 . MILANKOVITCH PERIODICITIES AS A RESULT OF EARTH' S ÛRBITAL CHANGES
Most of the modellers do not take the aspect of fossil soils into account
and that is probably why all attempts to use the classical Milankovitch
modelling methods based on orbital changes of the Earth (periodicities of
eccentricity 1 00 Ka, obliquity 4 1 Ka and precession 23 Ka) could not
successfully be applied to soils and land sediments.
Quite on the contrary, classica! modellers usually start from a precon
ceived model based on a certain amount of presumed parameters. All
classica! Milankovitch cycles established by these modellers have been
obtained in this way. The parameters in these models are in turn loaded
by databases, however, consisting of quite a limited number of data such
as temperature, air pressure, atmospheric carbon dioxide, sunspot cycles
and other climatological events. Besides, the last mentioned ones cover
the time span of only the last three centuries and the more recently
obtained satellite data, still more limited in time, are now being intro
duced as well.
The discussion remains quite relevant whether the combination of
recent short databases is compatible with those scaled over the last een-
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tury and much longer time. This means that a model and its final output
in such case merely depends on the modeller's own appreciation and
interpretation of the data as well as on the modeller's attitude towards dis
tinctive results that may be obtained. This was experienced with quite a
number of models dating back to the 1980s. Predicting of almost imme
diate huge disasters and certainly before the end of 1999 and throughout
the year 2000 was a common exercise. The fact that these predictions
never carne thrue soon after their prediction, was seen as normal. This is
the reason why irrealistic predictions of sea-level rises of 5 m and more,
amongst other catastrophes, were obtained and believed to be correct.
Growing scepticism amongst geoscientists was the result of it even
when in the early days of modelling they kept silent. Indeed most geo
scientists, especially geologists, were usually not involved in climatic
prediction. Furthermore, those geologists who were dealing with climates
of the lee Ages, since the end of last century, are used to work with "<leep
time" i.e. cycles of long range. Indeed it leaves no doubt that models in
which long-term databases are involved, such as those derived from the
marine and ice-core oxygen isotopes records, are more stable and provide
more realistic results. If a model would really be absolutely complete in
time and dimension, it could become trustworthy and offer a real-time
forecasting engine.
Up to now, classic modellers do not take preferentially, next to the
Earth's orbital parameters, small Planetary, Sun and Moon cyclicities into
account, although their existence is known since Newton and before.
Nevertheless, given the complex nature of climatic change on Earth,
modellers should become rapidly aware that such complementary cycles
to the Milankovitch ones, are clearly reflected in the geological record
especially in the fossil soil/sediment sequence which is a mirror of
several cyclicities combined. It is obvious that long-term climate fore
casting, taking into account these minor cycles, would provide a much
more realistic image for predicting future climatic global change.
Unfortunately, modellers in the field of climate and atmospheric pre
diction do not possess the necessary background in the field of geo
sciences of which, as stated before, a lirnited number of parameters are
taken up in their databases.
As all geoscientists realise very well (KuKLA 1989), the number of
parameters involved in land geology and landscapes is for the purpose of
classical modelling far too complex to be taken up in the model.
Furthermore, it is not enough just to take up an estimate of the landscape
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parameters if the geodynamic interrelationship between all these factors
is not sufficiently understood.
Hitherto, too many irrealistic images of the future climate have been
developed on basis of just a random choice of parameters and extrapola
tion into the future by manipulated adaptation of data such as : "quid
when the temperature is rising by 2.5 °C assuming that carbon dioxide
increase is of such and such order?" This "trial and error" methodology
does not suitably apply for geosciences on which climatic evolution of
the past and in the future relies considerably.
Conversely, geo-proxy-data from land records like recurrent palaeo
soils and gravel beds displayed over a long interval of time may not be
sufficiently well introduced in the models of the climate-modellers. In
conclusion, there is a real gap between methodologies of the classica!
climate modellers on the one side and the geoscientists on the other who
are used to computing real time in geological palaeoclimatic cycles.
Therefore "an absolute co�putation programme for geological proxy
data" bas been worked out for this purpose by VAN OVERLOOP ( 1 998).

5.2. EXPERT SYSTEM FOR SPECTRAL ANALYSIS ON CONTINENTAL DEPOSITS
In order to "compute" the Earth Orbital Cycles of Milankovitch as well
as the Smaller Cycles with an impact on the Earth's climate as well (i.e.
the Planetary Periodicities and Resonances, the Sunspot Cycles and the
Sun's Orbital Cycles), a genera! framework for the spectrum estimation
of a very broad area of signals or processes was formally designed.
Indeed it is well known that for very short data records obtained from
sampling of stochastic processes such as palaeosoil sequences, classic
spectrum estimators such as those originating from the discrete Past
Pourier Transformation (FFT) yield weak performances.
Nowadays more powerful modern spectrum estimators are available
which are based on a parametric modelling approach. Por instance, the
Auto-Regressive (AR), Moving-Average (MA) and the combined Auto
Regressive-Moving-Average (ARMA) models enable one to assess the
Power Spectra! Density of stochastic processes.
A unified framework for knowledge based on spectra! analysis (VAN
OVERLOOP 1 998) bas led to the design and implementation of a system
named ExSpect : a system for modern spectrum estimation for the use by
non-experts.
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Thus the investigation of periodicities bidden in geological parameters
could be obtained from the processing of continental geological samples,
i.e. from the so-called "geo-proxydata". So it could be demonstrated that
an enormous variety of "geo-proxydata" from long term till extreme short
term were displaying periodicities.
5.3. THE ExSPECT-MATLAB PROGRAMME
The choice of the best adapted Power Spectral Density (PSD)
Programme bas been developed (VAN OVERLOOP 1998) for detecting geo
logical cyclicities for which purpose the Autoregressive Burg Algorithm
was the best fitting for land geological data. It was incorporated in the
MATLAB mathematica! programme for Apple-Macintosh leading to the
name ExSPECT-MATLAB PROGRAMME.
The need for equidistance of the continental geological proxydata was
another requirement to be fulfilled as the detection of cyclicities is a per
formed (time) signal or stochastic processing approach. For this reason
another so-called Interpolgeo programme was written in Matlab for the
purpose of interpolating proxydata so that the conditions for both the
equidistance and the Shannon-Nyquist theorema could be fulfilled. To the
latter theorema all sampling processes must obey, i.e. that "when a
process is sampled at frequency f, spectral information is available only
up to f / 2".
Interpolgeo is opened in Matlab and adapted to the number of proxy
data points as well as to the required number of Shannon-Nyquist points.
The ExSPECT-MATLAB PROGRAMME is thus progressing in following
steps :
- Data are first transformed to satisfy equidistance using Interpolgeo ;
- The Autoregressive Burg Model is chosen as a robust spectrum estimator ;
- For the "Estimator" a model order is selected to obtain the best
results;
- Frequencies of peaks in the Power Spectral Density (PSD) are es
timated and plotted ;
- Next comes the "control with a periodogram" which is plotted
(Discrete Fourier Approach Transformation) ;
- Frequency peaks are detected and their value measured on the com
puter screen.
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5 .4. THE EsTIMATOR AND THE FREQUENCY PEAK lNrERPRETATION
Initia! visual inspection of the periodogram leads to the indication of a
periodic behaviour. From this plot the existence of successive peaks can
be derived, however, with a difference in amplitude as for example,
1 00 Ka with a higher frequency and 9.9 Ka with a lower frequency.
This is explained by the fact of an existing "harmonie" relationship
between the two figures being in this case 9.9 Ka - 1 0 Ka x 10 = 1 00 Ka.
The law of harmonies is well known from interplanetary ,relationships as
we will see more in detail hereafter.
5.5. CoNTROL CASES FOR THE ExSPECT-MATLAB CYCLE CoMPUTATION
METHOD
Since the ExSpect-Matlab Cycle Computation Method is totally dif
ferent in approach from the classica! modelling, the method had first to
be checked on various series of the very same time series that were cal
culated before by other modellers.
- Long-Term Series (5 Ma and 2.4 Ma) of Astronomical Data (BERGER
1 989) yields besides the same Milankovitch Periodicities, also
smaller ones : 10 Ka, 1 1 .5 Ka, 1 3 Ka.
- Long-Term Series (3.5 Ma) from deep-sea records (SHACKLETON
1 990) yields a 76 Ka ; Long-Term Series ( 1 .8 Ma) from deep-sea
records (SHACKLETON 1 990) yields a 69 Ka ; Long-Term Series
( 1 .2 Ma) from deep-sea records (SHACKLETON 1 990) yields a 1 26 Ka.
- Middle-Term Series of the Last Interglacial - Last Glacial Cycle on
Belgian loess (VAN OVERLOOP 1 998) yields 3 1 Ka, 2 1 Ka, 1 5 Ka and
1 0.5 Ka for the 1 27- 1 0 Ka range ; Middle-Term Series of the Last
800 Ka of the ·Pleistocene on Belgian loess (VAN OVERLOOP 1 998)
yields 94 Ka, 41 Ka, 23 Ka and 63 and 30 Ka.
- Computation of the Tertiary/Quatemary fossil soil land boundary on
different time series proved successful at 2.4 Ma.
It becomes clear that via the ExSpect-Matlab Cycle Computation
Method not only the already known cyclicities, but even new ones as well
as smaller ones, appeared to exist by calculation.
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6. Correlation of Planetary Periodicities
with Recent Fossil Soil Cycles

Recent fossil soils belong to the Short-Term Time Series of the
Holocene Epoch of the 1 0 Ka or even shorter periods as has been
described before in this paper. Some of the cycles obtained for these
Short-Term Series were also available in the Long-Term and Middle
Term Series as was also stated before.
It is an indication that all cyclicities, longer and shorter ones, have been
constantly present in all of these time series throughout the geological
ages. It once more points to the fact that geological benchmarks as
palaeosoils and changing sedimentary pattems under the agis of global
changing climate are the combined result of multiple factors which are
complementary to or, better, acting simultaneously with the Earth's
Orbital Cycles.
Close inspection of geological (i.e. in geological terminology "strati
graphical") data through time at the highest possible resolution level is
henceforth unavoidably related to all the smaller planetary periodicities
in order to investigate which kind of interferences determined geological
and landscape changes best expressed in the palaeosoil sequences.
6. 1 . SHORT-TERM CLIMATE FORCING AGENTS
The short-term cycles are the most important ones for understanding
the shortest possible climatic changes which may have a considerable
impact on man's societal environment. Herewith the question is raised
whether or not the upwarming since the end of the 1 9th century and rein
forced since the middle of the 20th century is anthropogenic or not. From
the very beginning in the 1 970s modellers were biased by the anthropo
genic origin of the "greenhouse effect" which they assumed to have been
active since the start of industrialization at the end of the 1 9th century.
Another syndrome was the Milankovitch Theory with regard to the lee
Age climatic changes based on the Earth's Orbital Changes.
It was only in the early 1 990s that some geologists started to protest
and some modellers started to accept that perhaps other scenarios should
be followed. There was the sea-floor spreading of the ocean related to the
continental drift ; there was the synchronous effect of palaeomagnetic
reversals and events with major climatic changes over the last 3 Ma years,
etc. But the order of magnitude of these quite striking events lay far
beyond the limits of a hundred years cycle in which decadal fluctuations
were observed.

·
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It appears very unlikely that decadal fluctuations are only the exclusive
results of Earth's Orbital Changes and Anthropogenic Greenhouse Gases.
Rigorous interlocking of cause and effect is still not proven on that basis.
There are a number of short-term climate forcing agents which have
neither been introduced by modellers nor compared with short-term
palaeoclimatic geological/archaeological evidence. Fairbridge made an
attempt as of 1 987 and further on more successfully in 1 994 and 1 996, to
analyse the impact of what he called the Holocene Astronomie Cycles
(FAIRBRIDGE 1 994).
6.2. BASIS OF CALENDAR OF CLIMATIC CHANGES
Three combined independent datasets can be forwarded as time series
spanning the last 1 0 Ka. They form the evidence of the so-called Calendar
of Climatic Changes based on the Holocene Astronomie Cycles
(FAIRBRIDGE 1 994) : the Radiocarbon flux rate, the Dendrochronology and
the Astronomical Periodicities of Planetary Groups. The latter are
"impulse moments" of bypassing planets which create a "torque" influ
encing each others "spin velocity". They obey to the "Titius-Bode Law"
revealing that distances separating any pair of planets correspond to sim
ple ratios as 1 : 2, 2 :5, etc.
At this stage a number of definitions must unavoidably be introduced
without which later conclusions cannot be interpreted properly :
- The sunspot activity is inversely proportional to the radiocarbon
C14-flux rate observed in tree rings (dendrochronology) and to the
intensity of the geomagnetic field : 6 to 1 1 years cycles.
- The C14-flux rate shows 32 warming trends and 20 cooling trends
during the Holocene. Moreover, the warming trends coincide with the
odd (Neptunus-Uranus Lap [*] = 1 7 1 .4 1 yrs) NUL-Resonance
Cycles, the cooling ones with the even NUL-Resonance Cycles.
- Periodicities of Planetary Couples, expressed as the "Beat Frequency
BF", are related to the above-mentioned fundamental harmonie tunes
which are commensurable. The known BF for Pleistocene sediments
is 93,4 1 8 years. The BF of the Satum-Jupiter Lap (SJL) is
1 9.86 years.
- Planetary Resonance Periods (RP) are interactions of planetary per
iodicities. The Sun's Orbital Precession (SOP) is 178.73 yr (= 9 x
[*] LAP as used in its sporting arena sense

!
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SJL/6 x USL / 5 x NSL / 14 NJL) which is the most fundamental and
close to the Sunspot Cycle (SSC) 1 6 x 1 1 . 1 2 yr or 177 .92 yr ; the RP
for the three outer planets is 3 1 7. 75 yr (23 x UJL / 16 x SJL / 7 x
USL) and for the inner planets, the Sun and the Moon, is 1 39.01 yr.
They are the most important ones for influencing the climate on
Earth.
- The moon's nutation cycle or nodal regression (LN) of 1 8 .6 yr leads
together with the SJL of 1 9.86 yr to the key resonance of 297.8 1 yr
( 1 5 x SJL / 1 6 x 1 8.6 LN). The key resonance bas a synergetic effect
on the Earth's climate : the SJL on the solar radiation and the LN on
the geomagnetic field and henceforth on the C14-flux. Therefore
Fairbridge bas brought the key resonance in relationship to drought
cycles.
It should be quite clear by now that planetary periodicities have a
strong influence on the Earth's climate. It is very much questioned how
this infers with the impact on landscape and environmental evolution of
the Earth. The answer is positively yes. Otherwise it could not be under
stood why spectral peaks of the fossil soils tally with the planetary per
iodicities and resonance cycles at the highest possible resolution.
However, a minimum of a 250 years' evolution is absolutely required for
a minimal natural soil development.
6.3. CoMPUTATION OF SPECTRAL PEAKS OF HOLOCENE FossIL SoIL CYcucITIES
After controlling the Long-Term and Middle-Term Time Series, it is
now appropiate to control also the natural authenticity of the short-term
periodicities obtained by means of archaeological dating of the
20 Holocene soils found in archaeological excavations in Greece (PAEPE
VAN OVERLOOP & FAIRBRIDGE 1 997, VAN OVERLOOP & PAEPE 2000). It is
indeed not enough to have simple rough "estimates" of soil periodicities
even when the Greek sequence seems to have global equivalents in
archaeological sites elsewhere in Europe, of the Loess Plateau nearby
Xian in China, or equally in north-east B angladesh along the Ganges, or
in the Ruzizi Plain of Burundi, in the pueblo archaeological sites of New
Mexico (USA) and even in fluviatile deposits of the Rio Doce in Brazil,
just to mention the wide distribution of this sequence.
The fact that the palaeosoils of this sequence occur throughout the
Holocene in the same time-bound position all over the Earth, is an in
dication of a global forcing. In order to obtain adequate conclusive results
,
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about the estimated periodicities, the ExSpect-Matlab Cycle Com
putation Method bas been tried out on the granulometric median size of
the sediment sequence, fossil soils and interfering sediments combined
(VAN OVERLOOP 1 998). Hereafter the results of this exercise will be dis
cussed :
- Spectra) peaks for soil & drought cycles from Greek archaeological
data :
3183 yr 1853 yr 1 163 yr 927 yr 513 yr 319 yr 298 yr 220 yr 146 yr 108 yr 86 yr

- Comparable Planetary Correlations (FAIRBRIDGE 1 996) :
893 yr 514 yr 317 yr 298 yr 223 yr 149 yr 1 12 yr 89 yr

Harmonies are :

1

3

4

6

8

10

- Spectra compared with astronomie cycles lead to perfect correla
tion :
927 yr : -893 yr : 5x l 78.7336 yr SOP ; 80x l 1 . 1 2 yr SSC ;
45x l 9.859 yr SJL ; 48x1 8 . 6 1 34 yr LN ;
513 yr : -5 1 4 yr : 3x17 1 .4 yr NUL synod ;
319 yr : -3 1 7/3 1 7.75 yr main resonance of three outer planets
(23xUJL ; 16xSJL ;7xUSL ; no Neptune) ;
298 yr : -298/297. 8 14 yr Key Resonance ; 1 6x 1 8. 6 1 34 yr LN ;
1 5 x l 9.859 yr SJL ; 27x l l . 1 2 yr SSC ; 20x14.894 TBF (TBF : Tidal
·
Beat Frequency).

This Key Resonance = 48 x 6.206 yr BF SJL/ LN bas thus a synergis
tic effect on Earth' s Climate
1 . via SJL on the Sun Radiation ;
2. via LN which modulates the geomagnetic field, henceforth the C14 -flux
and the earth's climate.
220 yr : -223/223.35 yr : 1 5x 14.894 yr TBF ; 36x6.206 yr BF SJL/LN
(Beat Frequency of SJL/LN ) ;
146 yr : -1491148.94 yr : 1 3x l l . 1 2 yr SSC ; 1 5x 1 4.894 yr TBF ;
24x6.206 yr BF SJL/LN ;
108 yr : -1 1 2/1 1 1 .7 yr : l Ox l 1 . 1 2 yr SSC ; 1 8x6.206 yr BF SJL/LN ;
86 yr : -89/89.37 yr : 6x 14.894 yr TBF ; 8x l l . 1 2 yr SSC.

This stringent "perfect" correlation between features such as the occur
rence of past soil levels at different phases of the Earth's land surface and
those from space as the planetary periodicities imply, point to a strong
and direct relationship. It leaves no doubt that short-term planetary
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periodicities control the evolution of the Holocene fossil soils as well as
the sedimentation cycle between the soils.
6.4. SPECIFIC REMARKS ON ARCHAEOLOGICAL ESTIMATED MAJOR CYCLES
The estimated drought and carbon cycles on basis of the archaeologic
al evidence need some discussion in the light of the Planetary Periodicity
and Resonance Cycles :
1000 yr Drought Cycle : Fairbridge considers the Key Resonance
(-300 yr) as the forcing of the drought cycle ; in conclusion 3x297 . 8 1 4 yr
=
893.442 yr-900 yr. This is close to the rough estimate of the
1 ,000 years drought cycles based on archaeological evidence. Fossil soils
are dated "ante-quem" which always leaves the possibility of a consider
able hiatus. ExSpect solves that problem, since the computed soil cycles
encompass perfectly the planetary periodicities.
2500 yr Carbon Cycle : Suess introduced this cycle as the most
probable evidence of the broad geological subdivision of the Holocene as
was indicated before. The figure of 2502.26 also equals : 1 4xSOP ;
28x88.96 yr Spectra! Peak (8xSSC) ; 1 2x208.52 yr Principal Peak of
Treering C14-flux. FAIRBRIDGE ( 1 994) points again to its relationship with
the planetary cycles. It also subdivides similarly the Greek prehistoric
al/archaeological record into respectively the dry/cool Mesolithic ; the
wet/warm (including the Climatic Optimum) Neolithic corresponding to
the steep sea-level rise and flooding of coastal plains and valleys ; the
generally drier/cooler Bronze Age with frequently changing shorter
cycles corresponding to soil/subdivisions of the Bronze Age as well and
the sea-level rise asymptotically smoothing off indicating that all coastal
plains and valleys were filled up almost to the level of today at the end of
that period ; in the following Historical Times it became in genera! wet
ter and warmer again leading to strong fluviatile ("wadi" type or "xero
potamos") gravel type accumulations interrupted by the earlier men
tioned four drought phases at the beginning of which the fossil soils were
formed (PAEPE et al. 1 984).

6.5. SPECIFIC REMARKS ON PLANETARY ESTIMATED MAJOR C YCLES
Same major planetary periodicities and resonance cycles reveal cold
and warm cycles with "anchor points" in the climatic evolution of the
Holocene and seem to dominate it (FAIRBRIDGE 1 994) :
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8570.46 yr Cycle : the period of all four giants (outer planets with
Neptune) : at 27x3 1 7 yr USJL it resonates with 50xNUL, 9x953 yr (a C14
spectral peak) and also closely with 4 1 x208.52 yr Principal Peak of
Treering C14-flux, 48xl 78.7336 yr SOP, and 460x 1 8.6 1 3 yr LN. It is the
longest cold-peak to cold-peak cycle I the Holocene ; to quote FAIRBRIDGE
as stated in 1 994 : "its dates provide two cold-cycle "anchor points" for
the Holocene (7265 BP [*] and 1307 AD). The figure 7265 BP is near
the beginning of the Neolithic Period and 1 307 AD the Middle Byzantine
Period. The figure 8570 BP
5142 yr major cold cycle : this long cold cycle is derived from the
major even cycle of the NUL (30x l 7 1 .4 yr). It corresponds with the start
of the drier Bronze Age/Subboreal Stage. Smaller cold cycles also coin
cide with other even NUL cycles x2 = 343 yr and x 1 2 = 2056 yr.
4628 yr major warm cycle : it corresponds to the major odd cycle of
the NUL (27x 1 7 1 .4 yr). Smaller warm ones are 857 yr = 5x 1 7 1 .4 yr NUL
and 1 543 yr = 9x l 7 1 .4 yr. lts dates provide two warm-cycle "anchor
points" for the Holocene (5720 BP and 1090 BP). The figure of
5720 BP occurs in the middle of the Atlantic/Neolithic period nearing the
Climatic Optimum. Discounting 4628 yr from 5720 BP, the next warm
cycle occurs at 1 092 BP which is coinciding with the beginning of the
Roman Drought. Equally adding 4628 yr to 5720 BP, the beginning of the
Holocene is reached at 1 0348 BP which date is known since long as the
beginning of the Holocene and which may be coinciding with the strong
warm cycle which is responsible for the development of the Marathon
Red Soil.
It may be readily concluded that a number of both outspoken warm and
cold cycles dominate firmly the total time span of the Holocene which no
doubt are interwoven with each other and with other cycles of even short
er range as well not to forget the Milankovitch Orbital Cycles with which
they may conclude interferences. It is realized hereby that further com
putation may lead to another series of striking correlations which lies,
however, beyond the scope of the present paper.

6.6. DATING OF THE HOLOCENE FOSSIL SoIL LEVELS
For the dating of fossil soils a "rehearsal of the most important ele
ments" of the preceding review of planetary periodicity and resonance

[*] BP : Before Present.

·
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cycles will be reviewed and selected here. One for sure, the computed soil
periodicities encompass the planetary cyclicities by which the close rela
tionship between the occurrence of fossil soils in the sediment sequence
as a result of the planetary forcing has been proven beyond doubt.
Over the last 8570.46 yr, the dendrochronological established C14-flux
rate variables point to 32 departures that led to climatic warming and 20
that led to climatic cooling as was already stated before. 1 4 are classified
as major warmer spells and 1 2 are cold peaks. This may explain why in
some cases of the archaeological excavations dealt with, 20 fossil soils
and in other cases only 1 2 are counted for the palaeosoil build-up of the
Holocene.
In general, whatever warming is dealt with, they tend to persist 200300 yr while the cold intermediate episodes are more like spikes of 501 50 yr. The random estimate for a minimum soil development age of
250 yr in average was already advanced earlier from field studies and
archaeological datings whereas the fluviatile colder intervals of gravel
sedimentation appeared to be considerably shorter. With this specification
in mind 40 fossil soils could eventually occur in the Holocene time series.
Nevertheless, the duration of soil development is still a matter of dis
cussion amongst soil scientists and geologists especially when dealing
with palaeosoils. With regard to the latter discussion, preference goes to
the connotation GEO-SOIL because fossil soils are considered as a time
bound stratigraphic Member and most of all they are no longer complete
in terms of "soil solum". This is also the reason why sometimes there are
counted only 20, and even less, only 1 2, most probably due to the fact that
fossil soils are irregularly spaced, i. e. more widely spaced at the begin
ning of the Holocene before the Climatic Optimum is reached, while
spacing becomes denser in Historica! Times, after the Kallikleios Soil at
2700 BP when the landscape surface was flattened off till nearly present
surface level.
The C14-flux departures, both positive and negative, seem to fit into this
fossil soil record as part of the astronomical framework of planetary
motions that are believed by some geoscientists at least (and not neces
sarily the classica! modellers) to trigger radiation fluctuations on the Sun.
The lowest frequency (longest period) planetary orbital variations are
dominated by the 1 7 1 .4 yr Neptune-Uranus synodic lap, and even more
by the Triple NUL synod, 5 14 yr (FAIRBRIDGE 1 994).
On basis of the C14-flux minima and the Key Resonance inferring the
synergistic effect on the Earth's Climate via the impact of the Saturnus
Jupiter Lap on the Sun's radiation and the Moon's nutation cycle LN
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which, a s stated before, modulates the geomagnetic field and henceforth
again the C14-flux, principal holocene drought/soil cycles were compared
to planetary correlations (see table 1 from PAEPE, VAN ÜVERLOOP &
FAIRBRIDGE 1 997). It goes without saying that the correlation between the
datings obtained by C14-flux minima and the Key Resonance on the one
side and those from the archaeological estimates on the other are very
strikingly close.
The estimated archaeological values of the fossil soil ages (table 1 )
encompass the ages obtained by planetary correlations. As the planetary
periodicity and resonance cycles were also in perfect agreement with
ExSpect Matlab Computation of the fossil soil periodicities computed
from the same estimated values by VAN OVERLOOP ( 1 998), these age
determinations are demonstrating again the affinity between fossil soil
cycles in short-term time series and the corresponding planetary period
icities and resonance cycles. All the planets and not in the least the Moon
are linked by a complex matrix of harmonies and resonances, some of
which are linked to the activity fluctuations of the Sun and thus to terres
trial clirnate variables. It is also proven that a great number and variety of
cycles control the short-term fossil soil development and the clirnatic
Table 1

Principal Drought Cycles compared to Planetary Correlations
Geo-soils

HS 1
HS 2
HS 3
HS 4
HS 5
HS 6
HS 7
HS 8
HS 9
HS 10
HS 1 1
HS 12
HS 1 3
HS 14
HS 1 5
HS 16
HS 17
HS 18
HS 19
HS 20

Approx.

14C flux minima

Key Resonance

Dating BC

in BC

297.814 yr

7300 BC
6300
5 100
4800
4000
3200
3000
2700
2000
1750
1550
1 100
800
450
250
50 AD
300
575
900
1 800

7400 BC
6270
5 1 20
4819
4060
3220
2960
2800
2000
1790
1550
1 140
870
460
280
40 AD
300
590
920
1790

7436
6244
5052
4754
4158
3264
2966
2668
2072
1774
1476
1 178
880
580
284
74 AD
312
610
908
1 802
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changes, especially the drought cycles of 1 1 63/927 yr, 5 1 3/yr5 14 yr
together with the key resonance of 297.814 yr. Furtherrnore good cor
relation is obtained with 45 .39 yr USL, 4 1 7 yr SJEVL (Satumus-Jupiter
Earth-Venus Lap), 208.5 yr PTR (Peak Tidal Resonance) and 1 7 1 .4 NUL
as well.
Especially the short cycle of 1 08 yr deserves great interest here as it
definitely relates to the SSC (Sunspot Cycle) pointing to the possibility
that the last 1 00 years upwarming of the 20th century may be a natura!
one.
Anyhow, all these planetary periodicities seem to expand the Holocene
periodicities to the Late Pleistocene and down into the Middle
Pleistocene record as the Bond Cycles proven from the Greenland lee
Core studies.
Actually, in the latter, the same pattem is followed for the warm cycles
5-9-27 NUL (4628 yr) and for the cold ones the 2- 1 2-30 NUL (5 142 yr).
This is another indication that the Milankovitch Cycles are not the sole
ones to control the position of the palaeosoils in the pleistocene glacials
and interglacials.
7. Specific Remarks on the Afore

1 . ExSpect-Matlab computed fossil Soil Spectral Peaks of the
Holocene and of the equally short periods in the Pleistocene demon
strate a rigorous proven correlation with planetary periodicities and
resonances. In the Pleistocene they interfere with the longer
Milankovitch Cycles of the Earth's Orbital Change. Milankovitch
Cycles alone are thus inadequate to explain past climates or predict
future.
2. The 2 0 or 1 2 Holocene soil series show excellent age correlation
with the minima peaks of the C14-flux and the Key Resonance of the
SJL-Satumus-Jupiter Lap and the LN- Lunar nutation cycle. The
20 holocene soil series also encompass the 20 cooling trends of the
even NUL-Neptunus-Uranus Lap resonance.
3 . Periodicities of Planetary Groups (Beat Frequency e.g. for the
Pleistocene 93,4 1 8 yr and SJL 1 9.86 yr) and Planetary Resonance
Periods (SOP-Sun Orbital Precession 178.73 yr ; 3 outer planets
3 1 7.75 yr ; NUL- Neptunus-Uranus Lap 1 7 1 .4 1 yr and the outer and
inner planets, the Sun and the Moon 1 39.0 1 yr) are the best cor
relable ones for the geological/soil climate evolution on planet Earth
for short-term periods.
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4. The Holocene Drought Cycle shows a double spectra! peak at
1 163/927 yr close to the estimated drought cycle of 1 ,000 yr on
basis of archaeologically dated soil cycles : it is correlated with the
SSC-Sunspot cycle (80x l 1 . 1 2 yr), the SOP-Sun's Orbital Precession
(5x 1 78.73 1 yr), the SJL (45x l 9.859 yr) and the LN- Lunar nutation
cycle (48x l 8. 6 1 34 yr). It may also be a triple multiple of the Key
Resonance 297 . 8 1 4 yr. The Drought Cycle may also occur as a
hernicycle of 1 ,000 yr as reflected in the spectra! soil peak of 5 1 3 yr
corresponding with the Neptunus-Uranus Lap synod (3x 1 7 1 .4 yr
-5 14 yr).
5. Other cycles a s 220 y r and 146 y r correlated with the average
duration respectively of Holocene Soil Development and the inter
mediate shorter fluviatile sedimentation cycles are reflecting a num
ber of beat frequencies respectively 1 5x l4.894 yr Tidal BF ;
36x6.206 yr BF SJL/LN (Beat Frequency of SJL/LN ) and again
1 5x 14.894 yr TBF ; 24x6.206 yr BF SJL/LN with 1 3x l l . 1 2 yr SSC
as well.
6. Finally the 108 yr and 86 yr may explain the last century's
warming-up since the end of the 19th century as a natural one
occurring as part of the long-term drought cycle of 900/1000 yr.

It can actually be correlated with respectively l üx l 1 . 1 2 yr SSC ;
1 8x6.206 yr BF SJL/LN and 6x 1 4.894 yr TBF ; 8x l 1 . 12 yr SSC. The
latter are clearly attesting of a century's upwarming under the agis
of the SSC-Sunspot cycle, SJL-Saturnus-Jupiter Lap and the LN
Lunar nutation cycle as well as the TBF-Tidal Beat Frequency.
7.

Comparison of Eemian/Last Interglacial and Holocene/Current
Interglacial : Climate modellers predict that the Earth's Orbital el

ements within the next 50,000 years beyond the Holocene will show
little if any changes in the insolation spectrum as it is expected that
eccentricity and precession will remain minimal and obliquity
dirninish (BERGER 1 998). Therefore, it is concluded that contrary to
the period following on the Eernian-Last Interglacial Stage some
1 1 5 yrs ago, a longer interglacial warm stage of 50,000 years for the
Holocene-Current Interglacial is to be expected continuing the pres
ent warming-up. It should be noticed hereby that the Eernian-Last
Interglacial Stage s.s. which lasted from 1 27 Ka through 1 15 Ka
covers a time span of equally 1 2,000 yrs sirnilar to the Holocene if
the warming-up since 1 2,000 yr ago/the Allerji!d Interstadial is
included. It should also be recalled here that after the Eernian-Last
Interglacial Stage s.s., climatic warming lasted at almost the same
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degree of intensity as well over a period of more than 50,000 years
until 73 Ka. In fact, two warm phases of equal length of about
1 2,000 yr followed respectively between 1 05 Ka-93 Ka and 85 Ka73 Ka. Thus, if the Eemian-Last Interglacial Stage s.s is included,
three warm phases occurred in the first half of the Eemian-Last
Interglacial - Last Glacial Cycle 1 27 Ka-73 Ka. For all three phases
the warming sustained at the same intensity despite two short severe
cold phases that occurred respectively around 1 10 Ka and 90 Ka.
Also another two smaller cold peaks occurred in the middle warm
period ( 1 05 Ka - 93 Ka) as shown in the pollen diagram of "La
Grande Pile" (although lacking in the ice curve of Greenland). It is
known that the situation in the Earth's orbital behaviour during
MIS 5 {the Eemian-Last Interglacial Stage and the next two warm
phases) was stronger (BERGER 1998) than now in the Holocene. In
spite of the occurrence of two relatively short strong cold peaks and
some minor ones in the middle phase of the lengthy warm period of
50,000 yrs after the Eemian-Last Interglacial Stage, the prevailing
warming trend of all the climate warm stages between 1 1 5 and
73 Ka was absolutely not affected by the cold interruptions. It was
the very cold peak of 73 Ka that put an end to this long lasting warm
period all over MIS 5 from 1 27 Ka till 73 Ka. Hereafter severe cold
Glacial conditions prevailed until 1 2,000/10,000 years when the
Holocene-Current Interglacial arrived.
8 . Interglacial-Glacial Analogues of the Long-Term Time Series.
Analogues of "warm initia! interglacials being followed by two
equally warm phases" extending over a time span of 50,000 years in
the first half of Last-Interglacial - Last Glacial Cycles, are normal
for the entire range of the Pleistocene before the Eemian-Last
Interglacial. The best observed analogues of these triple warm pha
ses at the beginning of each cycle occur in the geologically contin
uous loess series of China, South Siberia and Europe. One of the
strongest triple warm succession is provided by the S5 tropical soil
group (Lru 1 985) on the Loess Plateau of China as shown in
figure 2. It confirms also the statement that all Interglacial-Glacial
Cycles, alike the Last-Interglacial - Last Glacial Cycle, are sub
divided in two equal parts : a warmer one in the first half and a
severe cooler one in the second half. Transitions between warm to
cold and vice versa are abrupt.
9. Predicting Future Climatic Evolution. The prediction of a long
warm period after the Holocene-Current Interglacial (BERGER 1998)
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lasting for another more or less 50,000 years is thus totally conform
with what happened during the Eemian-Last-Interglacial - Last
Glacial Cycle and all other analogues before during the Pleistocene
till 2.4 Ma. lt should be reminded though that even the severe cold
peaks during the 50,000 years of the earlier "warm" half of the Last
Interglacial - Last Glacial Cycle did not affect the heating. Actually
after each cold peak the warm climatic aftermath of the Last
Interglacial was restored at bath repeatedly occasions. Only the
severe 73 Ka cold drop made the climatic change irreversible. lt may
then be questioned if in the absence of such cold peaks as previous
ly observed in the time interval of 1 27 Ka-73 Ka, the post-Holocene
period will simply accumulate heat without any restriction over the
next 50,000 years in the prolongation of the present warming-up till
the new Glacial Phase stops it. The belief in the suggestion of a
langer prevailing interglacial situation of the Holocene is only based
on the trend of Milankovitch cycles. lt may be true that no such cold
peaks as the ones observed at 1 10 Ka and 90 Ka for the Last
Interglacial-Last Glacial, will reappear for that reason. The interfer
ence of two extreme cold phases corresponding to Milankovitch
cycles of the Last Interglacial - Last Glacial Cycle clearly proved
not to hamper the three successive phases of warming-up. Neither
did the smaller cold cycles of the middle warm phase of a total
length of maximum 1 2,000 years, the origin of which are smaller
cold peaks most lik:ely the result of planetary cycles more spe
cifically of the 5, 142 yr major cold cycle operating inside the
Milankovitch Cycle. Actually, it is not likely that the planetary forc
ing on the climatic evolution as extensively explained before, stops
its activity in the next 50,000 years.
10. Increase in C02 concentration : the assumed rise (BERGER 1 998)
from 440 ppmv in 1 999 to minimal 550 ppmv at the end of the
2 1 st century implying a 1 .5 °C increase and to 750 ppmv at the end
of 2300 implying a 2.5 °C rise, remains within the range of the
Eemian maxima and of the two warm phases occurring within the
50,000 yrs beyond the Eemian 5e Stage as well. lt is known that the
Eemian sea level at its maximum was 3 to 5 m higher than today.
Yet, from the geoscientifical point of view it is believed from the
model of the Eemian/Last Interglacial - Last Glacial Cycle, in an
equally long lasting natura! warming, after the Holocene-Current
Interglacial has carne to an end. Even when there is no similar
Holocene-Milankovitch scenario as for the post-Eemian interglacial
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extension because of the minima values of the Earth's Orbital
Parameters, Planetary forcing will keep controlling the climatic evo
lution over the next 50,000 years to come as it bas been the case in
the past. Actually, as stated before, the triple warming which bas
always been present in the first half of all interglacial-glacial cycles
of the Pleistocene (with even higher temperature rises than today
and than during the Eemian as well) have without any doubt been
subject to orbital changes and planetary cycles all the time.
However, high or low, climate retumed to normal again every time.
If Milankovitch control fails to exist in the next 50,000 years as
stated by BERGER ( 1 998), it is hard to believe that the planetary con
trol will fail totally at the same time as well. Otherwise the whole
planetary system should collapse. And as it bas been observed, the
planetary control is strong enough to control and keep soil time
series in a regular time schedule. Only some differences as to the
intensity of soil development have been observed keeping pace with
the planetary forcing. However, no continuous increase of a temper
ature rise to the point that the Greenland lee will disappear, as is
suggested by modellers, seems a reasonable conclusion considering
the experience of all former interglacials during which no such
evidence bas been observed. Yet it may readily be concluded that the
natural climatic warming-up is a real and unavoidable threat of
much greater impact than the presumed anthropogenic one by the
modellers. Volcanic outbursts and earthquakes encompass greater
forces than any nuclear experiment may cause. In the light of the lat
ter statement it seems not quite realistic to assume that the present
warming can be controlled by diminishing the "greenhouse gases"
or by stopping "natural warming". The "planetary beat goes on".
1 1 . Homeostasis and Permafrost : MELNIKOV ( 1999) in bis inaugural
speech at the Royal Academy of Overseas Sciences on 26 November
1 999 put great emphasis on the fact that warming-up in the perma
frost area of Siberia in the recent past is in the order of 3 °C. Quoting
ÜILICHINSKY et al. ( 1999), one of bis collaborators, he even stated
that not only the surface permafrost of the tundra is involved but the
deep permafrost as well. The release of permafrost-bound "green
house gases" in a recent future may hence become considerable just
as at the time when permafrost disappeared from the periglacial area
during the postglacial warming-up. The amount of total carbon pres
erved in the Late Pleistocene sediments of Siberia, called "yedoma",
occupying l x 1 06 sq.km with an average thickness of 30-40 m, is in
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the order of 400x 1 0 1 5 g C. This is comparable with the entire
global terrestrial biomass of which 1 0 % of the carbon was convert
ed to methane at the Pleistocene - Holocene transition and which
also caused the increase of CIL in the atmosphere at that very same
time. In fact 70 ppmv increase in C02 in the Pleistocene - Holocene
transition requires a source of 1 50x l ,0 1 5 g of carbon. There was the
20x1 06 sq. km covered by ice that became free and could potential
ly release 20x l ,0 1 5 g C. The remainder was thought to have been
provided by the ocean stored carbon. However, at that time the
extension of the permafrost included the periglacial area which was
much larger than the present day permafrost region and was extend
ing to the latitudes of North Africa starting from Europe and to
North Mexico starting from North America, covering at least
1 0 times the present permafrost region. Hereby the permafrost
extent of the Southem Hemisphere and of the mountainous areas all
over the world, are not precisely known. A rough estimate, however,
strengthens the belief that there was at least 20 times as much as the
present ice covered area which gives an idea of the potential release
of 200x 1015 g C to the atmosphere. Thus it is quite possible to
imagine that land periglacial areas could have provided the neces
sary amount 1 50x 1 0 1 5 g C atmospheric increase at the Pleisto
cene/Holocene boundary. As Gilichinsky stated this has happened at
each of the Glacial-Interglacial transitions before and during the
Pleistocene. Hereby, no estimate is provided for the permafrost
decay of huge periglacial areas that were inundated by the sea after
the glacial maximum. Bore holes in the So,uthem North Sea Bight
do not testify of "frozen ground" that was left in the pleistocene
sediments of the sea bottom although periglacial permafrost features
are commonly found. Carbon dioxide emission together with other
greenhouse gas releases into the atmosphere since the Pleisto
cene/Holocene boundary is thus not a particular phenomenon of
today under the presumed actual anthropogenic greenhouse effect.
Furthermore, it would be an erroneous way of thinking that this
boundary would have been established at one sudden moment.
Instead it must have been gradually built up from plain cold desert
conditions towards the Climatic Optimum .of the Holocene. But
even that Climatic Optimum was able to fade away all of the per
mafrost features and areas as is still attested today. Even when the
physical conditions are fulfilled for the decay of permafrost, the
other perhaps more difficult factor to be required is time ! This is the
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factor of "homeostasis" as explained by MELNIKOV ( 1 999) : the res
istance of landscapes to changing conditions is an attempt of reg
ulating the changing conditions. It was the triggering effect of
homeostasis that saved the Greenland lee of complete disappearance
in the Eernian and now in the Holocene. Thus the question remains
if all of the permafrost and the ice will ever decay. Actually, as is to
be concluded from former much stronger Interglacial Stages as
described before in the Long-Term Cycle of 2.4 Ma, even under
doubling and more of the Eernian-Last Interglacial in intensity, the
old buried ice and deep permafrost bas never completely decayed.
Finally, as long as there is no irrefutable proof that the anthropo
genic warming will compete with the natura! one, climatic warming
up will remain natura! and not be subject at all to an artificial unlim
ited rise of temperature.

8. Conclusion

Further to the control of Long-Term and Middle-Term climate changes
by the Milankovitch Cycles, Planetary Cycles are of utmost importance
for the sake of Short Cycles. Spectra! peaks of Holocene soil cycles per
fectly tally with ages of spectral peaks of planetary cycles and dating of
soil ages encompass 14C-flux minima and Key Resonance of the Planetary
Cycles. Henceforth, it is concluded that the last century's and present
"Sahel" warming-up is a natural one, completely in line with the his
torica! drought phases known as periods of drought. The geoscientist's
conclusion is that the next 50,000 years of warm climate as a prolonga
tion of the Holocene, are not different from all other interglacials over the
last 2.4 Ma and will be controlled by planetary cycles.
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SUMMARY. - The overwhelming majority of scientific experts believe that human
induced climatic change is inevitable. The question therefore is not that of whether or not
but the magnitude, geographic pattem and temporal conditions of the anticipated change.
According to the lntergovemmental Panel on Climatic Change, Africa was projected to
warm more than most regions of the world, and many parts of Africa might experience a
decrease in precipitation, the projected changes leading to the arid and semi-arid areas
becoming even drier. Environmental consequences of this prospective are enormous : a
decrease in agricultural productivity, an increase in the incidence of vector-home dis
eases, particularly malaria and dengue, the disruption of natural ecological systems, and
the displacement of peoples living in low-lying coastal regions. The real challenge to the
international community and fraternity is to ensure that countries are made less vulner
able to natural climatic variability and consequently, less vulnerable to long-term human
induced climatic change. Doubts still linger that the mechanisms now in place (e.g. post
Rio Conventions) are effective and sufficient to face up to the global challenge likely to
result from such adverse impacts.

Understanding Climate Change Impacts :
a Matter of Complex Interactions

The magnitude and pace of human impacts on global life-support sys
tems, combined with growing human population, means that the chal
lenge of meeting human needs is going to grow. The United Nations pro-
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Fig. 1 . - Linkages among various ecosystem goods and services ; food, water, biodi
versity, forest products and major agents of global environmental change (adapted from
WATSON et al. Protecting Our Planet : Securing Our Future, UNEP, NASA, World Bank
Washington D.C. 1998).
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jections suggest that an additional one third of global land cover will be
transformed over the next one hundred years (WALKER et al. 1 999).
Humans currently use 54 % of accessible freshwater run-off. It is pro
jected that by 2005, this demand will have increased to more than 70 %
of run-off (POSTEL et al. 1 996). The competing demands for goods and
services from the global life-support systems mean that fierce trade-offs
will continue and intensify over time. Add to this the growing number of
global environmental change phenomena such as the projected climate
change, stratospheric ozone depletion, desertification, land degradation
and deforestation, loss of biologica! diversity, and the rapid increase in
persistent organic pollutants, and the problem of balancing supply and
demand, particularly where adaptive strategies and technologies and
access to alternatives are constrained, can only exacerbate.
To understand the impacts of any one of these global change phen
omena is to delve into an exercise of unravelling complex ecological
interactions. A simplified diagrammatic representation of these complex
linkages is presented in figure 1 . These interactions and linkages should
always be kept in mind, even if only one of the ecological processes is
under review.

Global Climate Change : Current Consensus

This is the central theme of this review. Although uncertainties still
exist and controversies abound, there is a growing body of agreed scen
arios and conclusions. The seminal works that have permitted this under
standing are listed in table 1 . From these analyses and assessments, a
global consensus of understanding of global climatic change has
emerged, and it is summarized in box 1 .

Impacts on Ecosystems

Since the world was alerted to possibilities of climate change, much
international scientific effort has gone into inquiries of the likely effect
that this change will have on life-support systems and human well-being.
A major plan : Global Change and Terrestrial Ecosystems (see STEFFEN et
al. 1992) was launched by the International Geosphere-Biosphere
Programme (IGBP) with the objectives to predict the effects of changes
in climate, atmospheric composition and land use on terrestrial eco-
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systems, including agricultural and production forest systems, and to
deterrnine how these effects lead to feedbacks to the atmosphere and the
physical climate system. A complex series of observing systems, such as
the Global Climate Observing System (GCOS) and its oceanic com
ponent (GOOS) and terrestrial component (GTOS) and the Global Sea
Level Observing System (GLOSS), are intended to be long-term global
observation systems for the close monitoring of climate, climate variabil
ity and climate change. These efforts will certainly lead to a better under
standing of these complex interactions and provide early evidence of
impacts of climate change, thus facilitating precautionary decision
making on mitigation strategies. Thanks to all these efforts, the uncer
tainties are decreasing and controversies narrowing so that the picture is
much better than ten years ago.
Table 1

Global Works which underpin the Current Understanding
of Global Climate Change and Stratospheric Ozone Depletion
Global Environmental Assessments

Climate Change

1 . Climate Change 1 995 : Second Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC)
• The Science of Climate Change (WG I). Cambridge
University Press, Cambridge, UK, 1 996.
• Impacts, Adaptations and Mitigation of Climate
Change : Scientific-Technical Analyses (WG II). Cam
bridge University Press, New York, USA, 1 996.
• Economie and Social Dimensions of Climate Change
(WG IIl). Cambridge University Press, New York, USA,
1 996.
• The IPCC Second Assessment Synthesis of Scientific
Technical Information Relevant to Interpreting Article 2 of
the UNFCCC. WMO, Geneva, 1 996.
2. Technica! Papers and Special Reports :
• Technologies, Policies, and Measures for Mitigating
Climate Change 1 996 (WG II) : Technica! Paper I. IPCC.
WMO, Geneva, 1996.
• The Regional Impacts of Climate
Change : an
Assessment of Vulnerability 1998 (WG II) : Special
Report. Cambridge University Press, New York, USA,
1 998.

Stratospheric
Ozone Depletion

1. Scientific Assessment of Owne Depletion : 1 994, WMO
Global Ozone Research and Monitoring Project Report
No. 37 (NOAA, NASA, UNEP, WMO). WMO, 1995.
2. Scienti.fic Assessment of Owne Depletion : 1 998, WMO
Global Ozone Research and Monitoring Project Report
No. 44 (UNEP, WMO, NOAA, NASA, European Union)
WMO, 1 999.
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Box 1

Global Consensus on Global Climate Change.
Current Understanding of Global Climate Change
(adapted from WATSON et al. , op. cit.)
Current Trend

* The Earth's global mean surface temperature has warmed by about half a degree
Centigrade over the last 100 years.

* The six warmest years this century have occurred since 1990, and eight of the next
ten warmest have occurred since 1980.

* The amount and spatial and tempora! patterns of precipitation are changing.
* Average sea level has increased by 15-25 cm during the last 100 years.
* Glaciers are retreating worldwide.
Underlying Causes of Change

* Human activities, primarily energy-use and land-use practices, are increasing the
atmospheric concentrations of greenhouse gases and, in some regions, aerosols.

* Greenhouse gases warm the atmosphere, while aerosols tend to cool the atmosphere.
* The balance of scientific evidence suggests a discernible human influence on the
Earth's climate.
Projected Impact ofHuman Activities on the Climate System
* Without globally coordinated policies to specifically address human-induced cli
mate change, the concentrations of greenhouse gases in the atmosphere are project
ed to increase significantly. The atmospheric concentration of carbon dioxide is pro
jected to increase from 360 parts per rnillion by volume (ppmv) today to between
500 and 900 ppmv in 2100, depending on population and economie growth rates,
energy prices, and the development and deployment of new technologies.
* Global mean surface temperatures are projected to increase by between 1 .0 and
3.5 °C by 2100, a rate faster than anything observed during the last 10,000 years.
* Sea levels are projected to rise by 15-95 cm by 2 100.
* Global warming caused by increases in the atmospheric concentrations of green
house gases can only be reversed very slowly because of the century-scale atmos
pheric residence times of the gases and the large thermal inertia of the oceans.
Social and Economie Consequences of Projected Changes

* Projected changes in climate may result in: adverse effects on human health in par
ticular and increase in heat-stress mortality and vector-home diseases, with poten
tially tens of rnillions of additional cases of malaria per year; changes in the bound
aries of between 150 and 650 km polewards; a decrease in agricultural production
in the tropics and subtropics, even if total global food production does not drop; less
predictable availability of freshwater; and the displacement of tens of rnillions of
people from small island states and low lying deltaic areas, if sea levels increase by
one meter.
* Developing countries will be particularly vulnerable to the impacts of climate
change because of their lirnited institutional and financial capabilities.

1 38

R. OLEMBO

* The cost of damage associated with a climate change caused by a doubling of atmos
pheric carbon dioxide has been estimated to !ie between 1 .5 and 2 % of world GDP,
with damages in developing countries in the range of 2-9 % of GDP.

Technologies, Policies and Measures to mitigate the Projected Changes in Climate

* A range of cost-effective technologies and policies can be used now in both devel
oped and developing countries to markedly reduce the emissions of greenhouse
gases from the energy supply (more efficient production; fuel switching, e.g. coal to
gas; nuclear power; renewable energies, e.g. solar, wind, modem biomass, hydro
electric; and carbon sequestration) and energy demand sectors (more efficient build
ings, transportation, and industry sectors), as well as changes in land management,
including forestry and agricultural practices.
* Policy measures to accelerate technology development, diffusion, and transfer are
available, but need wider application if emissions reductions are to be achieved.
* By the year 2 1 00, the world's commercial energy system will be replaced at least
twice, providing opportunities to use new, better-performing technologies over com
ing years without the premature retirement of capital stock.
Status of International Agreements

* The Framework Convention on Climate Change (FCCC) was signed at the 1992
Earth Summit in Rio, and has been ratified by 1 64 countries. The aim of Annex I
countries (OECD and the FSU) was to limit their emissions of greenhouse gases to
their 1990 level in the year 2000.
* In December 1997 industrialized countries agreed to reduce their emissions of
greenhouse gases by an average of 5.2 % during the period 2008-201 2 relative to
1 990 (Kyoto Protocol).

In a recent book (WALKER et al. 1 999), a detailed synthesis is given on
some of the changes that are predicted to be exhibited by global climate
change impacted ecosystems.
A central interest is the impact on food production and nutrition.
Although current models suggest that the global aggregate effect of cli
mate change on agricultural production is likely to be small to moderate,
caution is necessary because modelling climate change on regional sup
plies is difficult since there are many uncertainties in regional climate
change predictions. Moreover, our understanding of certain agricultural
processes, in particular the response of different crops to increased levels
of atmospheric carbon dioxide and the consequent pattems and distribu
tion of plant diseases, weeds, insects and pests, is currently poor and
research progress is slow. Figure 1 has already pointed to the pitfalls of
comprehensively understanding complex ecological interactions with
numerous feedbacks. There are as yet no adequate models that fully cater
for interactions between soil condition, climate, vegetation cover and
cropping practices.
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As imperfect our knowledge is, it appears that the number of people at
risk from hunger will increase. Figure 2 gives a prediction for the
situation in the year 2060 based on four scenarios : no climate change vs.
carbon dioxide doubling, with carbon dioxide and with carbon dioxide
fertilization in four sets of background trends. Particularly at risk are
poorer countries of the semi-arid and arid regions, where already another
major global change phenomenon of desertification and land degradation
is strongly manifested (RosENZWEIG et al. 1 993, REILLY et al. 1 996).
Countries already struggling with large and growing populations and
extreme climatic conditions would be the most vulnerable. These are also
the countries with limited institutional and financial capabilities to
initiate mitigatory and adaptive strategies. Box 2 summarizes some of the
completed studies on predicted regional impacts of climate change on
agriculture. The three African studies typify the situation of vulnerable
developing countries. Many more such analyses are required in order to
furnish us with the information necessary for the development of timely
preventative strategies .
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Box 2

Examples of Predicted RegionaJ Impacts of Climate Change on Agriculture

* Research undertaken in Quebec, Canada, indicates that under the GISS climate
change scenario, yields of com, soybeans, potatoes, beans and sorghum would
increase, and yields of cereal and oilseed (i.e. wheat, barley, oats, sunflower and
rapseed) would decrease.

* Modelled estimates for grain maize, sunflower and soybean production in the
European Communities, using a scenario from an equilibrium climate change exper
iment, indicate a northward shift of 700-1 ,900 km in the geographic range of these
results.

* Results based on several GM equilibrium change experiments indicate that agricul
tural production in northem areas of European Russia and Siberia may increase, and
that the erop zone in this area will shift northward. Predictions based on palaeocli
matic analogues also suggest - especially when the effect of carbon dioxide (CO,)
fertilization is taken into account - that erop productivity in Russia will rise sig
nificantly if atmospheric CO, levels double. However, under some climate change
scenarios, CO, fertilization, increased tropospheric ozone, and loss of soil organic
matter, are predicted to decrease erop yields by an estimated 10 %.

* In UK, higher temperatures would cause a decrease in cereal erop yields and an
increase in the yields of crops such as potatoes and sugar beet, and of forest planta
tions. AnimaJ production in the north would improve, but rnight require considerable
additionaJ investment in infrastructure. Maize and sunflower rnight be grown for
their mature grain yield as well as for fodder. (Currently, in northern UK, maize can
not be grown for grain production and sunflowers cannot be grown for seed pro
duction.)

* It has been estimated that in Senegal, under currently precipitation patterns, warm
ing of 4 °C would reduce erop yields by 30 % by the middle of the next century,
depriving 1 to 2 million people of their source of domestically produced cereals. In
Zimbabwe, warming of 2 °C would mean that yields that are currently attained in 7
out of 10 years would be attained in only 2 to 4 out of 1 0 years. In Kenya, climate
change could increase total potentiaJ national agricultural production, but exacerbate
food shortages in semi-arid areas. Analysis of current erop yields, and potentiaJ erop
yields following changes in temperature, moisture, CO', pest populations and UV
B levels suggest that a 10 % increase in precipitation in Africa could improve erop
yields on that continent to a limited extent.

* In New Zealand, higher temperatures could result in substantial shifts in agricultur
al potential, with the result that temperate crops, especially cereals, could be grown
km further south and 200 m higher for each 1 °C increase in temperature.
However, the potentiaJ range for these crops could contract in the south if winter
chilling requirements are not met.
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Source : SALINGER et al. 1990, SIRarENKO et al. 1 99 1 , SINGH & STEWART 199 1 , DOWNING
1 992, MENZHULIN 1 992, PIMENTEL et al. 1 992, ROSENZWEIG et al. 1992, SIROTENKO &
ABASHINA 1 994, CCIRG 1 996.
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Complicating the analysis are the indirect effects of climate change on
food and fibre production systems. Of great concern are pests and dis
eases. Plant pests and plant disease vectors are often arthropods, and their
geographical distribution is therefore determined by temperature as well
as the availability of host plants. Since all these function within certain
ecological parameters, they can be expected to be affected by climate
change. In genera! terms, the areas of distribution and population den
sities of tropical and subtropical pests can be anticipated to expand if tem
peratures rise and this would have profound implications for food and
fibre production. Climate-related changes in ecosystems could also result
in the emergence of new types and combinations of pests and diseases.
Coupled with an increase in the frequency of extreme climatic events
such as prolonged drought or intense flooding, serious disease and pest
outbreaks can be expected to intensify. An example of the emergence of
an agricultural pest related to climate variability was seen in Zimbabwe
where major rodent invasions erupted in 1 974-76, 1 983-85 and in 1 994
and Epstein and Chikwenhere correlated this with El Nifio patterns in the
same period. EPSTEIN & CHIKWENHERE ( 1994) and PIMENTAL et al. ( 1 992)
estimated that a 2 °C rise in global mean temperature would cause more
than a 60 % decline in yields of some crops in Africa due to a greater in
cidence of plant diseases as the continent becomes warmer and drier.
WEBER ( 1994) lamented the neglect of seas and rivers as a source of
human food. He concluded that, on average, humans derive one fifth of
their animal intake from fish. Almost half the world's commercial fish
catch originates from ecosystems close to coastal zones and approx
imately 70 % of commercial fish species are estimated to depend on
coastal near-shore or estuarine habitats at some point in their life cycles.
These systems are being severely impacted by intense human activities.
Although most models of ocean warming in the face of climate change
predict that ocean warming will occur more slowly than that on the land,
it may exacerbate in a number of ways the production losses that are
already being incurred by fisheries. Again, traditional fishing commun
ities and some developing countries with their less diversified economies
will be most affected.
The upshot is clear. Food and fibre production, both on land and at sea,
is an interplay of socio-economie and environmental factors. These envi
ronmental factors are themselves elements of a complex climate
system or are individually affected by climate. Even though we do not
know for sure how climate change will impact global food and fibre
productivity, we can be certain that such unpredictable events would
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severely disrupt livelihoods among rural populations too poor technolog
ically and financially to resort to mitigating or adaptive measures on their
own.
Freshwater

Equally critical to human welfare is the supply of freshwater. Although
a severe decline in the availability of freshwater per capita is foreseen for
all developing countries that have high rates of population growth
(KAczMAREK et al. 1 996), accentuated reduction attributable to climate
change is predicted to occur in some regions. In arid and semi-arid zones,
which are very vulnera]:)le to small changes in temperatures and precip
itation and also already under severe strain of desertification, climate
change in any magnitude could have major impacts on water supplies. All
global climate models show a tendency to mid-continental warming and
drying, resulting from increased temperatures and evapotranspiration.
Box 3 summarizes some problems encountered as we try to come to a
better understanding of the links between water availability, food pro
duction, population, economie growth and climate change.

Box 3

The Links between Water Availability, Food Production, Population,
Economie Growth and Climate Change (KAcZMAREK et al. 1996)
Major uncertainties pertain to projections of the potential impact of climate change on
regional and local freshwater supplies. The 1996 IPCC assessment therefore provides
projections of future availability at the subcontinental scale. Difficulties in predicting
the impacts of clirnate change on freshwater supplies relate to :
* Lack of knowledge of how changes in precipitation are related to changes in run-off,
water basin budgets and groundwater availability ;
* The fact that the impact of changes in precipitation on run-off and groundwater
recharge is non-linear and subject to threshold effects ;
* The lack of regional and local specificity of GCM climate change scenarios;
* Poor estimation of future changes in climate variability (in particular regarding pre
cipitation extremes) ;
* Uncertainty regarding water resource demand for agriculture, hydroelectric power,
and industrial and municipal supply (especially in rapidly urbanizing areas) ;
* Uncertainty regarding the socioeconomic and environmental impacts of water short
age response measures.
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Sea-Level Rise

More than half of the world's population is now living in coastal zones
(i.e. within 60 km of the sea) and the average growth rate of this popula
tion is higher than that for the rest of the global population. Coastal zones
all over are undergoing rapid change, resulting in damaged shorelines,
coastal wetlands and coral reefs.
During the past 1 8,000 years, global sea levels have risen by about
1 00 m in total, but during the past century alone, sea levels have risen by
around 1 8 cm . . . or an average of 1 -2.5 mm/year (WARRICK et al. 1 996,
Tirns et al. 1 99 1 ). The widely accepted view is that sea level will have
risen by around half a metre by the year 2 1 00 and will continue to rise
thereafter, even if global greenhouse ernissions are stabilized.
Global warming impacts on coastal zones could be severe and appear
in many manifestations. One of the most likely impacts will be accelerat
ed coastal erosion, particularly where there are already heavy human
activities. Severe impacts could also be feit by important coastal ecosys
tems such as coastal wetlands, with their marshes and mangroves, and
coral reefs. Coral reefs are particularly vulnerable. Even short-term,
warm-season increases in sea surface temperatures of only 1 °C are suf
ficient to result in an obvious effect, the so-called "coral bleaching"
(ÜOREAU & HAYES 1 994).
Under present climate and sea-level conditions, an estimated 200 rnil
lion people are currently living in zones where the risk of flooding due to
storm surge is greater that 1 in 1 ,000 years, and Barse of the Ministry of
Transport, Public Works and Water Management in the Netherlands es
timates that if coastal protection systems are not strengthened, the
number of people at risk will double if sea level rises by 50 cm and almost
triple if it rises by 1 m. It is the developing countries, especially small
islands, which are at the greatest risk because these coastal protection
systems are almost non-existent. In figures 3 and 4, we graphically show
heavily populated areas of the world most vulnerable to sea-level rise and
the projected risk level by the 2080s if the sea rose by 44 cm and no more
than the 1 990s protection systems existed.

Human Health Impacts

Much of the previous concerns over impacts of environmental hazards
to human health have related to chemica! and rnicrobial contarnination of
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Table 2

Predictions for the Likelihood of Altered Distribution arising from Global Warming
for a Number of Vector-home Diseases and their Carriers

Major tropical vector-borne diseases and the likelihood of change in their distribution as a result of
climate change
Likelihood of
altered dist.
with climate
change

DISEASE

VECTOR

No. at risk
(millions)

No. infected Present
of new cases/ distribution
year

Malaria

Mosquito

2,400

300-500
million

Tropics/subtropics

+++

600

200 million

Tropics/subtropics

++

1 ,094

1 17 million

Tropics/subtropics

+

Tsetse fly
African
trypanosomiasis

55

Tropical Africa
250,000300,000 cases/
year

+

Dracunculiasis

Crustacean
(copepod)

100

100,0001 yr

South Asia/Middle
East/Central-West
Africa

?

Leishmaniasis

Phlebotomine
sandfly

350

12 million
infected,
500,000 new
cases/year"

Asia/South
Europe/Africa

+

Onchocerciasis Blackfly

123

17.5 million

Africa/Latin
America

++

Triatornine
American
trypanosomiasis bug

100

18-20 million Central-South
America

+

Dengue

Mosquito

2,500

50 million/yr

Tropics/subtropics

++

Yellow fever

Mosquito

450

<5000
cases/yr

Tropical South
America and
Africa

++

Schistosomiasis Water snail
Lymphatic
Filariasis

Key:

+
++
+++

?

Mosquito

likely
very likely
highly likely
unknown

'Annual incidence of visceral leishmaniasis; annual incidence of cutaneous leishmaniasis if
1 - 1 .5 million cases/year.
Source: PAHO 1994; WHO 1994a, 1995; MICHAEL & BUNDY 1996; WHO statistics.
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air, water, soil or food. Recently, a broader perspective has begun

to emerge, and in this broader context, impacts of global climatic change
are getting the close scrutiny they warrant. A first, in-depth assessment
commissioned by the World Health Organization, the World
Meteorological Organization and the United Nations Environment
Prograrnme was published in 1 996 (McMicHAEL et al.). Much of this brief
and selective review is based on this assessment, which also includes an
account of the health impacts of stratospheric ozone depletion.
The health of human populations is affected by a wide range of envi
ronmental conditions and ecological services, including air and water
quality, food production and quality, fluctuations in the ecology of pests
and infectious vectors and pathogens, and the weather patterns. Most
of the impacts are adverse. Some are relatively direct (for example,
deaths from heat waves, increases in cardiorespiratory mortality and ill
nesses from extreme weather events) ; others occur indirectly. Some
are potential impacts, suppressed in the present only to be expressed in
the future ; and others would occur suddenly and without being known,
such as the new viral haemorrhagic fevers recently reported in South
America.
Malaria provides an instructive example of an important vector-home
infectious disease whose pattern of occurrence can be greatly influenced
by climate change factors as well as other types of global environmental
change. Table 2 depicts predictions for the likelihood of altered distribu. tion arising from global warming for a number of vector-borne diseases
and their carriers.
S HOPPE ( 199 1 ) reminds us of the factors which must be borne in mind
when attempting to predict the effect of global change on the distribution
of vector-borne disease :
- The current geographic distribution of the disease ;
- The range of non-human hosts and reservoirs (i.e. insect or
marnmal) ;
- Temperature-related vector and parasite development and adaptive
processes pertaining to reservoir and parasite interaction ;
- Capacity of migration of vectors and parasites ;
- The current seasonality of transmission.
In figure 5, we summarize the major types of impacts while in figure 6
are given the likely relative impacts on health outcomes of some com
ponents of climate change.

·
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TEMPERATUREAND
Mediating process
Health outcomes
WFATHER CHANGES �--------------.--------------�
Direct
Altered rates o heat and cold-related
illness and death

Exposure to thermal
extremes
Altered frequency and/or
intensity of other extreme
weather events

Deaths, injuries, psychological
disorders; damage to public health
infrastructure
Indirect

DISTURBANCES OF
ECOLOGICALSYSTEMS

Changes in geographic ranges and
incidence of vector-bome diseases

Effects on range and activity of vectors
and infective parasites

Changed incidence of diarrhoeal
and other infectious diseases

Altered local ecology of water-bome
and food-bome infective agents

Malnutrition and hunger, and
consequent impairment of child
growth and development

Altered food (especially erop)
productivity, due to changes in
climate, weather events, and
associated pests and diseases
Sea-level rise, with population
displacement and damage to
infrastructure

lncreased risk of infectious
- diseases, psychological disorders

Levels and biological impacts of air
Asthma and allergie disorder; other
pollution including pollens and spores - acute and chronic respiratory
disorders and deaths
Social, economie and demographic
- Wide range of public health
consequences: mental health and
dislocations due to effects on economy
nutritional impairment, infectious
infrastructure, and resource
diseases, civil strife
STRATOSPHERIC
OZONE DEPLETION

Skin cancers, cataracts, and perhaps
immune suppression: indirect impacts
via impaired productivity of
agricultural and aquatic systems

Fig. 5.
Possible major types of impact of climate change and stratospheric ozone
depletion on human health.
-
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Aspects of climate change
Change in
meao
temp.
e.t.c.

Health outcome

Extreme
events

Heat-related deaths and illness

+++

Physical and psychological trauma
due to disasters

++++

Rate of
change of
climate
variahle

+

Vector-home infectious diseases

+++

++

Non-vector-home diseases

+

+

Food availahility and hunger

++

+

++

Consequences of sea-level rise

++

++

+

Respiratory effects
- air pollutants
- pollens, humidity

+

++

++

Population displacement

++

Key:

+

Day-night
difference

+

++

+

+

great effect
small effect
empty cells indicate no k:nown relationship
+++

=

+

Fig. 6.

-

Likely relative impact health outcomes of the components of climate change.

Extreme Weather Events

This review would not be complete without a reference being made to
weather events whose frequency and intensity can be greatly moderated
by changing climatic conditions, and which frequently have serious con
sequences for humans. Floods and droughts, for example, often trigger
off human disasters, which may in turn have psychological effects on
people and in some cases lead to post-traumatic stress disorder. The
extent to which the frequency of extreme weather events will be altered
by climate change remains uncertain, although we can predict changes in
the pattem and magnitude of floods and droughts. Figure 7 tells this story
by adducing statistics on six most frequent weather events, with the num
ber of disasters following in the aftermath for a period of 25 years during
1 97 1 to 1 994.
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Drought and Famine
Flood
High Wind
Landslide
Earthquake
Volcanic Eruption
Other'
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Africa

America

272
1 68
84
12
40
8
218

51
373
428
87
1 29
31
90

As ia
88
628
683
96
234
45
1 90

Europe

Oceania

Total

15
1 38
214
21
1 63
1 26
93

15
138
214
21
1 63
16
93

441
1 ,466
1 ,609
226
65 1
1 05
600

Other includes : avalanche, cold spell, heat wave, insect infestation, tsunami.
"The criteria for a "natura! disaster" are 10 deaths, and/or appeal for assistance.
•

Fig. 7. - Number of natura! disasters • over 25 years ( 1 97 1 - 1 994) by global region
and type. High winds (including cyclones, hurricanes and typhoons) and floods account
for the largest number of disasters, with the largest proportion of events occurring in Asia.

In Africa, with the largest number of drought episodes, large numbers
of deaths among humans and animals occur, and many are displaced.
Storms accompanied by high winds may also increase with climate
change and these events are widespread in America and Asia and in the
small islands and other coastal zones. The sensitivity of systems to cli
matic variation is most aptly depicted by the effects of fluctuations on a
regularly occurring periodic event. El Nifio, a periodic natural shift in
temperatures in the Pacific Ocean, caused a serious disruption in global
weather patterns in 1 998. These disruptions resulted in devastating fires
in South-east Asia, the Amazon, southern Mexico, Florida, Greece and
western Canada, and severe flooding in numerous regions, notably China.
We have already witnessed the recurrence of these shifts.

Concluding Remarks

Human-influenced global climate changes are likely to vary from
region to region with some benefits to some and severe adverse impacts
for others. Same of the most serious repercussions include :
Significant increases in the geographic range and incidence of insect
borne and pathogen-induced diseases of the tropics and subtropics
such as malaria and dengue ;
Increased risk of hunger and famine for many of the world's poorest
people because of added pressures on food and fibre production sys
tems ;
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The displacement by rising sea levels of a large number of people,
especially in small island states and low-lying delta areas ;
Shifts in the distribution, structure and functioning of terrestrial and
aquatic ecosystems, and potentially irreversible changes, such as loss
of biodiversity ;
Decreased amounts of precipitation, particularly in many arid and
semi-arid areas, already under stress by desertification.
Box 4

International Agencies addressing Aspects of Climatic Change
(some of the on-going activities and responsibilities of each agency are shown)

ICSU (International Council of
Scientific Unions)

* WCRP (World Climate Research Programme) '
* IGBP (International Geo-sphere-Biosphere Project)
* IlIDP (International Human Dimensions of Global
Environmental Change Programme)
* GCOS (Global Climate Observing System)
* GTOS (Global Terrestrial Observing System)

UNDP (United Nations
Development Programme)
UNEP (United Nations Environment
Programme)

* GEF (Global Environment Facility)

UNESCO (United Nations
Educational, Scientific and Cultural
Organization)

* IPCC (lntergovernmental Panel on Climate Change)
* World Climate Impact Assessment and Response
Strategies Programme
* GCOS
* GTOS
* Montreal Protocol
* GEF
* IHP (International Hydrological Programme)
* IOC (lntergovernmental Oceanographic Commission)
* GLOSS (Global Sea Level Observing System) or IOC
* GTOS

WHO

* WHO/WMO/UNEP Task Group on Health Impact
Assessments of Climate Change
* EMC (Division of Emerging and other Communicable
Diseases Surveillance and Control)

WMO (World Meteorological
Organization)

* IPCC
* W\CRP '
* World Climate Data and Monitoring Programme '
* World Climate Applications and Services Programme '
* GCOS
* GTOS
* WWW (World Weather Watch)
* HWR (Hydrology and Water Resource Programme)
* GAW (Global Atmosphere Watch)

' Component of the World Climate Prograrnme (WCP).
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Only when viewed in the broader context of interlinked global ecol
ogical process would we hope to come to a full understanding of complex
environmental problems. Such international efforts (box 4) as have been
initiated by global organizations (WMO, WHO, FAO, UNESCO, UNEP,
World Bank and IUCN), backed by internationally-coordinated research
and assessment efforts (IOC, ICSU, IPCC), should be enhanced and
accelerated to yield results urgently needed for enlightened decisions in
development and further improvements of the conditions and livelihoods
of humans everywhere. The challenge is to identify strategies that could
make countries less vulnerable to natural climate variability and might
also make them less vulnerable to long-term human-induced climate
change. That would require integration consideration of short-term and
long-term climate changes in agricultural, forestry, water, health and nat
ura! resource management decisions. A second challenge is to identify
energy supply and energy demand projects that are eligible for the Clean
Development Mechanism and assist nations to meet their sustainable
development goals. In addition, if land-use projects (e.g. agriculture,
forestry and rangelands) become eligible for the Clean Development
Mechanism they present a significant opportunity for many countries in
Africa to simultaneously become more climate-friendly and meet nation
al objectives in biodiversity and land management.
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SUMMARY.
The socio-economie and politica! approach of the global warming
problem should be placed within the evolving context of world community. One can
describe and compare the problem along the dimensions of space and time. Viewed from
spatial scope, the relative powers within the group of industrialized countries (OECD) as
well as within the group of developing countries (G77 + China), next to the relations
between both groups, are important. These relations have evolved in time within the glo
bal context and within the negotiations on climate change. The global warming problem
has been put on the political agenda only in the late eighties. lmmediately, a short but
intensive negotiation round led to the Framework Convention on Climate Change in 1 992.
Afterwards, during the different Conferences of the Parties, the framework negotiators
moved ". . . from this initial stage of demonstrating good will and establishing general
principles for action to the much more committing and, by implication, potentially costly
stage of adopting binding abatement targets" (FERMANN 1 997). From the socio-economie
and politica! point of view, concepts as "common concern of humankind", "principle of
equity" and - perhaps most of all - "common but differentiated responsibility" are very
important. Any effort to make this convention operational must be placed against the
knowledge that for combating global warming there are no proven and cost-effective
possibilities to remove emissions of carbon dioxide by means of end-of-pipe technologies
and/or - subsequently - to stock them. All suggested or implemented measures are
going right into the heart of the economie activities themselves.
-

*

*

*

In order to interpret the socio-economie aspects and the politica!
aspects of climate change both from a global point of view and with
* Universiteit Gent, Faculteit Politieke en Sociale Wetenschappen, Vakgroep Studie
van de Derde Wereld & Centrum voor Duurzame Ontwikkeling, p/a Universiteitstraat 8,
B-9000 Gent (Belgium).
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developing countries in mind, a multiple approach is required. The
negotiations within the Framework Convention on Climate Change can
not be seen separately from the overall socio-economie and politica! con
text. The rules governing the politica! realm do not coincide with those
in scientific debates. In this paper we will look at North-South relations
and South-South relations and we intend to frame the multiple approach
in four-time periods :
-

Before politica! awareness (the period before 1 988-89) ;
Playing for high stakes (the period 1 988-89 to 1 992) ;
After the "neutralized" text (the period between 1992 and 1 997) ;
Beyond Kyoto (the period after 1997).
1. Before Political Awareness

1 . 1 . POLITICAL AWARENESS OF DEVELOPMENT

. . •

Since the United Nations was established at the Conference of San
Francisco in 1 945, emphasis bas been laid on several aspects of global
concern. Development bas always been one of the most important UN
themes. At the end of the 1950s and at the beginning of the 1 960s, there
was rapid economie expansion which was to bring prosperity to every
one.
Economie growth in the industrialized world would finally result in
higher living standards in developing countries. Economists believed in
the "trickle-down" effect, but this absolute belief has not been achieved.
At the end of the 1 980s, the prosperity gap between the industrialized
world and the developing countries was still considerable. Real GDP per
capita in the developed countries was nearly seven times that of the devel
oping countries and more than twenty times that of the least developed
countries (UNDP 1 992). The picture of global distribution is familiar :
the richest 20 % of the world's population receive 82.7 % of the world's
total income whilst the poorest 20 % receive only 1 .4 %. lt is against this
background that the international negotiations on the Framework
Convention on Climate Change should be seen.
1 .2 . . . . AND ENVIRONMENT
At first, environmental problems were not on the United Nations'
agenda. Only in the 1970s did worldwide concern about the environment
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grow. During the l 980s, various international conferences in Montreal,
Oslo, London, Paris were held to find partial solutions to environmental
problems.
A first attempt at an integrated approach was made in the World
Conservation Strategy (UICN 1 980). Tuis was a joint publication of
IUCN (International Union for the Conservation of Nature), UNEP
(United Nations Environmental Programme ) and the WWF (World
Wildlife Fund).
Two other reports were of great importance for a common understand
ing of global problems : the Brandt Commission's "Common Crisis" and
the Palme Commission's "Common Security" reports. The Brandt
Commission spelt out the extent of mutual interests between North and
South and the Palme Commission discussed aspects of security and dis
armament.
A few years later, the World Commission on Environment and
Development published "Our Common Future", the so-called Brundtland
Report. More than the World Conservation Strategy, the Commission
emphasized the interdependence between economie and ecological
aspects in the international community.
1 .3 . WORLD POLITICAL RELATIONS
Over recent decades world relations have changed dramatically. After
colonialism, attempts were made to create regions of economie and eventually - politica! integration. Not all of them were successful.
lndustrialized countries created the Organization for Economie
Cooperation and Development and in international negotiations they stick
together as the B-group. The former communist block formed an econ
omie block called COMECOM. They were referred to as the D-block.
Countries in the South also grouped together. The Afro-Asiatic
Conference of Bandung ( 1 955) and the first conference of non-aligned
countries in Belgrade ( 1961 ) contributed to a greater awareness of devel
oping countries. This led to the establishment of the group of 77, the G77,
at the l st UNCTAD-meeting. China was not a member, but most of the
time the G77 and China defended the same position - at least as long as
it was in line with the People's Republic of China's global politica!
aspirations.
Por many years the international scene was characterized by these
three blocks. At the end of the 1 980s momentous change occurred when
the wall between Bast and West carne down. The Cold War had ended.
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1 .4. C LIMATE CHANGE WAS NOT ON THE PouTICAL AGENDA
Along with awareness of "environment and development" there was
growing concern about climate change as a consequence of global warm
ing. In the Brundtland Report (WCED 1 987), under the heading
"Managing Climate Change", Irving Mintzer of the World Resources
Institute noted : "It is difficult to imagine an issue with more global
impacts on human societies and the natural environment than the green
house effect. . . it provides another important reason to implement sus
tainable development strategies". The report was written to comply with
a decision of the United Nations General Assembly. It was passed to the
Secretary General in the spring of 1 987.
As climate change was the subject of mostly scientific conferences
until the end of the 1 980s, the handing-over of the Brundtland Report was
perhaps the first and - until then - the only high-level attempt to put
climate change on the politica} agenda.
The scientific world had already held the First World Climate
Conference in Geneva in 1 979. Here participants had concluded that
anthropogenic carbon dioxide emissions could have a long-term impact
on climate.
Afterwards, in the second half of the 1 980s one conference after an
other were organized (Villach, Bellagio, Toronto). One of the most
important initiatives was the foundation in November 1 988 of the
Intergovernmental Panel on Climate Change (IPCC) by the United
Nations Environment Prograrnme (UNEP) and the World Meteorological
Organization (WMO), which was set up to address the gaps in our know
ledge relating to science and impact and policy responses to the climate
change problem.
More than one author has referred to it. But less familiar is the
criticism from institutions in the South, e.g. the Centre for Science and
Environment in New Delhi (India), aimed at the scientific world as a
whole and at some organizations in particular : " . . . the fact that tracking
climate change . . . requires a degree of investment and scientific expertise
that is available mostly to industrialised countries . . . leaves developing
countries . . . dependent on Northern scientists and institutions . . . Science
has been used several times in the past to implicate developing coun
tries . . . " (AGARWAL et al. 1999).
The researchers of this renowned institute had already disputed on the
basis of own calculations the facts and figures of the American World
Resource Institute in 1 99 1 . The same Centre for Science and Environ-
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ment also published the nationalities of the authors participating in the
three different working groups of IPCC in 1 996. Something was amiss.
Rather less than 40 % of the world's population live in India and China,
while only 5 % live in the United States. Despite those figures there are
ten times more American authors than Indian or Chinese (342 versus 39).
The main reason why people in the South are worried is that the effects
of climate change in the South, in particular on the most vulnerable states
like the small island states, may be underestirnated.
The Brundlandt Report led to the UNO-resolution (44/228) to organize
a United Nations Conference on Environment and Development
(UNCED) in June 1 992. In the resolution, the World Meteorological
Organization and the United Nations Environmental Programme were
called upon to initiate a comprehensive review of existing international
legal instruments relevant to climate, and to identify elements for inclu
sion in a possible future international convention on climate.

2. Playing for High Stakes

2. 1 . ENVIRONMENT AND DEVELOPMENT : THE WAY TO RJ:o
"Whereas the principal purpose of the 1 972 Stockholm Conference
was to put the environmental issue on the international agenda, the prime
purpose of the 1 992 Brazil Conference was to move environment issues
to the centre of the development agenda and of economie and sectoral
policy and decision-making". This is how the Canadian M. Strong,
Secretary Genera! of the Stockholm conference and the Rio de Janeiro
conference, summed up the evolution of "environment and development"
awareness over recent decades.
At the same time, the economist and statistician Peter BARTELMUS
( 1 994) differentiated between environmental problems in the Nortb and
South by using "pollution of affluence" and "pollution of poverty"
respectively. In negotiations on climate change, delegates from develop
ing countries often use the terms "luxury emissions" and "survival emis
sions" to indicate the difference. Clearly, expressing these differences is
closely related to the negotiating positions of the industrialized world and
the developing countries.
The challenge was to reconcile all these positions in the run-up to the
UN Conference on Environment and Development to be held in Rio de
Janeiro (Brazil) in compliance with the UN General Assembly decision.
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Four committees organized the preparations. These preparatory meetings
resulted in approximately 24 million pages, 85 % of which were agreed
upon. The rest had to be negotiated at UNCED before the Heads of State
and Government arrived at the final plenary session. During the negotia
tions every means was used to reach the final goal which was to gain the
signature of all blocks and countries. The end result was - it must be
emphasized - a politica! agreement with several shortcomings which
will be important for the rest of this paper, namely the exact role of ins
titutions, finances and transfer of technology.
2.2. CHANGING WORLD POLITICAL RELATIONS
This awareness was growing at the same time as the Cold War was
coming to an end. World politica! relations changed. The various blocks
exemplified this.
For example, within the industrialized world, a progressive positioning
of the European Union as a block was evident, whilst other countries
(Japan, US, Canada) sometimes had differing points of view. These coun
tries were represented in the so-called füSCANZ-group.
The old communist world became a meaningless entity during negotia
tions. Only Russia remained a big player. The other countries of the for
mer D-block were jockeying for position, but no longer formed a block.
A few years later, those countries were referred to as "Countries with
Economies in Transition" (CEITs).
Within the group of developing countries, the G77 plus China, several
subgroups could be distinguished : the oil-exporting countries of the
Organization of Petroleum Exporting Countries (OPEC), the developing
countries bound together in the Alliance of Small Island States (AOSIS)
and the majority of developing countries. Nevertheless, observers
(ÜBERTHUR & ÜTT 1 999) concluded that, "Even without the two groups
mentioned above, developing countries are very heterogeneous because
of their varying cultural, political and economie conditions". Further
more, the President of the G77 was important, in person as well as in
nationality. The G77 can be considered a post-colonialist construction.
The glue was not strong enough to hold out against short-term national
interests.
2.3. CLIMATE CHANGE : NEGOTIATIONS START
After the scientific conferences, negotiations started in February 1 99 1
i n the International Negotiating Committee (INC). Since the final goal
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was to gain the signatures of all parties to the text of a possible conven
tion during UNCED (June 1 992) only fifteen months remained. During
this period developing countries tabled different proposals where equity
was taken into account. This meant, for example, that emission targets
were set in per capita emission so that developing countries could have an
equal share of pollution rights in order to use fossil fuels for further eco
nomie development. Despite the fact that some developing countries, and
particularly the OPEC countries, maintained that a per capita emission
basis would not mean a decrease in the pollution rights of the industrial
ized world, several developed countries opposed it because they feared in
one way or another that their carbon-based economie development would
cease. The OPEC countries feared, and still do, the loss of oil revenues.
India re-opened the debate on equity on several occasions. Approx
imately 1 5 % of the world's population live in India (UNDP 1 999). India
bas one of the lowest real GDP per capita in the world and GHG emis
sions are only 4.2 % of the world's total. This means that India was
responsible in 1 996 for 1 . 1 metric ton per capita of COi-emissions as
against, for example, 1 9.7 metric tons per capita in the United States and
1 0.5 metric tons per capita in Belgium (UNDP 1 999). Carbon-based eco
nomie growth during 1 996- 1 997 was 6 . 1 % .
Within this context problems about additional financial resources,
transfer of clean technology and capacity building often dominated the
debate. In fact it was only on the topic of equity that the G77 and China
achieved full agreement. The common position of the G77 was to accept
contractual commitments for specific projects, " . . . provided that the full
incremental costs involved are met by the provision of new, adequate and
additional financial resources from the industrialised country parties"
(AGARWAL et al. 1 999). There was no agreement on legally binding com
mitments applicable to developing countries.
The United States in general and India in particular stood in the way of
the G77 : the Bush administration refused to accept reduction limitations
or timetables. Even adequate and additional finances were not supported
by the US. Within the European Union, the United Kingdom defended
the US position and the position of the EU was weakened. Let us re
member the political majority at that time in both countries. The result
was the introduction of the concept of "common but differentiated
responsibility". The developing countries saw it as a very diluted version
of "the polluter pays" principle (AGARWAL et al. 1 999).
In a last ditch attempt, India tried to convince the South not to sign the
convention unless there were significant changes. The US, however,
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made it clear that any other change regarding "commitments" was unac
ceptable. The text did not change substantially and fifteen months later
the negotiations resulted in the Framework Convention on Climate
Change which was signed in June 1 992 by 1 5 3 states and the EU. Despite
some heavy criticism in the period before UNCED, the general feeling in
Rio de Janeiro was that the convention should be signed to send a clear
signal to the world. It was a Framework Convention and the protocols to
be negotiated would be very important.

3. After the "Neutralized Text"
3. 1 . THE PosT-Rro ERA

The paper will not dwell on the general follow-up of UNCED, but it is
interesting to note one chapter in Agenda 2 1 : Chapter 9, "Protection of
the atmosphere". It recognizes that, "In case of activities covered by such
agreements, it is understood that the recomrnendations contained in this
chapter do not oblige any Government to take measures which exceed the
provisions of these legal instruments" (United Nations 1 992).
One of the references was the 1 992 United Nations Framework
Convention on Climate Change. However, as the chapter includes differ
ent prograrnme areas of driving forces such as energy development, trans
port, industrial development, terrestrial and marine resource development
and land use, the climate change negotiators had to be vigilant. When the
UN Commission for Sustainable Development reviewed Chapter 9 under
the heading of "Sectoral Clusters" in 1 996, it was not surprising that vir
tually the same negotiators appeared at the UN headquarters in New York.
Despite the fact that climate change was not on the agenda, the different
key-players did their job ; as far as we could observe, Saudi-Arabia car
ried out a splendid job from her point of view.
3.2. STABILIZED POLITICAL RELATIONS

World politica! relations seem to have remained unchanged over recent
years. Fukuyama has pointed to "the end of history" . . . "and that's it".
Mainly because of economie reasons, parties were moving either ex
plicitly or irnplicitly from one block to another within the negotiations of
the Framework Conventions. The Russian Federation with Ukraine for
example joined JUSSCANNZ and formed the Umbrella Group.
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ÜBERTHUR & ÜTT ( 1 999) stated recently : "In addition to the core mem

bers of JUSSCANNZ, it thus includes the two CEITs with the highest
GHG emissions and the greatest interest in 'hot air' trading". This refers
to the fact that the Russian Federation and Ukraine received quantified
emission limitation or reduction commitments, which are in reality very
high because of their collapsed economies. This means that they can eam
revenue and who is to say that it should not be other member states of the
Umbrella Group, e.g. the United States.
Furthermore, after the recent Asian crisis the position of the so-called
"Tiger" economies has moved away from the former patron-client rela
tionship. Other countries have joined free-trade organizations and this has
influenced their negotiating positions. One example is Mexico which, as
a developing country, formed the North American Free-Trade Association
with two industrialized countries, the United States and Canada. Mexico
and Korea became members of the Organization for Economie
Cooperation and Development in 1 994 and 1 996 respectively.
3.3. A "NEUTRALIZED TuxT" : FURTHER DOWN THE ROAD ?
After UNCED many observers concluded that the Framework
Convention on Climate Change was a "neutralized" text. A protocol or
another legal instrument would be needed, or as Fermann stated, the
framework negotiators should move " . . . from this initial stage of demon
strating goodwill and establishing genera! principles for action to the
much more comrnitting and, by implication, potentially costly stage of
adopting binding abatement targets" (FERMANN 1 997). The negotiating
forum was the Conference of the Parties (COP) "the supreme body" of
the convention. The International Negotiating Committee met several
times to prepare the first COP- 1 in Berlin (Germany).
This work was finished by February 1 995. From then on, like chess
players, the framework negotiators started a new game by fulfilling the
Berlin Mandate, namely to negotiate a protocol or another more legally
binding instrument with a view to adopting the results at COP-3 in Kyoto
(December 1 997).
Let us consider the most important politica! positions and conflicts. In
summary, one could say that the industrialized world was expected to
agree to a legally binding protocol with quantified emission limitation or
reduction comrnitments whilst developing countries were not prepared to
meet "new specific scheduled commitments . . . within the same compli
ance period" as the US Congress required.
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Along with the disagreements on burden-sharing, there was a debate
between the OECD countries and within the European Union about
whether those commitments could be met without common and coor
dinated policy measures such as an energy/carbon tax. The United States,
supported by JUSSCANNZ, was opposed to such a policy and was very
keen on "flexible" market-based policy instruments like international per
mits for trading, banking and borrowing carbon emission rights. Within
the EU, the three major countries (Germany, the United Kingdom and
France), with the help of the EU President, the Netherlands, agreed on a
"burden-sharing" table for the EU as a negotiating position for COP-3 .
Little countries like Belgium with an open economy were long opposed
to this because these three countries did not want a strong text calling for
common and coordinated policies and measures. Despite a change in
national policy, in the genera! debate it was again the UK that brought the
EU position closer by subordinating their ambitions to the position of the
United States. AGARWAL et al. ( 1 999) conclude "As usual, the issues con
cerning the JUSSCANNZ group became the centre focus at the Kyoto
conference".
The main result of the Kyoto Protocol was, on the one hand, the
Annex B list of countries with quantified emission limitation or reduction
commitments and, on the other hand, different articles on possible trad
ing mechanisms like joint implementation and emissions trading among
industrialized countries and the clean development mechanism between
industrialized and developing countries. These "flexible" market-based
instruments' greatest shortcoming is their lack of a control and mainte
nance system.
Furthermore, were the US Congress to stick to its position of only rat
ifying the Kyoto Protocol if there is "meaningful participation'', by
undertaking "voluntary commitments", there is great <langer that the pro
tocol will never enter into force. Article 25 stipulates that the protocol
" . . . shall enter into force on the ninetieth day after the date on which not
less than 55 Parties to the Convention, incorporating Parties included in
Annex 1 which accounted in total for at least 55 % of the total carbon
dioxide emissions for 1 990 . . have deposited their instruments of ratif
ication, acceptance, approval or acces si on".
.
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4. Finally . . . Beyond Kyoto

4. 1 . FROM A GLOBAL POINT OF VIEW . . .
Two Conferences of the Parties have gone by : COP-4 in Buenos Aires
and COP-5 in Bonn. There was not much progress. The principal discus
sion remains : how much can flexible mechanisms help in reducing GHG
emissions ?
Various points of discussion have not yet been resolved and new points
of disagreement are coming up. The EU has been advocating domestic
action very strongly, i.e. that the "bottom line is that at least 50 % of the
reductions must be achieved through domestic action". The United States
opposes this.
Another important point is the definition of the "clean development
mechanism". Since Kyoto the nuclear lobby has tried to include nuclear
energy as one of the best ways of avoiding global carbon emissions and
of contributing to the attainment of voluntary reduction commitments. At
COP-5 this idea was supported by Canada. But is shifting from one envi
ronmental problem to another really a solution ?
The question remains whether the Clean Development Mechanism will
widen the gap between the richest part of the world and the poorest part.
The African Group and NGOs (AGARWAL et al. 1 999) note that : "A pure
ly market-driven mechanism is likely to bypass Africa, and will not meet
the region's priority concern for sustainable development". Africa with
only 2 % of the world's C02 emissions ( 1 996) and - mutatis mutandi 
an equal share of world's primary energy use has nothing to sell on world
markets. The idea was therefore put forward that Africa and the least
developed countries could benefit from "emissions avoidance". "This
refers to the adoption of a development path that does not depend on
heavy GHG emitters, but instead on clean technologies and energy
efficiency." (MUMMA 1 999 in ECO issue n° 4 - Volume CII.)
4.2 . . . . AND A NATIONAL POINT OF VIEW
Emst voN WEIZSACKER ( 1994) stated in his book Earth Polities that,
"Each century in modem times has had its own particular character. Our
century is the Economie Century. . . Whether we like it or not, we are now
entering a Century of the Environment. Nevertheless, one can conclude
from the negotiations that the environmental problem of climate change
is not an environmental problem as such ; it is also a socio-ecological and
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a socio-economie problem. The proposed policy measures will have an
impact on socio-economie development both in developed and devel
oping countries. So it is obvious why developing countries emphasize the
parts of the convention (and protocol) that call upon developed countries
to offer finances, clean technology and capacity building in order to
ensure sustainable development.
The EU Council of Ministers responsible for development cooperation
concluded on the 1 l th of November 1 999 that it is important for EU
member states to take into account climate change within development
cooperation programme s. Bearing in mind the call for EU leadership in
preparing for the COP-6 in The Hague (2000) these Council conclusions
send a clear signa!.
If Belgium wants to play an active role during its EU Presidency in the
second half of 200 1 , and thus continue EU leadership in the framework
conventions, efforts must be stepped up. Apart from its yearly contribu
tion to the Global Environment Fund, Belgium has never incorporated
environmental considerations into its bilateral development cooperation
programme s. However, federal government could pay more attention to
finances and capacity building whilst regional government could invest in
the transfer of clean technology. This would increase our credibility on
the international stage, whether the main reason for global warming is
anthropogenic emissions or not.
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SUMMARY. - Most scientists agree on the natural greenhouse effect, but not
all amongst them agree on the possibility of an enhanced greenhouse effect
resulting from anthropogenic ernissions of GHGs (C02, CIL, N20, CFCs, 03).
lrrespective of the contemporary dispute on the origin of a possible Global
Warming, it seems obvious that we cannot be responsible for the heliogenic
origin, but we should consider ourselves as fully responsible for an anthropo
genic origin. Accordingly, from an ethical point of view, we should prefer to
make the rnistake of choosing a policy imposing a reduction of GHGs ernissions,
while it could be the case that Global Warming has a strict heliogenic origin,
rather than to make the rnistake not to have chosen such a policy, while it could
be the case that Global Warming has an anthropogenic origin. A supplementary
argument for choosing a restrictive policy, is that a reduction of carbon ernission
or fuel input would improve the quality of the environment, and by the way also
improve public health. Of course, such a policy should not be implemented at the
cost of the least advantaged. It is argued for a fair strategy of efforts not only
between developing and developed countries, but also within the realm of devel
oped countries where poverty still exists. Some policy instruments, such as the
precautionary principle, tradable permits and ecotaxation, are evaluated on the
ground of their ability to cope with this ethica[ viewpoint.

Heliogenic or Anthropogenic Climate Change ?

This issue should be at first sight recognized as a scientific one, since
it seems a matter of reliable knowledge if any Global Warming would be
* Center for Environmental Philosophy and Bio-ethics, "Universiteit Gent",
Blandijnberg 2, B-9000 Gent (Belgium).
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the case at all. But real-life science is not so simple. Of course scientists
agree on the existence of a natura/ greenhouse effect assured
by the presence on earth of greenhouse gases such as C02, CIL and
N20 [ l ]*, so that to speak about an anthropogenic greenhouse effect
would be less accurate than to speak about an enhanced greenhouse effect
caused by the anthropogenic ernission of greenhouse gases.
As the "official" reports of the Intergovemmental Panel on Global
Change (IPCC 1 990, 1996) and media coverage made us aware of, at
least since the first UN conference on the human environment ( 1 972) and
from Rio ( 1 992) to Kyoto ( 1 997), there is the possibility of an anthropo
genic enhanced greenhouse effect, mostly due to the anthropogenic ernis
sion of carbon dioxide. Most scientists agree upon the IPCC estimations
that a doubling of carbon dioxide concentrations would lead to a 2 °C
(± 1 .5 °C) increase in global mean temperature. They also agree on the
enhancement of overwhelrningly negative impacts of a Global Warming
on the world agriculture and the rise of the sea level (HEKSTRA 1989,
JooHA 1 989, LEMONS et al. 1 995, LIPIETZ 1 995, BERGER 1 997).
Nevertheless, the most surprising is that there exists a consensus about
the fact that general circulation models are not capable of predicting
regional climate change in a reliable way (RoQUEPLO 1 993, SHACKLEY &
WYNNE 1996). Hence some scientists, especially sociologists (BRADBURY
1 989, lNGRAM et al. 1 992, JASANOFF et al. 1 995), industrials (GCC
1 993) [ 2] and media actors (Equinox 1990) began to suspect IPCC
reports of understating uncertainties and concealing the diversity of
opinion amongst scientists. Indeed, not all scientists have been very care
ful with their statements about uncertainty. Mason for example stated
that :
lt is virtually certain that the troposphere is warming very slowly in
response to the continually increasing concentrations of C02 and the other
greenhouse gases but the signal is yet too small to detect above the large
natural climate variations, partly because it is delayed by the thermal iner
tia of the oceans (MASON 1992, p. 90).

Rom Harré and others, who recently studied environmental discourse,
could pertinently ask "how can a signal that is 'too small to
detect' establish that something is 'virtually certain' ?" (HARRE et al.
1 999, p. 6 1 ). Especially sociologists have underlined the uncritical accep
tance of the primary role of science as an input to policy decisions. This
acceptance, according to them, is not only problematic because it creates
* The nurnbers in brackets [ ] refer to the notes pp.
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a hierarchy between experts and laymen [3], but also because it ignores
the interest of the scientific community in legitimating itself in order to
secure its financial resources (BRADBURY 1989, SHACKLEY & WYNNE 1996,
LuTEs 1 998). Indeed, we should be worried about the fact that science is
in this way economically biased, but we should not overstate the conse
quences since it does not follow from the fact that science is econom
ically or socially biased that it is wrong. Of course, it does not follow
either that it is right.
Finally, we should recognize that sociologists are scientists too, also in
need of resources and academie authority, so that they most probably
have an interest in making us overstate the case of social and economie
biases in science. The fact that we like to know the properties of some
alloy has for sure to do with our social and economie interests in light of
reliable materials, hut from this it does not follow that our knowledge of
these properties is not a reliable real-world knowledge.
In fact, one of the problems with uncertainties in climate change is that
they give at once a good argument for those engaged in climate change
research to ask for more resources in order to reduce uncertainties, and a
good argument for those industries and govemments opposed to any
action to reduce carbon dioxide emissions. In both cases it is the absence
of certainty which is used as a rhetorical device not to take any action
before the uncertainties are reduced. And indeed, in Rio ( 1 992) poli
ticians and scientists decided to meet again in Berlin ( 1 995), and in Berlin
. . . they decided to meet again in Kyoto ( 1 997). Most developed countries
decided then to engage in emission abatement by 2008- 1 2, without con
straints or binding targets, and not all of them at the same rate.
The European community agreed to an 8 % reduction, Japan to a 6 % ,
and the United States to a 7 % after having imposed the principle of
tradable permits. But the question remains : why should we engage in
emission abatement if the occurrence of a significant climate change
could have an heliogenic cause rather than an anthropogenic one ? lt
seems then that we have one more argument not to engage. too soon in a
reduction of carbon dioxide emissions, or greenhouse gases emissions
more generally. Why then reduce greenhouse gases emissions ? Well,
from an ethical point of view the answer is obvious since we cannot be
responsible for an heliogenic climate change, while we should consider
ourselves as fully responsible for an anthropogenic origin of a Global
Warming. Of course, even in the case of an heliogenic origin of a sig
nificant increase in temperature, we would be responsible for the way we
deal with its consequences. The difference an anthropogenic origin
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makes, is that we could do something to avoid or at least to limitate
Global Warming (table 1).
Table 1

Global Warming's Origin and Consequences
Avoiding/Limitating

Dealing with
Consequences

Heliogenic Global Warming

we cannot avoid it : we are not
responsible for its origin

necessarily

Anthropogenic Global Warming

we can avoid/limitate it : we are
responsible for its origin

necessarily

According to the difference an anthropogenic origin of climate change
would make in matters of responsibility, it would be preferable to engage
in a restrictive policy imposing a reduction of fuel input or carbon emis
sions, even if it could be the case that a Global Warming bas a strict helio
genic origin, rather than not to have chosen such a policy, while it could
be the case that climate change bas an anthropogenic enhanced origin.
This prescription could also be called the minimax regret rule, according
to which it is better to minimize the maximal regrets we could have for
having or not engaged ourselves in some action [4] . Of course someone
could say that we would have the most regrets, economically speaking, if
we choose a restrictive policy, while climate change happens to be helio
genic. But since "regrets" are religious and ethical feelings, they are strictly speaking - parasitic on economie rationality. Hence, an eco
nomie point of view cannot take "regrets" into account. Consequently,
when we talk about "regrets", we talk about regrets not to have prevented
human diseases or not to have saved human lives. But suppose, now, that
we accept a restrictive policy and that climate change is heliogenic,
would we have done it for nothing ? Of course not. We still have to recog
nize that a reduction of fuel inputs or carbon emissions would also have
a positive effect on public health. According to the World Health
Organization, air pollution is responsible for more deaths than traffic
accidents. There will indeed always be some eccentric man or woman
enjoying oxygen cafés in New York or Tokyo, but this is not the kind of
"excitement" we should impose upon ourselves, neither upon our
children.
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In fact, I am convinced that for this reason only, a substantial reduction
of fuel inputs in particular should be considered as morally urgent, inde
pendently of the Global Warming issue. Doing nothing for the reason that
climate change could be strictly heliogenic in its origin should be con
sidered as irresponsible, because it supposes that we separate environ
mental issues more than we should be allowed to [5].
Even if it is true that discussions on environmental issues appear at dif
ferent theoretical levels - most papers on climate change do not men
tion actual public health problems related to fuel inputs -, we should
remember that we still live in one and the same biophysical world. It is
indeed true that as long as Global Warming is concemed, we remain in
the realm of "guestimations", but it is also true that as long as fuel inputs
and their effects on human health are concemed, we remain in the realm
of actual situations. Welfarist arguments according to which we might not
tax fuel inputs, for example, because of the economie consequences of
such a restriction, are ill conceived, since "welfare" should not only be
conceived as including income per capita, but also as including the
ability to freely breathe fresh air and to live a life worth living. Of course,
it could be argued that some people, especially the poor, would prefer to
live in very polluted areas while having a job, rather than to breathe fresh
air in places where they do not eam a living. But this is to forget that we
should not be morally authorized to put human beings in such tragic
trade-off situations.
An additional argument for an abatement of fuel inputs or carbon
emissions could be given from an ecocentric point of view, as some
philosophers and ecologists do, since such a reduction could improve
ecosystem health or integrity [6] . Finally, it would help to improve ener
gy efficiency through the implementation of new and more sophisticated
technology and by the way save fossil fuels for the needs of future gen
erations. The difference a restrictive policy would make is illustrated in
table 2.
It could be tempting, from the point of view of climate change, to
choose a "leam then act" strategy (MANNE & RrcHELS 1 99 1 ), but from that
of global human health it seems more reasonable to follow the "act then
leam" strategy, since nothing indeed stands in our way, once we have
decided to act now in order to improve public health to do all we can to
reduce uncertainties about climate change. Our decision to restrict fuel
inputs or carbon emissions does not need then to be fully supported by
the precautionary principle, which stipulates that we should not wait
until we have scientific certainty before acting in order to prevent envi-
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ronmental damage, since, as far as human health is concemed, we already
know that it would be better to reduce fuel inputs, or at least not to let
them increase. My argument is simple : we should not separate environ
mental issues more than should be allowed to ; if we tax fuel inputs in
order to reduce greenhouse gases emissions, we also reduce general air
pollution which has general adverse effects on human health, especially
on the least well-off (WHO 1 992) [7] .
Table 2

Restrictive Policy Differences
Global Warming

No Global Warming

No Restrictive Policy

we deal with the consequences our ability to deal with the
consequences is useless

Restrictive Policy

we deal with the consequences
but we also improve :
- human healtb
- energy efficiency &
sufficiency

our ability to deal with the
consequences is useless but
we also improve :
- human healtb
- ecosystem healtb or integrity
- energy efficiency &
sufficiency

Hence, from an ethical point of view, the question : "heliogenic or
anthropogenic climate change ?" is not the good question. Once we have
decided to follow the "act then leam" strategy, the good question which
should stay on the agenda becomes : "who should support the burden of
the energy restrictions and how should we conceive a fair strategy of
restrictions ?"

Fair Strategy of Efforts, Global and Local Justice
WHO SHOULD SUPPORT THE BURDEN OF RESTRICTIONS ?

We argued that both the responsibility argument and the nummax
regret rule have given us already good reasons to do something to avoid
or limitate a possible anthropogenic climate change. We also argued that
independently of any climate change, we should accept a substantial
restriction of fuel or energy inputs, in order to improve human health,
ecosystem integrity, and energy efficiency and sufficiency.

THE ETIDCAL PERSPECTIVE

175

Another argument we should take into account, is the maximin rule
proposed by the philosopher John RAwLs in bis Theory of Justice ( 1 97 1 ),
probably the most important work of the century on social ethics.
According to him, fair principles of justice would be those chosen by
agents in a hypothetical "original position", in which they do not know
their tastes, preferences or place in society. Rawls thinks that agents in
such an original position, which is typical of a situation of uncertainty,
would not allow social and economie inequalities, unless they are to the
benefit of the least advantaged members of society, since agents in the
original position do not know whether they will be amongst the most or
the least advantaged members of society, once out of the position. This is
the so-called "difference principle". Transposed in a situation of policy
decision under uncertainty, the "difference principle" is equivalent to the
maximin rule, according to which, contrary to the Bayesian rule of
maximizing expected utility, we should avoid the worst outcomes, even if
their probability is very small [8] . Consequently, the "difference
principle" and the "maximin rule" conflate to persuade us that we should
avoid not only the worst outcomes, but especially the worst outcomes for
the least advantaged members of society. According to most observers,
adverse effects of climate change will especially affect people of the
developing countries, the least advantaged indeed of world society (EL
SAYED 1991 ; UNPF 1 99 1 ; AGARWAL & NARAIN 1 99 1 ; JAMIESON 1 992,
1994 ; LEMONS et al. 1 995 ; LIPIETZ 1 995 ; MARTENS 1 999).
Developed countries have been responsible in the past for most green
house gases emissions, and still remain responsible for the bulk of green
house gases emissions (WACKERNAGEL & REES 1995, SCHOKKAERT &
EYCKMANS 1999) [9] . It would thus seem unacceptable if developed coun
tries, whose prodigality in the past bas degraded the global environment,
now were urging restraints on developing countries which have been fru
gal and now aspire to a higher standard of living. As about the fairness of
any strategy of efforts, it seems obvious that an abatement of greenhouse
gases emissions or energy input is not a strategy we should impose on
developing countries, at least not until they reach a certain platform [ 10] .
This view accords perfectly with Agenda 2 1 recommendations which
hold that equity is integral to achieving sustainability. People in deve
loped countries should adopt a less polluting way of life in order to let
live people in developing countries. Or to put it in terms of the "polluter
pays" principle, those who have polluted first and the most should restrict
fuel inputs or carbon emissions first and the most.
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WHAT KIND OF STRATEGY OF RESTRICTIONS ?

From the three main strategies of restriction which are mostly dis
cussed we only retain tradable permits and ecotaxation in the context of
our discussion. Borrowing to oneself, which means reporting constraints
to future generations, does not seem acceptable at all from an ethica!
point of view, since we do not even know if future generations would lend
out their rights to pollute, and indeed it has not been retained at the Kyoto
negotiations.
Tradable Permits

Tradable permits were particularly present on the agenda during the
Kyoto negotiations, since the United States only accepted the principle of
a restriction on carbon dioxide emissions to a 7 % provided that tradable
permits would be admitted as a strategy to reach restriction targets. We
should avoid any a priori rejection, on ideological ground only, of the
idea of tradable emission rights, since marketable emission rights could
represent the most efficient way to distribute the burden of restriction
among polluting actors. We have to bear in mind that our purpose is to
question strategies of restriction from an ethica! point of view, not from
an economie point of view. Hence, our first concern then, contrary to the
economist, should be equity, not efficiency.
Once the principle admitted that emission rights should be distributed
on a per capita basis as AGARWAL & NARAIN ( 1 99 1 ) argued, developing
countries would not seem disadvantaged, at least at first sight.
Nevertheless, independently of the national and international indices
which could be used to distribute emission rights amongst industrial pol
luters (LEMONS et al. 1 995), the fact that polluters having exploited all
their pollution rights could sollicitate polluters keeping their emissions
beyond their emission rights in order to buy their surplus, will probably
slow down technological improvement, as long as the costs for getting
additional emission rights would be equal or lower than the costs for
implementing cleaner technology. On the other hand, a country facing an
economie crisis with a fall-down of 30 % of its emissions, as it was the
case with Russia (LIPIETZ 1995), could indeed sell off 30 % of its emis
sion rights, while it has not at all irnproved its polluting technology. In
that case, selling off emission rights would not be a reliable indicator of
technological improvement. Another adverse effect of marketable emis
sion rights is that, since most developing countries have an international
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financial debt, they could be tempted to engage in a debt-emission rights
swap, and this would sacrifice their own right to future development.
Tradable permits do not seem then to guarantee technological
improvement, nor equity among polluting actors. In fact, and paradoxic
ally, if it is at all possible to avoid these adverse effects, this possibility
would require more state control than ecotaxation does. Finally, tradable
permits support the idea that the protection of human health and ecosys
tem integrity are marketable, an idea we could right away reject from an
ethica! point of view. Human health at least should be considered as a
common good to be protected from the contingency of the market
(WESTRA 1994, CHEMILLIER-GENDREAU 1 998).

Ecotaxation
According to economists, ecotaxes on their side, like all taxes, run
the risk of being set either too high or too low to achieve the desired
objective. Set too low, they will probably not even pay back the necessary
costs relative to their application. Set too high, they run the risk of dis
suading too fast, so that the revenues from the tax would not be earned at
all. These kinds of extremes are most probably the case with revenue
raising taxes as "sin" taxes on alcohol and tobacco. Environmental taxes
should be primarily conceived as incentives to alter pattems of behaviour
in a direction that would reduce damage to the environment.
At its best then, ecotaxation should be an incentive to consumers and
industrials to reduce their polluting activities. Some consumers could
indeed give up driving cars, and prefer riding a bike, but they will not give
up warming their house. At the industrial level, ecotaxation should
encourage the improvement of technology. The choice between taxes on
fuel inputs or on measured emissions is not so much relevant here. What
matters is that at both levels, the first dividend which would be assured
from ecotaxation, is the improvement of the quality of life and the envi
ronment. Taxation would have the potential to stimulate sustainable
forms of economie activity, and of course a carbon tax might need to be
accompanied by spending on assistance for poor or elderly energy con
sumers who would otherwise be disproportionately harmed by higher
energy costs.
Environmental taxes could also be both used as an incentive instrument
and with the purpose of revenue-raising [ 1 1 ) . In the latter case environ
mental taxes would function as an earmarking tax revenue, and would
imply a pre-commitment in the use of the revenues for certain public
expenditures. This idea of a second dividend then is more controversial
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but still the most prornising at the level of social justice and equity
(O' RioRDAN 1 997). As economist Paul EKINS ( 1 997) argues, there is a pos
sibility of policy reformation to tax pollution and consumption, rather
than people and jobs (also GEE 1 997, REES 1 998, LIPIETZ 1 999). A sus
picious public about environmental taxation could also be more willing
to pay a tax if they knew that the revenues are clearly assigned to a social
ly just policy measure such as the replacement of taxation on jobs.
The possibility to create new job opportunities even in developed
countries should not be overlooked, since our acceptance that a further
improvement of welfare would only be fair if it is for the benefit of the
least advantaged, that is primarily for the benefit of developing countries,
should also imply that it would not be fair unless it is also for the benefit
of the least advantaged in developed countries, where poverty still exists.
In this case, even in developed countries which should support the burden
of restriction on carbon ernissions or fuel inputs, environmental taxation
would not necessarily have to be conceived as a threat to jobs or general
welfare.
The idea of an additional dividend from ecotaxation used to cover
public expenditures related to environmental research should also be
retained, and as long as research on climate change is concemed, we
could promote a fair deal between heliogenic and anthropogenic research
teams in order to prevent or reduce the costs of a possible Global
Warming [ 1 2) .
Anyway, from an ethical point of view w e should support ecotaxation
irrespective of the advantages of reinvesting the revenues in the promo
tion of jobs or environmental research, only because it guarantees our
first dividend, that is the improvement of the quality of life and the envi
ronment. And we should do this at the cost of the most polluting coun
tries, that is developed countries.

Conclusion

We argued that as long as climate change and the heliogenic-anthro
pogenic dispute is concerned, the "act then learn" strategy was more
appropriate, since otherwise we could regret not to have avoided or lim
itated an anthropogenic climate change.
It was also argued that if we do not yet have reliable information con
cerning Global Warming, we do know, now, that a substantial reduction
of fuel input or carbon ernissions would already improve human and
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ecosystem health. Hence, our argument in favour of a restrictive policy
does not need to be fully supported by the precautionary principle. As
long as developing countries facing climate change are concemed, we did
argue that developed countries should support the burden of the restric
tions on greenhouse gases emissions or fuel input : this was approved at
the Kyoto negotiations.
Once this principle of global justice admitted, we tried to show that
environmental taxes not only constitute a better guarantee for the
improvement of the environment than tradable emission rights would do,
but also represent a better way to deal with local justice. The improve
ment of the quality of the environment, which should also be conceived
as an improvement of welfare, should not be allowed to occur at the cost
of the least advantaged in developed countries too. A restrictive policy on
greenhouse gases emissions and more specifically on fuel inputs could
then be admitted without compromising social justice at both global and
local levels.
NOTES

[ 1 ] Carbon dioxide, methane and nitrous oxide are natural constituents of the
atmosphere. Without the naturally occurring greenhouse effect, the earth
would not be hospitable.

[2] Simon SHACKLEY and Brian WYNNE report that there are "several industry
coalitions devoted to highlighting and widely communicating the uncer
tainties in climate science"

( 1996, p. 295, note 5). They further mention the

Global Climate Coalition and the publication of its briefing notes (GCC

1 993). Mark LUTES ( 1 998, p. 163), on bis side, mentions the right-wing
( 1 989) and the Cato Institute
(BoAZ & CRANE 1 993, especially the contribution of Patrick Michaels on
organizations such as the Marshall lnstitute

Global Warming). Note that some sponsors of the Global Climate Coalition
as Shell or DuPont have changed their attitude since Kyoto, and are now
sponsoring the American Pew Center on Climate Change, which accepts
the idea of improving technology in order to further reach greenhouse
gases restriction targets ( KOLK 1 999, p. 1 04).
[3] Not all sociologists or anthropologists recognize the role of value in risk
assessment as an argument in favour of a greater public participation in the
constitution of knowledge about risks. Even though he underlies, together
with anthropologist Mary Douglas, that all risk perception and evaluation
are socially and culturally biased

( 1 982), Aaron WILDAVSKY despises lay

men opinion and believes that scientific evidence shows there is no cause
for alarm ( 1 99 1 , 1 995).
[4] For an introduction to the rninimax regret rule, see for example L. J. SAVAGE
( 1954), D. FoLLESDAL ( 1 979) or R. GoonIN ( 1992).
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[5] We should not overlook the role of traffic pollution on greenhouse gases
emissions. Not only can vehicles directly contribute to emissions of
methane, but the reaction of carbon monoxide with hydroxyl (OH) radicals
has the effect of allowing the abundance of other greenhouse gases, such as
methane, to increase (HuGHES 1 993, p. 35).
[6] Our purpose here is limited to anthropocentric arguments, but the case can
also be made that we should take ecocentric arguments into account,
according to which vulnerable ecosystems should be protected from irre
versible consequences induced by the anthropogenic emissions of green
house gases (TAYLOR 1986, RosE 1992, KELLERT & WILSON 1993, RosE &
STEVENS 1993, WESTRA 1994, WESTRA & LEMONS 1995, LEMONS et al.
1995).
[7] The literature on environmental justice and the inequity in the distribution
of environmental risks has grown very fast for the last decade (see BULLARD
1 998). Developing countries too should do something to reduce air pollu
tion in urban areas, but this is something they should decide at the level of
their local or national environmental policy (HARDoY et al. 1992).
[8] lt is interesting to note that both a conservative economist as Thomas
SCHELLING ( 1 992) and a progressive one as Paul EKINs ( 1 997) are convinced
that we should first do something to avoid catastrophes.
[9] Carbon emissions in 1991 attained 15.2 tonnes per year per persen in
Canada, 19.5 in the US, and 0.8 1 in India (WACKERNAGEL & REES 1 995,
p. 85 ; SCHOKKAERT & EYKMANS 1 999, p. 198).
[ 1 0] At Kyoto, Russia for example was authorized to a zero percent reduction
by 20 10, compared with its greenhouse gases emissions in 1990 (LIPIETZ
1999).
[ 1 1 ] For a short introduction to environmental taxation design, see Stephen
SMITH ( 1 997).
[ 1 2] I thank especially Edmond De Langhe who kindly suggested this idea to
me.
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SUMMARY. - The possibility of a climate change induced by human activities
is a matter of great concern at international level. The problem has a deep
resonance in the fragile economy of many developing countries. Despite the
gigantic effort of the IPCC to grasp the multifaceted problem and to offer a num
ber of action scenarios, humanity seems still not to be sufficiently prepared for
the proper and highly differentiated measures to be taken at all levels and
regions. Two basic reasons are suggested for the unsatisfactory state of affairs.
Although scientific investigation made considerable progress in the perception of
key parameters of climate change, many areas of uncertainty subsist, and a
rational basis for decision-making is still lacking. The adopted Precautionary
Principle may need a more complete formulation, for its practical applications to
be more readily accepted. Suggestions are offered in this regard.
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The Current Situation

That the possibility of a climate change, induced by human activities,
is a matter of great concern at international level has once again been
made clear. That the problem has a deep resonance in the still fragile
economy of many developing countries was abundantly argued as well.
For more than a decade, the Intergovemmental Panel on Climate
Change (IPCC) has spent gigantic efforts to grasp the problem in all its
facets, and to offer a number of action scenarios which would help dec
ision-makers. Yet, one is still left with the feeling that "human-bood" is
not sufficiently prepared for the proper and highly differentiated mea
sures to be taken at all levels and regions.
A large ni.ajority of specialists feels that the possibility of an anthropo
genic impact on climate deserves serious consideration. However, one is
confronted with an incoherent range of theories, hypotheses, scenarios,
prognoses, together covering the almost entire domain of scientific inves
tigation, from physics over biology and earth sciences to economics and
social sciences.
When searching for at least a sart of agreement on the human impact,
one notes widely different opinions, stretching from minimal to zero
impact, over different degrees of possible impact, to firm viewpoints that
this impact is a proven fact, that ecosystems are already suffering from it,
and that measures are to be taken, immediately.
Several contributors stressed the difficulties in constructing a firm
rational base for decision-making regarding any defence against climate
change. Some underlined the lack of sufficient knowledge in climatology,
in geosciences and in astrophysics, and others warned for the hardly pre
dictable implications of the envisaged economical measures, especially in
developing countries.
The one general certainty is the responsibility of humanity to assure a
decent future for its coming generations, and this crucial ethical aspect is
sufficiently explained in the present proceedings.
But can scientists at least positively influence the debate ?
The present Colloquium is a small but firm effort in that direction, with
focus on the future of developing countries.

The Many Uncertainties

Leaving aside for a while the socio-economie and politica! aspects, it
may be constructive to have a rough overview of what the discussion is
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about, in the hope to perceive some key elements for further considera
tion.
Two signals are contested by virtually no specialist : the increase in
global temperature from 0.3 to 0.6 °C over the last century or so, on the
one hand, and the rapid and steady increase in the amount of carbon
dioxide (C02) in the atmosphere over the same time span, on the other
hand. The positive correlation between the two phenomena can be con
sidered as a certainty.
But as soon as scientists try to integrate these factors in simulation
models, together with the numerous intervening forces, they are con
fronted with an extraordinary complex problem.
Figure 1 is a simplified attempt at getting a synoptic view of the
problem. It is certainly incomplete but it at least allows for deducing
some points relevant to the objective of the colloquium.
One is sufficiently farniliar with the main concepts of the Natura!
Greenhouse Effect due to solar irradiation and the so-called warming
gases, and of the Enhanced Greenhouse Effect due to the increased gas
emissions, leading to a Global Warming (GW) with its potential infuence
on climate change and harmful consequences for the biosphere.
But when looking at the ramifications of this logica! line of thinking,
no less than fifteen areas of uncertainty can be detected, each area being
subject to ongoing research (fig. 1 ). Most areas are in fact a cluster of
several detail-points of uncertainty. The present contribution cannot go
into details and only a brief enumeration with some keynotes can be
given.
1. Is global warming during the last fifty years a proven fact ? The
average temperature computed by the Climatic Research Unit of the
University of East Anglia in the UK, on the basis of all the regular ob
servations over the globe, does show a steady increase in the surface air
temperature. But the measurements from the weather balloons and the
satellites do not show this trend (fig. 2). The discrepancy "cries" for an
explanation.
2. IJ both anthropogenic and non-anthropogenic forces are acting on
climate change, what is their relative importance ? The conclusion of the
IPCC in its 1995 assessment reports that "The balance of evidence ( . . . )
suggests a discernible human influence on global climate" has unfor
tunately been misused by pressure groups and in the media. But it actu
ally reflects the state of the art and gives no indication on the amount of
the human influence. Recent results could point to the climate system
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Fig. 1. - Enhanced greenhouse effect. Uncertainties.

being a rather fragile one, wherein a relatively minor anthropogenic
impact would in fact risk to be the triggering factor for an irreversible
chain of reactions, leading to a radical climate change. But the change
could be a sudden cooling as well (TAYLOR 1 999).
3. The Climate Models are by definition an area of uncertainty but they
are probably the best instrument for the eventual understanding of
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the total dynamic system and hence for evaluating the future. Their per
formance was recently evaluated by leading proponents as follows : "the
forcings that drive long-term climate change are not known with accur
acy sufficient to define future climate change" (HANSEN et al. 1 998). And
another, more critical conclusion reads : "The coupled general circulation
models can, without any anthropogenic forcing, produce pattems that
resemble those expected from anthropogenic causes" (BARNET 1 999).
The models have been criticized as prediction tools for the future cli
mate change. But the involved scientists rarely are predicting : they
humbly try to understand and to project the results into the future with
much caution (BERGER 1 997).
In so far the models mean a tremendous effort to grasp the totality of
the climate change problem, they are unduly criticized.
4. The carbon cycle is not enough understood. The latest surprise has
come from the discovery that enormous methane hydrate stocks at the
bottom of the oceans can, for unknown reasons, begin to play a consider
able active role in the carbon content of the atmosphere by abrupt release
of the methane, as they did in the past (NoRRis & Rom, 1 999).
Consequently, the models will have to be fundamentally revisited and the
triggering factor(s) of the methane release be searched for.
5. The above-mentioned relationship between warming and increase in
C02 content of the atmosphere is a matter of debate, because scientists
diverge in opinion on the causal relation between the two processes. Is the
increase in C02 the very causal factor of the warming, with the enhanced
greenhouse effect as the instrument, or is the C02 increase caused by the
warming, via a not yet understood mechanism ? Or else, is the relation
even more complex, with partial causality on both sides ? How to quan
tify this ?
Common sense would indicate that the C02 increase in the atmosphere
is the simple and direct consequence of the heavily increased anthro
pogenic emission. Recent research in palaeoclimatology reveals the
existence of many cycles with analogous correlations over the past. For
some cycles, according to some researchers, the rise in C02 content
seems to have followed that of temperature, rather than the other way
round.
If or when warming ever comes first, by which factors is it caused :
heliogenic, geogenie, anthropogenic ? Even the very couple "warming rise in C02" is not a certainty. One reads for example that "maybe we
should be less concemed about rising C02 and rising temperatures and
more worried about the possibility that future atmospheric C02 will sud-
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denly stop increasing, while global temperatures continue rising"
(COWLING 1 999).
6. The warming versus cooling role of the clouds has as yet not been
quantified in a satisfactory way. The endless change in cloud forms in all
its different pattems over the whole globe is a major difficulty for mod
elling and the search for convenient parameters could take quite some
time (CEss et al. 1 996).
7. The order ofpriority in the impact of greenhouse gases is uncertain,
with quantifying problems as a consequence. For example : the previous
ly perceived increase in the methane content of the atmosphere seems to
have stopped for unclear reasons, with adaptation difficulties in the
models as a consequence (HANSEN et al. 1 998).
8. How evidently is GW already expressed in climate change, at glob
al and at regional level ? Earlier models had led to the expectation that at
least in the Arctic zone, the first effects would by now have been detect
ed, but no unequivocal signal has been reported (WALsH 1 993). The reg
ularly appearing news on the media about melting ice caps, calving ice
masses and increasing weather calamities, is either systematically neu
tralized after serious investigation, or put on the account of natura! cli
mate fluctuations. As to a possible effect of warming on an enhanced
El Nifio Southem Oscillation (ENSO) over the last decades, research led
to radically opposite conclusions (TIMMERMAN et al. 1 999, ALLAN &
D' ARR.Iao 1 999).
9. How exactly would climate change influence the Biosphere ?
Expected changes in vegetation per zone and region are regularly revisit
ed, due to new discoveries. The recent finding that plant diversity is heav
ily dependent upon soil fungi dynamics, which in turn can vary with the
C02 in the air, is a case in point (vAN DER HEYDEN et al. 1 998). The know
ledge in the dynamics of flora and fauna appears to be far from sufficient.
The well-known fact that higher C02 levels do stimulate plant growth is
seriously complicating the picture. The bleaching of corals may be rather
directly connected to high solar irradiance (BROWN 1 997).
JO. What is the efficiency of the emission restrictions as agreed upon
in Kyoto ? lt is not certain that these measures, if applied, would restore
a decent C02 content and the matter is subject to intense discussions
indeed. At the recent climate conference in Bonn it was announced by
some scientists that the implementation of the Kyoto Protocol would
reduce the expected rise in temperature by no more than five percent.
11. In how far can a control of demographic pressure alleviate the
problem ? The recent Conference in Cairo urgently calls for intensive
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measures to stop the massive increase of human population. Nobody con
tests the fact that this running population growth within one century bas
been at the origin of considerable increase in gas ernissions. What is the
most feasible scenario for the future when this factor is integrated in rel
evant models ?
12. In how far can renewable or altemative energy designs, such as
solar panels and windrnills, dams, hydrogenic motors, alleviate the bur
den ? Prospects for the near future are bleak for reasons of environment
al or economie feasibility, especially in developing countries and one
hopes that relevant research is or will sufficiently be supported.
13. How much could induced "carbon sequestration " be of some
help ? Current evaluations on the impact of reforestation and of carbon
dumping in the ocean are a matter of debate and, once again, call for
much more research. Surprisingly, massive reforestation could have a
reverse effect in the long run, with C02 release due to decay progressively
exceeding the C02 uptake (PEARCE 1 999).
14. To what extent is global warming the result of natura/ cyclic phen
omena ? The question is connected to the uncertainty (2) and geophysical
and palaeoclimatological research have only recently accumulated sur
prising evidence for such cycles, let alone exactly calculated their impact.
There is, for example, the recent finding that a cyclic slowdown of
southern ocean deep water formation could be responsible for global
warming (BROECKER et al. 1 999). What forces would rule such cycle
which, as suggested by the authors, may have caused the Medieval Warm
Period, the subsequent Little lee Age and perhaps the recent warming ?
lncidentally, and with regard to uncertainty (4), the same authors deduce
from their finding that the current warming may be totally unrelated to
the concurrent C02 increase in the atmosphere.
15. What is the respective role in climate variation on long and short
terms, of "celestial farces " such as sun irradiation, solar wind, cosrnic
rays, and the almost chaotic interplay of the combined sun-planetary
movements ? The increasing evidence of this role calls for massive
research in that direction as well.
This brief review of the many uncertainties apparently shows that no
key factors are as yet available for tackling the problem in its essence, and
that Science bas still a long way to go, in many disciplines, before it can
become instrumental for correct decision-making.
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The Precautionary Principle
and the Developing Countries

If science can as yet not deliver a satisfactory answer to challenges for
the survival of humanity and its environment, wisdom should prevail. The
Precautionary Principle (PP) has been clearly advanced as the only avail
able answer to the challenge.
The frequently quoted Article 3.3 of the United Nations Framework
Convention on Climate Change mentions that "the policies and measures
should be cost effective, . . . at the lowest possible cost, and take into
account different socio-economie contexts".
These modulations of the PP are directly concerning the DC's. They
were taken care of in the IPCC 1 995 Assessment Report as well as in the
Kyoto Protocol (e.g. art. 2, art. 3). Their implementation, however, as has
been explained in this colloquium, could lead to an extraordinary com
plicated and perhaps irreversible economie development pattern during
the coming decades, with the many uncertainties about efficiency and
feasibility of the policies taken or to be taken.
The Precautionary Principle, in its current formulation, does not
explicitly include the concept of a non-anthropogenic climate change.
But if one accepts that climate change is a fact and if one considers for a
moment that non-anthropogenic forces largely dominate, what could the
future look like ? The almost unavoidable answer is that climate change
would still happen, despite the measures taken. Sea levels could still rise,
desertification in some regions and excessive humidification in others
could proceed further, and so on and so forth. Developing countries
would thus be particularly exposed to changes, disastrous for their econ
omy in many cases and even critica! for survival in some instances.
A Precautionary Principle solely based on a non-anthropogenic impact
on climate would have implied the progressive preparation of humanity
for the unavoidable consequences. Why then is the current PP not taking
into account the non-anthropogenic eventuality ? A possible answer is
perhaps to be found in the general conception of climate dynarnics. Many
PP's imply the human factor as the dominant force in an ecosystem. And
many ecosystems wherein human activities could cause irreversible or
serious harm, such as the shrinking of biodiversity for example, are
closed ones or nearly so, with the human being as the evident major para
meter. But climate is an open system, largely exposed to forces from
space, among others. The fact that weather is regulated within the tropo
sphere-biosphere span, may lead to the impression that the system is
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closed, with the carbon cycle, and hence human activities, as major reg
ulator. But the other fact, that the comfortable 1 5 °C are in the first
instance due to the sun, should wam us for anthropocentric oversimplific
ation.
With the combination of the two concepts, the anthropogenic and the
non-anthropogenic influence on climate change, the Precautionary
Principle becomes complicated. Emissions are to be controlled with vast
social and economie implications on the one hand, and large human pop
ulations have to be prepared for the consequences of an unavoidable cli
mate change, with equally important social and economie implications on
the other. This looks more as an "impasse" and offers a rather gloomy
future, especially for the developing countries. It even invites for fatalism,
an attitude hardly bearable for any scientist and by no means attractive to
a decision-maker.

Rerouting the Debate

In the present state of affairs, the relevant research in the uncertainty
areas (fig. 1 ) belongs to two groups :
- Group A (3 to 1 3 , with 4 and 5 partly) implies a significant human
influence ;
- Group B ( 1 , 2, 4 and 5 partly, 14 and 15) puts the possible human
influence in a much larger perspective in that it implies the strong
interference of different natural mechanisms.
News from Group B research in the context of climate change is rare,
certainly in common media.
Yet we learn that great progress has recently been made in the better
understanding of the solar activities and the solar wind with their influ
ence on magnetic storms and ultimately on telecommunications in our
atmosphere. Humanity seems to be better prepared for the coming solar
maximum than it was for the previous very intense one. But knowledge
on the impact of these "forces" at lower levels of the atmosphere and thus
on climate seems to be still remote. To a candid question such as "are
magnetic storms influencing the general circulation pattem - e.g. via the
now popular jet streams - and how ?", the literature does not provide
straightforward answers.
Statistica! data on a "Group Al Group B" ratio in funding of the con
sequent research are probably not available, but it is most likely that
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Group A-research largely dominates. It would not be wise to conclude
from this situation that the anthropogenic hypothesis is the closest to real
ity. History provides many examples of "scientific minorities" being right
after some time. After all, the notions "majority" versus "minority" are
misleading concepts in scientific investigation. A scientific hypothesis
does not reflect the truth by simple majority of its proponents. But it
would equally not be wise to base decision-making on what a minority of
scientists advances.
Rather than assisting at the continuation of the Debate, should the
scientific community not draw the attention to the unbalanced funding of
research on GW ? And plead for urgent support to the entire range of
involved research ?
The PP in its current formulation does not explicitly encourage
research. Would it not be desirable to extend the notion of the PP, so as to
include not only both concepts of anthropogenic versus non-anthro
pogenic influences, but also the urge for balanced funding of the entire
spectrum of research on GW, with the aim of shortening this almost
unbearable period of uncertainty ? Would this urge not have an ethical
character, especially with regard to the developing countries ?
Such "extended PP" would neutralize the current debate for a great
deal. Authorities would be encouraged to strongly support balanced
research, and meanwhile take the most judicious and less harmful dec
isions. Negative reactions to such decisions could then cornfortably be
judged as unsound indeed.
If the above suggestion proves to deserve the necessary attention, then
Scientific Institutions may have an important role to play in rerouting this
Debate.
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Conclusions
by
Morgan DE DAPPER*

The International Colloquium on "Developing Countries Facing
Global Warming: Kyoto 1 997 and Beyond", organized by the Belgian
Royal Academy of Overseas Sciences on 29 November 1999, was
prompted by the decisions taken at the United Nations Kyoto Conference
on "Global Climate Change", held in December 1 997, which have gen
erated a complex and difficult situation for developing countries.
The purpose of the Colloquium was to bring in a one-day session a
state-of-the-art of as many aspects - scientific, politica!, economie, eth
ica! - of the debate as possible and this for a large audience. Therefore,
twelve experts were invited to communicate their own viewpoint. Time
did not allow for discus si on on the day of the Colloquium itself. However,
this does not imply that the driving force bebind the Colloquium - the
"Global Warming" Working Group of the Royal Academy of Overseas
Sciences - wished to avoid discussion. On the contrary, the choice and
the confrontation of the topics is already a discussion in itself. Moreover,
the Working Group is confident that the present proceedings, published
only a few months after the Colloquium, will stimulate further discussion
and relevant research, wherever it is feit as opportune and will serve as a
helpful instrument for decision-makers in developing countries.
The Colloquium was attended by Ambassadors and their represent
atives, offi.cers of the European Commission, scientists, students, deci
sion-makers from the public and private sector, officials of Non-Govem
mental Organizations and various other interested persons, 265 partici
pants in total. This proves again that the questions and the debate on
"Global Warming", and more particularly the position of the developing
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1 98

M. DE DAPPER

countries facing this threat - an issue that gained momentum after the
1 997 Kyoto Conference -, are more alive and kicking than ever.
Political pressure from developed countries is trying to tie any ratific
ation of the Kyoto resolutions to the obligation for developing countries
to contribute to reducing the anthropogenic emission of "greenhouse
gases" which are supposedly involved in the Global Warming. However,
on the one hand, further development in these countries is in many cases
linked to increased use of primary energy sources that unavoidably prod
uce these gases. On the other hand, many developing countries are
impressed by the predicted effects of a Global Warming, such as the rise
of the sea level, excessive drought or excessive rainfall, pending the
region. Hence the pressure in the opposite direction to have rich countries
taking the lead in the recommended restrictions of gas emission.
Suggestions to alleviate the burden on the latter countries by way of
"emission trades" with developing partners, are not simplifying the pic
ture !
The Colloquium has revealed that the rational basis for the Kyoto
resolutions is questionable and that many scientific uncertainties remain
about the exact causes of a climate change. It looks as if the simple
scenario of future Global Warming solely caused by human factors has to
be amended and that natura! factors, on which Man has no grip, have to
be taken into serious consideration.
Such a complex scenario is, however, embarrassing for developing
countries. Indeed, faced with many uncertainties, the attitude of devel
oped countries could shift to fatalism and cynism.
As humanists, scientists and especially fellows of an Academy of
Overseas Sciences, we have the sacred duty to anticipate such fatalism
and cynism. We have to try to reroute the debate, to urge Authorities to
support balanced research on the entire spectrum of Global Warming in
order to substantially shorten the current period of uncertainty and to
offer policy- and decision-makers, especially in developing countries, a
sounder platform. The Working Group is convinced that scientific ins
titutions, such as our Academy, have to play a prominent role in this issue.
We are all passengers of the one and only spaceship Earth and we are
f�rced or even condemned to continue our travel together. There is no
way to stop or change the joumey of the vehicle. Such considerations
may either lead to the selfish cynical attitude of "why should we try to
understand what happens, there is nothing we can do about it!". Or we
can adopt an attitude of precaution, and try to understand the complete
nature of the processes which alter our environment, try to find ways for

CONCLUSIONS

1 99

a good and sustainable life for all of the passengers of the spaceship. This
is not an easy task but it is the only constructive behaviour worth being
called "civilized" !

