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INTRODUCTION 

The Academy’s Space committee (set up at the end of November 2003) began work in 
January 2004. It was made up of six working groups each charged with studying one aspect of 
space activities and producing recommendations for the future development of the sector, 
based on an analysis of its strengths and weaknesses and the anticipated contribution of space 
technology. All this within a clearly defined European perspective. 

The group responsible for looking into “Space in the service of the environment”, chaired by 
Guy Duchossois, conducted its research from September 2004 to April 2005. The resulting 
report, presented here, reflects the close association of a variety of experts from the different 
scientific disciplines and socio-economic fields (both public and private sectors) involved in 
the environmental side of earth observation. This report represents an important contribution 
to European thought on the future of space technology in the service of our planet. 

1. PLANET EARTH, OUR HABITAT: A FRAGILE SYSTEM  

Planet Earth is our irreplaceable habitat: there is no alternative. 

Our planet is unique from many points of view. In particular, it is the only planet in the solar 
system on which water, the source of all life, can be found in its natural state as a gas, a liquid 
and a solid. As well as containing sufficient oxygen in its atmosphere to sustain life, the Earth 
possesses a stratospheric layer of ozone which protects it from the sun’s UV rays, and a 
natural greenhouse effect which keeps temperatures at a level acceptable to life and eco-
systems. 

Planet Earth is the result of a long evolution involving complex interactions between its 
different components – the oceans, the polar ice caps, the land masses and the atmosphere – 
and its source of energy, solar radiation. Mankind has long exerted an influence on the Earth’s 
environment, but the exponential growth in the world population and its exploitation of 
natural resources, as well as the rapid industrialisation of the 19th and 20th centuries, have led 
to dramatic changes in planet Earth which can be observed today. Human activity based on 
the use of fossil fuels (oil, gas, coal) together with changes in vegetal cover due to modern 
agriculture and the development of enormous urban conglomerations, deforestation, etc. have 
upset the balance of the Earth’s system, leading to global warming and climate change. 

Although there is much still to explore, understand and quantify, all scientists now recognise 
man’s decisive influence on atmospheric pollution and the intensification of the greenhouse 
effect, as well as the progressive disappearance of glaciers and the rise in average sea level. 
They all predict a possible increase in the incidence of violent or extreme climatic events and 
a diminution of biodiversity, as well as other anthropic effects on the environment. Man, a 
passenger on planet Earth, a “geonaut”, has a duty to explore, discover and understand in 
order to try and predict the evolution of the fragile system in which he lives and on which he 
depends, and thereby reduce the uncertainty clouding his short, medium and long-term future. 

The concept of “sustainable development”, defined in the Brundtland Report as “development 
that meets the needs of the present without compromising the ability of future generations to 
meet their own needs”, that emerged in the 1990s from the Rio Summit, involves collecting 
and sharing new knowledge essential to sustainable living. 
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2. A NEW ISSUE: THE DYNAMICS OF THE EARTH 

The Earth is undoubtedly the most complex and dynamic of the known planets. It is the one 
that is evolving most rapidly and it is unique in that life participates actively in this evolution. 
The Earth system is evolving in all time scales, from that of the mantle dynamics that control 
plate tectonics and shape continents and oceans to that of the atmosphere, which brings our 
daily rain and fine weather. What is more, all these scales are interconnected. Weather can be 
traced back to plate tectonics: atmospheric and oceanic currents, and therefore the climate, 
would not be as they are if oceans and continents had different formations. This has been 
clearly demonstrated by paleo-climatic studies, using marine sediment or ice core samples. 

Before the 1950s, Earth was not an object of study in itself, but rather the sum of work from 
separate sectors and disciplines. With the advent of the International Geophysical Year of 
1957-58, which attempted for the first time to analyse globally the interaction between the 
upper envelopes of the Earth and solar radiation, it began to be regarded as a “planet”. Partly 
coincidentally and partly through visionary planning, the first artificial satellite was launched 
in October 1957. The era of space-based observation of the Earth could then begin. Observed 
now in the same way as its fellow planets, i.e. from space, it could finally become a planet in 
its own right. 

We should also mention the realisation, about two decades ago, on the part of scientists, 
policy-makers and the public at large, that human activities were causing climate evolution to 
accelerate, apparently taking it beyond the variations in climate experienced by the Earth in 
the previous 800,000 years; this aspect was highlighted in the last IPCC report 
(Intergovernmental Panel on Climate Change) published in 2001. 

This realisation established the need to study the Earth as a global system, focusing on time 
scales going from a decade to several centuries and concentrating on the dynamics and 
interrelations of the upper envelopes – atmosphere, land masses, oceans, cryosphere and 
biosphere (included in fact in the previous ones) – as well as their relationship to the source of 
energy which animates them: solar radiation. 

3. “GLOBAL” ASSESSMENT: WHERE HAVE WE GOT TO? WHAT REMAINS 
TO BE DONE? 

Where have we got to? 

In-depth knowledge of the physical, chemical and biological processes which govern the 
Planet Earth system is essential if we are to anticipate and influence its evolution by taking 
well-informed decisions. Unfortunately, the classic experimental model is not applicable in 
this context: Planet Earth can not be studied in a laboratory! The answer is the creation of 
virtual laboratories – computer models – which simulate possible scenarios of evolution 
within hypothetical parameters. In order to construct these models the different parameters 
have to be observed and measured before the processes involved can be entered into the 
programme. The non-linear effects and turbulence characteristic of fluid systems (“chaos”) 
impose an intrinsic limit on the forecasting of geophysical phenomena, requiring observations 
to be revised frequently. The hundred and fifty year history of meteorological science is a 
good illustration of the process which, moving from observations and measurements to 
models, has progressively extended the accuracy of forecasts from one to three, then seven, 
and soon to fifteen days. The models themselves can only work if they are based on quality 
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measurements and observations. Further observations then assess the validity of such 
simulations. 

In general, therefore, observation systems must comply with the following vital requirements 
and criteria. They must: 

 provide observations which are significant and appropriate to the model: in other 
words, they must be sensitive to parameter variations within the model; 

 supply observations of such precision that they improve on present knowledge, 
leading eventually to the enhancement (or even replacement) of existing models; 

 be capable of matching sampling (in place and time) to the typical variations of the 
milieu under observation. 

Knowledge of the Planet Earth system has developed very unevenly. In the field of physical 
oceanography, for example, significant strides have been made in the area of physical 
processes, so that now there are robust models for operational forecasting of oceanic 
movements (e.g. the Mercator project) on a global and regional scale (existence of curl fields), 
as well as extraordinarily rapid methods for detection and seasonal forecasting of the El Niño 
phenomenon, which has such wide-ranging consequences (droughts, floods, forest fires, 
impact on agricultural crops, etc.). One could also cite the physical and chemical processes of 
the atmosphere with the well known meteorological applications mentioned previously. It is 
important to note that progress in these fields has benefited on the one hand from space-based 
observation, and on the other from the ever increasing sophistication of information 
technology, in particular data processing. 

Knowledge of the biosphere and its biochemical and biological processes, although constantly 
progressing, is not as advanced. This is due mainly to the great complexity of phenomena in 
areas such as biodiversity and marine and coastal ecosystems, to an incomplete understanding 
of their interaction with physical processes, and more generally to the difficulties of 
producing models of living processes. 

What remains to be done? 

Just as climate evolution is a continuous, dynamic process, so the system for observing and 
measuring it (which has to improve the quality and authenticity of models of the Earth system 
and its components, and consequently the forecasting of their evolution) must represent a 
continuum in terms of time and scientific progress between the acquisition of knowledge and 
its applications. We must be careful to insist on this continuum between scientific research 
and operational applications; both require observation systems and are interactive, the latter 
referring back to the former. It is vital, therefore, to ensure the continuity of an irreplaceable 
source of knowledge: the observation systems of the “Earth system”. 

Sustainable development presupposes sustainable knowledge and therefore equally 
sustainable methods of acquiring knowledge: observing, measuring, modelising and 
forecasting. 

4. THE DECISIVE INPUT OF SPACE SYSTEMS 

Earth navigates through time. Even if we restrict ourselves to the upper envelopes of the Earth 
that constitute our habitat, there are many timescales to be taken into account, ranging from 
day to day weather forecasting to climate and biosphere evolution over several centuries. 
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Spatial scales are equally crucial and range from the local (the scale of a drainage basin, for 
example) to the regional and the global in the case of the climate. Observation systems must 
therefore take into account this diversity of spatial and temporal scales and environments. 

Space-based observation systems, whether in near Earth orbit or in geostationary orbit, are 
capable (in many cases they are unique in this capacity) of supplying objective, continuous 
and coherent information about the Earth, over long periods, with appropriate powers of 
spatial resolution. In particular they are able to observe areas otherwise difficult to access 
(polar ice caps, oceans, tropical forests) or politically sensitive (zones of conflict). Under 
certain conditions they can also carry out observations of one-off events, such as disasters, 
whether natural (e.g. the tsunami in the Indian Ocean on December 26th, 2004) or man-made 
(e.g. the marine pollution caused by the wreck of the petrol tanker Prestige off the coasts of 
Spain and France in November 2002). Consequently they have significant potential for 
resolving the difficult problem of interweaving space-time scales. 

It must be emphasised that onboard measuring equipment has progressed spectacularly in 
terms of quality and durability. Steady technological improvement has led to a level of 
accuracy of up to four orders of magnitude greater than basic measurements. This precision is 
also transferable to operational systems. 

Space-based positioning and data transmission systems can receive and deploy, both globally 
and permanently, data issuing from in situ observation systems which give access, for 
example, to the vertical dimension, and to extremely fine spatial or temporal scales or oceanic 
depth measurements unachievable by satellite observation. 

So the combination of in situ and space-based systems for observation, positioning and data 
transmission not only solves problems of scale, but also allows for the coherent integration of 
all systems deployed. 

5. EUROPE’S CONTRIBUTION: BREAKING NEW GROUND 

One of the goals of the European Union is to create a so-called “European Knowledge Area”, 
in order to improve well-being and competitiveness within its borders (The Barcelona 
European Council of March 2002). 

This project, which is at the heart of the current European project as was as the common 
market or common currency in the past, relies on the production of knowledge. The policy of 
placing high-quality knowledge at the disposal of society and policy-makers will undoubtedly 
provide the impetus for research in the European Union for some years to come. 

The interest Europe (as a political entity) has recently shown in space stems more or less 
exclusively from this principle. The White Paper on space reveals a clear European interest 
guided by needs and (an even greater constraint) demand. The fact that space is included in 
the EU Constitutional Treaty bears this out. We consider that a more essential need is 
undoubtedly that of knowing and understanding, and that space technology expands the 
frontiers of pure knowledge. Yet the European vision for space will not be limited to this one 
objective. The emergence of Europe as a space power will manifest itself first in a desire to 
describe the products of this joint adventure in more prosaic terms: better management of its 
own environment, enhanced security for its citizens, sustainable management of the planet’s 
resources and supported development of the poorest nations. 



6 

However, behind all this concern with administrative questions lurks a more imperious 
preoccupation. It concerns the desire on the part of Europe to assert itself on the world stage 
and play its part in defining the future of Planet Earth. Does this mean Europe is interested in 
becoming a true world power? Initiatives on defence and joint security would seem to point in 
this direction. But the strongest and most significant signs have been in the field of the 
environment. Europe wishes to play its part as a responsible administrator of the planet. It 
therefore needs to actively participate in negotiations on major international agreements on 
climate, biodiversity or the protection of natural resources. Such activities are both the logical 
consequence and tangible proof of its arrival as an important player in this field. It is in this 
area that European space policy will come into its own, putting down roots deeper than those 
it had developed for more immediate applications linked to its own territory. 

Space technology, almost by definition, supplies tools on a planetary scale. It will therefore be 
one of the crucial synapses of this global intelligence which is indispensable to the emergence 
of political influence. 

The major contribution, then, that space research will make to the construction of Europe is to 
furnish a solid, indispensable basis for the development of a global data base on the state of 
the environment and the resources of our planet. This evolution will need cultural roots that 
are currently lacking. Indeed, while the new European geography may have led to a 
recognition of new needs within its internal management (in the field of markets, the 
environment, transport, land administration, etc.), it has not necessarily given the necessary 
impetus for the development of European policies on a planetary scale. At most it has revived 
interest in the protection of new frontiers and new (sometimes unruly) neighbours. 

It must be pointed out here that scientific research in Europe, which has played such a key 
role in the development of instruments for measuring changes in the Planet Earth system on a 
global, continental and local scale, continues to demand such tools. No one contests this 
demand for observation systems, in itself ambitious, requiring a panoply of methods to be 
deployed immediately for collecting, checking and distributing appropriate information 
concerning the atmosphere, the oceans, vegetation, etc. The problem is that, as opposed to our 
American friends, there is insufficient political (or even cultural) justification in Europe for 
investing in an “eyes and ears everywhere” policy. It would not be considered indispensable 
for protecting the strategic interests of the Union. 

Amongst the aims of the European space programme, we must consider the question of 
European autonomy in compiling and controlling a corpus of information likely to serve its 
strategic interests. On the surface the question might seem trivial: everyone agrees that in the 
years to come European nations will have to possess information systems for this purpose. 
The issue becomes more complex when one looks at the issues involved in such an approach: 
cost, technological constraints, existing alliances, shared skills versus the desire for national 
recognition, ethnic questions, the increasing role of commercial initiatives, the already active 
participation in international programmes, etc. The project will have to be accomplished 
progressively, by establishing a hierarchy of needs in order to build a global system. 

The desired integration will not, however, come about automatically, since it involves highly 
disparate areas. Sustained political supervision will be needed. The establishment (or even 
simply the proposal) of a worldwide intelligence system would no doubt raise global 
awareness and fuel the political will to pursue its objectives. The Galileo programme, aimed 
to supply an alternative to the American GPS system, has shown that, nolens volens, Europe 
can set up viable political formulas in this area. 
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6. A EUROPEAN PROPOSAL: GMES, A PLANET EARTH PROGRAMME 

How then does the EU intend to go about pursuing and accelerating Europe’s evolution into a 
space power? In the area of Earth observation it already possesses certain remarkable trump 
cards, including extensive know-how and a solid industrial base. In a specifically client-
oriented space programme it must ensure that the needs identified are sufficiently attractive to 
justify future investment in space. There is an element of risk involved in this: the Earth 
observation programme must not depend for its success on one single sector, even one as 
important as environment, food production or public safety. Different requirements will have 
to be studied, in order to identify common features and programming priorities, and the 
structure of potentially useful systems mapped out. 

In the field of Earth observation, it is the GMES (Global Monitoring for Environment and 
Security) initiative which will supply an integrated framework. The thematic areas chosen for 
GMES are given in Annex 1. The initiative has received growing political support, as 
reflected in the work programmes of the Commission and the European Space Agency. On a 
more general level, it must be ensured that these developments encourage industrial 
competitiveness, stimulate technological advances and generate employment within Europe. 

The first challenge facing the GMES project is to demonstrate that its Earth observation tools 
enhance the efficacy of other, ground-based data collection systems. In certain cases they 
even replace the latter, becoming indispensable. Whether as back-up systems or independent 
elements they are vital in the pursuance of numerous objectives linked to the management of 
the environment and natural resources, risk assessment and security. The joint nature of the 
GMES project ensures that meeting EU requirements for data and information is a priority. 
The evolution of these needs – immediate and future – in a changing political context will 
thus continue to be studied. Effective supply leads to a clearer formulation of demand, and 
research and demonstration programmes have an essential role to play in this context. 

The second challenge facing GMES will be to define a joint approach to space investment and 
how the data it produces is used. Added value must be shown at a European level in order to 
justify the enterprise. Finally, the political decision to set up such a system by the end of the 
decade will demand a pooling of programming, funding and operational means, and 
continuous participation of all involved. The European Space Agency estimates the financial 
package required for the construction of the GMES spatial infrastructure for the 2007-2017 
period as 4-5 billion euros. 

We can confidently say, then, that Europe’s success as a space power depends largely on the 
progress made in the development and implementation of GMES. The joint competence and 
responsibilities of the European Commission and the European Space Agency will be fully 
engaged in this task. 

7. MAJOR STAGES IN THE SHORT, MEDIUM AND LONG TERM 

A crucial question for Europe: What are the stages ahead before we can meet the needs of 
sustainable management of Earth’s resources and environment? 

If the course of history is to be changed, we must not only act in the present, but imagine the 
future. This imagined future is not necessarily the one that will be built, but it will set the 
main stages of the construction process in the required direction. This is true of any future 
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technology which demands a considerable input in terms of both knowledge and resources. 
For some years to come, Earth observation by satellite will come into this category. 

An imagined future is one which satisfies – in sustainable fashion - the material needs of its 
population and provides a framework in which the individual can flourish from both a 
personal and social viewpoint. This praiseworthy objective is thwarted today by the 
increasingly harmful effects of Earth’s growing population. In many areas of the globe, the 
capacity of land and oceanic ecosystems to provide the services essential for general 
wellbeing is being eroded. The environment is being degraded in many areas. It is a matter of 
fact that society is becoming increasingly vulnerable to natural and technological risks. The 
magic formula which would allow society to grow without irredeemably compromising its 
environmental future has yet to be discovered. However, we must set against these features 
certain positive tendencies: improved urban planning, the development of agricultural 
technology, the globalisation of exchanges, enhanced use of water, the rapid spread of 
knowledge; all these mean that, in certain regions of the world, living conditions are 
improving and sustainable profit is being drawn from the environment. 

Knowledge acquired must satisfy three requirements. First, the limits of the viability of life on 
Earth must be protected (by means of monitoring and, as the occasion demands, warning). 
Secondly, policy-makers must have the necessary information to imagine new futures. This 
means achieving a better understanding of the operation of natural systems and the potential 
of available resources (by means of instruction). Finally, a system of control will be needed, 
which will go beyond monitoring to include a contradictory aspect, by means of standards and 
regulations; without this function, the two preceding conditions would lose their efficacy. In 
all three cases, the object of knowledge and the parameters which delimit it are the same (for 
example, the attributes and function of forest cover must be described in order to prevent 
abusive exploitation and encourage sustainable management). The difference between the first 
two requirements is that the first involves ongoing, global surveillance of changes, trends and 
anomalies. In the second, analyses will focus in on particular subjects and geographic cover 
zones. The modes of operation will be very different: the first will be characterised by global, 
systematic, long-term supervision; the second by specific, finalised measurements (in time 
and/or space). These two types of observation will probably become indispensable to the 
third. 

Given these premises, it is easy to define in general and in the long term the role that Earth 
observation will play in the panoply of knowledge acquisition resources. The aim is simple: to 
ensure the continuity and universality of information acquisition means so as to deduce the 
state of the Earth and its evolution and to manage it in a sustainable way. The demand here 
comes mainly from “public services”. One can imagine that, eventually, details will be known 
on every section of the surface of the globe (as well as the column of air above it and the 
column of water that supports it) in terms of the living matter which occupies it (e.g. the type 
of occupation of a particular territory), the energy supply within it, gaseous exchanges, 
transfers of matter, etc. This information will be translated into models which will describe 
how such systems operate and can be expected to evolve. Technically it will not be difficult to 
do this nor even to manage the vast mass of data which will emerge from it. Carpet coverage 
such as this will supply a mass of material, which will then, by the use of intelligent modules, 
be subjected to “data mining”. Once the basic surveillance has been set up, at a predetermined 
level of resolution, additional information must be made available by increasing capacity for 
detailed observation of regions during particular periods (e.g. at times of drought, ocean 
current anomalies, technological or natural disasters, particular conflicts or other significant 
events). The guiding principle will be: “anywhere, anytime”.  
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Whole flotillas or constellations of instruments will be needed for this generalised, permanent 
supervision of the terrestrial globe. Processing centres will handle data in a new, integrated 
way and specialised institutions will look after filtering for useful information. The classic 
data model will still apply (gathering - processing – analysis), although integrated processing 
will no longer be related to particular sensors or themes as in the past. The final result – i.e. 
the knowledge of a state or particular situation – will therefore be increasingly “neutral” with 
regard to the source of data. In the medium term, we shall see the end of the different 
branches which have dominated the first thirty years of space observation. 

In the short term, the priority will be to: 

 manage the existing system as efficiently as possible (by improving access to 
satellite data for all users, for example, not easy in a changing “market”); 

 reinforce missing links (by stimulating research into, for example, micro-waves 
which would allow all-weather observation: clouds are the great enemy of 
teledetection); 

 search for new approaches (by developing multi-resolution systems of analysis 
which would facilitate the integration of  different observation levels); 

 institute partial integration between themes (by, for instance, linking any 
observation of the state of vegetation to agro-meteorological models which would then 
explain it); 

 satisfy urgent needs (by using semi-empirical applications, as was the case after the 
huge tsunami which affected part of the Indian Ocean basin in late 2004, when all 
satellite information was studied); 

 meet most pressing political needs (by establishing more effective linkage between 
possible applications and demand arising from European legislation, as in the case of 
the GMES project). 
One might note here the impetus given by the Kyoto Protocol, the first application 
period of which (2008-2012) coincided with the “operational” phase of GMES (with 
regard to the supplying of operational services). 

Europe must tackle another strategic issue of particular concern to it, which was referred to in 
Chapter 5. It must take into account requirements born out of its growing size and political 
ambitions. As far as Earth observation is concerned, this amounts to resolutely opting for 
autonomy of means and independence of decision making. On a political level a balance must 
be struck between interest in European questions, in the territorial sense, and an interest in 
global matters; these choices have strategic, financial and institutional implications. The 
world of the future is an uncertain one, in which existing and emerging powers will compete 
ever more fiercely for access to natural resources and living space. We must not delay in 
setting up the means of participating in this great equation. If the European scientific 
community were not to draw the attention of politicians to this dimension, it would be failing 
in its duty.  

So the development agenda for Earth observation is likely to be challenging for some years to 
come. Institutions will not have an easy role to play, particularly in the face of a private sector 
increasingly able to keep up with demand, as is the case today in the field of high resolution 
imagery. 
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8. NEW APPROACHES TO ENSURE SUCCESS 

The Earth as an object of study has certain singular aspects: it is both unique and close at 
hand, but its diversity and complexity is such that highly varied, inter-related disciplines are 
needed to understand it. Moreover, the presence of mankind on our planet, organised into 
groups and nations, translates into sovereignty issues and the need for protecting 
archaeological and cultural heritages and more generally the environment. 

If one takes into account the different needs of users (whether completely or imperfectly 
defined) in terms of information, present and future technological capacity (space-based or 
not), geopolitical constraints and financial limitations, it is clear that new approaches to 
continuous Earth observation from space need to be devised. These will have to be based on 
the following fundamental principles: 

(i) Close international cooperation backed by strong political will 

In the course of the 1970s and 80s, many countries or groups of countries engaged in 
ambitious space programmes devoted to Earth sciences. For many years successful ventures 
were initiated involving bilateral, multilateral and intergovernmental cooperation, although 
mainly in “niche sectors”, according to discipline (e.g. in physical oceanography) or 
instrumentation (e.g. high resolution radar with the SAR, rain-resistant radar). One might cite 
here the remarkable cooperation between France and the US on oceanographic altimetry 
satellites with Topex/Poseidon, which was launched in 1992 and followed by Jason-1, 
launched in 2001, due to be replaced by Jason-2. There was also the bilateral cooperation 
between the US and Japan on the TRMM mission (Tropical Rainfall Measuring Mission), 
launched in November 1997, due to be followed by the GPM project (Global Precipitation 
Mission), which proposes to launch an international constellation of satellites. Final Europe 
has achieved spectacular success with European Space Agency missions carrying radar 
instruments for “all weather” observation, such as ERS-1, ERS-2 and Envisat, which were 
launched respectively in 1991, 1995 and 2002. These successes confirm European capacity to 
define, implement and operate world class space missions dedicated to Earth sciences which 
have the potential to lead on one day to operational surveillance systems monitoring the state 
of the planet. Europe has anyway demonstrated its ability to take this kind of decisive step in 
meteorology with the Meteosat satellites, which have been operating for 20 years, and the 
creation of the operating agency Eumetsat, financed by the meteorological services of twenty 
European countries. 

It became rapidly apparent, however, that no country (including the US) or group of countries 
could on their own set up and ensure the longevity of the ensemble of space-based systems 
required for the surveillance of the terrestrial environment. A mechanism of international 
coordination entitled CEOS (Committee on Earth Observation Satellites) was created in 1984 
as a result of the G7 summit meeting at Rambouillet. This body, which includes practically all 
the major space agencies in the world, is based on a “best efforts” approach, which does not 
involve concrete commitment of the various partners. The CEOS has played, and will 
continue to play, a coordinating role, but the lack of a permanent secretariat and the voluntary 
nature of its operation have limited its possibilities. In 1996-1997, the creation, under the 
aegis of the CEOS, of an Integrated Global Observing Strategy Partnership, IGOS-P, marked 
an evolution towards an improved awareness of the highly complementary roles of “in situ” 
and “space-based” measurement. 
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The GMES joint programme between the European Union and ESA referred to in chapter 6 is 
the recent result of a high level political decision (Declaration of the European Council of 
Lisbon, March 23 and 24, 2000) aimed at federating and structuring the means and capacities 
of members of the European Union as regards operational services. 

Recently, with the GEO (Group on Earth Observation) initiative, launched at a ministerial 
level by the US in July 2003 in response to a recommendation of the G8 at Evian in June 2003 
(and which has taken effect in the last two years), this coordination movement has assumed a 
global dimension. The ten year implementation plan of GEOSS (Global Earth Observation 
System of Systems), which was approved in the third Earth Observation Summit held in 
Brussels on February 16 2005, traces a realistic path towards strengthened international 
coordination of Earth observation systems. A list of the 9 thematic applications (Societal 
Benefit Areas) drawn up during the second summit at Tokyo in April 2004, is supplied in 
Annex 2. It shows certain similarities with that approved by the GMESS in 2003/2004. 

GMES is currently depicted as a European contribution to GEOSS. The GEO initiative has 
benefited considerably from the plans mooted in Europe in recent years within the framework 
of GMES (see chapter 6 above), and the 10 year plan adopted for GEOSS owes much to the 
groundwork done by European experts under the aegis of GMES. We should mention 
particularly the definition of thematic application needs in terms of information, the demands 
for continuity and interoperability of the observation systems, conditions of access, exchange 
and transfer of observations and the data derived from them (protocols, catalogues, data 
policies…), possibilities for the architecture of GEOSS, the definition of quality standards in 
the field of data and archiving; the needs of fundamental and applied research and 
modelisation, etc. 

The following is an extract from the 10 year initiation plan for GEOSS adopted by the third 
Earth Observation Summit held on February 16 2005 at Brussels: “The vision for GEOSS is 
to realise a future wherein decision and actions for the benefit of mankind are informed by 
coordinated, comprehensive and sustained Earth observations and information.” It should be 
noted that the Action Plan adopted at the G8 meeting at Gleneagles (Scotland) on 6-8 July 
2005, insists on the urgency of the need to implement the ten year initiation plan for GEOSS. 

(ii) Institutional and organisational schemes designed to ensure the continuity of 
observation systems and services  

The question of the transition from missions of an experimental nature – in which the main 
objective is to demonstrate and validate a new type of “space-based” measurement – to 
operational systems, which alone can guarantee continued measurement of parameters 
considered as essential in characterising the evolution of our environment, is the most 
important question currently facing policy-makers and politicians. Several models for the 
organisation of this transition can be considered: 

 the “space meteorology” model, as practised in the US and Europe: the development 
and validation of instruments under the responsibility of the space agencies; the 
funding of ensuing satellites and their development by the operational agencies 
(NOAA in the US, Eumetsat in Europe). According to this model, the public sector (in 
practice the meteorological services) provides full funding for the maintenance and 
renewal of space systems and Earth-based operations; 

 the Galileo model, currently being set up in Europe for the constellation of navigation 
satellites: development and partial validation of the system financed by the public, 
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under the aegis of the European Space Agency; deployment of ensuing satellites and 
their operation entrusted to a private concessionary, with mixed public/private 
funding, the extent of which is related to prospective revenue from either commercial 
sources (civic works companies, building firms, big agricultural firms, the oil and 
mining industries, insurance etc.) or from public clients (mainly national or European 
authorities in charge of the environment, public safety and security in general, 
agricultural policy, transport etc., but also regional and local bodies); 

 the NGA model (National Geo-information Agency), used in the US for high 
resolution observation: The Department of Defence issues long-term contracts to 
private enterprises which launch and develop optical imagery satellites for the benefit 
of this “anchor client”, but capable of satisfying other clients from the commercial 
sector, in the US or elsewhere, including the area of Defence. This model is very 
similar to that adopted by the British Ministry of Defence for its system of 
telecommunications via the Skynet 5 satellite, under the control of the Paradigm 
Secure Communications company, a subsidiary of EADS. 

Faced with all these models, Europe must decide quite quickly which one(s) it wants to adopt 
in order to set up, in the years to come, the structures and procedures which seem most suited 
to its operational service objectives, as defined within the framework of GMES. In this 
respect Europe is likely to learn much from the Galileo experiment about the robustness of the 
“concessionary” approach, which seems fairly well adapted to observations with commercial 
potential. On the other hand the experiment is unlikely to be applicable to observations of the 
global type, for which the meteorological model referred to above would seem to be more 
suitable. The financing of the Jason-2 satellite was set up with this is mind, 50% being 
shouldered by NOAA and Eumetsat. The European Commission and ESA must look into 
these matters, examine the different models and opt for those which seem best adapted to the 
projected observation missions. 

(iii) The setting up of improved, innovative systems for observing and measuring key 
variables of the terrestrial environment 

It is essential to develop and deploy “in situ” and space-based systems and observation 
instruments, supplying reliable measurements, with the precision and repetitivity required by 
the models representing the different processes of Planet Earth. The Earth system’s variations 
will thus be studied along with continuous monitoring and operational forecasting. Without 
claiming to be exhaustive, annex 3 supplies a list of possible priorities amongst these key 
variables. 

New approaches such as constellations or formations of cheaper, smaller satellites must be 
explored. 

(iv) The development and reinforcement of applied and pure research 

Priority, and appropriate resources, must also be given to developing not only applied 
research (e.g. the interpretation of radar imagery, the new techniques of radar interferometry 
and data fusion, the interpretation of hyperspectral data, lidar data, the development of 
modern techniques of assimilation of data, etc.) but also fundamental research with a view to 
understanding and modelising environmental processes. One example of this is seasonal 
climate forecasting, another internal geophysics as applied to earthquakes. They illustrate the 
importance and urgency of this fundamental research. The field of biodiversity must also be 
prioritised, given its complexity. 
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In this context an intelligent data policy must be defined, which will give scientific 
communities easier access to data derived from Earth observation, including commercialised 
data. Such a policy will be of benefit to research in all the scientific disciplines served by 
space-based observation. 

(v) Support for the development of service activities 

There must be improved mechanisms and simple, rapid procedures for the development of 
services based on data derived from Earth observation. At the very least they must be more 
efficient than the Framework Programme for Research and Technological Development 
which puts off many smaller companies and discourages them from responding to the 
European Commission’s calls for tender. This support should take the form, for instance, of 
better structured, more stable public orders for services. Such public orders should be part of a 
specific programme set up on a European Union level. 

(vi) Training and Education 

Training and education are two important areas which must be an integral part of the 
European initiative and should be directed primarily at young people at all levels (general 
introduction at primary and secondary levels, degree option at university level). Particular 
attention must be given to the training of young researchers. Agreements with producers of 
educational tracts, audiovisual documentaries and the press should be encouraged in order to 
supply schools and universities, as well as the media. Such material could also be placed on 
the net to provide individuals with a means of self instruction or cultural information. Funding 
for this should be included in the space programme budget itself. 

This European initiative must also incorporate energetic promotion of space technology and 
resulting products and information to the public, the media, economic and political decision 
makers and those communities which have not yet become aware of the potential benefits to 
them of Earth observation. At the moment there is a significant imbalance between the 
different countries of the European Union. 

(vii)  Capacity building 

The development of capabilities, not only within the member states of the European Union, 
but also in developing countries or transitional economies, must be one of the goals of the EU. 
This is particularly relevant to observation systems (especially in situ systems, certain of 
which are on the decline), data interpretation, information extraction, the modelising of 
resulting information and its integration with other sources of data or information (e.g. socio-
economic). One should mention here the remarkable achievement of the Eumetsat initiative 
with the PUMA programme (Preparation for Use of Meteosat second generation in Africa), 
which is financed by the European Union and is dedicated to developing training and 
capabilities in the 57 African countries for using data from these new meteorological 
satellites. However, it should be pointed out that experience gained from those centres 
installed and operated in southern countries shows that the maintenance of the production and 
information chain and the suitability of the equipment to actual living conditions of local 
populations are vital in order to ensure the success of the established infrastructures and their 
effective operation. 
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CONCLUSIONS AND RECOMMENDATIONS 

One can state unhesitatingly that thanks to the success of the series of Meteosats launched 
since the end of the 60s, as well as the SPOT series (SPOT-1 was the first civil optical 
satellite to provide 10m resolution from 1986) and the “radar” satellites – ERS-2 launched in 
1991 (the first civil satellite to carry synthetic aperture radar since the American Seasat in 
1978, which survived for three months), followed by ERS-2 in 1995 – Europe, collectively, 
has, for 25 years, occupied an enviable position worldwide in the field of Earth observation. 
The last two satellites enabled the testing and perfecting of very powerful techniques of 
interferometry in numerous areas of geophysics (seismology, vulcanology, earth slippage, 
subsidence, glacier dynamics etc.). The launch of Envisat in 2002 further enhanced the 
performance of synthetic aperture radar and enabled successful experimentation with 
hyperspectral instruments (for determining the colour of oceans/primary productivity) as well 
as cutting edge instruments for studying the chemistry of the atmosphere. In the field of 
oceanic altimetry, the Franco-American Topex/Poseidon and Jason-1, together with ESA’s 
ERS-1, ERS-2 and Envisat enabled considerable advances to be made in oceanographic 
physics. 

The space programmes for observing the Earth which are currently under development 
(Pleiades, Cosmo-Skymed, TerraSAR-X, Rapid Eye, the ESA Earth Explorer missions, the 
series of micro-satellites of the University of Surrey and CNES, Eumetsat’s operational space 
systems, etc.) will allow Europe to preserve its position as major actor for the next ten years. 
After that the future of space observation programmes is much less clear and it is essential 
that this should be more clearly defined. 

This success has been achieved by a dynamic European space industry which restructured or 
reorganised itself so as to retain its competitive edge on a global scale. The most modern 
technological developments in optics, radar, signal processing etc. had the backing of 
coordinated European and national funding and were pursued with determination. European 
know-how also revealed itself in the areas of data processing, in techniques of assimilation 
and modelisation and in the management of important research programmes with a strong 
international bias. 

The European scientific community, which has achieved a very high standard in planetary 
sciences, has strengthened and renewed itself around existing and new teams, both on a 
national level and through heightened European and international cooperation. The great 
European space programmes referred to above have played, and will continue to play a 
significant role as coordinators of interdisciplinary initiatives, bringing together research 
teams that mutually enrich each other in a spirit of cooperation enhanced by scientific 
competition which continues to act as an effective spur. Moreover these programmes are vital 
in attracting young researchers and thus sowing the seeds of further development in the new 
generation, something which is essential to the spreading of ideas and innovation in general. 

The close bonds forged by this scientific community with the institutions in charge of 
operational missions (meteorology, oceanography etc.) stimulate research through the 
feedback from experience gained in operational activities, and the latter, in return, to benefit 
from progress in research. The great European (GMES) and world wide (GEOSS) initiatives 
will enable the joint usage of existing means and abilities for supplying operational services in 
the areas of the environment and security. 
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However, all these programmes and initiatives are still fragile and depend on future political 
decisions and associated funding. 

In order to minimise this fragility and consolidate the European position in this difficult area 
of space in the service of the environment and, more generally, the use of space techniques in 
the cause of sustainable development, the “Space in the service of the environment” working 
group of the Space Commission makes the following recommendations to space policy 
makers: 

RECOMMENDATIONS 

R1.  Europe urgently needs to reaffirm its political determination by providing a clear agenda 
for implementation of the GMES programme and appropriate funding (4-5 billion euros 
over ten years for normal operation). This is also essential if Europe is to retain its 
credibility within the new GEOSS framework, which involves a ten year plan approved 
in Brussels during the third Earth Observation Summit on February 16 2005. 

R2.  There must be a thorough examination of the funding mechanisms of space 
organisations intended to facilitate the transition from experimental missions to 
operational systems – something which is always difficult to organise. These 
mechanisms must involve more direct participation on the part of users, whether via 
their overall funding capacity or through a system of subscription to services provided. 
They should closely involve the European space industry, as is already the case in 
certain operational programmes in the area of defence, but it is clear that significant 
public R&D funding will still be required through ESA space programmes and national 
agencies. 

R3.  The development of service industries must be encouraged, by means of appropriate 
support and simple, rapid procedures. This support should come in the shape of better 
structured, more stable public orders for services based on Earth observation technology 
and data. Such orders could be integrated into a specific programme set up by the 
European Union. 

R4.  Clear, resolute support should be given to an ambitious policy of maintaining and 
reinforcing scientific capacity in Europe in the Earth sciences, in the realms of both 
applied and pure research. There should be a recruitment drive for young researchers via 
various schemes, national and European, aimed at making scholarships more widely 
available and exchange procedures more flexible. 

R5.  A policy on managing data from space-based observation – in terms of access, 
distribution, etc. – should be clearly defined in order to encourage pure and applied 
research, thus facilitating research work on the mechanisms which govern 
environmental processes. 

R6.  Neutral by nature, Earth observation systems can be used as tools for ensuring 
sustainable development, but they can also be employed in such a way as to increase 
pressure on resources or aggravate the division between developed and developing 
countries. Basic principles must therefore be defined, particularly with regard to access 
to data and products and their free circulation, which ensure the best use of these tools. 
This applies especially to programmes involving exchange of know-how (capability 
development). 
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R7.  The potential of Earth observation technology should be promoted in primary and 
secondary education in order to make young people aware of the different possibilities. 
“Bridges” should be built to help circulate knowledge between the generations, both 
within and outside the world of education (cf. Michel Serre’s suggestion in his work 
entitled “L’Incandescent”). 

R8.  The media should always be informed in detail about the potentialities of Earth 
observation, particularly outside crisis periods. Emphasis should be placed on examples 
of lasting success (meteorology, climate etc.), not on sensational, one-off events. 
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ANNEX 1: LIST OF THEMES IN THE GMES PROGRAMME 

 

European Regional Monitoring 

A. Land cover change in Europe 

B. Environmental stress in Europe 

Global Monitoring 

C. Global vegetation monitoring 

D. Global ocean monitoring 

E. Global atmosphere monitoring 

Security-related aspects 

F. Support for regional development aid 

G. Systems for risk management 

H. Systems for crisis management and humanitarian aid 

Horizontal support action 

I. Information management tools and contribution to the development of a European 
spatial data infrastructure 
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ANNEX 2: LIST OF THEMES CONTAINED IN THE GEOSS PROGRAMME 

 
Disasters:  reducing loss of life and property from natural and human–induced disasters 

Health:  understanding environmental factors affecting health and well-being 

Energy:  improving management of energy resources 

Climate:  understanding, assessing, predicting, mitigating and adapting to climate 
variability and change 

Water:  improving water resource management through better understanding of the 
water cycle 

Weather:  improving weather information, forecasting and warning 

Ecosystems:  improving the management and protection of terrestrial, coastal and marine 
resources 

Agriculture:  supporting sustainable agriculture and combating desertification 

Biodiversity:  understanding, monitoring and conserving biodiversity 
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ANNEX 3: INSTRUMENTATION AND MEASURING SYSTEMS 

Essential steps and the systems needed to implement them 

Observation of the Earth environment concentrates on two distinct, yet complementary axes: 

 understanding the basic physical mechanisms at work in the various interlocking 
subsystems constituted by the atmosphere, the oceans and the continental shelves; 

 monitoring the key parameters for studying the variations of the system, for general 
surveillance and for operational forecasting. 

The systems of specific measurements developed to deal with these two areas, which are 
capable of taking coherent measurements over long periods of time, represent veritable 
integrated observatories linking Earth-based and space-based technology. Certain 
infrastructures are dedicated to, or have the capacity for carrying out operational work 
(meteorology, optical imagery in SPOT, systems for forecasting the state of the sea etc.), 
whilst others are at an earlier stage of development. Satellite observation is particularly suited 
to the establishment of such observatories in the following areas: 

 monitoring of climate and understanding of the factors involved in its evolution. In 
this, space plays a crucial role, enabling a global approach to be taken to the Earth’s 
system, in which immensely complex interactions are played out between the different 
milieus; 

 monitoring of natural or man-made disasters (volcanic eruptions, floods, forest fires 
etc.); 

 management of water resources (measurement of the water cycle, detection of extreme 
events, quantitative and qualitative monitoring of continental waters etc.); 

 monitoring of ecosystems and management of natural resources. 

It is possible to identify different types of instruments or measurement systems to be 
developed and implemented within the framework of future space missions in order to attain 
the above-mentioned objectives. These include, in particular: 

 the measurement of the Earth’s gravity field, with its applications at different levels: 
global measurement of continental water masses, establishment of a reference for 
measuring oceanic altimetry and applications in the field of satellite orbitography; 

 the development of three dimensional digital terrain models (DTM) by optical or radar 
measurement, sometimes combined with positioning measurements, for various 
topographical applications; 

 the development of interferometric radar techniques to monitor the dynamics of the 
Earth’s surfaces, the detection of land movements and the surveillance of volcanic 
areas; 

 the development of multi- or hyper-spectral wide-angle imagers for monitoring 
ecosystems, rationalised agriculture, evaluation of the biomass and analyses in the 
field of marine biochemistry; 

 the setting up of low-band (L and P) SAR radar imagers to be used in the analysis of 
the three-dimensional structure and functioning of the vegetal coverage, and in 
sounding the sub-surface; 
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 the continued development of instrument technology (altimetry, radar scatterometry 
etc.) to reveal the dynamic state of the oceans (level, surface winds, areas of swell, 
etc.); 

 the use of infrared or visible radiometers to monitor the level of terrestrial radiation 
and establish vertical profiles of temperature and humidity in the atmosphere; 

 the use of technology utilising lidar (measurement of wind fields by Doppler lidar, 
detection of minority constituents, etc.); 

 radio-occultation of electro-magnetic signals emitted by navigation satellites (GPS, 
Galileo) to determine atmospheric profiles. 

Instrumental development will rely on new methods of data and image processing, by which 
certain processes (e.g. forest fires, maritime pollution) will be automatically detected and even 
tracked. 

Although a common goal of instrument development is to increase spatial resolution of 
measurements, increased repetitivity of measurements, even permanent observation, must also 
be achieved. According to the demands of a particular situation, measurement systems will 
thus need to be developed which are adapted to geostationary orbits or which aim to use 
constellations or formations of satellites. One of the key factors which will determine the 
progress of future environmental study missions will be the development of smaller, less 
expensive platforms, and the associated use of micro- and nanotechnology. 
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ANNEX 4 

List of participants to the “Space in the service of the environment” working group of 
the Space Committee of the Académie Nationale de l’Air et de l’Espace (ANAE):  

 

Chairman:  

Guy Duchossois, former leader of the ERS mission at ESA, member of the GEO, in charge of 
preparing the Work Plan for GEOSS 

Members:  

François Barlier (Bureau des Longitudes), Observatory of the Côte d’Azur 

Pierre Bauer (Bureau des Longitudes), CESBIO, then Météo France (CNRM) 

Gérard Begni, Medias-France 

Anne Bondiou-Clergerie, ONERA 

Jean-Claude Cazaux, Midi-Pyrénées Regional Council 

Anny Cazenave (ANAE), CNES-LEGOS 

Jean Dauphin, EADS Astrium 

David Esterhazy, Alcatel Space 

Jean-Louis Fellous, IFREMER, then CNES 

Patrick Geistdoerfer (Académie de Marine) 

Michel Lefebvre (ANAE) 

Anne-Marie Mainguy (ANAE), ONERA 

Jean-Paul Malingreau, Joint research centre, European Commission 

Alain Ratier, Météo-France 

Daniel Vidal-Madjar, CNES 

Bruno Voituriez, formerly in charge of strategy and programming at IRD; previously in 
charge of oceanic research at IFREMER 

…and with the generous collaboration of Sylvestre Huet (scientific journalist for Libération), 
who was kind enough to proofread the projected report. 
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