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ABSTRACT: Earth observation (EO) from space has become one of the most powerful environmental man-
agement tools. Today's preoccupations such as the effects of climate change, the prevention of natural hazards
and the degradation of land resources impose new challenges to the Earth observation community. Terrestrial
ecosystems respond to changes caused by climate or by human action in a progressive manner, but also some-
times by quantum leaps. Therefore, long series of calibrated and validated EO are essential in order to moni-
tor and understand these changes, But the information extracted from EO data is only an indicator which has
to be integrated into more complete decision support systems, easily accessible to end users. On the other
hand, the number and variety of available EO systems is increasing, with a wide range of spatial and spectral
resolutions and more and more temporal coverage and flexibility. Micro-satellites, experimental platforms, 
commercial systems and free systems coexist in space. Ground based sensor webs, innovative linkages and
convergence of technologies are appearing and allow "intelligent" monitoring. But some developing coun-
tries, which depend strongly on their natural resources, still lack the basic information on the status of their
environment. The technology gap appears to widen between rich and poor regions, and this is also a gap in
the accession to knowledge, which in turn is a key to development. Earth observation can be an extraordinary
tool for a more sustainable planet, but only if it is used wisely and for the benefit of the majority.  

1 INTRODUCTION AND SHORT HISTORY 

The Space Odyssey was driven initially by the hu-
man desire to fly, to discover other worlds and to 
achieve technological wonders. It did all that, and 
more : we discovered that we have only one planet 
to live on in a foreseeable future. Looking at the 
Earth from above gives a unique perspective on the 
limited amount of its resources and on their constant 
changes. People realized in the 70's that it is time to 
plan a “Mission to Planet Earth” by using space 
technologies to observe and understand our Planet's 
changing environment and to help in its sustainable 
management.  

1.1 Pretty pictures and overselling 

Earth observation from space has evolved in the last 
30 years from an exotic toy producing nice images 
to one of the most powerful environmental manage-
ment tools. Since the first ERTS/Landsat data in 
1972, space information arrives in the form of raster 
pictures. But many end users are not used to it and 
are reluctant to change their habits of mapping and 
reasoning.

Promoters of space data did some overselling and 
sometimes also naïve image interpretations. As a re-
sult, many potential end users turned away from 
Remote Sensing data by considering them useless. 
In some cases, spaceborne Earth observation images 
were presented as solutions to problems which were 
not well identified. But training for intelligent use of 
EO data is done in parallel and improves the situa-
tion. Remote sensing data helped the scientific 
community to think globally, to use digital imagery 
and to develop Geomatics. 

1.2 Hyper-privatization and access to data 

Since the mid 80's, starting with SPOTIMAGE, and 
later with EOSAT and RADARSAT International, 
data distribution has been privatized and copy-
righted. "Official" data costs climbed considerably, 
but full price sales stayed low, except for govern-
ment agencies who had to buy the data anyway and 
were willing to support their space industry. As the 
same states had also paid for the launch and opera-
tion of the sensors, it was like charging the tax pay-
ers twice for the same service. In fact, 90% of the 
acquired imagery is not used and stays in archives. 
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Low cost alternatives and programs had to be intro-
duced, especially for education and research institu-
tions. It is only later that distributors realized that 
there is a better profit potential by selling services 
and value added products than by selling raw data.  

1.3 A slow return to common sense 

The recent introduction of very high resolution (1m) 
imagery such as IKONOS or Quickbird changes the 
commercial value of medium resolution ones. The 
commercial policies were changed, and LANDSAT, 
SPOT, ERS and RADARSAT data can now be af-
forded by the research and education community.  

Archive data are given away almost free of 
charge and can be used for environmental change 
studies. Access to data is also easier than before, due 
to the development of internet based access tools. At 
the same time, the users are becoming more sophis-
ticated. They know more and more how to calibrate 
and validate their data, they make less interpretation 
errors and EO gains in credibility within the scien-
tific community.  

This evolution has taken place in different steps, 
sometimes led by technological developments, 
sometimes pioneered by paradigm changes in user 
requirements and in their ability to handle the data 
and the information extracted from them. Today, 
Earth observation data are widely used by scientists, 
managers, environmental modellers and decision 
makers. These data are more and more combined 
with other information sources, and constitute the 
basis of environmental information systems.  

2 THE LONG LIST OF UNANSWERED 
QUESTIONS 

Our society is increasingly aware of the fragility of 
our environment. It questions itself on many issues 
that concern the future of mankind (Reeves, 2003) 
and has high expectations about the ability of EO to 
answer them adequately :  
• Are our planet's resources still sustainable? 

(Sustainable means usable by future genera-
tions) 

• Biosphere including soils covers less than half of 
the continents and is only 20 cm thick. Can satel-
lites help to forecast its evolution? 

• Tropical forests continue to be cut or burnt. Can 
satellites give us the right figure? 

• How long can we continue to boost agriculture 
and lose soils by erosion or salinization? Can 
satellites help us to model these changes? 

• Water quality is affected by man induced land 
use changes in catchments. Can it be improved? 

• Will the level of atmospheric CO2 continue to 
rise? Where does all this carbon go? 

• What is the amount of C stored in biomass, soils 
and oceans? Does it change? 

• How can we act locally to solve a global prob-
lem?

• Can natural and technological hazards be man-
aged with the help of space data?  

• Not only monitored, but also prevented? 
• Can the people in charge of environment and se-

curity make an effective use of space data? 
• Can this use go down to local and regional 

scales? 
• Are international initiatives which go into that 

direction sufficient? 
• Are the governments coherent in their local deci-

sions regarding the Kyoto protocol (e.g. trans-
portation policies)? 

• Do the subsidies to agriculture in industrialized 
countries contribute to water pollution and jeop-
ardize world food security? 

• Can Earth observation from Space measure bio-
diversity and landscape quality? 

Today's environmental preoccupations such as 
the effects of climate change, the prevention of natu-
ral hazards and the degradation of land resources 
impose new challenges to the Earth observation 
community. The parameters of interest for terrestrial 
ecosystems and their changes are often in the same 
order of magnitude as the error margins of remote 
sensing systems. Calibration and validation of this 
information is therefore of utmost importance. Long 
time temporal archives of satellite data, up to 30 
years do exist, but not in an organized fashion, not 
from the same satellites and not in a uniform format. 
Therefore, long-term ecosystem studies must rely on 
heterogeneous datasets, usually not calibrated and 
presented in a great variety of formats. Several ef-
forts have been made to correct this situation, but 
they have been applied mostly to low spatial resolu-
tion data such as AVHRR and they were usually not 
coordinated, with a few exceptions.  

3 SOME EXAMPLES 

3.1 Tropical deforestation 

In the mountain provinces of Vietnam, forest is pro-
gressively replaced by tea, coffee and mulberry 
plantations. These plantations do not trap water nor 
protect soil as well as the forest did before. The fre-
quency of disastrous floods is increasing and erosion 
accelerates. Global or continental scale AVHRR 
mosaics have helped the world to understand the 
problem. 

But corrective actions must be taken at the local 
level, where the economic, ethnic and administrative 
considerations play a dominant role. In order to be 
able to protect the forest efficiently, authorities must 
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be able to identify the spatial trends of deforestation 
and to forecast the precise sites that will be affected 
in the future. This requires a full chain of informa-
tion and models that take into account the past evo-
lution of forest cover, the distance required to carry 
wood towards the transportation network (roads or 
rivers), the trends in world prices of coffee, tea or 
silk and the political incentives developed by the lo-
cal governments (Mubareka et al., 2000). Earth ob-
servation data, in such a case, must be calibrated, 
corrected for atmospheric and topographic effects 
and precisely geo-referenced. Therefore, cal-val ac-
tivities play an important role in the whole process. 
Data availability, accuracy and affordability are 
equally important and contribute to the success of 
the decision support information system.  

In such a case, EO data are only one component 
of a larger, GIS based, decision support system. But 
final decisions are always made by humans, who 
have to compose with other constraints which may 
be completely outside of the environmental informa-
tion system.  

3.2 Floods, erosion and diffuse pollution 

Terrestrial ecosystems respond to changes caused by 
climate or by human action in a progressive manner, 
but also sometimes by quantum leaps. Typically, the 
reaction time of a soil to a change in agricultural 
practices is in the order of 50 to 100 years, which 
corresponds approximately to the time elapsed since 
the intensification and the introduction of mecha-
nized agriculture in western Europe. Larger field 
sizes, increased compaction and reduction of organic 
matter have appeared or increased in most agricul-
tural areas in developed countries. These changes 
have already started to have adverse environmental 
effects, such as excess runoff and increased erosion 
leading to more floods downstream.  

Land degradation is occurring in several Mediter-
ranean regions, and is expressed in the landscape by 
a reduction of vegetation cover and by the disap-
pearance of the upper soil layers. These phenomena 
can be monitored by remote sensing (Hill et al., 
1995) or, better, by a combination of EO and land-
scape metrics (Haboudane et al., 2002). In many 
tropical countries, forests are progressively replaced 
by agriculture, which affects not only the global car-
bon cycle, but also the local hydrological behaviour, 
with an increase of floods and droughts.  

Earth observation from active microwave satel-
lites such as RADARSAT-1 is an excellent tool to 
monitor and forecast floods. Two complementary 
approaches are used :  

a) real time or near real time monitoring of flood 
extent  

b) mapping of hydrological properties of drainage 
basins.  

Because it can see through clouds, which usually 
occur during precipitation periods, and due to the 
fact that it can be programmed with different inci-
dence angles, RADARSAT-1 allows an interesting 
coverage frequency over specific areas of interest. It 
has been used successfully to monitor a major flood 
of the Red River in Manitoba in 1997, by providing 
frequent coverage of the flood during its progression 
and decrease. Resulting data and images have been 
useful in planning the emergency measures and in 
assessing flood damage. 

But RADARSAT has also the ability to charac-
terize hydrological properties of watersheds. Within 
the EU 4th Framework project FLOODGEN, it has 
been used jointly by Canadian and European part-
ners in agricultural catchments for mapping soil sur-
face roughness, which controls runoff coefficients, 
concentration time and resistance to erosion proc-
esses (Coulombe-Simoneau et al., 2001). In com-
plement with optical data, it also provides informa-
tion on the status of land use and soil protective 
cover in drainage basins. Mapping soil surface 
roughness from RADARSAT-1 data over bare soils 
in saturated moisture conditions in European winter 
conditions has been especially successful. 

More recently, Canada has developed a prototype 
approach to integrate in-situ data, Earth Observation 
data, communication technologies and hydrological 
models in a web based approach called the Flood In-
formation Management System (FIMS) (Wood et 
al., 2002). This system is presently tested on two 
river basins, the St. John in New Brunswick and the 
Fraser in British Columbia. 

Erosion and non-point source pollution are some 
of the major environmental challenges in agricul-
tural areas. They affect water quality, but also the 
carbon cycle and the long term sustainability of the 
food chain. The industrialization of agriculture and 
the related productivism in most technologically ad-
vanced countries have increased the problem, which 
creates sometimes important conflicts for the use of 
rural landscapes. The combination of information 
from farmers, EO data, hydrological, erosion and 
geochemical models within a GIS has allowed the 
mapping of non-point source pollution and phospho-
rous budget in an agricultural catchment of 600 km2

(Deslandes et al., 2002). The maps produced in the 
project are used by the local decision makers and by 
the farmers themselves, to help them in dosing ap-
plication of fertilizers and manure.  

4 RECENT TRENDS IN EARTH 
OBSERVATION 

Earth Observation is experiencing major changes re-
cently, and the theme of the EARSeL Ghent sympo-
sium (Remote Sensing in Transition) reflects this 
evolution. It can be addressed from the perspective 
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of data supply, of user evolution and of international 
coordination.  

4.1 Trends in data supply 

Satellites are becoming smaller and more specialized 
or targeted. The number and variety of available EO 
systems is increasing, with a wide range of spatial 
and spectral resolutions and more and more temporal 
coverage and flexibility. Microsatellites, experimen-
tal platforms, commercial systems and free systems 
coexist in space. Some very dedicated systems, like 
a specialized system for land degradation (Kauf-
mann et al., 2002) and others are in the conception 
phase. Their access by the user community is not 
always simple, and sometimes it can be quite expen-
sive or completely free. The trend can be observed 
in smallsats or specialized sensors such as PROBA-
CHRIS, ASTER, MERIS, MODIS, HYPERION, or 
in sensors of "non-traditional" data suppliers such as 
India and China. The larger existing systems such as 
ENVISAT or the planned ones like PLEIADES or 
RADARSAT-2 will be more sophisticated and 
ground based sensor webs, innovative linkages and 
convergence of technologies are appearing in several 
countries, especially in the developed world. Pro-
gress in information technologies, increase in per-
formance of data transfer and networks as well as in-
telligent models allow to develop decision support 
systems that can use a series of indicators to better 
understand environmental problems.  

4.2 Evolution of the user community 

User communities are more sophisticated than be-
fore and know better how to handle EO data. But 
there is still a great gap between the global and the 
local scales : local actions seem to respond more to 
short term concerns than to long term and global 
trends. The links between local, regional and global 
scales are not always well understood, and require 
additional research.  

The geospatial technical community has a strong 
culture of sharing information and techniques, which 
favours rich development and wide use of applica-
tions. It is clear that space has a powerful role to 
play in improving the quality and augmenting the 
quantity and relevance of environmental information 
for society. 

Some applications have reached a good level of 
maturity. It is the case of sea ice cover monitoring in 
Canada, which is undertaken on an operational basis 
and has replaced sensing from aircraft, at a lower 
cost, with a quasi real time use of RADARSAT-1 
data. Space regularly assists in understanding and 
predicting weather and in mapping floods, though 
not yet operationally. Space is a good tool for land 
cover mapping, even if its use needs further devel-
opment.  

Forest fires are a common hazard in Canada and 
in many European countries. They often affect huge 
areas. They also have an important role in the 
world's carbon budget. Space imagery from different 
platforms is used to map potential fire hazards such 
as forest fuel availability, as well as the extent of 
burnt areas and the rate of forest regeneration after 
fire. This information has also an important role to 
play in the global and national carbon cycle.  

Participants in a recent workshop at the Canadian 
Space Agency placed particular emphasis on moni-
toring, modelling, integration and infrastructure. 
Coastal zone sensing, for example, needs techniques 
developed to overcome limitations in getting clear 
information from land and water at once. Precipita-
tion amounts, intensity and distribution, and also soil 
moisture in the rooting zone were cited as data gaps, 
as well as tropospheric pollution and Arctic primary 
biological productivity. A suggested data clearing 
house would allow users to go to one source as an 
entry point to know about all the geospatial informa-
tion that is available about a given location or sector. 

4.3 International coordination 

Environmental change indicators can be observed 
with Remote Sensing tools, and some EU funded 
projects have addressed that aspect. But the access to 
a documented archive system is crucial for this en-
deavour. ESA and EU have agreed to address these 
environmental monitoring questions by setting up 
the GMES (Global Monitoring for Environment and 
Secutrity) programme. This very ambitious pro-
gramme plans to link in-situ data, EO data, model-
ling and forecasting approaches into an information 
system in which decision makers, policy developers, 
security services and natural hazards managers can 
have an easy access in order to help them in taking 
more informed and better decisions, in a timely fash-
ion. This requires an integrated approach, where EO 
data are an important source of information, but only 
occasionally the sole source.  

The frequency of extreme weather events such as 
hurricanes, tornados, ice storms or out of season 
rainfalls is expected to rise in the future, according 
to climate change models. Data from Earth observ-
ing satellites can contribute to monitor these events 
and sometimes they help in their forecast.  

Prediction and response capabilities for disasters 
and hazards are frequently cited as areas for signifi-
cantly increased EO activity. It is also the case of in-
formation on the human dimensions of sustainabil-
ity, such as the status and trends of the spatial 
relation of human activities and settlements to com-
ponents of natural capital and environmental epide-
miology and ecotoxicology. Earth observation has 
been used in some cases to map and model risk areas 
of some vector borne diseases such as malaria.  
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To overcome some of the shortages observed in 
availability of data, steps have been taken, such as 
the establishment of an International Charter on 
Space and Major Disasters. This Charter is an initia-
tive meant to develop a coordinated global response 
of space resources in times of natural or technologi-
cal disaster. The Charter has been signed by: 

• European Space Agency (ESA)  
• Centre national d'études spatiales (CNES)  
• Canadian Space Agency (CSA)  
• National Oceanic and Atmospheric Administra-

tion (NOAA)  
• Indian Space Research Organisation (ISRO)  

The remote sensing satellites RADARSAT-1, 
SPOT, ERS-2, IRS, POES and GOES are currently 
available through the Charter. To put the Charter 
into action, a dedicated phone line is now available 
to emergency relief and rescue bodies of the coun-
tries whose space organizations are signatories to the 
Charter. These bodies, which are called authorized 
users, may call the dedicated number when a major 
environmental or technological disaster strikes to re-
quest the mobilization of the above space and asso-
ciated ground resources.  

This charter can be considered as a first step to-
wards an international coordination of EO resources 
for the security of the planet and the citizen. In the 
same line as the GMES efforts initiated by EU, Can-
ada is working towards a better integration of space 
efforts with issues related to environment and secu-
rity.

5 CONCLUSION  

Being involved in Earth observation scientific and 
technological development since 30 years, it is 
sometimes good to look back on the development of 
our discipline, and to try to derive lessons from it in 
order to think forward. The trends that can be ob-
served point towards a multiplication of different 
data sources on one hand, and towards coordinated 
efforts to develop data warehouses and international 
standards on the other hand. It is likely that the in-
formation will continue to be scattered, but the user 
community will increase its interactions with the 
data providers and will express its needs more 
clearly. The coordination efforts and international 
consortia will continue in Europe and North Amer-
ica, and the privatization efforts will be concentrated 
on the very high resolution data.  

But on the other hand, some developing coun-
tries, which depend strongly on their natural re-
sources, still lack the basic information on the status 
of their environment, especially at the local level, 
where the information is most needed for develop-
ment of corrective actions. In some areas of Africa, 
the only way to access the Internet is via electricity 

produced through bicycle-powered generators to op-
erate the required dusty PC's and mobile phones. 
The technology gap appears to widen between rich 
and poor regions, and this gap is also a gap in the 
accession to knowledge, which in turn is a key to 
development. Earth observation can be an extraordi-
nary tool for development and a more sustainable 
planet, but only if it is used wisely and for the bene-
fit of the majority. It is up to us to help in reducing 
this technological and developmental gap, because 
the "future will happen anyhow, regardless of what 
we do" (Steigen, 1991). Improving the ability of de-
veloping countries to empower themselves through 
knowledge and access to information and wealth is 
also a way to increase the global environment and 
security. 
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