
Conclusions

1 Observations

The following text presents our « observations », which constitute an
analysis of the current situation detailed in the various chapters, in parti-
cular chapters 1 to 4. This analysis is presented following a plan com-
mon to all the chapters.

1.1. Organization of the research effort

The first observations of the workgroup concern the organization of
the research effort. In chapter 6, « Infrastructures and means of measu-
rement », we clearly saw that this organization must satisfy three condi-
tions :

– it must cover the field related to the question under examination
in its entirety. This question can be at the scale of the continent (for
example, the evolution of the Mediterranean sea or that of the Alps
chain), regions (river basin, Atlantic coastline) or simply local (ponds of
the Languedoc region, estuary of the Seine river). In all cases, the
choice of themes and the implementation of means must be suitably
coordinated. This requires overcoming the « boundaries » between
countries, institutes and academic fields ;

– it must also cover the temporal field corresponding to the issue.
This means, as was mentioned in the Introduction, not relying on a
unique series of observations and having the possibility to observe
repeated events. The durability of the organization is thus a key notion.
Its capacity to analyze an issue over time, to unfold the information that
the natural or human environment have managed to keep, will also play
a very important role ;

– when a problem is posed at the level of society, and when society
places it among its priorities, this means in general that an operational©
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organization for monitoring, and eventually warning and prevention,
must exist. This organization and that of the corresponding research
effort must be closely associated, so as to support each other without
hampering each other.

Concerning these three objectives (or conditions), what is the situa-
tion described in chapters 1 to 4 (ecology, land-use, hydrosystems and
coastal zones)?

• For issues regarding the coastline, a general and durable organi-
zation is being progressively set up. There are two reasons for this. On
the one hand, this organization is the object of a great number of inter-
national agreements. On the other hand, it benefits from the durability of
IFREMER (French Institute for the Exploitation of Sea resources) and of
the big oceanic observatories in the Atlantic and the Mediterranean.
However, the coastline is the area where land and sea meet. Yet, we
have not drawn all the conclusions regarding the fact that, for the most
part, coastal pollution originates on the continent and must be studied
and controlled at the source.

• At the operational level, the problems linked to continental waters
benefit from the creation of agencies dedicated to monitoring water
basins. Moreover, the implementation of the European directive on
water constitutes a true medium-term plan that leads to the monitoring
of aquatic environments, that is of the hydrosphere, geosphere and
biosphere compartments. Regarding this plan (which is still only a plan),
French research is still insufficiently organized.

• Continental ecology has not yet reached the same level. It is
mainly, and perhaps only, the « land use - land cover » component that
is spatializable. The start of a global and European effort on this topic is
an occasion not to be missed. Research groups exist, but the organiza-
tion is not yet sufficient.

1.2. Theoretical models

In all the problems evoked, modeling is necessary for three reasons :
– first, once the model and its mesh size have been defined, the set

of operations that characterize the study of a complex system can be
implemented, while they would be very difficult, if not impossible without
a model. These include the following steps of coupling the different pro-
cesses and compartments, varying the boundary conditions and stu-
dying the different « forces » that influence the system, and finally chan-
ging the scale of data observation and interpretation ;

– secondly, as we saw in chapter 5 (« Scales and changes of scale :
problems and tools »), modeling is necessary in order to go from
data measurement to observation and assimilation. As will be dis-
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cussed below, this is compulsory in order to avoid an explosion of
demand regarding measurements ;

– and thirdly, modeling plays an irreplaceable mediation role. First
between researchers of different disciplines, because the model consti-
tutes a « summary » of what each discipline brings to the whole ques-
tion. Modeling also, of course, acts as a mediator between the different
social partners.

As was also the case in the preceding point (1.1), the ocean-coastline
system is well ahead compared to others. However, although models to
describe the ocean exist, the coupling with those describing the « land
compartment » (the coastline, the coastal rivers and their distribution
basins) is still insufficient. In particular, models coupling physical and
chemical data to biological information are still at an embryonic stage.

It should be added that the first problems that have been investigated
had a confirmed local character (coastal ponds, harbors and estuaries)
and that the analysis of the problems on a larger scale (Atlantic coast,
Gascogne gulf) is still only a project.

• The modeling (mathematical description) of continental surface
waters was carried out a long time ago. Its coupling to the aquatic bios-
phere is currently the object of much effort. However, there are several
insufficiencies with respect to the global objective. On the one hand, the
other compartments (underground water, biosphere and land adjacent
to rivers) have not been modelled for the purpose of systematically cou-
pling them. The examples where we have a complete modeling system
are still very rare. On the other hand, simulations are still incapable of
analyzing the diffusion and biodegradation of chemical species, in parti-
cular pollutants. The result of these various insufficiencies is that, in the
operational domain (monitoring, regulations and bans), we lack reliable
scientific tools of diagnosis and prediction.

• Modeling of land and land cover is one of the crucial points in envi-
ronmental studies. Often, the systems described above remained
incomplete because the study of a compartment (soil, vegetation) has
lagged behind. Moreover (as will be seen), it will be very difficult to
observe without modeling. These two reasons plead in favor of suppor-
ting the modeling of land and land cover.

1.3. Observation and management of data

As we have previously mentioned, one of the characteristics of com-
plex systems is the exponential growth in the amount of data (see chap-
ter 6, « Infrastructures and means of measurement »). This growth is
due to the diversity of the variables under observation, which is in turn
linked to the existence of several compartments, and the necessity to
work over long periods of time.

Conclusions 263

©
La

vo
is

ie
r 

– 
La

 p
ho

to
co

pi
e 

no
n 

au
to

ris
ée

 e
st

 u
n 

dé
lit



Therefore, the rationalization and optimization of the process of
observation is an absolute necessity. However, one of the major tools of
this rationalization is data assimilation, the efficacy of which, as we
explained in the first inset in chapter 6, has been demonstrated for the
atmosphere and the ocean compartments (meteorological prediction
and climate). This approach, which can help improve the number and
the quality of the data by a factor of 10 to 100, requires that the problem
be spatializable. It also requires the existence of a validated model that
describes the process. Hence, the principle of the method is what
makes it possible to improve the measurements and reduce their num-
ber, while the constraint of the model is expressed as a correlation bet-
ween the different measurements. The organizational structure and the
modeling, which have been both discussed in the two preceding para-
graphs, are therefore closely linked to the situation observed. What can
be said about the three families of problems?

It must be recognized that, currently, data assimilation is not used
much for hydrosystems and terrestrial ecosystems and that in general
the systems of observation are not optimized. However, this situation
can be changed since models exist. This type of analysis would be par-
ticularly beneficial to :

– large scale coastline problems at the level of sedimentary and bio-
logical parameters ;

– the analysis of the corresponding fluvial basins, groundwater
tables and aquatic environments.

By contrast, it is difficult to evaluate observations with regard to land
use - land cover since observation and research efforts are not yet fully
structured. Recent examples of modeling in the agricultural and forest
domains, which are linked to climate evolution, lead us to be optimistic.

Regarding all these questions, the creation of operational observato-
ries for the environment (OOE) and research observatories for the envi-
ronment (ORE) has been announced. The implementation of such labo-
ratories should lead to significant progress. In chapter 6, we have
presented both the interest and the difficulties of this enterprise.

1.4. Respecting the natural order and the necessary
time-scale

From the above discussion and the conclusions drawn in the various
chapters, it is apparent that the evolution of research did not come about
in a uniform manner, but rather followed a specific order, the effects of
which can be still felt today. The sea was studied first, then continental
waters (underground and surface) and finally the land.

There are real reasons for this evolution. The lead taken by ocean
research is explained by its easier spatialization, the increasing effi-
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ciency of observational satellites and a dominant interaction with the
most advanced compartment, the atmosphere. The existence of interna-
tional agreements promoting the exchange of data and collaboration
between operational networks explains why the ocean and continental
waters are more advanced than ecology. For the latter, its « laboratory »
is currently constituted by the land use - land cover compartment.

It is important to understand the reason for this evolution and to reco-
gnize that each environment, and each community, progresses at its own
pace. One must also note that all the problems discussed until now
call for a strong synergetic effort, which is explained by the fact that
these problems are multi-compartment. The influence on one another
appears to be very important. Without good knowledge of the terrestrial
biosphere, at least at the level of soils and plant cover, the study of aqua-
tic environments and even of the atmosphere is impossible. Without a
good knowledge of the functioning of the different fluvial basins and the
coastal biosphere, the study of the coastline is very incomplete.

1.5. Levels of organization of research,
levels of management

We noted that the initial scale at which the questions of environment
are analyzed is largely determined by society. Indeed, society per-
ceives a problem as continental, regional or local. This classification
depends as much on the interaction between society and the environ-
ment as on the characteristic dimensions of life sciences. Such charac-
teristic dimensions define the problems relying on observation. Chapter
7 « Economical and social analysis » demonstrated that problems have
been indeed posed in this way, and that this has had an impact at the
level of organization of research.

A two-way influence can be noticed between research organization
and operational networks, as well as between this set-up and the institu-
tional organization through which a society poses questions, and
receives and uses the answers. For each of the environmental problems
evoked, there is a relation between « research » and « management ».

Each level of management concerned influences the way research is
done. This influence is both positive and negative and it is interesting to
undertake a brief analysis of these influences (pointing out the strengths
and weaknesses for each level) :

– the level of local (or regional) management promotes working
at the level of the grid model, because the eventual defects of this
model are not hidden by statistical effects. The interaction with the insti-
tutional and economic variables is, in general, well accounted for. The
corresponding dangers are the choice of short-term approaches rather
than long-term ones, and the non-durability of these efforts. At the limit,
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when the spatial and temporal scale is clearly too small, the studies only
concern one compartment, and cannot be coupled to others ;

– the national (or European) level most often will display symmetric
qualities and defects. In general, the scale adopted will be large enough
to make modeling compulsory and to include long-term approaches. This
will lead, if problems of collaboration and financial support are overcome,
to a durable organization for data assimilation, archiving and distribution ;

– on the contrary, boundaries between countries, academic disci-
plines and institutions are likely to play a perturbing role and to introduce
problems of coherence. In particular, the inclusion of contributions by
the Humanities and Social sciences and accounting for society-linked
factors represent greater difficulties than those encountered when wor-
king at the national or European level.

These remarks should not be misinterpreted. The first rule, in fact, is
that the treatment of a problem must be organized on the basis of its
scale. The strengths and weaknesses which have been mentioned
should not lead to a change in the level of organization. Rather, they
should lead to the correction of the defects most frequently encountered
at the chosen level.

2 Recommendations

When formulating the following recommendations, it was not the
intent of the workgroup to assume the position of « counsel in organiza-
tion » towards those in charge of French research. Its objective was to
propose, based on the analysis developed in this report, some lines of
action which, if convinced, those in charge, who are ultimately respon-
sible for this type of research, can adopt.

These recommendations concern the establishment of programs,
their organization, and the behavior of the participants.

2.1. Interdisciplinarity

Nearly all the partners working on an environmental issue know that
their work must be interdisciplinary. However, in spite of the numerous
efforts undertaken to organize the work, the disappointments and semi-
failures have been numerous. The workgroup recommends two direc-
tions to overcome the present situation :

– both research and the availability of the data must be interdiscipli-
nary. This implies a significant effort, and the corresponding means, in
bringing together the pertinent concepts from each of the disciplines and
homogenizing rules followed in the matter of data collection. Without
sharing, collaboration is not possible (see 2.6) ;
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– the collaboration between disciplines will only develop if the ques-
tions to be solved, and not only the scientific environment of these ques-
tions, bring together several disciplines. Hence, there is a real responsi-
bility in the wording of calls for proposals and in the choice of proposals
so that the multiple dimensions and interactions of the questions are
clearly evident.

2.2. Climate evolution

We have explained in the introduction that global issues, and in parti-
cular that of climate evolution, would not be treated in this report. As we
saw in the various chapters, this does not prevent climate evolution from
often having a determining influence on the evolution of the environment
at the continental, regional and even local scales.

Therefore, the workgroup recommends that this influence should be
kept in mind when considering the organizations to be created (observa-
tories, implementation of the directive on water) as well as the choice of
programs. This means, in particular, that those in charge must ensure
that projects and organizations can evolve to the higher spatial and lon-
ger temporal (decades or centuries) scales that are characteristic of cli-
mate evolution.

2.3. The dispersion and evolution of pollutants

The evolution of the various chemical bodies that are responsible for
pollution concerns all the compartments : the atmosphere, the surface
water, the biosphere and the hydrogeosphere. These compartments
interact with one another so that one must study all of them. The issue
of pollution constitutes both an increasing worry to society and a test for
evaluating the quality of the research organization. It is on a continental
scale (even a global scale when faraway atmospheres and oceans are
involved), as well as obviously on regional and local scales. The conse-
quences of this issue in matters of public health and risk management
are acutely important.

Observation and modeling methods have been established. But, as
has been stressed in the chapters concerning continental waters, the
convergence and hence complementary nature of the different efforts is
insufficient because they are set within very different frameworks
(PCRD, ACI, national programs, among others).

The workgroup recommends that a converging effort be undertaken
to unify the models and means of observation in order to provide essen-
tial tools for :

– the implementation of the European water directive ;
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– current efforts towards environmental compatibility (IFEN or Euro-
pean Agency for the Environment), analyses of life cycles and discus-
sions on environmental regulations,

– risk prediction and prevention linked to pollutants (in particular at
low doses) on both people and ecosystems due to the dispersion of pol-
lutants in the environment.

2.4. Coupling between continental
and coastal ecosystems

Chapter 4 summarized the recommendation in one sentence :

« All consequences must be drawn from the fact that, for the most
part, pollutants found in coastal areas come from the continent and must
be treated or controlled at the source ».

Concerning the organization of research and programs, this recom-
mendation means developing, in a coupled manner, the observation and
modeling of coastal ecosystems and of corresponding fluvial basins. As
discussed in chapter 4, « The management of coastal areas », this has
already been started on a local scale, and interesting results have been
obtained. Hence, the present recommendation aims at extending current
efforts and promoting a move towards larger scales (regional to portions
of continents), while bringing together all interested parties.

2.5. Research on land use

The question of land use - land cover is currently highly debated. It is
discussed at a global level first because of its relationship to climate.
Understanding to what point it is possible to stock carbon in soils or in
forests is an example of the questions currently under discussion.

We mentioned in chapter 2 (« The dynamics of territories : changes
in land cover and land use ») the present-day low visibility of French
research, and in particular that of institutions that analyze land use
management. It is due to an inadequate positioning rather than a lack of
means and capacities. Unfortunately, this low visibility occurs at a time
when world-wide research is being organized.

Therefore, the workgroup recommends that French research not lag
behind in this area, for the following two reasons :

– as was previously mentioned, ground cover, studied in the pro-
grams Land use - Land cover, plays a role in all the issues discussed in
this report.

– research on land use will be a true international effort, in terms of
measurements (telemetry) and politics of data handling, and the issue of
visibility and level of participation will be essential to ensure a French
participation.
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2.6. Research and data management

Data collection and organization in big entities that can be used by
researchers of all disciplines constitute, in general, a stumbling block for
all the issues treated in this report. The term spatializable issue goes
together with geo-referenced databases, geographic data systems, and
many more.

This field is extraordinarily vast and varied. On the data « supply »
side, a large diversity of techniques have been implemented : satellite
observations, on-board observations (balloons, planes, boats and bea-
cons), fixed ground observatories, social and economic statistics. On
the « demand » side, all disciplines have their own needs, to which must
be added the necessities of inter-communication, a leitmotiv of this
report.

Hence, it is not surprising that the efforts to attain coherence are
numerous. The United States government has given a mandate to an
agency to create an efficient geographic data systems. The British
government has set up a network allowing the production of high quality
databases and software. In chapter 2, « The dynamics of territories :
changes in land cover - land use », we emphasized the fact that some of
the current inconsistencies are detrimental to scientific work.

Nonetheless, the workgroup recommends evaluating the extent of
the needs. It also recommends supporting the different efforts underta-
ken to achieve coherence (even at the technical level) every time it is
possible. The workgroup and most persons it has consulted are persua-
ded that a synthesis of the needs and practices necessary to create a
general tool is not possible today. The differences among objectives are
so significant that the creation of a unique structure (for example at the
level of nomenclature) constitutes an unachievable objective, even an
impediment. It is not desirable today to give the priority to one program
over another and in particular to expect too much from GMES.

Noticing a current disparity between data acquisition and pooling
does not mean that we must lose interest in efforts leading to some
convergence. This effort is particularly desirable for bringing together
the data used by the humanities and social sciences (economic, social
and accounting data related to durable development) and that used by
the life sciences. The group recommends that this effort be supported.

2.7. The ecology of urban and sub-urban systems

Among the topics that are insufficiently treated and particularly
capable of sustaining a strong interdisciplinary effort due to their present
and future importance, is the study of man-made systems, and in parti-
cular of the urban and suburban systems, most of the coastline and cer-
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tain valleys. This concerns situations and concepts greatly studied by
the humanities and social sciences, but remains outside the area of
interest of the life sciences (in particular when the level of human
influence is too high).

The workgroup recommends developing an ecology of man-made
systems (and to link it to social and urban ecology, among others). This
would permit the analysis of the evolution of those areas where man-
made pressures are worst controlled. Hence, the workgroup recom-
mends establishing programs to study this field, by bringing together
various communities from the different academic disciplines, their
methods of work and observation, their data (see 2.6) and their capaci-
ties for modeling.

2.8. The observatories

The need to improve the organization of observation and data mana-
gement has been the subject of much critical analysis as witnessed by
the publication of a number of reports and proposals on this topic. The
workgroup has three recommendations to make in this regard :

– this effort towards improvement should not only concern observa-
tion, but also, as was discussed in chapter 6 (« Infrastructure and
means of measurement ») modeling and its developments (data assimi-
lation),

– regarding the problems treated in this report, the creation of
research observatories (ORE) must be an immediate national priority.
These research observatories should study the different compartments
of the Earth’s environment (atmosphere, continental surfaces, coastal
areas, biosphere). This step is necessary to ensure the pertinence and
quality of the data collected before opening future operational observa-
tories, in order to avoid the explosive growth in acquired data, as has
been stressed in this report. The OREs will also ensure the efficient cou-
pling of this data with satellite observations which are expected to
increase considerably within this decade, and for which a significant
effort in validation and integration remains to be carried out,

– support for observatories of the environment that are already ope-
rational (OOE) is equally important. Action should be coherent concer-
ning the two families of observatories, the OOEs and the OREs. Special
attention should be made towards achieving this goal because cohe-
rence constitutes the key to the ultimate success.

Moreover, the question of change of scale often appears as the weak
link in certain programs, in particular during the coupling of different pro-
cesses (for example, biology and climate, economy and climate). These
difficulties can prevent many research programs from proceeding
beyond the local level. Hence, these programs lose part of their efficacy.
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This should not be forgotten in the definition of OOEs and OREs. Along
the same vein, regarding coastal areas, we should try to harmonize the
observation activities that are currently practiced by different partici-
pants within various institutional frameworks (see 2.4).

The workgroup has noticed that a national strategy in the field of
observation has meaning only if it is accompanied by a strong will
towards European integration. This European integration is justified
during the development of observation systems as well as in subse-
quent actions, since most regulatory measures are taken within the fra-
mework of European directives and international conventions of which
the European Union is a party. The notion of distributed infrastructure
put forward by the 6th Programme Cadre (PCRD) or defining framework
for research and development and the Integrated Infrastructure Initia-
tives (I3) should make it possible to approach this problem from within
an adapted framework, as long as the member states allow it within the
PCRD.
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