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RECOMMENDATIONS

1 Research organisation

1.1 Climate change

There is at present a very strong presumption that populations and societies
are much more vulnerable to hydrological changes than to changes that only
affect the temperature. Nevertheless, although climate changes are considered
inevitable, their impact on the hydrology is in fact much less well known than
their effect on temperatures.

If the effects of climate changes on continental waters are to be anticipated,
research on the hydrological components of the climate must be stepped up.
This concerns not only the modelling of average climate conditions, together
with improvements of model performance regarding water cycles, but also pre-
dictions of changes in the intensity/frequency of extreme hydrologic events for
which present knowledge is quite insufficient. Additionally, one of our conclu-
sions regarding the climate changes is that the evolution of vulnerability is more
important than the evolution of random events. The consequences of extreme
events are increasingly experienced as a “domino effect” (e.g., the effects of a
Paris flood) as the systems become more interconnected, interdependent. This
aspect of the vulnerability has been given little attention so far and it is impor-
tant that those who design highly interconnected systems consider more robust
schemes that will prevent or reduce the risks of a domino effect.

In France, the major problem caused by climate change is likely to be the risk
of drought rather than floods. The temperature rise is an accepted fact and even
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a weakly increasing trend has significant effects on evapotranspiration. The ef-
fects may be cumulative (year-on-year) although the annual evapotranspiration
is limited by the water reserves in the soil. As opposed to rainfall, it acts as a
trend and a small change in the trend might, on the one hand slightly reduce the
winter recharge which occurs between December and mid-March and, on the
other hand, exacerbate the summer deficit (simply by a somewhat higher evap-
otranspiration) with, in addition, the two effects being cumulative. The predicted
higher frequency of heat-waves corroborates this prediction.

Research into ancient climates should also be strengthened. In Holocene
times, for instance, the temperature was 2 ◦C higher than it is today. How
much rain fell at that time? We know little about how our planet reacted to the
melting of the glaciers 20 000 years ago; for example, the ancient climate of
the Sahara is not reproduced in the models. This is one of the fields where the
research might be intensified, both to validate the models by running them on
the ancient periods and to understand how the hydrological phenomena (par-
ticularly, extreme events) and the ecosystems evolved during the ancient climate
changes. The climate variations are recorded in natural archives together with
their causes, the recurrence of extreme events, and they can contribute very use-
fully to the predictions of future climates and the Earth’s response to the changes.

1.2 Ecology

Despite the tangible progress made in the understanding of continental aquatic
ecosystems, they continue to deteriorate in France and across the world. This
quantitative and qualitative degradation is of great concern because it is un-
evenly distributed and a source of future inequality and strife. However, the
degradation of continental aquatic media is not inescapable and if research is
focused on these systems, it may contribute to reverse the present situation and
should therefore be encouraged.

From this standpoint, the present tendency in France to divide research on
ecosystems into aquatic and terrestrial or surface and sub-surface media is not
pertinent even if the time- and space-scales on which the different media evolve
are not always compatible; it would be better to eliminate these divisions which
isolate the scientists instead of allowing them to work together. The functioning
of the system Earth in its totality, including atmospheric, terrestrial and aquatic
phenomena, on the surface or at depth, all linked together by complex physical
and biochemical processes and acting with different time constants should be
the focal point of the research. The separation, adopted by the CNRS (French
National Scientific Research Centre), between a solid and deep Earth and su-
perficial fluid envelopes does not seem pertinent in this context.
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Some years ago, the French Administration began structuring the research
on continental aquatic media within a framework of environmental research ob-
servatories (ERO) but the financing of the project is already drying up and has
been incorporated into the recurrent budget of the agencies. The result is that
the long-term survival of these observatories is uncertain and their structuring
and the coherence of their measurement programmes are no longer followed
up. The structuring of the various research institutes could be co-ordinated by
an organisation of the type GIP (grouping of public interest) or GIS (grouping
of scientific interest) liaising with a network of workshop zones and operational
observatories to be developed in collaboration with the water authorities who
need them to implement the European framework directive on water. On these
sites, research could be undertaken into the resilience and the engineering of
the ecosystems and their rehabilitation. Observations from space are useful
and efficient procedures of gaining a better understanding of the state of the
environment but they cannot by any means replace field observations of the
media: only a combination of the two systems would allow an extrapolation of
some of the results. This type of co-ordination would fill the void created by
the disappearance of the former GIP Hydrosystèmes and strengthen a common
scientific endeavour. The observatories should, of course, work toward an eco-
logical goal but should also form a monitoring network for climate changes,
public health problems and water management. The vitality of French research
activities in the field of continental waters also depends on vigorous actions to
make their mark on current and future international programmes.

1.3 Data

The series of rainfall- and hydrologic measurements in the existing measure-
ment networks are the main, globally useful instrument by which the hydro-
logical components of the climate changes can be identified. Given that these
components are intrinsically variable, detecting them requires a great deal of
perseverance: monitoring for several decades at the very least. However, all
over the world there has been a sharp fall in the availability of these data for
the last ten years1. In many developed countries, access to the data costs money
and in many developing countries the data are no longer, or only sporadically,
collected. This situation must rapidly be turned around. In France, hydrologi-
cal and rainfall measurements should be made available to researchers without
charge, at least after some time, which would make it possible to derive some
economic benefit from industrial and public users, in the short term. The data
collected in the environmental research observatories (ERO) must without fail be
introduced into a data base and rapidly made available. Regarding hydrologic

1E.g. Meybeck M., Vörösmarty C. (2005). Fluvial filtering of land-to-ocean fluxes: from natural
Holocene variations to Anthropocene. C.R. Geosciences, 337: 107-123.
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and rainfall measurements, France should demand that they be treated in the
same way, first across Europe and then internationally under the auspices of
the WMO. Finally, in its programmes of co-operation with developing nations,
France should endeavour to help restore the hydrologic-measurement networks.

It is also imperative to gather information on human impacts. The data on the
effects of different land uses (forms of urban development, farming practices,
ploughing, meadows, forests, etc.), inputs of crop treatment products or stock
farming practices are, at present, insufficient. France lags far behind because it
has not found a way of financing these observations which are vital to the re-
search or simply for the adaptation of the methods of intervention. This shortfall
is expensive because it leads to a lack of efficiency in national corrective mea-
sures (viz., the fight against pollution by agriculture and animal farming called
PMPOA and control of the impact of pesticides).

2 Management organisation

2.1 Regional predictions of demands and resources

The best management of water problems is one that anticipates future difficulties.
Hydraulic engineering works that might be required to alleviate a water deficit
or, on the contrary, an increase in the frequency of floods and inundations take a
long time to become operational. Similarly, considerable preparation is required
to achieve changes in farming practices or crop cultivation or even, in a more
serious situation, eating habits (amount of meat in the food) in order to adapt
them to the available water resources.

Thus, it is of the utmost urgency for France to equip itself with the means
of predicting both the demand for water and its availability across its national
territory. We have noted a lack of operational scenarios balancing demand and
resources over the next 10 to 50 years, region by region. These scenarios should
include: predictions of agricultural activity as a function of the markets, technical
progress, demands for water other than for farming, e.g., cooling water for
power plants, as well as of purely climatic conditions on the lines of the studies
mentioned above. The protection against floods and inundations caused by a
potential increase in climate variability is an intrinsic part of these scenarios.
When the scenarios are analysed, one must take into account the safety of the
dams whose flood release channels may not have sufficient capacity as well as
the changes that may occur in the regimes of erosion and solid transport (if the
land use stays the same or changes). Initially, high uncertainty will be attributed
to long-term scenarios but the uncertainty will decrease as the precision of the
predictions improves. This type of scenario exists already, for example in the
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United States. It is highly desirable that such scenarios be available to provide
criteria for the decisions to be made in the next series of new bids for concessions
of hydroelectric dams some of which are expected to be relinquished within the
next five years. Furthermore, it will be necessary to reserve the share of the water
— the quantity, quality and at the appropriate time — that is needed to allow
the ecosystems to function2. This consideration is also a necessary element in
the present debate on the economic yield of agricultural hydraulic engineering.

Artificial recharge of the aquifers is a technique that is developing rapidly,
particularly abroad, and it would be desirable that France take an interest in this
matter in order to alleviate potential deficits during drought years. Filtration of
water by the river banks is also a field of research where knowledge is available
but where additional experiments should be carried out.

Regarding the risks linked to extreme climatic events, recent years have re-
vealed the vulnerability of human activities and demonstrated how such events
can trigger a chain of domino effects. This has caused anxiety in the populations
and doubts in the minds of politicians as to the reliability of the protective mea-
sures planned or already in place. The concentration of urban developments in
the flood plains and the issues of managing heavy rainfalls, among many other
concerns, contribute to the increasing burden of problems that have to be tack-
led. The recent creation of a central flood-alert agency in France (SCHAPI) is an
excellent initiative; furthermore, it is necessary to develop, within the framework
described above, risk analyses that take into account potential climate changes
and the work that has to be undertaken to make less vulnerable the zones likely
to be inundated and to protect and maintain their defences.

2.2 Health

The main recommendations for public health matters are the following:

1. set the targets for public health standards which have to be attained
through the quality of drinking water and define the indicators of pub-
lic health impact to be used to reach these standards;

2. proceed in the economic analysis of the elements of “Water and health”
in order to make available the tools needed to make objective decisions
on the evolution of the health standards in matters of water quality and on
the investments in the services of drinking water and sewage treatment in
developing countries;

2E.g., research in the US which argues in favour of hydrologic regimes that try to stay close to
“natural” ones by, for example, conserving some flood events, see Sandra Postel and Brian Richter,
Rivers for life, Island Press, 2003.
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3. Improve the observation systems:

– create alarm and surveillance systems focused on epidemics of
water-borne diseases;

– develop measuring the risks of endemic water-born diseases by en-
couraging a better use of existing national data bases (e.g., SISE-
water of the General health authority, Health insurance data bases;

– strengthen the policies of limiting pollution at the source and protect-
ing water resources to reduce the exposure of consumers to mixtures
of organic micropollutants, in particular, pesticides, substances caus-
ing endocrine dysfunction and medicines; as a first step, we must im-
prove our knowledge of discharges of such substances in order to de-
velop, as a second step, tools to filter and treat them as close to their
sources as possible; it must be ascertained, for instance, whether
or not hospitals are important sources or if the discharges are more
diffuse before the means of filtering and treatment are put in place;
one might also examine the possibility of hospitals installing toilets
with urine separation as these molecules are mainly contained in the
urine;

– enhance the monitoring of the quality of water resources destined for
drinking water production and improve the measurement strategies,
particularly, aimed at risks of infection, methods of microbiological
analyses suited to untreated water and - regarding mutagenic, car-
cinogenic and reprotoxic risks - analysers or biological models able
to provide a signal interpretable in terms of risks to humans;

4. encourage protection of the resources and the production of drinking wa-
ter from such protected zones, devoid of contaminant sources.

5. ensure greater coherence between the actions of the various agents in the
fields of water, health and environment and a stronger French presence
in the international decision-making bodies by creating a centre of excel-
lence “Water and Health”.

2.3 Integrated management

French institutional experience of integrated management at the scale of great
watershed basins (water agencies and basin committees), of planning and pro-
gramming practices (Sage - Plan for water development and management - and
Sdage - Master plan for water development and management -, water agency
programmes), recent progress in comprehensive modelling of entire watershed
basins, the technical and organisational know-how of the drinking- water and
water-treatment services offer a solid basis on which to meet the challenges of
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the framework directive on water. The main areas where progress seems desir-
able are:

– the interface between the research programmes, the development of inno-
vative engineering and management tools;

– public-sector demands for innovative tools and the ability to use them ap-
propriately which ought to be a natural consequence of all these institu-
tional assets. It must, however, be admitted that demands from the public
sector are, in general, technically weak and do not necessarily put the
French references in the front line. This weakness is an obvious handicap
in the European arena as well as preventing French engineering skills from
enjoying sufficient support to make its mark internationally. Strengthening
of the technical and scientific capacities of services and organisations in
charge of water management and of the consulting firms who assist them
should be considered a priority;

– maintaining each sub-basin under permanent observation.

Social and economic evaluations are still at an embryonic stage and the ca-
pacity to conduct pluridisciplinary prospective exercises is clearly insufficient.
One of the reasons for this is doubtless the permanent difficulties encountered
by research teams when trying to set up pluridisciplinary programmes associat-
ing earth- and social sciences; another may be the hesitations shown by public
authorities regarding evaluations of public policies. Still, it is through pluridisci-
plinary efforts and a capacity to evaluate and anticipate that the most significant
progress will be made. The link between the management of the land and the
hydrosystems deserves much closer attention.

Last but not least, the increased vulnerability of modern societies when faced
with accidents, here in particular, floods. These catastrophes are as certain to
happen as they are random as to when they strike. The link between resilience
and development should therefore be studied further: our mode of development
must not render us ever more vulnerable.

3 Regarding problems in the developing world

3.1 Organisation of French institutions working
on development

French institutions should be able to reconcile three aspects when making devel-
opment decisions:
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– the urgency, in a time-frame of 5 to 20 years, of the human problems (de-
mography, alleviation of poverty, access to food and health, in particular,
through access to water and waste-water treatment for billions of people);

– the increasing understanding of the complexity of hydrosystems and the
time-scale of their evolution and of their reaction to engineering transfor-
mations;

– the existence of extreme events (floods and droughts) and climate change
over a 50 to 100-year time span, likely to affect both the average regimes
and the extreme events. The future population concentrations in the mega-
lopolises of the Third World are causing great concern because of the
seemingly intractable problem of accommodating new arrivals in the al-
ready much degraded conditions that we observe today: how will Dhaka
in Bangladesh be able to receive 9 million additional inhabitants or Lagos
in Nigeria 10 million more? Will major “climatic migrations” occur in
case of drought?

French research and the water-management institutions in France enjoy both
a good international reputation and a high competence in the technologies and
the social-political mechanisms that might help to answer these questions. This
competence has been acquired after many years of trial and error and it repre-
sents an important asset in co-operative actions. France must not loose sight of
the opportunities offered by the gigantic building-site, doubtless without prece-
dent, of hydraulic engineering works of all types being undertaken at present on
the continents where the demographic transformations are the strongest.

It is mainly sovereign decisions by the concerned Governments that will tackle
the difficulties encountered by many countries desiring to put in place an in-
tegrated management of their water resources and find satisfactory means of
facing the investments and management improvements required by their demo-
graphic evolution. However, French research can make great contributions both
to the North-African countries and to the regions around the great West-African
rivers as well as, in a more general sense, to large parts of the world where the
difficulties are the same. It can:

– provide assistance, as requested, to oversee public works and to advice
international finance providers. French research institutes and organisa-
tions are appreciated for their advice to national and local authorities. In
these actions the links between the research sector (IRD, Cemagref, Cirad,
etc.) and the operators (AFD, basin agencies, Ministry of ecology and
sustainable development) is nevertheless insufficient;

– assist more usefully in the development of adequate international in-
stitutions by being more pragmatic and more sensitive to local reality.
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For IRD, as well as for other partners, this means revising its notion of the
separation of fundamental and applied research and accepting a stronger
role in partnerships with engineering by recognising the value of expert
missions in the curriculum of its scientists. From this point of view, the
evolution in France over the last ten years has turned its back on the prag-
matic and productive trend of the great European institutions in this sector
(CEH-Wallingford, which is often quoted as a reference of excellence in
matters of fundamental work while attributing great value to the expertise
and targeted research but also the IHE, the DHI, etc.). Corporate expertise
rather than an individual one, but expertise as a service to development,
as desired by many scientists at the IRD, accompanied by strong inter-
national co-operation with, for example, the IWMI, international agencies
for watershed management such as the OMVS, the OMVG or centres such
as Agrhymet;

– develop research-engineering partnerships. Although the engineers from
the consulting agencies and the researchers meet in the field, they all
agree on the lack of synergy between the research efforts and the en-
gineering demands. There are, however, sporadic initiatives that form an
excellent basis as, for example, the collaboration by the CNR (National
Rhone Company) with the IRD in the development and exploitation of the
Hydromet system for collecting and managing hydro-meteorological data
bases. Along the same lines, it is important to strengthen the links be-
tween research, engineering and development NGOs in order to define
ways and means by which developing societies can acquire economically
and ecologically pertinent management practices;

– assist in improving the training of future cadres and technicians: the efforts
made so far have been positive and deserve to be further developed and
encouraged. France has, however, not succeeded in establishing a strong
training centre in the field of hydrology to fulfil the expectations of the
countries in the South. Nevertheless, there are many partnerships with
engineering schools, particularly successful ones in Morocco and Tunisia
or in Africa (EIER and ETSHER in Ouagadougou, Ecole des travaux publics
de Yamoussoukro, Université Cheick Anta Diop in Dakar, etc.) which have
undoubtedly contributed to the training on the spot of many young cadres
in public service and to the creation of an offer of high-quality private-
sector engineering which is, in particular, able to export its know-how in
a South-South co-operation, thus proving its dynamism. This undoubtedly
successful endeavour should be pursued and strengthened, for example
within the framework of the Nepad projects, to create African centres of
excellence on water science and technology. A development of technical
training centres on the model of the Mexican centre created with French
financial and technical backing should be encouraged;
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– the opportunities for French engineering of participating in major opera-
tions, which by their size would generate experience and competence for
the future, occasions to innovate and form durable partnerships, depend
on proved excellence, based on previous internal public demand. With-
out this demand which enhances their competitiveness, the consulting firms
would soon be overwhelmed by their competitors. Without this experience
of great engineering projects, the research is in danger of depriving itself
of major fields of competence. What is expected of French scientists is
no longer a very specialised and narrow cutting-edge knowledge (apart
from specific innovations), which is available at local research institutes or
can be obtained in the short term, but a pluridisciplinary capacity to un-
derstand the challenges surrounding engineering projects (management,
optimisation, social and economic management, integration of matters of
health, water quality and ecosystem functioning, morphology, capacity to
carry out comprehensive evaluations and modelling, etc.).

3.2 How to feed the world

The problem of hunger in the world is already critical (860 million people are
undernourished) and, barring some radical change, will continue to increase
because of population growth. Three plants: rice, maize and wheat, today
provide, in equal shares, 60% of the world food production (around 700 million
tons/year each). Two of them, rice and maize, depend greatly on the water
supply. It is important to favour the cultivation of hardier, less “thirsty” varieties,
on the one hand and to try by genetic means to develop new ones that are
more suited to semiarid conditions (30 to 40% of the earth’s surface is arid or
semiarid) or even to slightly saline soils (several tens of millions of hectares).

In international organisations, French policy, in particular within the IWMI
Challenge Programme “Water and food”, which it supports, should be based
on the following two considerations:

1. Maintain or rapidly build up food reserves, primarily produced locally
and distributed regionally, that can be used to help populations in times
of a grave climate crises which are inevitable but whose arrival date is
unknown. The current stocks that have been decreasing constantly for
the last four years, seem insufficient. To begin with these reserves should
be stored in northern countries but would in time be located in the most
vulnerable countries in the South.

2. Increase the food production in the world. The first priority is to increase
the yield in already cultivated areas and to save water. To achieve this,
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the farmers in southern countries must receive a greater economic ben-
efit from their work to be able to rise above the poverty line and put in
place the technical improvements needed to use water more efficiently or
to choose more suitable plants to grow. Local research centres focusing
on better farming practices should be encouraged. However, if it be-
comes clear that it is necessary to undertake engineering works in order
to increase the irrigated acreage and this work has to be done with the
environment in mind, such actions cannot alone solve the problem. Devel-
opment of rain-irrigated crops on presently uncultivated land is the only
possible solution in the medium term. There is sufficient land left to do
this, particularly in Africa and South America; there is available land is
some northern countries as well. The new land that would be opened up to
farming is today natural environments (forests, steppe, wetlands, etc.) and
as their ecosystems would be threatened, the greatest care would have to
be taken to safeguard them and their biodiversity. There is a great risk
that the biodiversity would suffer considerable losses and it must therefore
be carefully monitored. In countries where the resources of uncultivated
land are scarce, for example in Asia, the only solution would be “virtual
water”, i.e., imported food stuffs. The means by which problems of na-
tional independence and financing of such imports can be solved belong
to the domain of politics and must be tackled directly and France should
contribute to finding the solutions.

In our view, all these recommendation must, of course, be considered in a Eu-
ropean, or even international, perspective, particularly regarding partnerships
to face the effects of climate changes, observe the state of the Earth, protect
health and co-operate with the countries in the South.

Finally, it is obvious that the problem of water is extremely complex because of
the interrelations of the different contributing factors and because the setting-up
of schemes to develop, manage, preserve, etc. require a great body of knowl-
edge in a number of disciplines. However, the decision-making processes in the
field of water are increasingly handed back to the citizens through shared con-
trol, which endows them with ever greater responsibilities and is promoted in the
European framework directive on water (period of public consultation, for ex-
ample). These two observations show that it is of primary importance to inform
the public, allow the public to learn about the problems in question in order to
ensure that this shared management leads to objective decisions. The necessity
of public participation in solving water problems is obvious in developing coun-
tries, in the suburbs of rapidly and chaotically growing cities or in family-based
agriculture. The case should be the same in developed countries, particularly in
Europe where the number of debating venues is increasing and where the water
quality is always in question. The role of education and information has hardly
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been touched upon here because it is not the object of this report, which tries to
concentrate on a few technical elements without denying the value of the social,
political and geostrategic dimensions, but the importance of these actions must
be emphasised. On this subject, the fundamental role of Higher Education as
an indispensable link between research and training in the field of water must
be strengthened by explicitly including water-related disciplines in the scientific
Ph.D. programmes. We hope that this report will contribute, however modestly,
to do so.




