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 Traditional water management system for irrigation in Morocco.

Management
of resources and uses:
institutions, territories
and societies

The harshness of the debate on whether priority should
be given to hydrological or social sciences has calmed
down as awareness has increased on the growing
scarcity of the resource, with the drying up of rivers,
streams and wetlands during dry seasons, followed by
water-use conflicts, particularly acute in Mediterranean
and semi-arid regions.
Indeed, the “water demand management” concept
(WDM) implies that saving water is an essential
prerequisite to mobilising new or alternative resources,
so as to be able to balance management of water
resources and associated uses. Implementation of the
WDM concept was acclaimed by water managers
from the Mediterranean countries during a workshop
in Fréjus (France) in 1997. Some authors recommend
avoiding water wastage, or saving water within each
usage category, by adopting tailored technologies and
incentives. Inter-sectoral management of water is also
advocated, for example, by transferring water usage
rights from one sector to another, depending on the
priorities of the competing uses.
Scientists now assess these issues from economic, social
and management sciences standpoints, in order to
understand, formalise or regulate individual or collective
water allocation and consumption behaviours and thus
achieve water savings on an adequate scale. This is
certainly a break from existing approaches considering,
in addition to initiatives necessary for mobilising water
resources, those that impact demand at different intersectoral scales.
Reflecting a new way of considering water resources
management, this change in paradigm is being increasingly
adopted by stakeholders in this domain. This approach is
now privileged in regulatory texts such as the European
Water Framework Directive (WFD, 2000), the first to
be so widely based on economic concepts. It imposes
a minima incentives to save water through pricing
instruments, while recommending concerted management
and the introduction of public participation.

The scope and variety of the regional scientific
community’s work extends beyond WDM per se. It makes
the best use of its many assets to:
 Contribute to drawing up public environmental policies,
especially streamlining them with territorial economic
development and planning policies. This involves analysis
of conditions for the governance of water resources,
uses and services in order to meet objectives concerning
the quality of water and aquatic environments, that are
shared by stakeholders at adapted territorial scales and
to come up with renewed terms and conditions for
management and consultation.
 Design a wide range of regulatory, economic,
institutional or technical instruments that could enhance
the implementation and effectiveness of environmental
policies at the “water territory” level. Innovations in
this domain are notably dependent on the development
of modelling and simulation platforms for the study
of interactions between biophysical mechanisms and
decision-making processes and between the different
levels of management and decision.
 Most of the research units are involved in international
projects including Mediterranean areas and thus
frequently deal with risk management and territorial
vulnerability with regard to flood and drought. According
to forecasts of the Intergovernmental Panel on Climate
Change (IPCC), these extreme events are likely to
increase, so it is all the more necessary to enhance the
resilience and medium-term adaptability of these areas.
A brief glimpse at the lines of research and projects
carried out by the research units that are covered in this
chapter clearly highlights two features of the research
work:
 The territory, which is the relevant scale for
environmental and other public policies implementation,
is almost systematically the focal point of the research.
Observatories, governance and spatial information
management are thus items of growing importance.
 The research is carried out at the interface of several
disciplines, either internally within multidisciplinary
research units, or through collaborations, giving evidence
of the recent astounding development of multidisciplinary
works among hydrological, economical, management and
social sciences.
With these qualities and the backing of the “Water”
competitiveness cluster, the regional scientific community
would appear to be in a good position to contribute to
meeting the challenges to satisfy the society’s needs while
preventing water resource degradation.
Thierry Rieu (UMR G-Eau)
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T

he scarcity of such a vital resource as water,
to supply societies and their livestock,
irrigate their crops or produce energy, led
these societies to draw up rules for water access and
sharing. The study of such initiatives falls within the
scope of economics, management and social sciences.
Nevertheless, attempting to reverse this natural
resource depletion and degradation trend through
human and social sciences has long been questioned, and
even subjected to controversy.
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The sustainable
management of water
resources: stakeholders
and uses
Main teams
UMR ART-Dev
Stakeholders, Resources and Territories
in the Development Process
(CNRS, UM3, Cirad, UM1, UPVD)
55 scientists
Director: Geneviève Cortès
genevieve.cortes@univ-montp3.fr
http://recherche.univ-montp3.fr/artdev
 Presentation page 48

UMR ESPACE-DEV
Spatial Analysis for Development
(IRD, UM2, UAG, UR)
60 scientists
Director: Frédéric Huynh
frederic.huynh@ird.fr
www.espace-dev.fr
 Presentation page 47

UMR G-EAU
Water Management, Stakeholders, Uses
(AgroParisTech, Irstea, Ciheam-IAMM, Cirad,
IRD, Montpellier SupAgro)
75 scientists
Director: Patrice Garin
patrice.garin@irstea.fr
www.g-eau.net
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UMR GRED
Governance, Risk, Environment,
Development
(IRD, UM3)
59 scientists
Director: Francis Laloë
francis.laloe@ird.fr
www.gred.ird.fr
 Presentation page 42

UPR GREEN
Renewable Resources Management
and Environment
(Cirad)
14 scientists
Director: Martine Antona
martine.antona@cirad.fr
www.cirad.fr/ur/green
 Presentation page 49

...continued on page 42

The “Water Management,
Stakeholders, Uses” Joint Research
Unit – UMR G-EAU (AgroParisTech,
IRSTEA, CIHEAM-IAMM, CIRAD,
IRD, Montpellier SupAgro)
aims at building knowledge and
identifying levers for sustainable
water resources management. The
priority is given to the European
and African continents, with a
special focus on the Mediterranean
basin. Multidisciplinary
approaches are being developed,
bringing together earth sciences
(hydrology, hydraulics), engineering
(automation, fluid mechanics), life
sciences (agronomy, hydrobiology)
and social sciences (economics,
sociology, political science).
Modelling is a mediator between
disciplines, research workers and
stakeholders. G-EAU research
activities are structured along three
lines, plus a cross-sectoral training
activity.
The first line of research, “from
operational management to the
analysis of resource allocation
scenarios”, aims to improve
management of scarce water
resources, mainly through a
quantitative biophysical approach,
while the qualitative aspects are
addressed from a hydro-biological
standpoint. G-EAU is interested
in water in regions hampered by
shortages, should the resource be
rapidly-moving (rivers, pipelines),
slowly-moving (aquifers) or
temporarily stored (dams). The
management issues are addressed
according to two approaches:

(1) regulation of natural or artificial
systems for “real-time” operational
management; 2) analysis and
assessment of the impact of overall
changes in the strategic management
of man-made basins (larger time
scales). The tools and initiatives
range from the production of data in
the field to physical modelling.
The second line of research,
“public policies, management
of water-associated services and
risks”, deals not only with public
action, regulation and multilevel
governance, but also with
behaviours and vulnerability in
risk situations. As regards public
action, interest is particularly
focused on (i) installations and
analysis of institutional dynamics
in the implementation of collective
actions; (ii) construction and role
of observatories and indicators in
the water domain; (iii) regulation
and sustainability of water utilities
and iv) economic and institutional
approaches and relations between
agriculture and services provided
by hydrosystems. Concerning
behaviours, the aim is to qualify the
demand for water in its different
uses so as to assess their sensitivity
to different forms of regulation
or to analyse the socioeconomic
dimensions of vulnerabilities in risk
situations (floods, pollution).
Research along line three – “irrigated
agriculture” – deals with irrigation
practices from equipments to
irrigated areas with a focus on farms,
through three topics: (i) analysis
of the physical processes for the
design and sustainability of irrigation
equipment; (ii) multicriteria and
multiscale evaluation of irrigated
systems performances and (iii)
support for technical and institutional
innovations in irrigated areas. •••
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 Dried soil
in the Tafilalet Valley, Morocco.

> P r e v e n t i o n a n d m a n a g e m e n t o f w at e r - r e l a t e d r i s k s

Climate change will increase the frequency of extreme climatic
events, such as droughts, floods and hurricanes. These climatic
anomalies could have disastrous consequences for countries
already affected by poor drinking water supply and those
depending mainly on local agriculture. Given that agricultural
activities represent 60 to 100 % of the income of the poorest
African households and that these households often have no
access to drinking water, Sub-Saharan Africa is one of the regions
in the world the most sensitive to climate change. Today, there
is consensus about the fact that drought (and desertification)
is one of the causes of the civil war in Darfur, by increasing
the tensions around the use of arable land and water. It can
therefore be suggested that climate may generate conflicts by
increasing competition for resources.
The LAMETA JRU analyses the links between climate and
conflicts occurrence in Sub-Saharan Africa. This research comes
within the framework of emerging studies about the role of

natural factors in the emergence of conflicts (published in
Nature, for example). Previous research works focused on the
link between short-term climatic anomalies and the occurrence
of civil wars, using raw data of precipitation and temperature. In
other words, only climatic “shocks” were taken into account and
no consensus could be found among scientists about a formal
link between conflicts and climatic conditions. Using the Palmer*
drought index, LAMETA has considered drought as a “stock”
(of water and consequently food) rather than as a temporal
climatic shock. This index is particularly well-adapted to evaluate
the consequences of climatic variations on agricultural activities
and considers drought as a cumulative phenomenon. The results
obtained in this way show a positive relationship between
drought and civil war and, unlike previous studies, are highly
statistically significant.
Contact: Raphael Soubeyran, soubeyra@supagro.inra.fr
* See Palmer,W., 1965. Meteorological drought. Research Paper 45, US Dept. of Commerce
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Preventing and combating floods, pollution
and marine submersion in Languedoc-Roussillon
and Provence-Alpes-Côte d'Azur
HYDROGUARD*, a 2009-2012 project approved by the “Risks” competitiveness cluster,
aims at developing a reliable, autonomous and automated monitoring system for the
follow-up of watercourses and coastlines of the Languedoc-Roussillon and ProvenceAlpes-Côte d'Azur regions. More generally, it aims at supporting local authorities in the
sustainable management of water bodies and territories. The devices can be fixed on
buoys or set up in sensitive areas, or transported in a mobile form to be installed in
varying zones at times of alert.
To ensure the profitability of the investment, the devices, equipped with detectors/
sensors, onboard communication and computer systems, are not only used upon alerts
(floods or storms), but also under normal circumstances to detect pollutions, to monitor
the evolution of water bodies and coastlines, or even to measure erosion or any other
relevant indicator. This equipment could thereby be used in monitoring strategies, in alert
systems (particularly in situations of flood or marine submersion) and in the management
of water bodies. This new system is consistent with European and national regulations, as
well as with existing standards. In case of alert, this system is an ideal tool for anticipating
actions, contributing to decision-making and orienting rescue teams, thanks to the
information captured by its detectors/sensors. In normal situations, the system can be
used to pass on relevant information to government departments and services, local
authorities, private individuals, industrial site managers and service operators. The system’s
originality lies in its decentralisation, its proximity, its redundancy and its inter-operability
with other existing systems (CEMER, ALADIN…).
 Gestion de l'eau au Maroc.

This project targets the municipal scale on two pilot sites (the city of Alès and
municipalities around Étang de Thau). These areas are representative of issues linked to
water bodies management, rapid flood risks, lagoon and marine submersion and dune
ridge rupture, with important human and economic factors at stake.

2D/3D visualisation tools will be connected to the system to allow displaying the
monitored areas using suitable visualisation flows. Data collected by the sensors will be
synthesised in real-time to properly inform end users.
© UMR LGEI

Contacts: Pierre-Alain Ayral, pierre-alain.ayral@mines-ales.fr
& Catherine Gonzalez, catherine.gonzalez@mines-ales.fr
* HYDROGUARD: Autonomous equipment and technologies for the optimised management of the means of prevention of floods,
pollutions and marine submersion in LR and PACA.

 HYDROGUARD experimental
measurement device.
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UMR LAMETA
Montpellier Laboratory of Theoretical
and Applied Economics
(CNRS, Inra, Montpellier SupAgro, UM1)
50 scientists
Director: Jean-Michel Salles
sallesjm@supagro.inra.fr
www.lameta.univ-montp1.fr
 Presentation page 44

UMR TETIS
Territories, Environment, Remote
Sensing and Spatial Information
(AgroParisTech, Cirad, Irstea)
70 scientists
Director: Jean-Philippe Tonneau
jean-philippe.tonneau@cirad.fr
http://tetis.teledetection.fr
 Presentation page 46

...continued on page 44

G-EAU has four experimental
sites: the laboratory for irrigation
equipment research and studies, the
Gignac Canal for canal regulation and
the Merle and La Valette estates for
studies on water and solute transfers
under irrigation.
G-EAU contributes to the SICMED
Programme (Continental Surfaces
and Interfaces in the Mediterranean
Basin, see page 10). Its main
partners at the international
level are the Wageningen
University and Delft University
of Technology (Netherlands),
UFZ (Umweltforschungszentrum)
in Leipzig (Germany), CSIRO
(Commonwealth Scientific and
Industrial Research Organisation)
and Australian National University
(Australia).

Water resource governance
and management
The “Governance, Risk, Environment,
Development” Joint Research Unit –
UMR GRED (IRD, UM3) studies
the relationships that societies and
their individual members develop
with the environment. This field
of investigation relates to “socioenvironmental issues”, linking
governance and environment. The
scientific objective is to understand
how the new constraints and
vulnerabilities modify the governance
and the management of territories
and resources.
GRED is structured along three
lines of research: (1) Biodiversity
conservation and the dynamics

of rural systems; (2) Governance
and management of resources
and territories; (3) Risks and
vulnerability of societies and
territories. Cross-sectoral themes
relate to specific topics (conflicts
and access to resources…) and/or
environments (forests…) common to
the three lines of research. Research
on water comes under the second
line. Indeed, water and hydrosystem
governance represents both a priority
focus for public development policies
and a strategic challenge with respect
to societies’ dynamics, as revealed
by the frequent conflicts associated
with access to territorial resources
and discrimination surrounding this
access.

The “Social water management” team
focuses on rural societies, studying
transformations that affect them
in the context of growing pressure
on water resources and a changing
economic and socio-political
environment.

historic nature of the trajectories and
situations. It focuses more specifically
on the strategies of individual and
collective stakeholders who are
hampered by the existing institutional
frameworks while intervening at
different levels to facilitate changes.

This research specifically focuses on
issues about water resource sharing
and the decision-making power
between the public, private and
community stakeholders. It deals
with modes of coordination and
mediation of stakeholders facing
repeated water-use conflicts, thus
inducing changes and innovations.
This is a contextualised and processbased approach, anchored in the

The team also works on defining
public policy, and thus on the State
as a pivotal stakeholder in the
transformation of water regimes
and the introduction of formal rules
and incentive structures. It thus
questions the social distribution of
the costs and benefits attached to the
different public policy options and the
ideological and cognitive dimensions
of public policies. •••
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Economic evaluation of flood management
policies with cost-benefit / avoided damage tools
The French government requires that policies implemented in the
framework of flood management be systematically assessed for their
economic relevance. To this end, the TETIS JRU develops a cost-benefit
analysis tool, based on the method of avoided damage for contracting
authorities. Such a tool produces various spatial indicators to compare
the economic effectiveness of different policies implemented to prevent
flood. These indicators rely on an estimation of the potential damage
linked to different high water scenarios, obtained by crossing random
spatial data with information about risk level, land use and usage
vulnerability.

 Model for damage assessment during flood events
in the Orb Valley (Hérault, France): the blue form
is a map of submersion levels in the low Orb Valley
(darkest colour = highest water level).
Graphics represent respectively sensitivity indexes
of the various input data used in the model (on the
left) and uncertainty about total damages caused by
the flood, calculated using a cost-benefit analysis–
avoided damages model (on the right).

The project also explores purely scientific issues like the crossed
influence of the nature and spatial extent of input data on the resolution
of output indicators. The results obtained will guide the State or Plan
Rhône future strategies on data collection to implement cost-benefit
analyses.
Contacts:
Nathalie Saint-Geours, nathalie.saint-geours@teledetection.fr
Jean-Stéphane Bailly, bailly@teledetection.fr
& Frédéric Grelot, frederic.grelot@irstea.fr
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N. Saint-Geours © UMR TETIS

The control of uncertainties linked to this tool is an essential point of
its performance and usefulness. IRSTEA, a leader in the development
of this kind of tools in France, in partnership with AgroParisTech, UM2,
and the Plan Rhône partners, has developed a framework for the analysis
of uncertainties and consequent sensitivity of economic indicators. This
scientific collaboration is designed to facilitate transfer of the knowledge
produced towards the operational world, through a methodological guide
and a computerised tool for the analysis of costs-benefits, uncertainties
and associated sensitivities.
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 Irrigation in Lot (France).

Other teams involved
UR EAU/NRE
Water: New Resources and Economics
(BRGM)
14 scientists
Director: Jean-Christophe Maréchal
jc.marechal@brgm.fr
 Presentation page 16

UMR HSM
Montpellier HydroSciences
(CNRS, IRD, UM1, UM2)
57 scientists
Director: Éric Servat
eric.servat@msem.univ-montp2.fr
www.hydrosciences.org
 Presentation page 8

UMR ITAP
Information – Technology – Environmental
Analysis – Agricultural Processes
(Irstea, Montpellier SupAgro)
40 scientists
Director:Tewfik Sari
tewfik.sari@irstea.fr
www.irtsea.fr/itap
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UMR LISAH
Laboratory for the Study of Interactions
between Soils,Agrosystems
and Hydrosystems
(Inra, IRD, Montpellier SupAgro)
34 scientists
Director: Jérôme Molénat
jerome.molenat@supagro.inra.fr
www.umr-lisah.fr
 Presentation page 15

UR LGEI
Industrial Environment
Engineering Laboratory
(EMA)
45 scientists
Director: Miguel Lopez-Ferber
miguel.lopez-ferber@mines-ales.fr
www.mines-ales.fr/LGEI
 Presentation page 12

Economics to improve
agricultural water
management
The “Montpellier Laboratory
of Theoretical and Applied
Economics” Joint Research Unit –
UMR LAMETA (CNRS, INRA,
Montpellier SupAgro, UM1)
works, among other themes, on
“sustainable development and
natural resource management”
policies. In particular, LAMETA
develops economic instruments for
the improvement of qualitative and
quantitative water management
relative to agricultural activities.
LAMETA works in collaboration
with several other research units
of the regional community: LISAH
for hydrological aspects, SYSTEM
for agronomic aspects, G-EAU
for social aspects and systems
modelling. Over the past five years,
LAMETA has also strengthened
its international cooperation
network, especially with various
Australian institutions (Ministry
of Primary Products of Victoria
State, University of Melbourne,
University of Western Australia,
Australian National University,
University of Sydney), which
involves researchers and Ph.D.
students exchanges in both
directions.
LAMETA research on water
combines three approaches:

 Theoretical microeconomics
and public economics approaches
to analyse the efficiency of water
management tools and mechanisms
proposed in situations where
information is lacking between
agricultural users and public
authorities and when water resources
are uncertain. Within the framework
of the European NOVIWAM project
(Novel Integrated Water Management
Systems for Southern Europe), new
forms of pricing have been developed
which provide incentives for farmers to
“book” their required irrigation water
volumes in advance, so as to guarantee
the availability of the resource.
 Experimental economics
approaches, either in the laboratory
or in the field with water users, give a
better picture of their reactions to the
proposed instruments. These “testbed
experiments” tools are used to assess
the behaviour of economic agents
with respect to public intervention.
LAMETA has an experimental
economics laboratory on the Richter
site (LEEM, Montpellier) and a
mobile laboratory to facilitate field
experiments.
 Integrated modelling approaches,
requiring coordination with
other disciplines (hydro-geology,
agronomy, ecology, etc.), are usually
based on in-depth field studies.
These models take into account the
interdependences between land-use
patterns, territorial planning and water
management programmes. •••
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RISECO project: resources economics
for the management of water scarcity and drought risk

The RISECO project (funded by ANR) proposes to carry out
an economic analysis of water shortage issues and related risks
in France. It brings together economists from the G-EAU and
LAMETA JRUs, IRSTEA, INRA and Montpellier SupAgro. The
project is based upon dynamic modelling methods, econometric
analysis and experimental economics.

Different economic instruments are analysed and compared in
terms of efficiency for the management of water shortages. For
example, the project proposes to analyse the role of irrigation
and harvest guarantees in the management of drought risk by
farmers. It assesses how “water rights” can promote a share
of both resource and risk. It evaluates the interest of “water
rights” systems, with different water supply guarantee levels,
enabling farmers to build up a more or less sure “portfolio
of rights”, depending on the way they manage shortage risks.
Finally, it proposes an original method of water pricing, based
on a varying water price depending on uncertainty about the
availability of the resource. These questions have practical field
applications, for the management of extractable volumes or for
water pricing by regional development companies.
Contact:
Katrin Erdlenbruch, katrin.erdlenbruch@irstea.fr
For more information: https://riseco.cemagref.fr

 Decree about limitation of water use in France in July 2011.
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Recently, France has been confronted to several drought
periods (2003, 2004, 2005, 2006, 2011) recalling the important
impact of this phenomenon on agriculture, main water
consuming sector and economically the most affected one.
In a number of places, prolonged droughts induced structural
shortages, with low water levels in reservoirs or water tables
used for irrigation. Moreover, most global warming scenarios
forecast more frequent drought occurrences. Thus, providing
tools to efficiently regulate water demand appears to be of
prime importance.
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Systems for the allocation of agro-environmental contracts
to limit the water pollution by pesticides
The POPSY project “Field crops
production systems, Environment,
Public policies” (2009-2013) is
funded by ANR and coordinated by
the “Public economics” research
unit of INRA Versailles-Grignon.
It brings together economists
and agronomists. The aim of this
project is (1) to develop methods
for the design of ecologicallyperforming production systems,
using less pesticide, (2) to study
the socio-economic conditions
for the emergence, the
development and the adoption
of such systems and (3) to
assess the impact of current

Water resources: preservation and management

Within this project, LAMETA particularly studies the reasons
why territorialised agro-environmental measures for pesticide
reduction are left ahead by stakeholders in territories where
“water” is a strong stake. It experiments new systems for
the allocation of individual or collective agro-environmental
contracts, which are more effective and more motivating for
farmers (especially the vine growers of Languedoc-Roussillon).
LAMETA also participates in a pilot experiment, with the
Artois-Picardie Water Agency, of contracts allocation for
permanent green cover through auctions.
Contacts: Sophie Thoyer, thoyer@supagro.inra.fr
Raphaele Preget, preget@supagro.inra.fr
& Laure Kuhfuss, kuhfuss@supahro.inra.fr

 Auction advertisement for the creation of herbal covers published in the document of
presentation of the “water and agriculture” programme of Agence de l’Eau Artois-Picardie.

Managing spatial
information to gain
insight into and manage
resources, environments
and territories
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“Ecophyto2018” support policies and to propose more effective
ones.

and temporal dynamics of these
environments (hydro-morphology of
the watercourses, spatial distribution
of habitats, etc.) while quantifying
the pressures upon them. Spatial
analysis and modelling are used to
study the natural and anthropogenic
phenomena involved (sediment
dynamics, monitoring vegetation in
rivers, lakes and lagoons; modelling
of pressures/status).

The “Territories, Environment,
Remote Sensing and Spatial
Information” Joint Research
Unit – UMR TETIS (AgroParisTech,
CIRAD, IRSTEA) aims to develop
spatial information management
methods to enhance knowledge
and management of environments
and territories. TETIS conducts
conceptual, methodological and
thematic research using an integrated
approach to the information chain:
acquisition – notably by satellite – of
spatial data; the spatio-temporal
analysis and modelling of agroenvironmental and territorial
systems; design and management
of information systems; processes
for the appropriation and use of
spatial information by territorial
stakeholders.

TETIS is developing satellite and
airborne methods for watercourses
monitoring. Watercourse depths
are mapped using optical imagery
and airborne LIDAR measurements,
in order to feed hydro-biological
models simulating the functioning of
habitats. Radar techniques (imagery,
altimetry, interferometry) and
associated mathematical methods
are developed in collaboration
with CNES (Centre National
d’Études Spatiales) and ONERA (the
French Aerospace Lab) to quantify
watercourse surface variables (width,
water level, slope and speed), and
deduce the hydraulic parameters of
the bottom and estimate flow rates.

TETIS carries out research on the
characterisation and management
of aquatic environments and their
biodiversity. Satellite imagery –
notably with very high spatial
resolution – supplements the field
measurement devices and provides
an overview of the spatial structures

TETIS is developing radar imagery
(active microwave data) to quantify
soil features such as moisture –
information which is essential for
physical modelling of hydrological
processes or for combining surfaceatmosphere parameters in a climate
change setting.

In the agriculture domain, the study
of plant water stress represents
an important field of research for
assessing agricultural production
and enhancing water management.
Research is focused on the evaluation
of stress indices derived from
aerial or satellite images or closeup infrared and thermal infrared
imagery, and surface temperature
measurements. Some research is
also carried out on irrigated areas in
the sub-Saharan region, focused on
strategies for water access and use in
a limited land setting.
As part of an integrated approach
to public policies for territorial
planning and management, TETIS
and the Syndicat Mixte du Bassin
de Thau carried out a research
project on the analysis and design
of territorial observatories. This
work deals with spatial modelling
of complex phenomena (urban
spread, water management) and the
role of information in governance
processes: functions and uses of
spatial representations in support of
territorial consultation (3D models,
mapping according to stakeholders),
collection and legitimisation of local
knowledge and know-how, analysis
of the emergence and increasing
autonomy of the territories, etc.
TETIS is also undertaking work on
the spatial sensitivity of methods for
economic evaluation of flood risk
management policies.

Spatialisation
of environmental
knowledge for the
sustainable development
of territories
The “Spatial Analysis for
Development” Joint Research Unit –
UMR ESPACE-DEV (IRD, UM2, UAG,
UR) is developing and implementing
innovative methodologies for the
spatialisation of environmental
knowledge for the sustainable
development of territories, from data
acquisition to the decision-making
process. The aim is to contribute
to the emergence of networks of
environment observatories for
sustainable development.
ESPACE-DEV is involved in the
water domain through research
and transfer programmes, notably
in cooperation with developing
countries:
 The programme “Flood flows and
mass variations: the case of the
Amazon Basin” aims at estimating,
through spatial measurements,
seasonal and inter-annual variations
in the different reservoirs of the

continental hydrological cycle
and validating these estimates by
comparison between different spatial
sensors, using in situ measurements
and/or modelling.
 The programme “Spatial data
assimilation for the hydrological
analysis of the Amazon Basin and
short- and medium-term forecasting”
aims to implement a rainfall-flow
type hydrological model tailored to
large tropical basins (cooperation
between IRD and Brazilian
institutions and universities).
 The programme “Extreme
hydrological phenomena in French
Guiana: forecasts, impacts and
adaptation” is focused on one of the
three large regions of the world in
which the per-capita water supply
is the highest. As a result of marked
seasonal variations, French Guiana
is hampered with extreme low-water
or flooding phenomena, which can
lead to breakdowns in drinking water
supplies or severe high-water levels,
which affects the habitats situated
along river banks. The primary
objective of the project is to develop
operational forecasting and risk
assessment tools for high- and lowwater levels, to gain a better insight

into the hydrological resources and
characterise the associated extreme
phenomena. The study aims to analyse
the impacts of low-water level and
flooding phenomena on communities
and their living conditions and to
evaluate the mitigation potential.
The project will highlight potential
adaptation strategies of local
inhabitants (notably on the edge of the
Maroni river). The project proposes to
define and develop many vulnerability
and resilience indicators and provide
decision-making assistance.
 The programme “Alternatives to the
evaluation of the ecological quality
of watercourses in French Guiana:
the contribution of remote sensing”
involves the regular control of the
quality of watercourses, subjected to
increasing anthropogenic pressures
(notably linked to illicit gold mining),
in order to comply with the European
Water Framework Directive. This
type of surveillance of the rivers and
other watercourses is difficult since
it is impossible to carry out regular
sampling throughout most of French
Guiana due to access constraints. This
project explores new methods for
remote control of the state of sites that
are hard to reach. •••

> P r e v e n t i o n a n d m a n a g e m e n t o f w at e r - r e l a t e d r i s k s

Hydrological dynamics and malaria in Amazonia
In close collaboration with entomologists and epidemiologists
from French Guiana and Brazil, ESPACE-DEV focuses on the
notion of spatiality, from the acquisition of data up to their
interpretation, to develop applications and decision-support tools.

 The Sinnamary River
in French Guyana.

Water is generally associated with the presence of mosquitoes –
including the species Anopheles, a malaria vector. But malaria
transmission risk depends on a set of complex biological, ecological,
climatic and societal mechanisms. In this respect, identifying and
modelling the transmission mechanisms in time and space, in order
to predict the level of “health risk”, remains a challenge. Research
efforts are usually mainly limited to one vector (Anopheles darlingi,
the most efficient one in Amazonia), to specific environmental,
climatic and societal conditions, and at given temporal and spatial
scales.

However, the role played by hydrological dynamics and their
seasonal and annual variability on the epidemic and endemic
character of malaria depends on regions and landscapes of
Amazonia, according to still poorly understood processes. In an
attempt to decipher the complexity of these processes, ESPACEDEV studies the relationship between socio-environmental factors
and malaria in the region of Manaus, following a multi-scale and
multi-disciplinary approach. This project, funded by the Brazilian
National Centre for Scientific and Technological Research (CNPq),
involves Brazilian, American and French teams.
Contacts: Emmanuel Roux, emmanuel.roux@ird.fr
Laurent Durieux, laurent.durieux@ird.fr
Naziano Filizola, naziano.filizola@gmail.com
Wanderli Pedro Tadei, tadei@inpa.gov.br

Water resources: preservation and management

© J.F. Faure

A study, based on wetlands mapping, showed that at the Amazon
Basin scale, rivers and flooding areas hydrological dynamics constitute
one of the main natural factors controlling malarial incidence. On a
smaller scale, in French Guiana, significant correlations were found
between An. darlingi abundance and hydrological dynamics on two sites
studied out of three, while significant correlations with precipitations
are found in only one case.
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MISEEVA project:
coast vulnerability to sea level rise
Roussillon. This evaluation, coupled with a model of risk
spatial distribution, takes into account the impacts on
both merchant and non-merchant types of goods
(beaches, lagoons and wetlands, ground water) and
on the different associated economic sectors, for
various scenarios of public authorities reactions
(anticipation and/or adaptation, refusal, laisserfaire, protection, withdrawal).
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The MISEEVA project (Marine Inundation
hazard exposure modelling and Social,
Economic and Environmental
Vulnerability Assessment in regard to
global changes, 2008-11) is funded
by the “Vulnerability, Environment,
Climate” ANR programme.

The aim of this project,
coordinated by the BRGM
“Risks” department in Orléans,
is to assess the social, economic
and environmental vulnerability of
the coastal zone marine submersion
hazard provoked by climate change.
The EAU/NRE research unit, in partnership
with the LAMETA JRU and SOGREAH (an
engineering company), has set up and tested a methodology
for the evaluation of economic impacts of a sea level rise
linked to climate change, in the coming century in Languedoc-

Remote sensing tools will enable
linkage of the information received
from the observation satellites with
the biological and environmental
features of the sites. From this
information, the representativeness of
downstream parts of the watercourses
will be tested with respect to their
general status. Based on this research,
ESPACE-DEV will develop a method
and a network for operational
surveillance of the ecological quality
of rivers in French Guiana.

Water resources: preservation and management

ESPACE-DEV is mainly based
in Montpellier, with secondary
locations in French Guiana (IRD-UAG
International Campus), La Reunion
Island (Université de la Réunion),
New Caledonia (IRD), Brazil
(National Space Research Institute),
Ethiopia (African Union), Gabon
(Agence Gabonaise d’Observations et
d’Études Spatiales) and Madagascar.
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The expertise acquired by
ESPACE-DEV on the use of
remote sensing techniques
for environmental monitoring
benefits to several cooperation
and transfer programmes. Hence,
on the South American continent,
the GUYAMAPA programme aims
to develop indicators to monitor
ecosystems, including the status of
water resources, on the Oyapock
basin, which marks the border
between Brazil and French Guiana.
Similarly, a bilateral cooperation
programme between the Brazilian
National Water Agency and the IRD

LAMETA was particularly involved in the
study of hazard perception by populations, of
behaviour types, and in the evaluation of public
policies response types to better anticipate these
changes.
Contacts: Charlotte Vinchon, c.vinchon@brgm.fr
Cécile Hérivaux, c.herivaux@brgm.fr
& Hélène Rey-Valette, helene.rey-valette@lameta.univ-montp1.fr
 The city of Sète, France.

Spatial Observatory of the Amazon
Basin is running to develop a
system for monitoring water levels
in the Amazon Basin using radar
altimetry. On the African continent,
ESPACE-DEV is participating to the
African environmental surveillance
programme (AMESD), funded by
the African Union Commission
and the European Union. One of
the orientations of the programme
concerns navigation monitoring in
the Oubangui branch of the Congo
River and ecological monitoring of the
Congo Basin.

Relationship between
water, territories
and societies in the
Mediterranean Basin
The “Stakeholders, Resources and
Territories in the Development
Process” Joint Research Unit – UMR
ART-DEV (UM3, CNRS, CIRAD) also
involves Universities Montpellier
I and Perpignan Via Domitia as
associated partners and incorporates
the local team of CEREQ (Centre
d’étude et de Recherche sur les
Qualifications). ART-DEV mainly
conducts research in the humanities
and social sciences field, while
favouring inter-disciplinary
approaches, essentially bringing
together geographers, economists,
sociologists and political scientists.
ART-Dev develops research on
the reconfiguration of territories

from economic, political and
social standpoints, bringing into
play both globalisation and local
dynamics. It focuses analysis of this
reconfiguration especially on the
construction and mobilisation of
an array of material and immaterial
resources, through a diverse range of
stakeholders.
For the past 20 years, ART-DEV has
been carrying out multidisciplinary
analyses of issues and challenges
related to water management in
the Mediterranean Basin (Maghreb,
Lebanon, France, and the Iberian
Peninsula). This research is focused
on the relationships between water,
territories and societies. Since
2004, it has been contributing to
programmes launched by CNRS,
the French Ministry of Environment
and IRSTEA, on the “Water and
Territories” topic (programme
CNRS/SHS 2004-2005 “Water,
Environment, Society”; programme
CNRS/MSH Paris 2006-2009 to
provide backing for research
cooperation in the humanities
and social sciences between North
Africa and France; programme
“Water and Territories” CNRS/
IRSTEA/Ministry of Environment
2008-2011). Between 2003 and
2011, the unit was also part of the
CNRS 2524 “Res-eau-ville” research
group and several researchers are
now collaborating with their NorthAmerican colleagues on linkages
between urban projects and riparian
ecosystems quality in Canada.

> A d a p t a t i o n t o c l i m at e c h a n g e

WASSERMed: water availability and security in
Southern Europe and the Mediterranean
The WASSERMed European project (2010-2012) studies the
environmental and social impacts of climate change, which
threatens water resources and uses in the Mediterranean area.

© R. Calvez

Among the five study sites, the catchment area of Merguellil (near
Kairouan, in central Tunisia) benefits from a multitude of joint
research work carried out earlier by teams from Montpellier
and Tunis, in the context of bilateral European and international
projects.
Contacts: Christian Leduc, christian.leduc@ird.fr
& Zohra Lili Chabaane, zohra.lili.chabaane@gmail.com
For more information: www.wassermed.eu

Modelling complex
systems to support
collective renewable
resource management
processes

their impact on agriculture and the
environment. One objective is to
improve decision-making in relation
to the management of public assets
and market organisation through
the development of standards
and by providing assistance in the
negotiation between stakeholders.

The CIRAD’s “Environments and
Societies” department focuses on
relationships between agriculture,
natural resource management and
social dynamics, in association
with public policy. This work is
undertaken on individual farm,
forest area, regional, countrywide or international scales. It
covers innovation processes and
coordination between stakeholders
and social groups and territories
as prime locations for regulation.
This involves surveys, opinion polls
and inventories, representation
techniques and modelling of complex
systems. It is based on concepts and
tools from different disciplines while
focusing considerable attention
on the humanities and social
sciences. Research is concentrated
on collective renewable resources
management and use – water, forests,
rangelands, wild fauna – linked to
production. It also involves drawing
up public policies and assessing

Within this department, the
“Renewable Resources Management
and Environment” Internal Research
Unit – UPR GREEN (CIRAD) aims
to provide knowledge, methods
and tools based on the modelling
of complex systems, to support
collective management processes
and to improve stakeholders’
capacity to manage their socioecological system through a
highly interdisciplinary approach
(legal anthropology, agronomy,
modelling, etc.)
The challenges are therefore
threefold:
 To develop conceptual and
technical tools to represent the socioecological systems in their multiple
dimensions (economic, social,
ecological, spatial and temporal)
and to consider the broad range of
stakeholders’ viewpoints (experts and
non-experts) at different organisation
levels;

 To develop approaches for using
these tools, involving local stakeholders
and scientists, in management
processes ranging from collective
apprenticeship and decision-making to
negotiation;
 To assess the contributions of
these approaches, initiatives and
tools so as to analyse changes in the
socio-ecological systems, the role of
institutions and knowledge in these
changes.
GREEN is developing several projects
concerning water management in
a multi-use and multi-user setting,
as a follow-up to a companion
modelling project (ComMod) for
resilient water resource management
concerning several Asian countries
(Thailand, Vietnam, Bhutan,
Philippines) (coordinated by GREEN
in the framework of the “Challenge
Program on Water and Food”, see
page 61). The project “Management
of sub-watersheds and governance
of rainwater and small dams” was
launched in 2010 and involves a
comparative approach to watersheds in
Ghana and Burkina Faso to analyse the
role of the small reservoirs that have
been installed. 
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Starting with an evaluation of the frequency and amplitude of
extreme precipitations and changes in surface and ground water
run-off, the project is also interested in the multitude of economic
and social factors increasing the vulnerability of hydrological
systems. The aim of WASSERMed is hence to contribute to:
 Reducing uncertainty about the impact of climate change on
Mediterranean hydrology, by exploiting outputs from climatic
models, by refining existing hydrological models and by developing
tools for the simulation of scenarios on each of the five selected
reference sites.
 Improving the regional evaluation of climatic effects on water
resources and uses, through scientific experiments on the five pilot
sites. The project focuses on the sensitive and vulnerable sectors
of agriculture and tourism, particularly illustrative of the conflicts
for water allocation and use.
 Providing a stronger knowledge base for water security by
identifying and assessing water management policies, including
virtual water exchanges. This should contribute, on the short term,
to improving the resilience of Mediterranean anthropo-ecosystems
to hydrological changes and, on the long term, to their adaptation
to climate change.

 Drinking water access in Tunisia.

49

Management of resources and uses: institutions, territories and societies
> A D A P T A T I O N T O C L I M AT E C H A N G E

CLIMAWARE: elaboration of strategies for adaptation
to climate change – Case study on the management
of the dams-reservoirs of the Seine Basin
This may result in real time management adaptations.
An initial phase of work consisted in setting up a semidistributed hydrological model on the basin scale,
taking into account the specificities of the various
tributaries. Calibrated on real time on around
25 flow stations, the model was then fed with
disaggregated outputs from climatic models
(temperatures and precipitations). Results
comparison between the reference period
(1961-1990) and a future middle-century period
(2046-2065) shows a downward trend of the level
and duration of low water. Trends for high water
level are much less significant.
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The CLIMAWARE project (2010-2013)
brings together partners from
Germany (Department of Hydraulic
Engineering and Water Resources
Management and Centre for
Environmental Systems Research
of Kassel University), Italia
(Istituto Agronomico Mediterraneo
di Bari) and French (IRSTEA
and EPTB Seine Grands Lacs).
Its objective is to draw up
strategies for the adaptation of
water management to climate
change.
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The French site studies the adaptation
of the management of dams-reservoirs in the
Seine basin to climate change. The objective is to assess the
sustainability of current management methods in the short,
mid and long terms and to propose to EPTB Seine Grands Lacs
news management methods taking into account its objectives
of water level regulation within the context of climate change.

The viability of current management strategies will
henceforth be evaluated in this context and various
adaptation options will be tested.
Contact: David Dorchies, david.dorchies@irstea.fr
For more information: www.uni-kassel.de/fb14/wasserbau/CLIMAWARE

 The Marne reservoir-lake.

©
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Water and hydro-systems governance
in North Africa and the Near-East
© T. Ruf

GRED studies water and hydro-systems governance mainly in
North Africa and the Near-East and secondarily in South-East Asia
and the Andes, in collaboration with various local partners and the
International Water Management Institute.

Water resources: preservation and management

In Egypt, GRED is interested in collective actions in the Nile delta, at
the level of secondary and tertiary irrigation channels (mesqas),
in the relationships of the State with its technical ministries and with
farmers, as well as in the elaboration of water public policies.
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In Morocco, research is carried out on several scales around the
governance of water and land resources. A first investigation area
concerns mountain and oasis agriculture in South Morocco and
focuses on the role of irrigated lands in family and farm economies.
Particularly, the collective management of khettaras (draining galleries
similar to qanâts in the Middle-East) is a main centre of interest.
Another investigation area concerns the comparison of radioconcentric land systems in Saïs (South of Meknès in Morocco), in
France (Montady) and in Egypt. Finally, GRED also analyses, at the
regional hydrographic basin scale, a recently introduced system
of hydrographic basin agencies, supposed to apply integrated
management principles, as well as the implementation of the
“Plan Maroc Vert” (“Green Morocco Plan”) and its impact on the
irrigated area of Tadla.
 Draining gallery in
Morocco.

Contacts: Christine Recalt, christine.recalt@ird.fr
Francis Laloë, francis.laloe@ird.fr
Thierry Ruff, thierry.ruf@ird.fr
& François Molle, francois.molle@ird.fr

 Artisanal irrigation
channel in Equator.

 In Equator, the G-EAU research unit
supports the setting up of integrated water
management policies.
© R. Calvez
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The Quito supply basin in Ecuador is an example: situated
between 2,000 and 5,900 meters in altitude, spreading over
5,000 km², it is facing various complex issues representative
of mountain basins. The population density is high, there is a
strong demographic growth, increasing the demand for basic
services and reducing agricultural land use to the profit of
uncontrolled urbanisation. Water demand, involving several
competing sectors, greatly overpasses the available resource.
Large water transfers are operated from “páramos”, lands
situated over 3,500 m in altitude, whose soils filter and
store water from rainfall and glaciers melting, regulating
water flows all year long. Global warming, demographic
pressure and the energy crisis lead to their overexploitation
and question their sustainability. Recently, the government
decided to move towards integrated management of the
water resource per hydrographic entity.

Scientists from G-EAU thus set up in Quito in order to
develop scientific collaborations with Ecuadorian institutions
and university to support the current changes. Activities are
developed on five themes: (1) state of the water resources,
spatial and altitudinal distribution and evolution during the
past 50 years, (2) identification and recent evolution of water
demand according to different scenarios of global change,
(3) failure risk of the existing water distribution system in
the Quito basin, (4) construction of simulation models for
decision-making support, for fair sharing and future planning
of water resources (5) ecological impacts of hydraulic
pumping or storage installations in mountain areas. The first
three themes are being developed in collaboration with the
National Institute of Meteorology and Hydrology and the
National Polytechnic School. The fourth is being carried out
jointly with the Municipal Drinking Water and Sanitation
Enterprise and the IRSTEA centre of Lyon, through the
supervision of a Master’s degree student.
Contacts: Patrick Le Goulven, Patrick.LeGoulven@ird.fr
Jean-Christophe Pouget, jean-christophe.pouget@ird.fr
Roger Calvez, roger.calvez@ird.fr
& Odile Fossati, odile.fossati@ird.fr
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Water management in mountain catchments has several
specificities such as the importance of the run-of-river
management, the high number of inter-basin transfers and
agricultural water use strategies conceived on several
bioclimatic levels and structured around a well-developed
hydraulic infrastructure.

© R. Calvez

AGUANDES: water allocation
in the Andes hydro-systems
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Participative and multi-level management of water
in Ghana and Burkina Faso

© W. Daré

natural resources. For instance, GREEN develops activities in
the Volta area, in the context of the “Challenge Program on
Water and Food” - phase 2 (see page 61), in collaboration with
the International Water Management Institute and the Water
Resource Commission, the Permanent Secretariat of the Support
Programme for the Integrated Management of Water Resources.
The main objective of the “Sub-basin management and governance
of rainwater and small reservoirs” project is to facilitate the
interactions between the different levels of management and
decision-making in Burkina Faso and Ghana, so as to make
the integrated management of water resources effective. For
this purpose, a ComMod initiative is being developed by the
stakeholders from local and intermediate levels together with
political decision-makers.
 Participatory workshop for water management in Ghana.

Since 1992, the principles of integrated water management have
gradually been imposed in water policies. The participation of
the different stakeholders involved in decision-making processes
has become a principle in the elaboration of decentralised public
policies. Multi-level water management, which is nowadays fully
accepted, raises questions about tools to regulate the social,
economic and ecological effects, which may be contradictory
depending on the scale considered, sector prioritisation and
involved stakeholders. The difficulty is to draw up consultation
methods allowing expression of these various points of view, so
as to come to institutional and technical innovations which are
accepted by all.
Since 1998, within the multi-institutional Companion Modelling
(ComMod) framework, the GREEN research unit has been
developing participative modelling approaches to support
decision-making processes and the production of knowledge
on the management of socio-ecological systems and renewable

Through dialog, the objective is that everyone be informed about
constraints of each others, to build new modes of interaction in
the production of management rules and standards. In Burkina
Faso, multiple water management structures exist on different
scales. GREEN therefore supports local water committees,
kinds of multi-stakeholders platforms at the small catchment
level, which have been created but are not very functional yet. In
Ghana, where these intermediate platforms do not exist, GREEN
is supporting the emergence of new forms of multi-stakeholders
organisations likely to take into account the different management
and decision-making levels. Participative workshops are organised
for this purpose (role playing, multi-agent systems, etc.). In time,
innovation will reside in the implementation of new multi-scalar
modes of interaction between the stakeholders involved in the
integrated management of water resources.
Contacts: William's Daré, williams.dare@cirad.fr
& Jean-Philippe Venot, J.Venot@cgiar.org
For more information: www.commod.org & www.ecole-commod.sc.chula.ac.th/pn25/index.php

> I n t e g r a t e d w at e r r e s o u r c e m a n a g e m e n t
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AQUADEP: drinking water governance at local level
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The AQUADEP project studied the drinking water
governance at the district level. Its main objectives were the
characterisation, evaluation and support of drinking water
policies. It sought to gain a better knowledge of these policies
and to clarify the terms of the debate about the institutional
framework of drinking water management, notably with regard
to territorial scale and governance. At the same time, a more
targeted “research-intervention” on the information and
steering system of territorial governance (indicators system)
was developed to support operational stakeholders in their
decision-making process.
The main outputs of the project were: a typology of drinking
water policies drawn by the Conseils Généraux (General
Councils); the characterisation of local drinking water
governance in a few districts representative of the various
situations previously identified; a comparison with the

situation in Italy and Denmark; methodological proposals for
information systems and indicators.
AQUADEP is an interdisciplinary 3 years research project
(2008-2011), funded by the “Water and Territories”
programme of the French Ministry of Environment, CNRS
and IRSTEA. It brought together 12 researchers and teachersresearchers from five teams (ENGEES: École Nationale du
Génie de l'Eau et de l'Environnement de Strasbourg – IRSTEA in
Strasbourg, G-EAU and ART-Dev in Montpellier, the “Réseaux”
research unit of IRSTEA Bordeaux and the CERTOP research
unit of CNRS/Université Paul Sabatier in Toulouse). Rémi Barbier
from ENGEES-IRSTEA has coordinated the project.
Contact:
Stéphane Ghiotti, stephane.ghiotti@univ-montp3.fr

> I n t e g r at e d w at e r r e s o u r c e m a n a g e m e n t

IDEAUX: water, development, town planning
and urbanisation policies integration for the protection
of aquatic environments in France and Quebec
These questions are central to the research project IDEAUX.
Its main starting point is a critical examination of the recent
evolution of the planning paradigm in France and Quebec. The
project methodological framework is based on a comparative
approach of the processes at the heart of development policies.
This Franco-Quebecois programme is based upon a partnership
between the private company SOGREAH consultants (Groupe
Artelia) and several French and Quebecois public organisations.
It is funded by the “Waters & Territories” programme (2008) of
the French Ministry of Environment.
Contact: Alexandre Brun, abrungeographe@yahoo.fr

Water resources: preservation and management

The current landscapes evolution is characterised by an interpenetration of territories, which poses a number of problems to
water managers. The French and Quebecois public authorities are
aware of the limits of the planning instruments intended to control
urban spread. The public or associative organisations in charge of
water policies raise questions about the scope of these policies:
what is their real impact on the evolution of land use at the
catchment level? In what ways do the town and country planning
policies interact with water policies? What are the conditions
required for the “de-compartmentalisation” of policies, which are
so often at odds with each other, in a context of local authorities’
empowerment, increased territorial competition, globalisation and
as a corollary, interrogations about the role of the State in the
management of natural resources?

© A. Brun

 The Brasserie River at
Gatineau, Quebec (Canada).
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