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Summary. In all countries and at all levels, policy actors of the development and 
management of water resources (from the large water cycle – at the basin scale, to the small 
water cycle of the drinking water, its treatment and distribution) are noticeably numerous and 
diverse in their institutional and economic positions, as in their logical approaches of the 
mission they have to develop. Given the immense expectations of a comprehensive policy on 
the matter, and the obvious limitations of the results issued from this management "meta-
system”, the coordination of these approaches and of the involved actors is seen as a major 
focus of the required actions to better control the "common good" of Humanity that is water. 
Although the coordination of actors is not, to date, one of the Millennium Development 
Goals, we argue here about the need to strengthen an explicit and assumed coordination of 
water stakeholders at all levels of governance. 

Questioning the reasons for these partial successes or failures, the RIO+20 Conference 
(http://www.uncsd2012.org/rio20/) offers a unique opportunity to ask renewed questions on 
the basis of recent experiences, and open up new prospects for cooperation (a form of 
coordination). In particular, the interdisciplinary and intersectoral collaboration relying on 
new approaches in hybrid modeling (coupled multi-agent system, geographic information 
systems, equation models), can accurately simulate scenarios of evolution of water resources 
management and development systems, assess ex ante their social, economic and 
environmental impacts and anticipate the benefits of an increased coordination of water 
stakeholders within a logic of action conducive to development. 
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1. Introduction 

Our purpose is to share some thoughts on (the modeling of) the management and 
development of water and related resources. The views expressed here are those of the 
authors. They result from preliminary discussions between the authors and their colleagues 
rather than from an accomplished research activity and do not claim to any legitimacy that 
would be inherited from a scientific environment fully built. We will talk about « politics » in 
both senses that the Treasury of the French Language (TLFI, 2012) gives to this word, say 
« that relates to organized society 2 » and « that concern each State considered 
administratively as a sovereign entity3».  

In order to discuss on the basis of concrete issues, we start from two observations: 1) the 
target 7.C of the Millennium Development Goals (MDG, 2012) (« Halve, by 2015, the 
proportion of the population without sustainable access to safe drinking water and basic 
sanitation » of Goal 7 « Ensure environmental sustainability ») will not be achieved in many 
countries (MDG Rep., 2010); 2) the objectives of the Water Framework Directive (WFD, 
2000) to achieve good qualitative and quantitative status of all water bodies will not be 
achieved in many river basins in Europe, in France for example. 

Faced with such situations, our attitude can range from resignation to activism, from 
indifference to the claim or more justice. We propose here simply to see these breaches of 
legitimate claims and to search some of the probable or merely probable causes. If it is 
reasonable to assume, as we intend to show here, that the main obstacles to the achievement 
of the MDGs, to the objectives of Water Framework Directive (WFD, 2000) and to a host of 
other programs alike, come - regardless of their territorial base or social-ecological context 
(Ostrom et al., 2009) of implementation – from a mere failure to coordinate water 
management and development stakeholders, then the absence of a « Millennium Goal » that 
targets for itself the need for actors’ coordination appears to be a major contradiction that 
should attempt to resolve.  

                                                 
2 «Qui a rapport à la société organisée ». 
3 « Qui concerne chaque État considéré sur le plan administratif comme une entité souveraine ». 



Before we get to this point we propose a systemic analysis of these shortcomings, from a 
reflection on the system set up in France. In Section 2, we will identify quickly the context of 
water management and development of associated services in this country. We then equip 
(Section 3) with the bases of a method for analyzing public action4 and policies understood as 
complex systems (Bourcier et al. 2012; Mazzega et al., 2012). In Section 4, we will defend a 
critical view of those approaches of the water management and development (WM&D) we 
call « disciplinary », that are too restrictive in our view. Because of their too limited analytical 
scope, these panacea-like approaches (see Oström, 2007 in a broader context) claim to solve 
the problems of water management and development outside from their sociological and 
political (in the sense mentioned above) context or insertion in a much more complex 
concrete system of relationships, the simple description of which - to say nothing of the 
dynamics - needs to appeal to a broad interdisciplinary spectrum. We are confident that the 
same factors limiting the success of these disciplinary approaches are also at work in the 
output gap and sharing of data that would be required for the rational implementation of 
WM&D (Section 5) or for the development of « public service » (understood here as a service 
to the public) dedicated to this « common good » that is water. 

A way to make more difficult the criticism (« Criticism is easy but the art is difficult5») is 
to be exposed ourselves. What we do in Section 6, arguing about the value of a 
interdisciplinary and multi-agents modeling approach to WM&D. Management « & » 
development: the ampersand is important since we will also advocates for an explicitly 
assumed integration of the small water cycle - with its economy, sociology, politics - in the 
large water cycle at the hydrological basin scale with its threats and opportunities of climate 
change. Our conclusions (Section 7) should reinforce doubts or beliefs - it depends - as a first 
effect of « coordination ».  

2. Water Management & Development 

2.1 Water Policy in France 
The organization of water management in a European basin - such as the Adour-Garonne 

basin in south west France, which covers 1/5° of the national territory, almost 100 000 km2 - 
stems from several normative levels (Gazzaniga et al., 2011): it is first the Water Framework 
Directive (WFD, 2000) which aims primarily at the restoration of the good ecological status 
of water bodies and aquatic environments by 2015. 

At the national level, the laws of 1964, 1984 and 1992 have laid the foundations of 
modern management of water resources: the principle of water management by river basin 
divided into water bodies supposedly meet each a unified approach, the creation of Basin 
Committees that bring together representatives of key stakeholders, the objectives of 
preservation of aquatic environments, the water elevated to the status of the common heritage 
of the nation. The law of 2006 on water and aquatic environments (LEMA, 2006) reinforces 
this device in order to achieve the new objectives set by the water framework directive (WFD, 

                                                 
4 Political sociology now tends to focus on the analysis of public action (Hassenteufel, 2008) at the expense 

of  the analysis of the public policy cycles (Howlett and Ramesh, 2003). 
5 Famous  French  proverbial  phrase  conceived  in  1732  by  Philippe  Néricault,  author  and  actor 

http://www.expressio.fr/index.php  



2000). It also establishes the right of access to drinking water at economically acceptable 
conditions for each individual (« personne physique »). 

In each basin, with the support of the local Water Agency, the Basin Committee adopts a 
« master plan for water planning and management » (SDAGE) designed in a participatory 
manner by soliciting many organizations (user groups, environmentalists, etc.) and other 
public or private water actors. Thus the SDAGE 2010-2015 (SDAGE, 2010) was adopted in 
the Adour-Garonne basin in 2009, will be revised in 2016, and is accompanied by Action 
Plan6 (« programme de mesures », PDM BAG, 2010) and by sub-basin scale water planning 
and management plans (SAGE). In France it is the municipalities that in fine hold the 
responsibility for investment and management of water services and sanitation. 

All of this device and its continuous adaptation to environmental and ecological, 
economic and legal changes, is primarily intended to « halt the loss of environmental 
resources and ecosystem consequences of population growth, economic development and the 
urbanization observed across the planet » and to « achieve universal access to safe water and 
sanitation » as recalls the Ministry of the Environment and Sustainable Development in 2007 
(MEDD, 2007).  

2.2 Partial Achievements 
Yet the original objectives laid down by WFD (2000) will not be met throughout 2015. 

The target was lowered in France to the achievement of good ecological status of only 2 / 3 of 
water bodies. 

A few reasons: a) the initial state of some sub-basins was too degraded to allow to reach 
the good water status by that date whatever the adopted measure might be (AEAG, 2006); b) 
conflicts between the logic of « good » water management with the one - for example – of 
urban development, conflict that the enforceability of the legal provisions of the SDAGE does 
not solve; c) the objections of certain social groups to adapt those practices deemed 
incompatible with the objectives of the water policy, d) the reluctance or even refusal of some 
local authorities to implement unpopular provisions (e.g. decree of restrictions of water uses) 
or decisions likely to dismiss parts of the electorate and so on. The list is long and is now the 
subject of numerous studies. 

Except perhaps the first case cited, the « reasons » are all of a certain type of breach of 
coordination between different actors of the water cycle(s). This syndrome is expressed with 
such force that it ends up not only being apprehended or perceived: the large basin-scale water 
cycle is completely dissociated from the small water cycle (drinking water, sanitation, urban 
and rural waters), while both are first of all human affairs – those of the operators and users of 
the resources, those of managers and policy-makers that express themselves in a complex 
« environment » whose structure and functioning relies as much on biogeochemical processes, 
that on legal constraints and sociological, political and economic contingencies. 

2.3 The Ontological Substrate of Water Policy 
This concealment of the environmental context (in the broad sense) which governs the 

management and development of water resources, masks a much more problematic 

                                                 
6 To give an order of magnitude, 24.4 billion Euros will be invested in the Action Plans in France from 2010 

to 2015.  



disjunction: all water stakeholders involved in the resource management at the basin-scale, 
appear to inhabit a world-tight reality, completely separated from the actors’ reality of the 
small water cycle. 

This is, of course, a fiction. Indeed, in France at least, the financing terms of water 
resources are focusing on the consumers of drinking water a part of the externalities 
(pollution, degradation of aquatic environments) induced by the activities of other social 
agents, like farmers (nitrates surplus and pesticides) and industrials (leachate of solid waste, 
brown-fields) (CGDD, 2011). 

Here we can say that the small water cycle finances the great cycle conservation, the 
Water Agencies redistributing a share of royalties collected from consumers towards the 
priority objectives of the master plan for water planning and management (SDAGEs). On the 
other hand, behind each water cycle there are water actors – of which we use here a rough 
typology based on the different roles associated with the use of water: users, operators, 
managers, policy-makers… Thus, project management of public water supply and sanitation 
is dispersed in more than 30,000 municipalities or groups of municipalities. 

Water policies - like any other policy – structure a set of measures and devices, more or 
less coherent, which are legalized by the Government, which aims at managing and 
developing water resources of a specific territory. They are based on legal and economic 
instruments, using an administration and deploy services, seeking actors in differentiated 
ways according to an ad hoc typology ad hoc. From one country to the other options 
identified for implementing the national policies of water are mixed and differ in their 
governance, their financing mechanisms, the nature of the water market, the distribution of 
responsibilities and the accountability of programs, the links between land tenure and water 
resource ownership, etc. 

In this sense any water management & development system is an expression of a specific 
political philosophy. The major political controversies are reflected in (and feed with) tense 
debate on the right to water (e.g. Drobenko, 2010), the water law, economics and governance 
of water. Borrowing a central idea of C. Wight’s book (2006), which deals specifically with 
International Relations - and with a small distortion from « politics » to « policy » - any 
(water) policy (water) is a (domain) ontology (domain). 

3. Resources, Actors, Norms 

3.1 Ontological Norm  
It is indeed only a « domain » ontology as circumscribed by the semantics of the 

concerned policy area, and thus placed in a hierarchical gradation between fundamental 
ontology (ore « core ontology ») - that theorizes « time », « space » , « relationship » and 
many other core concepts – and application ontologies more particularly specialized. But all 
the same an « ontology », that is to say « a formal specification, explicit, shared 
conceptualization » (Grüber, 1995) that « defines (specifies) the concepts, relationships and 
other distinctions that are relevant to model a domain » (Grüber, 2009), to cite a reference 
author in the field of artificial intelligence and knowledge representation. 

Strictly speaking, a policy is not but relies on a domain ontology. Although this is a 
necessary fiction, the shared conceptualization it promotes is guaranteed by the authority that 



monopolizes the public domain and in the same movement legalizes its categorizations, its 
concepts and their interrelations, such as imposed through the sectoral policy. 

This authority is the State, its Administration or its Organizations. This legalization - in 
the legal sense - is not necessarily legitimacy among stakeholders, as often can be found with 
the low effectiveness of measures adopted but not implemented. The state is not yet a single 
agent, endowed with cognitive abilities. It is made up of many actors, services, offices, 
organizations, etc. who can develop different views or oppose (Henry, 2004). The ontology on 
which relies a water policy is nowhere explained. Despite this, the categorizations that the 
policy uses and publishes, the typologies it validates or creates, the relations it establishes or 
endorses, are enforced in the social field. The legalized ontology becomes an ontological 
norm established on the basis of the State’s authority7. 

3.2 Managing & Developing the Resources 
A simple terminological analysis of the water policy (and of the description of the devices 

it deploys) shows that the terms with the most common and diversified occurrences refer to 
resources - material resources and to a lesser extent cognitive resources. These terminological 
statistics are related to ontology that is revealed through the text describing the policy 
(Mazzega et al., 2011). We conjecture that this preferential attachment to resources structures 
many other public policies in which even the terms for agents or actors are used under the 
categorization of resources. 

 
 
 
 
FIGURE 1 : The 
state manages and 
develops water or 
water-related 
resources, by means 
of a water policy 
that aims at 
circumventing the 
behavior of social 
groups. The policy is 
designed on the 
basis of an ontology 
(see text) . 

 
In short, the State (actor) manages or develops water resources (or resources mobilized 

for water: infrastructures, finance, knowledge, etc.) of which it has some representation by 
means of a water policy that targets the behavior - pay for access, reduce pollution, share a 
finite resource or ensure a balanced allocation, participate and then decide, and so on. - of 

                                                 
7This  paragraph  finds  points  of  support  in  P.  Bourdieu’s  course  (1989‐1992)  on  the  State,  recently 

published (Bourdieu, 2012). 



water actors, mainly seen through groups or social categorizations. From this point of view 
the representations of the resource - about their state, the evolution of these states, the 
processes affecting these states - are all elements of a fully implicit « public » (but not 
published) ontology (Figure 1). 

In most cases public policy does not describe the processes that cause ecological or 
environmental dynamics of interactions between « natural » resources - because these 
processes are seen as given. So it is for the celebrated environmental services supposed to be 
provided by the prodigal « Nature ». But policies clarify the role of actors and those of their 
behavior seen as impacting resources, directly or indirectly. Resources and their interactions 
are thus, in part, but inextricably, socialized at the actors’ level. Conversely, in terms of 
« political ontology » (we intentionally set the ambiguity of the shortcut), the interactions 
between actors are mainly mediated by the state of resources and its evolution. 

This dual view is central because the policies are focused on resource management - 
central and well-designed entities of their ontology - and little or no on the coordination of the 
actors. 

3.3 Water Actors and their Coordination 
Though simple, the diagram of Figure 1 sums up the core of the political philosophy that 

the State diffracts by the institution of public policy in society as well as in the prism of its 
internal divisions. Two essential elements are omitted in this scheme – an omission probably 
necessary for the State, its administration and its services to be able to act: 
• Social groups are composed of individuals (and any individual may belong to multiple 

groups simultaneously); 
• Each social group, each individual is likely to produce a representation of resources, 

inserted into an idiosyncratic ontology (certainly not explicit and therefore not endowed 
with the logical rigor that artificial intelligence requires). 
This broadening of our view is shown schematically in Figure 2. For normatively 

designed and promoted, State political ontology does not equally impregnate all 
representations of social groups and individuals, just as all State employees. Yet everything is 
organized, starting with governance, as if the normative ontology underlying policy (water 
management & development) was shared among all stakeholders in a homogeneous and 
uniform way. 

As a result no explicit and assumed form of coordination is seen as necessary nor 
supported at any level of governance whatsoever. Thus actors’ coordination is not part of the 
political ontology. This is probably why the coordination of actors is not, to date, an issue of 
the program of the Millennium Development Goals. 

Assuming that there is a water policy which aims are accepted by all involved 
stakeholders, following for example a participatory deliberation process (one of the central 
parts of the current European political ontology), it not yet implying that these actors have the 
same understanding of the policy objectives or the same idea of how to achieve them, or that 
they have the shared anticipation of the potential impacts of this policy for them or for their 
group. 



 
FIGURE 2: Social groups and individual actors within them also produce 
representations of resources within their own ontologies. The gray arrows 
suggest the existence of many other interactions between actors, between 
social groups, or between resources (eg. Ecological processes). Note: the 
graph of Figure 1 is incorporated ("induced by" in terms of graph theory) to it. 

4. Value of Partial Approches 

Therefore what is meant by « actors’ coordination »? To answer this question we will 
show how certain approaches that provide a balance to a dimension of water resource 
management & development are in fact embedded in systems of actors’ coordination. Or at 
least that such coordination system is presupposed and necessary for achieving the goals 
targeted by the organization of public action, would they be expressed in terms of resource 
governance, economics or engineering, among others. 

Thus each angle of analysis and organization of the Resource Management takes all its 
value and its potential to induce desired effects by browsing the apparent detour of the 
creation of conditions for the development of collective action. 

4.1 Embedding Governance 
 « Coordination » is distinguished from the « governance », understood as a form of 

multi-level organization « of the conditions that should be met for regulatory systems of 
collective action to maximize as much as possible the normative expectations of its 
members ». 



This definition, borrowed from Maesschalck and Lenoble (2003) (that develop a critical 
view of this definiton) requires to establish any theory of governance on a « theory of the 
norm » (we would say of « normativeness »). In contrast, the major condition that occurs a 
coordination to occur is the membership of the actors in a joint project, which understanding 
by each group (or actor) presents consistency and compatibility with those of the other 
groups. The actors coordination is thus out of reach of the policy norm. 

Coordination of actors - various in their social and cultural identities, in their public and 
private roles, in their course - requires a dialogue, a minimum awareness of the ontology that 
each group carries. It then requires a minimum agreement on what the water policies actually 
is on, on its presuppositions and expectations, on its objectives and the nature of how it 
intends to be implemented and, finally, on the differentiated participation it requires from 
each type of actor or group of stakeholders, irrespective of their possible inclusion in a 
governance scheme. Participatory design of policies (or of some of the measures they 
promote) may not be sufficient to ensure the support of all stakeholders in the project, and 
their projection into a shared vision of the future, that public policy attempts to hold, after 
many negotiations, bargaining and distortions. It does not follow from the normative character 
of a legalized policy that actors comply with or just share the most central concepts of the 
political ontology on the basis of which it was designed. 

The pattern of organization of political governance in the management & development of 
resources is essential because it gives to understand the coordination of which actors or 
stakeholders should sought at each level of the concrete implementation of the public policy, 
for which partial objectives on the basis of a shared understanding of the issues8. 

4.2 Embedding Economy 
In France, the law of 21 April 2004 introduces a principle of recovery of service costs 

associated with the use of water (including the resource and environmental costs) from the 
users of the resource. In 2007, the price of the services of water supply and sanitation9 in 
major cities was lower than the European average, while 90% of large investment of water 
treatment costs in urban areas was already made10 (CGDD, 2011). However, these prices have 
a wide disparity between regions and between the municipalities, with a price (including 
operating costs of water supply and sanitation services) statistically higher in those of the 
political entities that opted for delegated services (Tavernier, 2001), say 72% of the service in 
2008 (split between 8500 delegation contracts, the remaining 28% - direct management - 
being provided by public operators; FP2E, 2008). In 2010 the improvement in sanitation 
efficiency - the choice between collective and non-collective sanitation being also done at the 
municipal level - remains a priority among the actions of water agencies who shall spend 51% 
of the total amount of the action plan associated with the SDAGE 2010-2015 (see sec. 2). 

As we have said, the mechanism of water pricing in France leads to shifting the burden of 
externalities impacting aquatic resources (including agricultural and industrial pollution) to 

                                                 
8 In  this  sense,  our  focus  is  on Maesschalck &  Lenoble’s  (2003)  approach  that  does  not  question  the 

legitimacy of the norm, but "the conditions needed to ensure its practical acceptance." 
9Distribution: collection, treatment, water distribution and customer management; Sanitation collection, 

pollution control, wastewater discharges, customer management and connections. 
10Note however that in recent years investment in water infrastructure and sanitation grows: € 4.5 billion 

in 2001, € 7.7 billion in 2007 (CGDD, 2011). 



consumers who are not responsible for it. Thus the basin-scale sustainability of the resource is 
linked to the organization of this local service which involves beyond the elected officials and 
local operators, the responsibility of local authorities (« collectivités territoriales»), of 
departments and regions (via their support for investment), of the National Committee of 
Water (advices on the water price and services quality), of the State (for the water policy) and 
of the European Union which fixed the terms of the directives (Baruck et al., 2010) and 
requires their coordination. 

The economic analysis considers the issue of optimal allocation of water resources in 
management unites or at basin-scale. Such an approach takes into account the amount of 
water that provides hydrology, the major "quantitative" uses (drinking water, industry, 
agriculture, etc..) through the water demand associated with consumer profiles and pricing for 
each type of use (e.g. Reynaud and Leenhardt, 2008). The raw water is provided by the 
hydrological cycle of the basin under consideration - the cycle being natural or partly artificial 
with reserves whose use is left to discretion of individuals or legal persons when they are 
private or part of the water volume being under contracts for the support of low water and the 
preservation of wetlands. It is interesting to note that with our present analysis capabilities, 
the basin-scale resource allocation is considered independently from the system of actors, 
resources and norms operating in the management of drinking water and sanitation. The large 
scale allocation in some way a priori determines from outside the water with which te 
complex game of water consumption and sanitation can be organized. The identification of an 
optimum allocation is useful for a planner. But even if it expresses a Nash or a Pareto 
equilibrium, the requirements for the identification of this optimum and its scientific status do 
not make it a tool for consultation or coordination of stakeholders. The optimality of an 
allocation does not guarantee the social acceptability of the solution it justifies. 

We will briefly evoke the economic treatment of externalities - negative or positive – 
associated to water management or other related activities (agriculture, industry), and the 
valuation of environmental services. We note first that a variety of solutions proposed to 
address these inter-sectoral aspects of the water management fits the same principles that 
guide water policies (including the polluter-payer principle). Everything is a matter of 
interpretation, therefore of negotiation and power relations between actors occupying specific 
positions in the economic system and in the social and political nebula. Economic evaluation 
of the benefits (with or without a monetary value; public health, biodiversity conservation, 
amenities, etc.) arising from environmental services (e.g. Birol et al., 2008), the assessment of 
the interest of various key stakeholders in maintaining these services or otherwise choosing 
other options, pose enormous methodological difficulties. Contingent valuation (Alberini and 
Kahn, 2009) is currently one of the preferred and implemented tools in a context of regional 
planning that may impact water resources (Birol et al., 2009). This approach is the subject of 
criticism from economists (Venkatachalam, 2004) but remains one of the only available based 
on a scientific approach. The production of these evaluations proceeds by aggregation of 
individual statements of a « willingness to pay», the level of social groups identified a priori 
(« key stakeholder groups»). These statements are solicited and collected without regard to 
social or power relations, organizational or administrative constraints, legal norms, etc. This 
truly ontological omission is ambivalent: it is probably essential for the design and 
implementation of surveys among stakeholders and yet a probable cause of the low robustness 



of the results obtained. The information provided by contingent valuation is irreplaceable and 
would benefit from being immersed in a context of analysis accounting for the various forms 
of actors’ socialization. 

4.3 Embedding Engineering 
Most major engineering works and infrastructure projects are designed between engineers 

and exhibit the mathematical evidence of a perfect matching to the problems they propose to 
solve. These gigantic projects of inter-basin water transfer (e.g. the Rhone to Catalonia - 
ERN, 2012; various projects for transfers between rivers in India - NWDA, 2012) diversion of 
rivers or dams in particular for hydropower (e.g. Amazonia: Belo Monte dam on the Xingu, 
Santo Antônio and Jirau dams on the Madeira; and between countries: Guajará-Mirim project 
between Bolivia and Brazil, Garabi project between Argentina and Brazil, Corpus Christi 
hydroelectric project between Argentina and Paraguay, etc.; IIRSA, 2012), endorse the choose 
to support certain economic activities on a given territory rather than other ones elsewhere. 

These projects are supported by major international financial institutions. They often face, 
however, still head-on expectations of a part of the civil society (eg India: Gupta and 
Deshpande, 2004, Amarasinghe and Sharma, 2008; Brazil Zhour 2011), some NGOs being 
their spokespeople (e.g. BIC, 2012). For local or regional actors, the tension is high between 
the shades of economic benefit - real or imagined – that a local development boosted by such 
projects can drain, and preservation of a sustainable environmental – in the social-ecological 
sense of the term - albeit subject to changes, but at the more balanced rate of endogenous 
dynamics. 

The development of networks of water supply, sanitation, recovery and wastewater 
treatment, is played on local scenes - the city, the suburb, the village - and thus is less 
publicized. The economy of scale associated with these large networks is burdened by the 
costs of transport and maintenance (e.g. road works). At present the recovery of investment in 
the development and maintenance of these networks is achieved after several decades, a too 
distant and risky horizon for private companies. This is a real economic and regulatory 
engineering that develops conditions to ensure the sustainable financing of these services at 
costs bearable for consumers and viable for the provider (OECD, 2009). At the same time the 
rapid urban development, more or less guided by a territorial and urban policy according to 
the development of the national economy, induces increasing demands of drinking water and 
wastewater treatment. Alternative « decentralized» approaches, supposedly adaptable, 
resilient and flexible (HWP OECD, 2009) are being considered - especially for rural areas and 
« emerging» cities for which engineering solutions are needed technological inputs: water 
reuse (treated or not) for a variety of uses, tank recovery of rainwater (rain harvesting), 
groundwater pumping, domestic filtration, etc. Many private companies engage in these 
booming markets booming especially in emerging11and developing countries - but also of 
potential interest in « emerged» economies. 

                                                 
11 A simple example:  in  India the private ownership of  land  is transferred to the groundwater so that by 

investing in a well, a pump and a truck, an individual may develop a private water supply company. This water 
recharges the customer’s home tank. The water delivered can be polluted by damaged sewage pipes, so the 
filtering is done at the tap in the kitchen through an ad hoc device. 



Here plays again an issue of political philosophy: the organization of decentralized water 
supply and treatment in fact operates a withdrawal (or non-engagement) of the State services 
for the public, by deferring on households throughout the financial burden of access to safe 
drinking water and wastewater treatment whose negligence might have strong negative 
impacts on public health. 

Two major questions arise: a) at what scale these alternative approaches should be 
organized? b) at what territorial or administrative scale should be organized the transition 
between (State) public and private support of both centralized or decentralized water services 
? These issues would be usefully addressed by taking into account the technical opportunities, 
the socio-economic, institutional, environmental conditions and urban planning. 

5. Waterrelated Services and Data  

Two apparently more technical aspects merit special attention because they can help 
improving the situation: the development of environmental services and data production. 

5.1 Services and Innovations 
As we have seen in the decentralized approach to water supply and sanitation,  creating of 

these services is an engine for development. The viability of these services is based on 
scientific and technological innovation. Apart from services directly related to water, there is 
a potential for innovations that can contribute to the transformation of practices in several 
sectors of activity having an impact on water resources. 

The development of satellite remote sensing allows anticipating the emergence of new 
services that will monitor in near real time the nitrate levels in farm land or the soil moisture, 
or determine the growth stages of crops or predict their productivity. Remote sensing also 
enables a very accurate cadastral survey of agricultural parcels used for declarations and aid 
applications of the Common Agricultural Policy. The space observation of water color also 
gives precise information on the eutrophication of surface waters. This information leads to 
optimize irrigation and control the use of inputs, reducing operating costs without reducing 
productivity and helps reducing pollution of groundwater and rivers. New in situ sensors are 
developed that measure various indicators of chemical and biochemical quality of water 
bodie12, and lead to significant progress in eco-toxicology and public and « environnemental » 
health. 

Actors’ coordination is involved here in the valuation process of innovation, encouraging 
entrepreneurship and organization of the services (and expertise) market. It is a true value 
chain that can organize, induced by the interplay between social actors, institutions and 
industry. Through these interactions, the virtuous circle of value creation is then facilitated by 
the emergence of places where to debate about the distribution of responsibilities between 
public institutions and private operators, the division of responsibilities between ministries 

                                                 
12 For  example,  the  Adour‐Garonne  basin  is  affected  by  33  priority  substances  identified  by  the WFD 

(2000),  13  "priority  hazardous"  substances,  8  additional  substances  identified  by  the  Directive  76/464/EEC 
(Council Directive, 1976), and 86 others substances  identified  in the national program against water pollution 
by certain dangerous substances (a list of these substances is published in the SDAGE 2010‐2015). 



and local authorities, and where can be organized training courses for new « environmental 
businesses ». 

5.2 Waterrelated Data 
All data collected on water and its management are not useful. All relevant data are not 

collected. The collection of various data does not guarantee their compatibility. The access to 
data - even for non-commercial uses - results more from negotiation and discussion than from 
the imposition of a legal norm ensuring accessibility. The development of products for 
applications is an added value to the raw data, which mostly are not directly usable. These 
remarks that we will develop again draw the issue of coordination of actors. The control of the 
production, the possession and distribution of data (and the publication of statistics) is a form 
of power exercising which knowingly uses any provider organization in this field. The 
publication of objective statistics can still operate a filtering of information or make a tactical 
use of this information (Pettigrew, 1972), such opportunities being used both governments 
that the private sector. 

Thus, some data are produced just because it is possible and justify the activity of agents, 
with no other actual or even predictable use. Some other water data remain inaccessible to 
non-commercial public use, because they have a strategic dimension to the agency that holds 
them, or because they acquire a commercial value. Yet the use and dissemination of data are 
often accompanied by a duty of publication (see the Aarhus Convention, 1998) or by specific 
standards to meet compliance with the private character of the information they might reveal 
(for example by imposing the anonymity of their geographical, fiscal or social referencing, or 
being aggregated). 

5.3 Data Needs for Management Tools 
In contrast, many data exist, are too uncertain reliability or are available on media that 

require a transfer. Some of these data are nevertheless necessary for the conduct of sound 
management of water resources, from their large cycle to their small cycle. They would be 
useful for the evaluation of water policies, or to document « perennial» decision-support 
systems for the management and development of water resources. The creation of databases 
and information systems specifically addresses the needs of a program that would bring 
together and coordinate the skills and efforts of many agents, institutional managers and users. 
In the MAELIA platform (http://maelia1.wordpress.com/) for example, which allows the 
simulation of the impact of water public policies or norms in the Adour-Garonne basin, we 
collect data of all kinds: a) environmental data (topography, soil, hydrological and 
geochemical); b) data on land uses, land cover and their changes; c) data on specific to 
agricultural techniques and production; d) socio-economic (demand of potable water, water 
for irrigation and industry, pricing, etc.) or, e) demographic data, etc. 

Other information relates to the behavior of key actors - procedure of choice of crop 
rotation by farmers, irrigation strategy, deployed technologies, method of management of 
dams, as well as volumes of water withdrawal, amounts of released water, and so on. These 
data are used to calibrate the functioning of the modeling platform MAELIA before using it to 
construct scenarios of evolution of the resource (March et al., 2012), and related economic 
activities in the territories 2030. In addition to collecting data from institutions that manage 
them, formatting them, and integrating them in a GIS that provides the spatial layers of the 



multi-agent system, data harmonization is required in order to check integrity constraints that 
guarantee the consistency of the model13. Other pieces of information are incomplete and 
require making choices of modeling. For example we have the volumes of raw water 
distributed by municipalities without knowing exactly where the water was withdrawn, in 
which water body. 

The leverage of such ambiguities improves the performance of the platform and leads to 
integrate in an improved realistic way the small water cycle in the large hydrological cycle 
and in the dynamics of multi-scale territorial development. However, leitmotiv of this 
contribution - its very construction requires the coordination of many actors. 

6. The Support of Modeling 

How to foster cooperation between stakeholders, in complex systems of dynamically 
intersecting multi-level governance, economics of commons, regulations, sets of actors, and 
environmental constraints? How to account - and support - by the various territorial 
communities or industrial clusters the environmental externalities, how to prioritize them in 
new services designed to streamline and improve water management? The interests of 
stakeholders, the issues they see, imagine or promote, are unlikely to change themselves. 
Should we not then work on their representations (their ontology) and on how they evolve as 
a result of external pressures or constraints specific to the actors’ game? Modeling of these 
actor interactions is a way forward to achieve our purposes. 

6.1 Integrative Modeling 
The companion modeling approach (Barreteau et al., 2012) - developed through 

participatory processes - is very useful for identifying, illustrating and sometimes resolving 
some conflict related to resource management. It facilitates the harmonization of behaviors 
through awareness of actors who can imagine themselves out of their context, at least 
virtually, outside from the complex system in which they are positioned. Therefore they are 
able to analyze the impact that their actions can have on/in the overall highly interactive 
dynamics, and the risks they incur to their environment. The vices of the models - stylized 
facts, omission of dynamics considered of second-order, reduced analytical complexities, etc. 
- are the virtues of modeling - explicit assumptions, knowledge sharing, testability of 
assumptions and of the modes of representation, opportunity to improve the performances, 
comparison to data, etc. 

Thanks to pioneering studies and the increasing performance of numerical calculation, the 
hybrid modeling of social-ecological systems (or eco-anthropo-geosystems) - combining 
multi-agent system, geographic information system and models of equations - is poised to 
enable the dynamic coupling between the biosphere, geophysical and geochemical 
environment, and the « anthropo-sphere» that combines economic(s), rational actors games, 
social, legal and social norms, multi-level governance. This modeling approach brings 
together some of the latest scientific innovations, harmonizes and integrates them in a 

                                                 
13 Using the terminology of modeling, "integrity constraints are restrictions on the instantiation of the entities 
and relationships that ensure the possibility of interpreting the model as a concrete description of a coherent 
world and feasible. » (Thérond et al., 2012). 



simulation platform. These new approaches will allow, at least to some extent, to raise 
(finally) the classical distinction between methodological individualism and holism by 
integrating them within a single virtual device. The synergy of the companion modeling and 
hybrid modeling is leading us to the generation of tools simulating ex ante the social, 
economic and environmental impact of water resources management & development policy. 

6.2 Modeling Collective Action and Coordination 
Much work has been devoted to understanding the dynamics of collective action 

(beginning with the seminal work of M. Olson - 1971) and the coordination of actors (eg 
Mailliard et al., 2007). The formalization can now go well beyond the decontextualized 
representations of game theory (e.g. the classic work of Axelrod, 1984), on the basis of 
experiences and surveys of stakeholders - consumers, politicians, managers, operators, 
business administrators, judges, etc. - placed in a situation. Recent modeling work based on 
the sociology of organized action (Crozier and Friedberg, 1977) lead to assess the social 
acceptability of the implementation of agricultural or water policy (Sibertin Blanc et al. 2006; 
Adreit et al ., 2011), based on surveys and interviews. Various scenarios can then be 
constructed that - all things being equal - simulate the effects of structures and cooperation 
between agents at the most significant levels of governance and at pertinent territorial or 
administrative scales. 

Modeling the urban water management and sanitation can be integrated to the modeling 
of the basin-scale water resource management at a high level of abstraction based on the 
invariants or similarities between the different contexts (e. g. Brazil vs France). Such a 
modeling platform is then instantiated on contextual data of the considered hydrological 
basins and towns and rural areas that it includes, say demographic, economic, sociological, 
environmental (geology, rainfall, hydrology, climate, etc.) and geographical (land cover, land 
use and their changes, transport networks and infrastructure, etc.) data (cf. sec. 5.2). 

6.3 Concrete Perspectives 
Thus, beyond the mobilized elements of the theory (in the various disciplines), the overall 

understanding of the concrete conditions of the coordination of actors will be made possible, 
and will overcome the specific difficulties of the management & development of water in 
particular through a retroactive work involving the same actors. 

The sharing of experiences and views generated by the multiple ontologies worn by the 
actors will thus be made possible. This will allow to generate rules, to propose assumptions or 
guidelines or to formalize patterns revealed by these interactive virtual games. In short, the 
understanding of collective action requires new modes of cooperation in frames of original 
partnership where are shared the knowledge fed by all views and co-constructed new 
knowledge to overcome the problems of water management and development. 

7. Conclusions 

Barriers to achieving a "good" water management and development - the criterion of 
goodness may be the achievement of the Millennium Development Goal 7.C considered at the 
national to municipal levels, are largely underestimated. We here support the idea that the 
central obstacle giving rise to the others, is he weakness - or the lack - of consensus on the 



objectives of water development and management, the relativity of perspectives of the 
different actors because of a lack of dialogue and coordination. Other obstacles arise from this 
central limitation: lack of cross-sectoral policy, supposed solutions advocated from a reduced 
vision of actual problems, lack of acquisition, consistency and access to water data, delays in 
the development of environmental services related to water. We have proposed a detailed 
view of these obstacles in order to prepare the conditions to overcome them through inter-
actor, intersectoral, interdisciplinary, interagency approaches, and to foster an international 
dialogue to share experiences, happy or unhappy 

We do not question the appropriateness of disciplinary approaches to the management 
and development of water (see sec. 4), or usefulness of the solutions they advocate. Each of 
them is objectively well founded and develops a specific rationality. However, their partial 
and reductive character mortgages the benefits that we must wait. We do not recognize their 
ability to solve the problems at hand without any other consideration. These approaches must 
be articulated with method (a methodological option is modeling) and embedded in a broader 
cognitive and informative environment, for example to assess the impact they are likely to 
lead outside their referred field of implementation and effectiveness (a problem of 
intersectorality: water-agriculture, water, energy, water and development of territories, etc.), 
or to take into account the constraints imposed by these other fields, and to share views of the 
other stakeholders (users, managers, politicians, but also scientists). 

However a final critical point must be mentioned to complete this discussion. The 
ontology underlying the views developed in this paper is the result of many discussions within 
projects with scientific-like actors (including some mentioned in the acknowledgments 
below). Should we give more importance to these views - and hence to their underlying 
ontology – than to the water stakeholders views (users of the resource managers, policy-
makers)? Again the answer is political: it depends on the position attributed to scientific 
knowledge (which is not all knowledge) in the political process of development and 
management of water resources. Nevertheless, we advocate a reconciliation of theoretical and 
applicative scientific approaches to practical problems of water management and development 
on one side and correspondingly a wider intentional collaboration between scientists, policy-
makers and water actors. 

Reaching the objectives of the Millennium Development Goals by 2015 is fraught with 
many difficulties, congruent with the ambitions of the United Nations program. One of the 
difficulties which we believe crosses each of these objectives, and that we find in the 
implementation of water policies at the regional, national and local scales, is the lack of 
consideration for the coordination of actors and for the conditions needed to foster the 
collective action at all levels of governance of the projects development. 

In this paper, we argued this view from the analysis of the management and development 
of water resources, including by placing the target 7.C of the MDG on water supply and basic 
sanitation in a broader context of regional development and basin-scale water management. 

The development of a participatory hybrid modeling program (see sec. 6) focused on the 
development of basic sanitation services in a big city with deficiencies in this area, would 
address the main issues of development of local resources water (what are the technical, 
economic and regulatory frameworks, modes of governance that can best meet the objectives 
of local access to the resource? How to promote the coordination of actors at all levels of 



governance of the urban system of water management?) and demonstrate both the feasibility 
of the method and its potential contributions to other targets of Goal 7 "Ensure Environmental 
Sustainability", or for other Millennium Development goals. 
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