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ABSTRACT 

 
 
Water evolves in an increasingly complex environment. This complexity comes from several factors: 
an increasing pressure on water resources due to global change, growing uncertainty and variability 
due to climate change and multiplying interdependencies at various scales. This complexity raises 
challenges for water management: firstly, water managers can neither predict with accuracy the 
outcome of their interventions, nor know and control all relevant processes (unpredictability). 
Secondly, the elements within water systems are multiple and interconnected making them herder to 
manage (synergy). Thirdly, the combination of those various elements can lead to the emergence of 
new properties (emergence).  In the face of these emerging challenges, traditional approaches to 
water management, based on prediction, control and mechanistic thinking, hierarchy and a single 
technical discipline, prove inappropriate. Two aspects of water management are concerned by this 
need for a paradigm shift: operations management and project management.  
Water projects add a second level of complexity in that they are made in very short timescales 
(transience), they are unique (uniqueness) and are ad hoc undertakings (novelty and unfamiliarity). 
Nevertheless, projects are often a unique opportunity for riparian states sharing a common resource 
to cooperate. As such, when projects fail or are not sustainable, it impacts the cooperation and 
therefore the sustainability of the resource. 
This paper draws the first conclusions of an analysis that was led on 8 cooperation projects in 7 
transboundary basins: Danube, Tigris and Euphrates, Jordan, Mekong, Guarani Aquifer, Okavango 
and Nile. It suggests the adoption of new management models and methodologies for cooperation 
projects in transboundary basins. These methodologies are to be based on 5 main principles: 
sustainability, multidimensionality, measurability, comprehensiveness and unpredictability. A specific 
methodology integrating those principles is suggested, introducing simple and practical tools for use 
by water managers in transboundary basins. 
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THE WATER ENVIRONMENT IS INCREASINGLY COMPLEX 
 
Water evolves in an increasingly complex environment. River basins face emerging challenges, 
constraints and changing priorities. Complexity comes from several factors: 
 

 An increasing pressure on water resources due to global change 
Rapid technological, social and economic change drives increased complexity1 by applying growing 
pressure on water and other natural resources. Rapid population growth, increased economic 
activity and improved standards of living lead to expanding pollution and a rise in water demand. In 
order to face it, a more intensive development of water resources has taken place. But in water-
scarce and threshold countries, water supply can indeed be insufficient, leading to competing uses 
and consequently to the emergence of conflicts for water appropriation.  
 

 
 

Fig.1 - GROWING PRESSURE ON WATER RESOURCES 

 
 Growing uncertainty and variability due to climate change 

Climate change increases this challenge by adding uncertainty and variability in the occurrence of 
water leading to more frequent extreme events (e.g. floods and droughts) and time and space shifts 
in rainfall patterns (increased rainfall variability)2.   
 
These ordeals are all the harder to manage as scientific and technical data about the resource is 
often lacking, unreliable, incomplete or inconsistent3. There is a lack of perfect scientific knowledge 
of the water cycle, environmental impacts and behavioral variables4. An example can be taken from 
the Guarani Aquifer that lies beneath Brazil, Argentina, Uruguay and Paraguay. A project was 
launched on the aquifer in 2003. At the beginning, few precise data existed on the aquifer: its 
geographical delimitations, water quality, depth, geothermal capacity or renewal rate were not 
precisely known. Dealing with uncertainty is one of the major challenges for the management of 
environmental resources. 
 

 Multiplying interdependencies at various scales 
In order to understand the increasing complexity of the environment in which water evolves, four 
different types of interdependencies can be distinguished: 

 Between water uses (domestic, industrial and agricultural) and water regimes (surface water 
and groundwater, quality and quantity)5.  

 Among the increasing number of stakeholders involved in water management, who have 
different and sometimes conflicting perceptions and agendas. These differences can 
interfere within a joint decision-making. 

 Between the various disciplines around water: political, scientific, technical, legal, etc. All 
have different approaches to water management and water issues along with different 
responses. 

 Between geographical and administrative territories. Three boundaries overlap 
corresponding to administrative, surface water and underground water delimitations. This 
triple overlapping poses the problem of water responsibility and cooperation among 
stakeholders. 
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In transboundary basins, this complexity is even higher: interdependencies exist among states; water 
uses are different from one state to another, as are governance systems, strategic priorities, 
perceptions of water, languages and so on. 
 

THIS COMPLEXITY RAISES CHALLENGES FOR WATER MANAGEMENT 
 
These increasing pressure, uncertainty and interdependencies add to the complexity surrounding 
water and trigger the appearance of certain specificities inherent in complex systems. These are: 
 

 Unpredictability: Water managers can neither predict with accuracy the outcome of their 
interventions, nor know and control all relevant processes6. On the Senegal River, the 
construction of the Diama anti-salt dam fostered the endemic expansion of Typha. The plant 

invaded cultivated zones and provided a habitat for bilharzia-carrying mollusks. This new 
infrastructure has generated environmental and sanitary issues. 

 Synergy: water systems include multiple elements and multiple interactions among 
those elements. For example if you bring water from the Red Sea to the Dead Sea, you 
might change the biological composition of the Dead Sea, but also impact potash industries, 
tourism industries, ecosystems, etc. 

 Emergence: The combination of the various elements, human, technological and 
environmental, can lead to the emergence of new properties. They cannot be predicted from 
the behavior of individual elements, but can be observed when those elements combine. 

 
In the face of these emerging challenges and properties, traditional approaches to water 
management prove inappropriate7. Water management refers to activities of analyzing, monitoring, 
developing and implementing measures to keep the state of a resource within desirable bounds8. 
Certain characteristics portray these long-established approaches: 
 

 Prediction: They rely on the assumption that the future is certain or otherwise uncertainties 
are well understood9. They attempt to eliminate uncertainty from any strategic decision-
making assuming that the response of the system to water management interventions can 
be predicted and therefore, all activities can be planned in advance. 

 Control and mechanistic thinking: Prediction leads to control. If everything can be predicted, 
centralized control can be applied10. Mistakes can be corrected according to what was 
planned11

 and optimal control strategies can be designed. 
 Hierarchy: Managers who hold traditional management views believe that the best way to 

run complex mechanisms is by rigorous and inflexible hierarchical organizations, controlled 
by those at the top12. This leaves few place for stakeholders’ participation. 

 Single technical discipline: For the last few decades water issues have been studied and 
developed in a technological manner without being intrusive on other sectors of society13. 
Decision-making has been based on a single discipline and focus to deal with water 
management problems alone with little connectivity between with other environmental, 
social, cultural and policy disciplines14. This partition can result in policy conflicts and 
emergent chronic problems, for instance in cases where the influence of cultural factors and 
social relationships prevail15. 

 
Traditional methods prove unsuitable when confronted to the increasing complexity of water 
systems and environment. They show low adaptive capacity and ability to deal with surprise16. Along 
with growing uncertainty about the future, there has thus been a move away from management 
approaches which over-emphasize rationality and predictability17. This led to the acknowledgement 
that a radical change in water management practices was needed. Many voices have advocated the 
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need for this paradigm shift in water management (Cortner and Moote 1994, Ward 1995, Gleick 
2000 and Pahl Wostl 2002)18. 
 

WATER PROJECTS ADD A SECOND LEVEL OF COMPLEXITY  
 
This need for a paradigm shift encompasses two aspects of water management: operations 
management and project management. Operations management deals with the everyday 
management of water resources: quantity and quality monitoring, infrastructure management, 
administrative functions, etc. It integrates all activities that must be undertaken on a regular basis. 
Operations are ongoing and deliver repetitive products, services or results.  
 
Project management, on the other hand, relates to temporary water development activities such as 
infrastructure construction, micro-grants implementation, information system setting-up, etc. While 
operations management aims at maintaining the state of water resources, projects management 
aims at improving it. 

 
Fig 2 - FRAMEWORK FOR “OPERATIONS” AND “PROJECT” MANAGEMENT IN RIVER BASINS 

 
Not only is the water environment increasingly complex, as explained above, but water projects 
themselves are inherently complex, by nature. The complexity of projects can be explained by 
several factors: 

 Transience: Projects are committed to very short timescales. There are time pressures in 
routine operations. However, because they are routine, it is known how much can be done in 
a given time, and so there is less likelihood of committing to impossibly tight schedules19. 

 Uniqueness: Each project is a unique opportunity to improve the state of the water resources 
and for the different stakeholders to cooperate20. 

 Novelty and unfamiliarity: Unlike operations where stakeholders know what they have to do, 
how to do it and with whom, projects are by definition novel. People have to do things they 
have never done before and work with people they have never worked with. Although 
repetitive elements may be present in some project deliverables, this repetition does not 
change the fundamental unfamiliarity of the project work21. 
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Fig. 3 - THE DOUBLE COMPLEXITY OF WATER PROJECTS 

 
PROJECTS ARE A MEANS FOR TRANSBOUNDARY COOPERATION 
 
Projects are often a unique opportunity for riparian states sharing a common resource to cooperate.  
When two or more states decide to conduct a joint initiative, it is a project. These projects can be of 
different types. This paper draws the first conclusions of an analysis that was led on 8 cooperation 
projects in 7 transboundary basins: 

 Danube: Danube Regional Project on pollution reduction, 
 Tigris and Euphrates: Southeastern Anatolia Project on regional integrated development 

around 22 dams and 19 hydropower plants, 
 Jordan river: Feasibility study of the Red-Dead conveyance project and the Good Water 

Neighbours Project on twinnings among communities on each side of the borders, 
 Mekong: Fisheries Programme on aquaculture and fisheries, 
 Guarani Aquifer: Guarani Aquifer System Project on research and management of the 

aquifer, 
 Okavango: Every River has its People Project on public participation in decision-making, 
 Nile: Nile Transboundray Environmental Action Project, integrated project among all Nile 

States. 
These projects answered different issues and were of different types (research, public participation, 
infrastructure, etc.) All were a driver for cooperation among basin states.  
 
However, when projects fail or are not sustainable, it impacts the cooperation and therefore the 
sustainability of the resource. The 8 projects above have an average budget of US$ 30 million each. 
Yet several years after the end of the projects, only few outcomes remained.  
 
For example on the Guarani Aquifer, the SAG project settled a monitoring and information system 
which aim was to gather all technical information on the aquifer. Even the administrative offices 
were established. Nevertheless, the 4 countries disagreed on what financial support they would 
attribute to the follow-up of the monitoring activities. As a consequence, this cooperation has 
nowadays been stopped. From this perspective, the success of the project can be questioned. 
 
The argument advanced by this paper is that the lack of performance and sustainability of water 
projects can be partly attributed to the inadequacy between the management models and the reality 
of those projects. New management models and methodologies are particularly important in 
transboundary basins in order to anticipate the operational phase, integrate the various 
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stakeholders’ visions and interests, organize the transdisciplinarity and make sure that no aspect was 
forbidden. 
 

TRANSBOUNDARY PROJECTS REQUIRE A NEW MANAGEMENT METHODOLOGY 
 
These new methodologies for managing transboundary waters are to be based on 5 main principles: 
 

 Sustainability : Water projects should lead to sustainable outcomes: they aim at producing 
services or products that will have to last in the long term. This notion of sustainability has to 
be integrated by project analysts and decision-makers right from the initial design of the 
project vision. This entails early questions such as: who will be the key users? Who will be in 
charge of maintaining the deliverables that will be produced? Who will fund these 
deliverables after the end of the project? Managing a project goes much beyond its sole 
implementation: it should lead the project long-term vision towards a sustainable reality. 
 

 Multidimensionality : Water projects have various dimensions: Social, political, economic, 
etc. These dimensions are not independent from one another but are interconnected. Even 
when these dimensions have been identified, taking into account their interdependencies in 
the management of the project still remains a challenge. The capacity of water managers and 
decision-makers to think globally and to embrace all the key parts of the project together is a 
key for the performance of the project. 
 

 Measurability : The performance expected at the end of the project must be measurable, 
through objectively verifiable indicators. Defining measures and targets is a widely used 
technique in the project management community. The difficulty in water projects lies in the 
fact that these indicators should be set in common, to be sure that they satisfy the views and 
constraints of the various stakeholders. 
 

 Comprehensiveness : no aspect of the project should be omitted. To achieve 
comprehensiveness, each project deliverable and objective should be challenged as whether 
or not they are necessary but not sufficient to reach the project mission. 
 

 Unpredictability : the different elements of the project will evolve during its life cycle and will 
be considerably different at the end than what they were originally. The project design has to 
take into account this unpredictability by remaining flexible to potential changes. 

 
The Development Modeling methodology22 used to analyze the 8 projects integrates those 5 
principles through different tools designed to manage complex systems such as transboundary water 
projects. The strategic wheel for instance is one of these tools:  
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Fig 4 – STRATEGIC WHEEL 

 
To this tool can be added a stakeholders’ wheel, representing the various stakeholders and their 
interactions: 

 
Fig 5 – STAKEHOLDERS’ WHEEL 

 
The five key characteristics mentioned above have been identified for several decades, and so has 
the scientific and political acknowledgement of the need for a paradigm shift in water management. 
Yet the changing pace at the policies and management levels is quite slow23.  
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CONCLUSIONS AND RECOMMENDATIONS FOR THE MANAGEMENT OF 
TRANSBOUNDARY BASINS 
 
Water managers lack the practical tools and recommendations for adopting new water management 
practices in transboundary basins. The aim of this paper was to propose new insights for the 
management of transboundary basins and their projects that take into account the increasing 
complexity of water environment and projects. This new methodology makes use of existing 
practices in managing complex water projects along with recent work on strategic management and 
complex systems. It could provide a framework for the development of cooperation projects in 
transboundary basins. Such projects could therefore be designed, monitored and evaluated through 
a succession of parameters concerning the three main aspects of the project: its vision, 
implementation and organization. The use of these tools and this “checklist” would allow integrating 
the 5 principles and improving the sustainability of water projects, cooperation and resources. 
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