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OPENING AND INTRODUCTION

W.P.A. Broeders

Ministry of Transport, Public Works and Water Management, Directorate-General for Public Works
and Water Management, P.O. Box 20906, NL-2500 EX The Hague, The Netherlands

Mr Chairman, ladies and gentlemen,
Welcome to the fourth international conference Monitoring Tailor-Made. Our first Monitoring 
Tailor-Made conference was held in 1994 in Beekbergen. This means that we have a history of
almost a decade. In my presentation, I would like to dwell upon the achievements over this
decade. I will reflect on what we have learned and what the challenges are. Then, I will turn to this
week’s conference and the themes of the conference. And that will finally bring me to my
expectations of this conference.

MONITORING TAILOR-MADE

Water monitoring in the past was often characterised by being data rich but information poor.
Frequently, monitoring networks were driven by scientific data needs and operated without clear
objectives. By the 1990’s an urgent need was felt to evaluate the monitoring strategies. The first
MTM conference in 1994 builds on this need. It started with the goal to exchange ideas on how
water monitoring could be tailored to produce information that is needed. This is the concept of
tailor-made design. The conference obviously led to the conclusion that monitoring must be
accountable to an information purpose. But while this was commonly agreed, the conference
launched an urgency of bringing this concept into practice. Several issues like integration over
disciplines, standardisation of procedures, and the need for cost-effectiveness were raised. These
should be accounted for if monitoring was to be tailor-made. However, little concrete answers were
given. Therefore, the need and desire for a follow-up was articulated which led to the Monitoring
Tailor-Made II conference.

This second MTM conference in 1996 focussed on finding the right answer. However, as the basic
principle is tailor-made design there are no uniform answers. This contradiction was solved through
the concept of strategies. To come to tailor-made monitoring networks, strategies should be defined
that deal with the issues. These strategies will in turn lead to different results in specific situations. 
The changes in focus were:
• From data to information
• From ready-made to tailor-made
• From knowing what and how to knowing why

The special effort of including groundwater disciplines into the originally fresh surface water
dominated conference presented support for this approach. It turned out that the concepts for
surface water monitoring were applicable in groundwater monitoring. The differences are largely in
physical characteristics. This only becomes apparent on the operational level, and not in the
strategic approach.

From the MTM-II conference it was concluded that the tailor-made principle was widely adopted.
Nevertheless, experiences were still limited. Additional were the need for a larger involvement of
policymakers and the public at large. This would provide better accountability of the information
and a stronger participation of the socio-economic disciplines. An integrated approach towards river
basin monitoring can then be enabled. Another MTM conference would be needed to work on
this.

The third MTM conference in 2000 took on the challenge of involving socio-economic disciplines in
the quest for information to support sustainable, integrated water management. Results of the
conference underlined the importance of socio-economic information. Such information must be
added to the customary natural science information to reach integrated water resources
management. A multidisciplinary approach is needed to achieve this. Next to that, application of
indicators is still promising but underdeveloped. The aim is for BNI, Badly Needed Information, or
at least BAI, Best Available Information. All the rest is WMI, Waste of Money Information. 
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Finally, MTM-III put forward the importance of communication in bringing information to the
information users. As a result, this MTM-IV conference is initialised focussing on the use of
integrated information on a global scale, including marine and coastal waters.

TOWARDS SUSTAINABLE WATER MANAGEMENT INFORMATION

The title of this fourth Monitoring Tailor-Made conference is “Towards sustainable water
management information: from the local to the global level”. The previous MTM-conferences have
converged towards the need for multidisciplinary approaches. Also, an overall integration over
disciplines and space is needed when dealing with information for integrated water resources
management. This conference builds on this integrative idea. On the issue of disciplinary
integration the conference will aim for the transition from multidisciplinarity to interdisciplinarity.
Multidisciplinarity is in this context mono- + mono- + mono-disciplinary. Experts work next to
each other, each from their own disciplines. Interdisciplinarity on the other hand is where the
experts perform a joint effort in defining and challenging the problem. 
The issue of integrating information from different spatial levels will be expanded to an overall
global perspective. Experiences from local and regional monitoring and assessment should be input
for global assessments and vice versa. This spatial integration stretches out from freshwater to
coastal zones and the marine environment. 
The themes through which we will try to reach this integrative goal are the following:
1. Waters assessment programmes and international cooperation. Water does not restrict itself to

administrative boundaries and water problems often follow the flow of the water. Water
assessment consequently requires a basin wide and therefore international approach.
Furthermore, the management of water resources has to face worldwide problems. As water
scarcity grows and water quality declines, environmental and social concerns mount. Next to
this, the threats posed by floods and drought are exacerbated by climate change. Therefore,
cooperation is needed between countries and international organisations on different levels.

2. Role and sources of information. Information is necessary for decision-making. But does better
information result in improved water resources management? Water resources management
entails communication of information. This communication takes place between institutions such
as water commissions and NGOs, with people that have diverse cultures and beliefs, different
disciplines and agendas. Moreover, integrated assessment requires a diversity of both socio-
economic as well as water resources information. Such information is not always available.
Ample forethought of the need for specific information can reduce the drawbacks of these
aspects. It will however not be the sole solution. 

3. Indicators for integrated assessment. Policy makers have to resolve between different, often
conflicting water uses and ecological integrity of water systems. This balancing is generally
compacted in the trade-off between economic, sociologic and ecological values and demands.
Such decisions should be supported by integrated information that allows for such trade-offs.
Indicators are used in many assessments. They are used as a means to reduce the volume of
information and to provide improved support for decision-making. Especially when facing the
worldwide problems, solid indicators are essential. These indicators should support managing the
challenges we are facing. The World Water Assessment Programme produced the first World
Water Development Report. This report has shown that vast amounts of information on the
worldwide water situation are available. But in many cases this information is not targeted
enough. Through this theme we will try to determine the requirements and limitations set by the
use of indicators.

4. Public participation: processes, methodology and institutional change. The need for involving
stakeholders and/or the public in water management is growing. Water related issues have
become more complex and affect ever larger groups of people. The importance of public
participation is included in documents like the Dublin statement of 1992 and the EU Water
Framework Directive. Moreover, the third World Water Forum in Kyoto last March concluded that
community level public participation is fundamental to achieving adequate water management.
Water management institutions are not fully ready to deal with the needed participatory
approaches. It is therefore needed to discuss how participatory processes can work and what
institutional arrangements are needed.

5. Monitoring practices. The everyday practice of monitoring runs into issues like incomparability of
data, lack of information exchange, and ineffectiveness of monitoring strategies on a basin wide
scale. Various initiatives cope with these issues. For instance improved data collection strategies,
application of harmonisation of methods and database structures provide experiences of success
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and failure under different circumstances. Lessons learned in this field help to improve the daily
routine of water monitoring. Examples of successful implementation with ‘best practices’ are
illustrative.

These themes together should provide us with improved knowledge of how the reach water
resources management in an integrated and sustainable way on a basin wide scale. I will now in
conclusion turn to the expectations I have on the outcome of this conference for the Dutch
situation.

IMPROVING THE DUTCH WATER MANAGEMENT ORGANISATION

As in many European countries, over the last decade the Netherlands faces increasing extremes in
water management. Until this year the Netherlands encountered several situations where abundant
water from flooding rivers and heavy rainfall put pressure on society. This last summer shows that
heat and water shortage can be highly pressing on our everyday life too. In two consecutive years,
2002 and 2003, at the very same time in August, we have faced devastating floods and extreme
droughts. The Dutch policy that is defined to counter these problems can be summarised in the
three words: retaining, storing and removing of water. Retaining of water is especially important, as
historically the Dutch have been fighting the water, trying to dispose of it. We now have to find
ways of slowing down the speed of water that flows through our country. Both in times of flooding
and in time of drought, surplus or buffer water has to be stored for later disposal or later use. Then
finally the surplus water has to be removed into the sea. We are now in the process of turning this
policy into action.
Next to this, the Dutch water management organisation on the national level is being restructured.
There will be a clearer distinction between policymaking and policy-implementation. This will
require a better structuring of communication with politicians and the public. Also, improved
exchange of information between the different organisational units is needed. This conference deals
exactly with these issues. I expect that the organisers, RIZA and RIKZ, will provide me with
recommendations from this conference. These recommendations should include how we should
make the necessary arrangements to ensure effective cooperation in support of sustainable water
management.
This brings me to the end of this opening address. The previous Monitoring Tailor-Made
conferences have been highly successful, thanks to the intensive exchange of knowledge and
experiences from all participants. The organisers have again set a stage and it is now up to all of
you to make use of this opportunity to discuss and learn. 
I wish you all intense, inspiring, satisfying, and not in the least, very pleasant days here in 
St. Michielsgestel.
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THE TRANSITION IN DUTCH WATER MANAGEMENT

Rutger van der Brugge, Jan Rotmans, Derk Loorbach

International Centre for Integrative Studies (ICIS), Maastricht University, P.O. Box 616, 6200 MD
Maastricht, the Netherlands, E-mail: Rutger.vanderBrugge@icis.unimaas.nl, Tel. 0031 43 388 3223,
Fax. 0031 43 388 4916

Over the past decades the Dutch people have been confronted with severe water-related problems, which
are the result of an unsustainable water system, arising from human interventions in the physical
infrastructure of the water system and the water management style. The claims of housing, industry,
infrastructure and agriculture have resulted in increasing pressure on the water system. The continuous
subsidence of soil and climate change has put pressure on the land. Hence, the nature and magnitude of
water-related problems have changed. Longitudinal research of relevant national policy documents reveals
that the water management regime has changed its water management style over the past thirty years
from a technocratic scientific style towards an integral and participatory style. We have investigated if the
historical development in Dutch Water management can be characterized as a transition. Based on
longitudinal research through an integrated systems analysis, document research and expert interviews, we
have reconstructed the historical narrative by using the transition concepts of multi-level and multi-phase.
This research indicates that the shift in Dutch Water management can be characterized as a transition. This
transition is currently in the take-off stage and near the acceleration stage. This is a crucial stage as long as
the considerable differences between the strategic macro-vision and the practical implementation at the
micro-level remains. As long as these levels are not compatible (modulation), the transition will not be
completed successfully. Transition management as multi-level governance model should therefore be
adopted to facilitate the modulation. 

Keywords: Water management, Transitions, Transition management, sustainability

INTRODUCTION

Dutch water management has been recognized worldwide for its capabilities to control coastal and
inland waters in order to guarantee safety and maintaining reliable water functions for agriculture,
shipping and industry. Being a river-delta and having more than 50% of land beneath sea-level,
the Dutch have a century-long tradition of fighting the water and trying to control it. In this way
much of the water system is canalised and the surrounding area protected by dams and dikes. This
technocratic-scientific regime has been dominant well into the 20th century (Bosch & Van der Ham,
1998; Van der Ham, 1999; Lintsen, 2002). It resulted in a highly sophisticated and widely
branched, but relatively closed water defence system. 

In 1993 and 1995, the Netherlands experienced two major floods of the rivers Meuse and Rhine,
followed by high levels of regional waters in 1998. The sudden water-related problems led
parliament to question current water management practices. Indeed, the installed committee-
Tielrooy stated in their report ‘Water management for 21st century’ that ‘Dutch water management
is not sufficiently prepared to meet the challenges of climate change effects in the next century’
(CW21, 2000). In the three years after, the river Meuse almost flooded two times (in 2001 &
2002) and in 2003 without any warning signal from the regional water board a small regional dike
in Wilnis broke due to prolonged periods of drought. 

These water-related problems in the Netherlands are symptoms of a deeper lying, fundamental
problem, arising from the whole of human interventions in the natural water system over the last
centuries. On the one hand the increasing spatial claims from agriculture, industry, traffic, housing
and infrastructure as a result of growing economic development, increased population density and
changing life-styles, led to a growing pressure on the water system. On the other hand the
continuous subsidence of soil, the rising sea level and the decreasing capacity to retain water due
to loss of nature have resulted in pressure from water on land. In this changing landscape, the
water engineers were predominantly occupied with meeting the increasing societal demands by the
fast drainage of redundant water, canalising rivers and the construction of dams and dikes. Now it
becomes increasingly clear that this ‘pumping-drainage-dike raising’ strategy has not resulted in a
sustainable water system as many calamities have occurred. The incremental reduction of space for
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the natural water system (polders and usage of river forelands) and changes in the water system
itself such (reduction of the natural riverbed and hydrological conditions) has manifested itself in
social damage (reduced safety), financial damage (floods, droughts, dike breaks) and ecological
damage (drought, loss of water quality). In the near future the damage is expected to increase
substantially and could be regarded as unsustainability symptoms of the current water system in
the Netherlands. 

The complex water problem is a so-called ‘persistent’ problem. Persistent problems are new types
of societal problems that are characterized by significant complexity, structural uncertainty, high
stakes for a diversity of stakeholders involved, and governance problems (Dirven, Rotmans and
Verkaik, 2002). This feeds back to what Rittel and Webber (1973) describe as ‘wicked problems’:
ill-structured problems in which complex societal interactions, highly uncertain physical processes
and management dilemmas are present. We consider persistent problems as being of an even
higher degree of complexity than wicked problems, because they are deeply rooted in our societal
structures and institutions (Rotmans, 2003). The water problem is persistent because water has
multiple manifestations, multiple functions and multiple values; as a result of this many
stakeholders are involved with different interests and high stakes, making it complex and hard to
manage. There is no such thing as the single water problem, because the different forms of water
(rainwater, groundwater, surface water, sea water) manifest themselves in different issues: water
demand and water supply, water scarcity, waste water treatment, sea level rise, and the alteration
of the hydrological cycle. Water has also different functions in our society: an economic function for
navigation and agriculture, an ecological function for sustaining ecosystems, and a social function in
terms of safety and drinking water supply. Along the same line of reasoning, water also represents
different values: an economic value expressed as the utility value of water by using some kind of
pricing mechanism, an ecological value expressed as the water regulation services for ecosystems,
and a social value, indicating the cultural and emotional meaning of water. Because water differs in
time, place and manifestation only an integrated approach addressing the multiplicity of water
makes sense. This, however, requires a different form of water management than the traditional
one, managing for multiple cases at different scale levels: flood control, drought, municipal supply,
hydro-electricity, irrigation, recreation and ecological preservation. Water managers can no longer
optimise one particular utility function, but have to manage across multiple utilities and multiple
stakeholders. Furthermore, water management is constrained by physical characteristics, regulation,
contracts and politics. Thus, integral water management needs to be pluralistic, involving multiple
stakeholders who represent multiple perspectives (set of values, biases and preferences).

The changing nature and scope of the water problem and the accumulating water-related damage
and costs force us to manage the water in a more innovative and sustainable manner. In the
Netherlands this change in water management already started decades ago, as shown by a
comparison of the subsequent National Policy Memoranda on Water Management (Rijkswaterstaat,
1964, 1982, 1989, 1998). This longitudinal research shows that there has been a fundamental shift
over the past thirty years from technocratic water engineering to integral and participatory water
management. Whereas integral water management perceives the (context-specific) water system as
a whole, integrating social, ecological and physical components of the water system, technocratic
water management focuses on the physical processes within the water system. These days water is
postulated as a guiding principle in spatial planning, meaning that water is one of the dominating
issues in spatial planning processes. The ecological functions and values of water have become
more important at the cost of the agricultural function and economic value of water (Kamphuis,
personal communication). This is illustrated by emerging metaphors and mantras in the Dutch
water arena such as “Room for water”, “From Stemming to Accommodating water” and “Water as
a friend rather than an enemy”, indicating the significant changes in current water management.

We have investigated if this shift in Dutch Water management can be characterized as a transition.
In order to analyse the origin, dynamics and chances and barriers of this water transition, we did a
longitudinal research of Dutch water management over the past three decades. We have
reconstructed the historical narrative by using the transition concepts of multi-level and multi-phase
based on extensive literature survey as well as a series of in-depth interviews with Dutch water
experts who played important roles in this transformation process. Before we present this analysis,
the concepts of transitions and transition management will be explained. We conclude with the
implications of transition management for implementing integral water management strategies.
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TRANSITIONS 

A transition is a structural change in the way a societal system operates. A transition is a long-term
process (25-50 years) resulting from a co-evolution of cultural, institutional, economical, ecological
and technological processes and developments on various scale levels (Rotmans et al., 2000). An
often quoted example of a more or less ‘managed’ transition is the transition from a coal based
energy supply system to a gas/oil based energy supply system that happened in the Netherlands
during the 1950’s and 1960’s (Verbong, 2000). During a transition different developments and
events on different scale levels from different domains positively reinforce each other (Rotmans
et.al. 2000). A transition can therefore be described as a process of the co-evolution of markets,
networks, institutions, technologies, policies, individual behaviour and autonomous trends from one
relatively stable system state to another. This can be illustrated by an S-shaped curve (Figure 1 &
2). Although this is a highly simplified curve, it shows that a transition pathway could be
considered as a system transformation away from slow equilibrium dynamics through a period of
quick and instable development reverting to relative stability again (Rotmans, 1994). In between
the two equilibrium states there is a period of rapid change in which the system undergoes
irreversible change and (re-) organises itself again. 

A pre-requisite for transitions to happen, is that several developments in different domains
(ecological, socio-cultural, economic, institutional, technological) interact in such a way that they
positively reinforce each other. Transitions are the result of slow social change and short-term
fluctuations or events that suddenly initiate a highly non–linear response. Figure 1 illustrates a
transition as complex set of cogwheels that engage and interact with one another. It could easily
lead to an interlock, but once in a while they reinforce each other and start turning into one and
the same direction.

There are three key concepts that form the basis of transition theory: multi-stage, multi-level and
transition management. The multi-stage concept approaches transitions from the viewpoint of the
speed of change. From this starting point a transition than can be described in four stages or phases
(Rotmans et al. 2000), (Figure 2).
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a pre-development phase of dynamic equilibrium where the status quo does not visibly change but
changes take place under the surface;
a take-off phase in which thresholds are reached and the state of the system begins to shift;
an acceleration phase where visible structural changes take place rapidly through an accumulation
of socio-cultural, economic, ecological and institutional changes that reinforce each other;
a stabilization phase where the speed of social change decreases and a new dynamic equilibrium is
reached. 

Note that the speed of change in transition processes is a relative notion, which necessitates the
definition of system borders.
The second transition concept is the multi-level concept, which marks the division between
functional scale levels at which transition processes take place: micro-, meso- and macro-level. This
is based on Geels and Kemp (2000), who use the division into niches, regimes and socio-technical
landscapes to describe technological changes in socio-technical systems (Figure 3).

At the macro-level the societal landscape is determined by changes in the macro economy, politics,
population dynamics, natural environment, culture and worldviews. This level responds to relatively
slow trends and large-scale developments that play an important role in speeding up or slowing
down a transition, but where its geology is for the most part unyielding. At the meso-level the
regimes operate. Regimes are patterns of artefacts, institutions, rules and norms assembled and
maintained to perform economic and social activities (Berkhout et al. 2003). At this level the
dynamics are determined by their dominant practices, rules and shared assumptions, social norms,
interests, rules and belief systems that underlie strategies of companies, organizations and
institutions and policies of political institutions which are often geared towards preserving the status
quo and thus towards optimisation and protecting investments rather than system innovations. At
the micro-level (niche-level) individual actors, alternative technologies and local practices operate.
At this level, variations to and deviations from the status quo occur as a result from new ideas and
new initiatives and innovations, such as new techniques, alternative technologies and social
practices (Kemp, Schot & Hoogma, 1998). 

Interlinking the two transition concepts of multi-level and multi-stage, yields the following pattern.
In the pre-development phase of a transition the regime often acts as an inhibiting factor. Typically
it will seek to maintain social norms and belief systems and to improve existing technologies. The
take-off phase is reached when a modulation of developments takes place at the micro- and macro-
level. This means that certain innovations at the micro-level, e.g. in terms of behaviour, policy or
technology are reinforced by changes at the macro-level, e.g. changes in worldviews or macro
policies. It can go either way: breakouts at the micro-level find fertile soil at the macro-level, or
changes at the macro-level can be accompanied by suitable initiatives at the micro-level. An
important characteristic in the transfer from the pre-development-phase to the take-off is that
different ideas or perspectives from different fields cross-fertilize and converge into one, more or
less consistent paradigm. Often there is a period of polarization between the existing and emergent
paradigm. Parts of the regime will become susceptible and try to find ways to integrate the new
opportunities. This marks the take-off phase in which the dynamics within the dominant regime
increasingly modulate with innovative experiments at the micro level. This is a highly uncertain
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period in which results are needed in order to push and pull the regime over the ‘edge’. If these
results are not produced there is danger of a drawback and the transition could suffer from a lock-
in. In the acceleration phase, the regime has an enabling role, through the application of large
amounts of capital, technology and knowledge. The regime changes as a result of self-examination,
in response to ‘bottom-up’ pressures from the micro-level and to ‘top-down’ pressures from the
macro-level. Through the reinforcement of developments at the three different levels, dominant
practices change rapidly and irreversibly. In the stabilization phase the acceleration slows down,
due to a new regime that has been built up, again resisting new developments. The stabilisation
phase represents another (relative) equilibrium, which could accommodate the seeds of change for
another transition.

TRANSITION MANAGEMENT

The third concept of transition theory focuses on governing transitions, denoted as transition
management. Transition management is a process oriented management philosophy that is rooted
in fields as multi-level governance and adaptive management (Rotmans et al., 2000). Transition
management is based on coordinating multi-actor processes at different levels, aiming at long-term
sustainability through the creation of a joint problem perception and long-term vision, innovation
networks and experimental playgrounds. Transition management is by definition anticipative and
adaptive, as the degree of complexity of transitions is to high to be managed in terms of command
and control. In other words, while transitions defy traditional planning, they can be influenced and
adjusted in terms of the direction and pace of transitions. The basic underlying rationale for the
management of transitions is that many past transitions that happened by chance did not result in
a more sustainable society. On the contrary, often the detrimental environmental impact of
transitions outweighed the positive impact. Thus initiating a transition from a preconceived goal of
sustainability, which is inherently subjective, should arise from a multi-actor process, involving a
balanced diversity of stakeholders. 

Transition management encompasses four coherent developing lines which evolve in a cyclical and
iterative way: (i) the establishment and development of a transition arena (an innovation network),
which consists of a diversity of actors; (ii) the generation of long-term integrated visions, transition
pathways and agendas; (iii) a steering process based on knowledge development and learning
effects and (iv) monitoring and evaluating the transition process. This joint search- and learning
process takes place in a transition arena, which operates at a distance from the current policy arena
(See Figure 4.). The learning process has three components: learning-by-doing (developing
theoretical knowledge and testing through practical experience), doing-by-learning (developing
empirical knowledge and testing that against the theory) and learning-to-learn (developing learning
strategies, applying and evaluating them).

In the participatory setting of a transition arena, a selective number of representatives from various
societal groups and domains (governments, business, knowledge institutes, NGO’s and
intermediaries) co-operate in creative sessions formulating a common problem perception and
exploring desired futures. Then, several transition pathways that lead to these future visions are
developed and explored through the use of scenarios, risk- and uncertainty-assessments and trend-

19

PROCEEDINGS MTM-IV - THE TRANSITION IN DUTCH WATER MANAGEMENT

- Long-term
- Frontrunners
- System innovation
- Problem- and goal seeking

- Short-term
- Peloton
- Incremental improvements
- Problem-and goal oriented

         Society

Current policy arena Transition arena

Figure 4. Communicating arenas (Dirven, Rotmans and Verkaik, 2002).



analyses. Actively communicating this shared vision and transition pathways into other networks,
should stimulate people to join the innovation network to build joint strategic agenda’s. This so-
called innovation network is a small but open network and consists of frontrunners, visionary
people who are willing to put a considerable effort in conducting joint transition experiments. If
each frontrunner would be able to set up an own transition arena the visionary ideas can evolve
rapidly and spread unchecked.
In table 1. the differences between current policy and transition management, denoted as
transition ‘policy’, are presented. Current policy aims at consensus and short-term, incremental
solutions, whereas transition policy starts from dissensus and long-term, radical solutions. 

In general, historical and current transition patterns can be analysed by using the three transition
concepts, in terms of recognizing causal patterns, temporal dynamics, success and fail factors and
governance patterns. The transition concepts provide a framework for unravelling complex
transition patterns in a structured manner. However, due to a serious lack of reliable quantitative
and qualitative data at this level of analysis, it is not yet possible to empirically test the transition
concepts. Hence, one of the ambitions of future transition research is to build up a database of
historical and current transitions.

HISTORICAL ANALYSIS

The Predevelopment phase 

The historical trajectory studied spans a time period of about 30 years, starting with the
construction of the Delta Works (‘Deltawerken’), which seems in retrospect an important starting
point. The construction of this prestigious water defence project in the Dutch province of Zeeland
was a huge undertaking and unique in many aspects, driven by a culmination of the technocratic
and scientific regime. However, the impressive dams had also profound consequences for
ecosystems nearby. Aquatic ecosystems suddenly changed from saltwater systems to fresh water
systems, which had dramatic consequences for its biodiversity (Interview Saeijs, van der Kleij,
2002) (Bosch & Van der Ham, 1998). In order to prevent further ecological damage an
environmental department was founded within the Delta Dienst, the institute that was responsible
for the construction of the Delta Works. The Delta Dienst was part of Rijkswaterstaat, the main
Dutch Governmental water institution. Rijkswaterstaat itself was a technologically oriented
governmental body associated with the construction of huge physical infrastructures. It therefore
suffered a bad reputation and had to face numerous protests against the environmental and
landscape degrading constructions. At that time there was growing awareness of environmental
problems, both at the local and global level; the vulnerability of the environment due to human
interventions was becoming clearer. At the global (macro) level, there was a deep ecological
concern about the imbalance on a global scale between the explosive population growth and
ongoing economic development on the one hand, and the exploitation of natural resources and the
environmental pollution on the other. The Club of Rome with their alarming report ‘Limits to
Growth’ (Meadows et al., 1972) was a catalyst in this growing concern in the early seventies. At the
local (micro) level the awareness arose that ecological and economic functions could directly harm
each other, resulting in industrial pollution of water, soil and air (Interview Van der Kleij, 2002).
The planning process for the construction of the Eastern Scheldt storm surge barrier, one of the
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Current Policy Transition ‘Policy’

Short time horizon (5-10 years) Long time horizon (25-50 years)
Facet approach Integrated approach
- limited number of actors - multi-actor
- one scale-level - multi-level
- one domain - multi-domain
Aimed at incremental change Aimed at innovation for sustainable

development
Regular steering mechanisms New steering mechanisms
Political arena Transition-arena
Linear knowledge development and
dissemination

Learning-by-doing and doing-by-
learning

Table 1. Current policy versus transition policy.



most prestigious dams, started in the 1960’s. When the protest against the Eastern Scheldt storm
surge barrier became that loud that it transformed the local protest into a national debate, the
construction plan changed in 1974 to a storm surge barrier with moveable panels to prevent
ecological harm. 

At the micro-level the research activities of the environmental department of the Delta Dienst led to
a number of restoration projects, indicating the first signs towards a more ecological approach of
the water regime. Between 1978 and 1982, the environmental department of the Delta Dienst was
headed by H. L. F. Saeijs. One of his most important contributions was bringing biologists into the
traditionally technologically oriented water management institutions (Interview Overmars, 2002).
He can be considered as one of the promoters of the idea of a more ecologically oriented water
management (Interview Verwolf; Overmars, 2002). After he became chief-engineer (director) of
Rijkswaterstaat, department Zeeland, he confronted current water policy with a new approach
focusing on the relation between the water system and the ecosystem. In 1985 major elements of
this vision appeared in an official policy memorandum called ‘Dealing with Water’ (RIZA, 1985).
This could be considered as a breakthrough with regard to a more integrated approach of water
management. The report reached a wide audience, partly due to the ecological calamities evoked
by the Delta Works. The systems approach advocated in this document represented a new way of
thinking that proposed another perception of water as an integral part of an ecosystem in relation
to its community (Saeijs, 1991) (Interview Saeijs, 2002).

Two important reasons why the ecological perspective resonated at the meso-level were firstly the
growing number of biologists and secondly the re-organization of Rijkswaterstaat that took place.
During the construction of the Eastern Scheldt storm surge barrier the Environment Department of
the Delta Dienst grew quickly to over one hundred biologists and confronted the regime with the
consequences of their practice (Bosch & Van der Ham, 1998). When the Delta Dienst was officially
removed in the re-organization process of Rijkswaterstaat in order to integrate water quantity and
water quality policies, many former Delta Dienst biologists were placed in strategic positions
(Interview van der Kleij, 2002). Although their language was quite different from the water
engineers, they have cross-fertilized each other over time (Interview Saeijs, 2002; van der Kleij,
2002; Overmars, 2002). In this sense, Rijkswaterstaat became ‘infected’ with the new ideas.

Although it is not possible to pinpoint the precise date at which the technocratic regime began to
shift, we argue that the water transition started during the period in which the original construction
plan of the Eastern Scheldt storm surge barrier was drastically changed. In the early 1970’s the
broad protest against the Eastern Scheldt barrier led to a drastic change of the construction plan,
i.e. to a storm barrier with moveable panels to prevent irreversible ecological damage. Using the
multi-level perspective, we see increasing modulation between the environmental awareness at the
macro-level and the micro level, e.g. the Delta Dienst niche. The ecological problems resulting from
the Delta Works and the re-organization of Rijskwaterstaat stimulated this modulation. However,
the focus on a more ecologically oriented water management was still a niche compared to the
dominant perspective.

In the following years, a number of other niches that presented alternative perspectives led to an
increasing modulation between the three scale levels. One of them is ‘Plan Ooievaar’. At a national
contest called “Netherlands – Riverland”, the winning ‘Plan Ooievaar’ contested water
management practices in the main rivers (De Bruin et al., 1987). Although the authors worked for
the Dutch ministry of Agriculture, Nature and Fishery (LNV) and Rijkswaterstaat, they contributed
on personal account. ‘Plan Ooievaar’ departed from a decoupling of agriculture and nature
development, claiming that agriculture was damaging ecosystems (Interview Overmars, 2002)
instead of considering agriculture as nature preservation. Thus ‘Plan Ooievaar’ broke with the
current paradigm and alternatively put forward a coherent vision on the management of rivers,
nature development and landscape architecture by separating conflicting water functions such as
nature development and agriculture and interweaving water functions that would reinforce each
other (Interview Overmars, 2002). In short, it comes down to substituting agricultural land for
nature development areas in the river forelands. Hence, the plan broke from the traditional
influence of agricultural demand in water management. 

At the micro-level, a number of experiments based on the Ooievaar principles started in different
regions, e.g. the Duursche Waarden, in Rhenen and the Gelderse Poort (Bosch & Van der Ham,
1998). At the regime level the minister embraced the plan due the debate about the upcoming
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dike enhancements. W. Overmars, one of the authors of ‘Plan Ooievaar’, commented:

“It seemed like Plan Ooievaar got somehow sucked into these societal trends. If society had not
wanted this, than ‘Ooievaar’ had been an utopia and the idea had been dismissed. Apparently,
there was a kind of vacuum and when new ideas emerged they all got sucked in. And now it
breaks through, directly to the minister, who promptly tells the media we are not constructing any
dikes anymore. […]” 

Whereas ‘Plan Ooievaar’ focused on innovative water management for the main Dutch rivers,
‘Dealing with Water’ developed a vision on the water system as a whole. Both ideas reinforced
each other by emphasizing the importance of natural processes in relation to different sorts of
functions and complemented each other because of their different scope. The Third National
Memorandum on Water Management (Rijkswaterstaat, 1989) elaborated on these principles and
thereby postulating it as official national policy. Although this was an important strategic event, the
implementation of this new paradigm was difficult, because of two reasons. First, the regime was
mainly focused on agriculture as the organization of the water boards was traditionally organized
for this purpose and second, the new policy concept had no direct link with the regimes other main
duty of protecting the safety of the people. Hence, there was little sense of urgency about the
implementation of the policy concept. 

This link, however, was provided by a plan from the Dutch World Wildlife Fund (WWF) in 1992.
The Dutch World Wildlife Fund was founded in 1990 and in order to position itself they published
the plan ‘Living Rivers’ (WNF, ‘Levende Rivieren’, 1992) (Interview De Jong). In fact, it was an
elaboration of ‘Plan Ooievaar’, but with a focus on the aquatic ecosystem itself. It proposed the
idea of introducing side channels in the river forelands (flood plains) to reinstall broken food
chains. Equally important, ‘Living Rivers’ presented an alternative for the planned dike
enhancements by introducing side channels and excavation of the clay layers in the river forelands
(Interview De Jong, 2002). Rijkswaterstaat embraced the plans of WWF that had broad support
and sympathy among many civilians (Interview Verwolf, 2002). 

In summary we can conclude that at the end of the eighties and the beginning of the nineties there
was a series of developments and events that reinforced each other towards a new strategic vision
on water management for the regional water systems and the main rivers. In a period of
approximately 10 years important building blocks that were developed in niches were added to the
concept of integral water management such as ecological preservation, nature development, food
chain management and alternatives for dike enhancements. Thus overall, at the end of the eighties,
the ecological calamities, the influence of the biologists and the innovative plans all began to
change the perception of water management practice. From a transition perspective the WWF-plan
is especially important in setting the conditions for modulation between the niches and the regime
e.g. linking the niches to the regime by explicitly referring to a new strategy for water protection
and bringing the transition to a new level. 

The take off

At the macro-level Dutch policy in general promoted the decentralization of central government
and stimulated liberalisation and privatisation. The decentralisation trend also affected Dutch water
management. The proportion of work done by other parties than Rijkswaterstaat increased, the
number of staff decreased and regional directories became less dependent on central government.
On the one hand there was a shift of power that had consequences for the position of
Rijkswaterstaat in the hierarchy and in its top-down policy. On the other hand the focus on
ecological consequences required other competences and new professions in the regime of water
engineering. The slow breakdown of the old regime paved the way for water management to
become a more multi-disciplinary and less hierarchical managed regime.

Although at the meso-level the perspective was slowly changing towards the consideration of
ecological values and interests, it had no significant influence upon the daily work of most people
involved. Depending on the type of institution, the needs, the space to manoeuvre and the political
choices, the regime slowly shifted into the same direction, but jerkily and heterogeneously. The
Third National Memorandum on water management had significant impact in this process as it
proposed a merger in the early nineties of the traditionally separated regional quantity water
boards and quality water boards. 
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At the micro-level, the relationship between spatial planning and water management was already
of interest in niches during the late eighties (Interview Saeijs, 2002). The report “Dealing with the
Surrounding Area” (‘Omgaan met de Omgeving’) (Rijkswaterstaat, 1992) had already explored the
integration of both policy domains, but not until the floods of 1993 and 1995 was there enough of
a sense of urgency within the water regime to integrate policies. The floods made instantly clear
that the current water management strategies could not fully control the water. Furthermore, what
also became apparent was the increased danger and higher risk that would become of dike
enhancements, were they to break. After Rijkswaterstaat recalculated the WWF-plan ‘Living Rivers’
with regard to the enlargement of the total river area as a result of side channels and excavation of
clay layers in the floodplains, this actually became an alternative strategy for guaranteeing safety,
other than dike enhancements. 

In the short term the floods created a opposite response as the demand for further dike
enhancements raised, but on the long term they have acted as catalysts by modulating the
developments at the micro- and meso-level. From a transition perspective this seems to indicate a
next stage in terms of modulation. At the meso-level, the regime could no longer defy that the
engineering approach as long-term strategy was not viable any longer. Thus, as a result of the
floods, the regime had to abandon its dominant strategy and became susceptible for the
alternatives that still remained at the micro-level, shifting the transition to the take-off stage. 

After the floods, although the regime temporarily reverted to its traditional strategy of raising dikes
in the ‘Delta Plan Rivers’, explicit integration of water and spatial planning was put forward in the
‘Room for Rivers’ report (Rijkswaterstaat, ‘Ruimte voor Rivieren’, 1995) that served as a discussion
report in the preparation of the Fourth National Memorandum on Water Management. In 1998,
the Fourth National Memorandum on Water Management focused on integral and participatory
water management combined with a river basin approach. There was a strong reference to the
upcoming Fifth National Memorandum on Spatial Planning (VROM, 2001) in which the spatial
consequences of water management had to be further developed. Noticeably, the Fourth
Memorandum on water management was created in an open planning process in which 3000
people participated, reflecting a noticeable change of water management compared to twenty
years ago: from a hierarchical, closed engineering organization to a more open and participatory
network institution. 

In the midst of these changes, economic damage as a result of extreme precipitation in 1998,
triggered the Council of Ministers to ask questions about the competence of contemporary regional
water management. In response, Rijkswaterstaat, the provinces and regional water management
boards launched the report ‘Tackling Flooding’ (Rijkswaterstaat ‘Aanpak water overlast’, 1998) and
proposed to install a committee to investigate future water management. The resulting Committee-
Tielrooy explicitly emphasized in its advice “Dealing differently with water, water management for
the 21st century” (CW21 ‘Anders Omgaan met Water’, 2000) the possible adverse effects of
anthropogenic climate change within the next century. CW21 concluded that ‘current water
management was not sufficiently prepared to meet these future challenges’. It proposed a
participatory and anticipative river-basin approach, a ‘retaining-storing-draining’ strategy and no
negative trade-offs to other river basins. Above all, it promoted the ‘room for water’-policy by the
introduction of a so-called ‘water test’ in spatial planning processes. Dutch cabinet agreed and
proclaimed it to official policy. The year after, the Fifth Memorandum on Spatial Planning
postulated water as a ‘guiding principle’ in spatial planning. This was reinforced by the European
Water Framework Directive (2000/60/EC; WFD), which requires the active involvement of all
affected parties in the river basin management plan (Pahl-Wostl, 2002). Although, it is quite a
challenge knowing how to deal best with participation in international river basins (Mostert 2002),
the WFD should be considered as an important modulating factor in terms of the pressure it exerts
upon the Dutch water management regime with similar principles. 

The transition is currently in a stage in which the integral, participatory water management
paradigm is being implemented. Important steps in this process are the intention statements of the
regional water management boards to the Tielrooy three-step strategy of ‘retaining-storing-draining’
(CW21, 2000); at the national level the ‘Room for Water’ policy has led to the designation of a
number of ‘calamity areas’ that will be flooded in case of high discharge levels; at the regional
level, long-term water basin visions are obligatory. However, there is a vivid debate on the practical
aspects of implementation, involving the financial, legal and democratic aspects. An important
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instrument in this procedure is the so-called ‘Water Test’, which should enable water management
to participate in an early stage in the spatial planning process. A major barrier still is the traditional
way in which the water regime is organized. Many consider the organizational structure of the
regional water boards as old-fashioned, claiming the water boards should be integrated with
regional government (province), as spatial planning is a political and governmental mandate. This
discussion has been fuelled by this summer’s (2003) break of small local dikes (Wilnis and Rotte) as
a result of the droughts. However despite the warnings issued by the knowledge center GeoDelft as
to the vulnerability of these peaty dikes in periods of drought, the regional water board ignored
them. In the Netherlands there are thousands of kilometres of this type of dikes of which we now
know the regional water boards are not able to control. Questions are now raised as to whether we
should expect water managers to foresee these kinds of dike problems. On top of this,
anthropogenic climate change is expected to worsen the current situation, which creates a sense of
urgency that might accelerate the water transition considerably.

With hindsight the emergence of an integral, participatory water perspective seems a logical and
rather smooth development, but the actual historical path has been a whimsical and intermittent
process. The transition process was the result of highly complex dynamic processes in the past three
decades. Summarizing the multi-level-developments, we can distinguish four types of
developments: (i) built-up practical knowledge and advancing knowledge of practitioners who work
on a daily basis on the water-related problems and in the predevelopment phase indicated at the
micro-level that the overall situation was problematic, pointing to many unsustainable symptoms of
the existing water system, and trying to come up with alternative solutions and setting up new
organisations; (ii) developments at the macro-level such as anthropogenic climate change and sea
level rise that were related to a higher frequency of flood occurrences, accompanied by a deep
ecological concern as a result of the growing environmental awareness that reinforced the initiatives
at the micro-level; (iii) slowly changing perceptions, procedures and organization of the water
regime at the meso-level as a result of the pressure from the developments at the micro and macro-
level pushing the transition slowly to the take off phase; and (iv) calamities, like the ecosystem
damage in de Delta Works that triggered the transition and the floods in 1993 and 1995 that acted
as catalysts in terms of modulation between the developments at the different scale levels resulting
in a shift to the take off phase (See Table 2).

WATER TRANSITION MANAGEMENT

Although the water transition is in the take-off phase, there is no guarantee that the transition will
be completed successfully, which is underlined by the serious difficulties of implementing new
practices and instruments. At the strategic level the concept of the new water management style is
broadly shared, but at the operational level of implementation there are numerous practical
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- Nature
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- Agriculture

- Environment dept. in
Delta Dienst

- Dealing with water (’85)
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- Plan Ooievaar (’87)
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surrounding Area (‘92)
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(’95)

- Tackling Flooding
(’98)

Table 2. Multi-level Time Map of the transition in Dutch water management (based on:
Loorbach, D (2004). Unpublished data. Multi-level map of the transition of the Dutch
waste sector, ICIS-MERIT working paper). 



questions. As long as there are severe incompatibilities between the strategic level and the
operational level, the point of irreversibility will not yet be reached, meaning that the transition still
can get stuck in a lock-in or lock-out. Transition management therefore aims at modulating these
three different levels of governance. 

Communication between the three levels of scale has to be organized into a joint learning process.
A project in the Dutch villages Berkel & Rodenrijs, Nootdorp and Lith (Valk and Wolsink, 2001)
provides an example of the failure when the strategic level does not ‘flow’ with the operational
level. The principle idea of the project was to integrate new building activities into a sustainable
water system. In practice this meant a number of things: the creation of enough space for water;
making the water system part of the destination plans and participation of the communities;
maintaining the hydrological balance by retaining ‘area-specific’ and high quality water by letting
water flow from clean to dirty; and creating a desirable environment for plants, animals and
people. In practice, however, the importance of water was limited as opposed to the interests from
stakeholders. Water was hardly a decisive factor in determining the location of the neighbourhood.
Hence, the ‘distance’ between the strategic level and the operational level resulted in failure of the
project.

In order to shift the traditional water management style, the modulation of different levels of scale
has to be increased by aligning the different levels of governance. Table 3. contains the principles
of the new water management style. The old water management style can be characterized by a
control-paradigm with a sectoral and technological focus, whereas the new management style is
based on an anticipation and reflection-paradigm with an integral and spatial focus. Underlying
assumption of the new paradigm is that there are fundamental uncertainties about future physical
and societal processes that cannot be easily reduced. These uncertainties can be approached and
interpreted from different perspectives. A broad range of different stakes and perspectives therefore
needs to be taken into account in the water management process. This requires a participatory and
interactive approach that focuses on the long-term. Thus, the key elements of the management
style are uncertainty, anticipation and participation (NRLO, 2000). 

From a transition management point of view the process of envisioning and performing
experiments are a co-evolutionary process. Innovative niches should be given sustained room to
experiment and learn in order to develop new water management concepts or instruments. Niches
like ‘Plan Ooievaar’ and ‘Living Rivers’ are perfect examples of the added value of cross-fertilization
between different domains. Such niches have introduced new ways of looking at water and water
management by departing from the regular thinking pattern, like nature development, aquatic
communities or spatial planning. At the same time they have provided integral water management
with a set of tools and instruments that allow for practical implementation. In retrospect, we could
argue that the environmental department of the Delta Dienst, ‘Plan Ooievaar’ and ‘Living Rivers’
and the Tielrooy-committee could be considered as different transition arenas in which transition
visions were developed. However, these transition arenas originated accidentally and not as a result
of a pre-conceived transition management strategy. The innovative visions at the micro-level
remained, for quite a long period, at a ‘distance’ from the dominant regime at the meso-level. On
the other hand, the long pre-development phase matured the initial ideas and concepts from the
various niche arenas. 
The above shows the possibility of coordinating transition processes when a variety of innovative
experiments can be attuned and embedded in a broad process of learning. Transition management
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Old water management style
(20th century)

New water management style
(21st century)

Command and control Prevention and anticipation
Focus on solutions Focus on design
Monistic Pluralistic
Planning-approach Process-approach
Technocratic Societal
Reactive Anticipative and adaptive
Sectoral water policy Integral spatial policy
Pumping, dikes, drainage Retention, natural storage
Rapid outflow of water Retaining location-specific water
Hierarchical and closed Participatory and interactive

Table 3. Differences between the ‘old’ and ‘new’ management-style.



aims to coordinate and stimulate the interaction between innovative niches at the micro-level and
the dominant, conservative regime at the meso-level by tying different activities at different scale
levels. This involves the following steps as part of a cyclical and interactive process: a joint problem
perception, multi-actor strategies, vision- and agenda-building, experimentation and monitoring
and evaluation (See Figure 5). The different activities coincide with three levels of scale at which
policy and negotiation processes take place (Loorbach & Rotmans, 2004). The transition arena
operates at a strategic level, which focuses on the macro developments and the development of
macroscopic visions, new paradigms and pathways. A broader innovation network operates at a
tactical level and spreads the new ideas, deliberating different agenda’s and policies and trying to
develop joint agenda’s. The third level is the operational level where niche-experiments and -
projects are carried out. In practice these activities happen at all three levels simultaneously and
iteratively. The challenge for transition management is to connect, coordinate and align these
developments in such a way that they reinforce each other and induce structural changes in the
long-term.

In terms of organisation and coordination, a water transition arena needs to be organized by an
independent intermediary or facilitating organization based on an integrated systems analysis:
assessing historical trends and developments, future trends and scenarios and actors and institutions
involved. We have only made a preliminary attempt here. The water transition arena should consist
of a small number of people, selected on specific competences like innovative capability, network
ability, cross-domain and visionary thinking, creativity and relevant knowledge of the field. The
selected participants should join on personal account rather than representing their home
organization or institution, in order to avoid a rather narrow focus on the short-term stakes and
vested interests of their occupational background. Together they develop a long-term sustainability
vision that consists of a set of qualitative images in which they illustrate and visualize a future
sustainable water system and what the framing conditions are (Dirven, Rotmans & Verkaik, 2002).
These images should contain physical and spatial elements as well as elements of the new water
management style, such as risk management in terms of anticipative and adaptive water
management strategies, ‘openness’ towards other policy domains, institutional organisation with
regard to participation from stakeholders (see also table 3.). This change in the nature of the water
management process means that another type of water managers is required (Rotmans, 2003). In
modern water management knowledge from the ‘social sciences’ is evenly important as
hydrological or engineering knowledge. Furthermore, communication skills are very important
when managing multi-stakeholder policy processes. Going through this process of change in water
management requires a learning process in which different transition experiments are learning
opportunities. A broad variety of experiments is possible such as the creation of retention areas,
using water as a guiding principle in the construction of neighbourhoods, new rules and regulations
for integral, participatory water management, or experiments dealing with new ways of combining
agriculture and nature-conservation using new participatory methods in the decision-support
processes.
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Figure 5. Activity clusters in transition management (Loorbach & Rotmans, 2004).



CONCLUSION

The water-related problems in the Netherlands are the result of the whole of human interventions
in the water system over the last century. Large-scale societal trends, physical processes and human
interventions have led to increasing pressure from the land on the water and increasing pressure
from water onto the land. The water system, both the physical infrastructures as well as the water
governance system, has become unsustainable in terms of reduced safety, costs and ecological
damage, and in which the floods are mere symptoms of these deeper fundamental problems. In
order to cope with future threads like anthropogenic climate change and changing societal
demands, water management is in the middle of a fundamental change process that started in the
1970’s towards a more adaptive and participatory form of water management. 

We have investigated if the historical developments in Dutch Water management can be
characterized as a transition. Based on longitudinal research through an integrated system analysis,
document research and expert interviews, we have reconstructed the historical narrative by using
the transition concepts of multi-level and multi-phase. This research indicates that the shift in Dutch
Water management indeed can be characterized as a transition that is currently in a crucial stage, in
the take-off and near the acceleration phase. An important demarcation point of the start of this
transition was in the 1970’s at the time the plan of the Eastern Scheldt storm surge barrier was
adjusted. During the pre-development phase there was an ongoing process of integration between
water management and nature development. This was fuelled by the growing ecological concern,
empirical knowledge, learning experiences and cross-fertilization. The floods have acted as catalysts
by modulating initiatives at the micro-level with the growing recognition among water managers
that the water problems were the result of an unsustainable water system at the meso-level and the
threat of anthropogenic climate change at the macro-level, shifting the transition to the take-off
stage. 

An interesting question from a management point of view is whether this transition has been
managed. Although it has not been managed in the traditional meaning of the word, it was
managed in terms of stimulating new initiatives from frontrunners at the micro-level, providing
sustained room to develop these ideas, for example through the Netherlands – Riverland contest.
The upscaling of these ideas took place when niche players reached strategic positions as a result of
institutional reconfiguration, and were catalysed by the occurrence of major floods. Creating space
for innovation, inside as well as outside the regime, has been crucial in breaking the dominant
perspective and practice. In order to bring this transition process forward to a next stage, the space
for innovation needs to be further expanded and directed towards the operational level.
Furthermore, water managers should be trained to deal with such transition processes and a new
water-innovation network should further facilitate and coordinate the transition. 

ACKNOWLEDGEMENTS:

We would like to thank the following persons for their cooperation in the interviews done:
Prof. dr. H. L. F. Saeijs; Ir. W. van der Kleij (TAW, Technical Advisory Committee for Embankment.);
Ir. G. Verwolf, (Regional Waterboard ‘de Veluwe’); Drs. W. Overmars, (Consultancy Bureau Willem
Overmars) Dr. L. de Jong, (World Wildlife Fund); Drs. H. Kamphuis (Ministry of Housing, Spatial
Planning and Environment); Drs. J. W. Bruggenkamp (RIZA)

REFERENCE

Berkhout, F., Smith, A., Stirling, A. (2003) Socio-technical regimes and transitions contexts. SPRU 
Electronic Working Paper Series.

Bosch, A., Ham, W. van der. (1998) Twee eeuwen Rijkswaterstaat, 1798-1990. (Two centuries 
Rijkswaterstaat, 1798-1990). Zaltbommel: Europese Bibliotheek.

Bruijn, D. de., Hamhuis, D., Nieuwenhuijze, L. van., Overmars, W., Sijmons, D., Vera, F. (1987) 
Ooievaar: De toekomst van het Rivierengebied. (Ooievaar: the future of the riverland).
Gelderse Milieufederatie. Arnhem, The Netherlands. 

CW21 (2000) Anders Omgaan met Water. Waterbeleid voor de 21e eeuw. (Dealing Differently with 
Water, Water management for the 21st century.). Committee Tielrooy, Ministry of
Transport, Public Works and Water management /Union of Waterboards. The Hague, The
Netherlands.

27

PROCEEDINGS MTM-IV - THE TRANSITION IN DUTCH WATER MANAGEMENT



Dirven, J., Rotmans, J. and Verkaik, A.P. (2002) Samenleving in transitie, een vernieuwend 
gezichtpunt. (Society in Transition: an Innovative Viewpoint). Essay, The Hague, The
Netherlands.

Geels, F. and Kemp, R. (2000) Transities vanuit sociotechnisch perspectief (Transitions from a 
sociotechnical perspective), Maastricht, The Netherlands.

Ham, W. van der. (1999) Heersen en Beheersen, Rijkswaterstaat in de twintigste eeuw. (Rule and 
Control, Rijkswaterstaat in the 20th century). European Library, Zaltbommel, The
Netherlands

Kemp, R, Schot, J, Hoogma, R (1998) Regime shifts to sustainability through the process of niche 
formation. The approach of Strategic Niche Management, in: Technology analysis and
Strategic Management, 10(2): 175-195

Lintsen, H. (2002) Two Centuries of Central Water Management in the Netherlands. Technology 
and Culture, 2002, 43.549-568.

Loorbach, D. and Rotmans, J. (2004) Managing transitions for Sustainable Development, in: 
Wieczorek, A.J., Olsthoorn X. (eds) Industrial Transformation - Disciplinary approaches
towards transformation research. Kluwer, The Netherlands. Forthcoming.

Martens, P., Rotmans, J. (2002) Transition in a globalising world. Swets & Zeitlinger B.V. Lisse, 
The Netherlands. 

Meadows, D.H., Meadows, D.L., Randers, J. and Behrens, W.W. (1972) The limits to growth. 
Universe Books, New York, USA. 

Mostert, E. (2003) The Challenge of public participation. Water Policy Vol. 5 No. 2 179-197.
NRLO, (2000) Over Stromen: Kennis en Innovatie opgaven voor een Waterrijk Nederland (About 

floods: knowledge and innovation for water), NRLO-rapport 2000/04, The Hague, The
Netherlands.

Pahl-Wostl, C. (2002) Participative and stakeholder-Based Policy Design, Evaluation and modeling 
Processes. Integrated Assessment. Vol. 3. NO. 1 pp. 3-14

Rijkswaterstaat (1995) Ruimte voor Rivieren (Room for Rivers). Ministry of Transport, Public Works 
and water management. The Hague, The Netherlands.

Rijkswaterstaat (1998) Aanpak wateroverlast (Tackling flooding). Ministry of Transport, Public Works 
and water management. The Hague, The Netherlands 

Rijkswaterstaat (1998) Vierde Nota Waterhuishouding (Fourth National Policy Memorandum on 
Water management). Ministry of Transport, Public Works and water management. The
Hague, The Netherlands.

Rijkswaterstaat (1995) Ruimte voor Rivieren (Room for Rivers). Ministry of Transport, Public Works 
and water management. The Haque. The Netherlands.

Rijkswaterstaat, (1992) Omgaan met de Omgeving (Dealing with the surrounding area). Ministry of 
Transport, Public Works and water management. The Hague, The Netherlands. 

Rijkswaterstaat (1989) Derde nota Waterhuishouding (Third National Policy Memorandum on 
Water management). Ministry of Transport, Public Works and water management. The
Haque, The Netherlands. 

Rijkswaterstaat (1982) Tweede nota Waterhuishouding (Second National Policy Memorandum on 
Water management). Ministry of Transport, Public Works and water management. The
Haque, The Netherlands.

Rijkswaterstaat (1964) Eerste nota Waterhuishouding (First National Policy Memorandum on Water 
management). Ministry of Transport, Public Works and water management. The Haque,
The Netherlands.

Rittel, H., Webber, M. (1973) Dilemma’s in General Theory of Planning. Policy Sciences. Vol 4. (2),
155-159.

RIZA, (1985) Omgaan met water (Dealing with water). The Hague, The Netherlands.
Rotmans, J. (1994) Transitions on the move. Global Dynamics and Sustainable Development. 

Rijksinstituut voor Volksgezondheid en Milieu (RIVM). Bilthoven, The Netherlands.
Rotmans, J., Kemp, R. and van Asselt, M.B.A. (2000) Transitions & Transition Management, the 

case of an emission-free energy supply. International Centre for Integrative Studies,
Maastricht, The Netherlands.

Rotmans. J. (2003) Transitiemanagement. Sleutel voor een duurzame Wereld. (Transition 
Management. The key for a sustainable society). Koninklijke Van Gorcum. Assen. The
Netherlands. 

Saeijs, H.L.F. (1991) Integrated water management. A new concept: from treating of symptoms 
towards a controlled ecosystem management in the Dutch delta. Lands and Urban Planning
20, 245-255.

28

PROCEEDINGS MTM-IV - THE TRANSITION IN DUTCH WATER MANAGEMENT



Valk, D. and Wolsink, M. (2001) Water als Ordenende factor (Water as guiding principle), Rooilijn 
no. 6, 2001, p. 382-388.

Verbong, G. (2000) The Dutch government and energy transitions: a historical perspective. Research
document for the report Transitions & Transition management, the case for an emission

free energy supply (Rotmans e.a., 2000), TUE, Eindhoven. The Netherlands.
VROM (2001) Vijfde nota over de Ruimtelijke Ordening (Fifth National Policy Memorandum on 

Spatial Planning), The Hague, The Netherlands.
World Wildlife Fund (1992) Levende Rivieren (Living Rivers). Zeist. The Netherlands.

29

PROCEEDINGS MTM-IV - THE TRANSITION IN DUTCH WATER MANAGEMENT



30

PROCEEDINGS MTM-IV - THE TRANSITION IN DUTCH WATER MANAGEMENT



REQUIREMENTS OF THE WORLD WATER DEVELOPMENT REPORT

Bhanu R. Neupane 
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75015 Paris, France 

The UN World Water Assessment Programme (WWAP) is now well established as an “umbrella” for
coordination of existing UN initiatives within the area of freshwater assessment. It is contributing to the
attainment of real water-related benefits to the world’s population. WWAP aims to report on the state of
the world’s water concentrating on 11 major challenge areas and progresses made in achieving various
targets on water. 

Indicator development has been recognized as the core of the UN World Water Development Report
(WWDR) production. The first WWDR provided useful theoretical and practical insight into indicator
development and the process provided important lessons to move ahead. The WWAP now has a much
sharper vision for indicator development than ever before. In essence, the first edition of the report has
more thoroughly explored difficulties in indicator development and stressed the need for maintaining an
all-inclusive and longer-term horizon for indicator development. 

The GOAL at hand is to build upon the aforementioned findings and to work in close partnerships within
and outside the UN-Water family in order that the information base in WWDR II may attain a higher level
of sophistication, i.e. reliable water-related information, which underpins in a convincing and appealing
manner the assessments contained in the report. 

It is expected that this effort will yield a comprehensive set of indicators along with a structured
breakdown that links the indicators to the 11 challenges, thus ensuring their policy relevance, and a cross-
reference between the challenges and their subsequent indicators.

TAKING STOCK

Indicators are used to simplify, quantify, communicate and create order from complex data. They
provide information in an understandable way that both policy makers and the public can relate to
and help us to monitor progress and trends in the use and management of water resources over
time and space. Similarly, indicators can help us compare results in different areas or countries and
examine potential links between changing conditions, human behaviour and policy choices.
Because ‘good’ indicators are easy to understand, they offer a tool for raising awareness about
water issues that cuts across every social and political group. 

The first edition of the World Water Development Report re-emphasized the need for indicators as
a viable tool to report the state of the water and resolved that 

“indicators are ... vital instruments for the assessments embodied in the WWDR. The publication of
this first edition is just the beginning of a long-term effort to develop a comprehensive set of
indicators and their ‘most friendly’ presentation. In the years to come, we will be building upon
the material presented in this chapter. We will have to improve the indicator development process,
involve more stakeholders from wider cultural backgrounds.  While the scientific issues underlined
in this chapter would have to be carefully taken into consideration, the more important point is to
offer a suitable platform for the Member States to become more involved in developing the
scientific basis and the resulting indicators. It is essential that both the conceptual framework for
indicator development and data gathering be subject to further scrutiny. (UN-WWAP, 2003, 58)” 

As indicators are not simple data and they must be selected through a carefully planned and
implemented process, developing ‘good’ indicators, however, is not an easy task. Indicator
production is difficult and involves collection, collation and systematisation of data.

It needs to be noted that the first phase of the WWDR was a learning-and-doing exercise. The
process provided important lessons to move ahead and the WWAP’s vision for indicator
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development is much sharper now. The first edition of the report rightly identified the difficulties
involved and the need for maintaining a longer-term horizon for indicator development, which is
contingent upon taking a logical, slow but steady scientific and policy experimentation. The first
phase report stated that: there is a little need to reinvent wheels as there are many ongoing
indicator development initiatives, and that indicators for WWDR should be both scientific and
policy relevant and there has to be a balanced perspective in developing indicators. 

According to WHO (1999:3), indicators have to meet a whole set of criteria, as they both
“condition and limit the types of indicators that can be developed and the ways in which they may
be constructed and used”. Because the same indicator has to satisfy often conflicting but equally
important social, political, financial and scientific objectives, deriving indicators become an
objective maximization exercise constrained by available time, resources and partnership
arrangements.

The solution, of course, lies in identifying or developing denominators common to as many cases as
possible, so that comparisons may be made. If data can be gathered according to commonly
agreed or standardized norms, then lessons can be drawn that may be transposable from one case
to the other. 

This paper reviews requirement for the WWDR vis-à-vis the indicator development strategy and
suggests a modality to move forward in indicators development within the WWAP framework. 

WWDR INDICATORS: ADDING BLOCKS TO THE BUILDING

Indicator development is not a new activity. Since the early 1960s, efforts have been underway to
develop a meaningful set of indicators and indices for water resource. Against this backdrop, the
WWDR has been mandated to develop indicators and adopt methodology for developing them by
learning from previous initiatives. In the course of our effort, we have learned that this is a slow
process where each previous milestone provides the direction- or directions - to get to the next one.
Amidst such complexity and tradeoffs, WWDR agreed on a methodological approach, identified
some indicators, carried out limited testing and developed a better understanding and appreciation
of problems of indicator development. 

These are significant achievements and moves in the direction where WWDR, as a reporting
mechanism, wishes to be in the future. 

Two main issues stand out as the main drivers for indicator development — willingness to present
complex phenomena in simple to understand and comparable objective numbers and establish
objective benchmark to analyse changes over time and space. Although tracking weather and
rainfall and other hydrological variables have been used for a long time, focused indicator
development work appears to have begin from the early 1980s when the need to combine
different variables to produce an aggregate value was felt (Spreng and Wils, 2000). The effort
received additional impetus during late 1980s, when the need to achieve sustainability in the
development was globally sought. This necessitated development of indicator or index through the
integration of environment, including water, into the economic and social domains of development. 

Considerable emphasis seems to have been made since the early 1990s for indicator development.
The United Nations Development Program (UNDP)’s Human Development Index, which was first
launched in 1990, had a goal was putting people back at the centre of the development process in
terms of economic debate, policy and advocacy. 

UNDP has recently introduced human poverty index (HPI) which measures the level of deprivation
in three essential elements of human life — Longevity or the vulnerability to death at an early age,
Knowledge or being excluded from the world of reading and communication; and Decent living
standard including the percentage of people with access to health services and safe water, and the
percentage of malnourished children under five.

In 1997, the CSD initiated an effort to develop indicators of sustainable development for
monitoring progress towards sustainable development. Theses indicators were to assist decision-
makers to track progress towards sustainable development. The key elements of this approach are
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to identify and assess linkages among the economic, social, institutional and environmental
elements of sustainable development to further facilitate decision making at all levels and to
develop highly aggregated indicators, by involving stakeholders at all levels. A total of 7 water-
related indicators are drawn based on the chapter 18 of the Agenda 21 (annual withdrawals of
ground and surface water, domestic consumption of water per capita, groundwater reserves,
Concentration of faecal coliform in freshwater, Biochemical Oxygen Demand in water bodies,
wastewater treatment coverage, and density of hydrological networks).

The OECD has initiated OECD Environmental Indicators: Towards Sustainable Development, a
volume for the environmental and sustainable development. This volume includes key
environmental indicators endorsed by OECD Environment Ministers and the broader OECD Core Set
of environmental indicators. It contributes to measuring environmental performance and progress
towards sustainable development. The OECD philosophy on indicators is based on two major
functions of indicators, a) to reduce the number of measurements and parameters which normally
would be required to give an “exact” presentation of a situation; and b) to simplify the
communication process. 

Developed to utilize the Eurostat, European System of Environmental Pressure Indices (EPI)
initiative is financed by the European Commission’s Environment Director General aiming at a
comprehensive description of the most important human activities that have a negative impact on
the environment. The project has produced a handbook on indicators
(http://esl.jrc.it/envind/theory/handb_.htm). EPI is based on the Driving force-Pressure-State-Impact-
Response (DPSIR) model and water related indicators are included in the initiative.

The Environmental Sustainability Index (ESI) is the result of collaboration among the World
Economic Forum’s Global Leaders for Tomorrow Environment Task Force, The Yale Centre for
Environmental Law and Policy, and the Columbia University Centre for International Earth Science
Information Network (CIESIN). The ESI combines measures of current conditions, pressures on
those conditions, human impacts, and social response and is a measure of overall progress towards
environmental sustainability. The ESI scores are based upon a set of 20 core “indicators”, each of
which combines two to eight variables. The index aggregates a total of 68 underlying variables. The
ESI permits cross-national comparisons of environmental progress in a systematic and quantitative
fashion. 

The same group has also created an Environmental Performance Index, which permits national
comparisons of various efforts made to manage some common policy objectives, primarily air and
water quality, climate change, and ecosystem protection.

The Interagency Working Group on Sustainable Development Indicators SDI Group is made up of
people from a number of United States Federal Government Agencies, working together to develop
indicators of sustainable development for the United States. Their first report “Sustainable
Development in the United States” includes a set of experimental indicators. The project is an
attempt to define and measure sustainability with sufficient precision. Water resources related
indicators are included in the SDI.

International Institute for Sustainable Development (IISD) is making an attempt to develop a robust
set of indicators for public- and private-sector decision-makers to measure progress toward
sustainable development and to build an international consensus to promote their use. Thus far,
IISD has conceptually defined indicators and pilot indicators and indices to assess sustainability
have been calculated (http://www.iisd.org/measure/default.htm)

The Ecological Footprint, developed by Earth-day Network, measures the amount of nature’s
resources an individual, a community, or a country consumes in a given year. The approach is
based on the official statistics on consumption and translate that into the amount of biologically
productive land and water area required to produce the resources consumed and to assimilate the
wastes generated using prevailing technology. Water resources is one of the core indicators in the
accounting.

UN agencies have collectively or singly are involved in publishing sectoral indicators that provides
state of the world’s water. A few notable ones are WHO/UNICEF/WSSCC’s effort on Burden of
Disease, FAO publications based on FAOstat and Aquastat, and UNEP’s publications based on GRID
statistics. 
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Shiklomanov (1997) defined a water stress indicator based on specific water availability. Specific
water availability is the water per capita that is left after the use by agricultural, domestic and
industry. The indicator assumed Specific Water Availability to be river runoff originating within a
given region plus half the river flow which comes from outside (local water resources + 1/2 of
inflow) - water consumption) / population). Based on the local calculated values (m3/year),
specific water availability classification are made.

The Standard indicator deals with water availability in a country based and the people living in that
country (Falkenmark et al., 1989). The indicator assumes if more water is available per capita, it is
likely that there will be fewer problems because of water shortages. Four categories have been
defined for the use of the indicator (Annual Water Resources- AWR): AWR > 1700 m3 per
capita/year - Shortages will be rare and local, 1000 m3 < AWR < 1700 m3 per capita/year 500
m_ < AWR < 1000 m3 per capita/year - Water supply begins to hamper health, economic
development and human well-being or chronic water stress will be felt and AWR < 500 m3 per
capita/year Water availability is a constraint to life.

The World Resource Institute (WRI) has been involved in producing indicator-based assessment of
watersheds and freshwater system. The report, Watersheds of the World, published in 1998
compared 145 watersheds of the world based on 15 global indicators that characterize watersheds
according to their value, current condition, and vulnerability to potential degradation. A more
recent report, Pilot analysis of global ecosystems: Freshwater systems, has made an indicator-based
assessment of the freshwater systems based on human modification of freshwater systems, water
quantity, water quality, food — inland fisheries, and biodiversity. 

Taking stock for these previously initiated and on-going efforts, WWAP has established that the
sustainable development, management, protection and use of freshwater resources must act as the
guiding principles for indicator development and assessments. For this, Integrated Water Resource
Management (IWRM) can be regarded as the vehicle, which makes the general concepts of
sustainable development operational for the management of freshwater resources. IWRM adopts
the holistic approach, which implies that information is needed on the state of the economy,
society and water resources and their mutual relationships. IWRM invokes the participatory
approach, which means that tools are required for effective communication between different
groups of stakeholders - e.g. policy makers, public and scientists. Indicators can help simplify
information on IWRM and establish effective communication between various stakeholders. IWRM
is broadly contained within WWDR in the form of 11 challenge areas and WWDR indicators are
being developed along the same disciplinary lines.

THERE ARE A FEW ISSUES TO OVERCOME

Apart from the general realization, the first World Water Development Report also carefully
captured the need and limitations to the development of an international set of freshwater
indicators. Essentially, it emphasized the need to develop an integrated scientific basis for indicator
development and database preparation. The paragraphs below highlight some of other concerns,
which the WWDR must address in developing future indicators.

Methodological refinement

Although a methodology was tentatively finalized based on the D-P-I-S-R framework that uniquely
incorporates some top-down policy elements, still more work is needed. In this context, while the
pressures associated with each of the challenge areas need to be better identified, logical
frameworks also have to be developed to synthesized policy related elements.

The issue of scale

Arguably, indicators are often targeted to a certain spatial scale. As the information needs may
differ at local, regional and global levels, indicators developed for a certain spatial scale may not
be useful for another scale. For instance, data for an indicator at a high spatial level cannot always
be obtained by aggregating the data of a lower spatial level. A second important issue is selecting
the optimal spatial scale to aggregate and present the values of the indicator or index. For example,
the same set of data aggregated at two different spatial scales may give two distinctly different sets
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of interpretations. Thirdly, selection of the right temporal scale is important for indicator
aggregation and presentation as well. For example, the availability of water depends strongly on
the seasons. A mean value calculated over one year can hide a shortage of water in dry periods
and floods during wet times. The last scale-related issue is the level of aggregation of the data.
During the process of indicator or index development a trade-off has to be made between
aggregation versus loss of details. Which trade-off is made in a certain situation depends on the
aim, the user, the system under consideration, knowledge of the system, data availability and the
available financial resources. Too much detail can even lead to information loss, as the overall
picture fades and becomes less clear. The case study of Sri Lanka is a good example of this problem
(Imbulana & Neupane, 2003) 

Data availability and implications

The dependence of indicator development on data can lead to the situation in which data
availability drives the selection of indicators, which, in turn, reinforces the collection of the same
data. Water quality monitoring systems have in the past been an example of the ‘data rich, but
information poor syndrome’, in which plenty of data are produced but not tailored to information
needs. Comparison with data availability may lead to modifying the indicator set, but should also
feedback to more precise specification of data needs with more efficient design of monitoring
programmes. An important element of the latter is coordinating socio-economic and environmental
data collection and harmonizing associated spatial and temporal scales. 

Data collection for UN programmes, such as WWAP,  is also contingent upon the member states’
willingness to contribute data (Maurer, 2003) and sensitivity of the bilateral/multilateral agreements
in place (Shah & Aryal, 2003)

With the recent advent of these spatially-discrete and high-resolution Earth systems data sets, the
community finds itself poised to assemble a truly global picture of progressive changes to inland
water systems and a potential means to monitor water availability worldwide (Lawford,  2003).
These newly-developed digital products are often global in domain, are spatially and
temporallycoherent, and provide a consistent, political ‘boundary-free’ view of major elements
defining the terrestrial water cycle. As mandated by UN-Water,  an expert panel has already been
constituted to assess the relevancy of all potentially useful data sets. In the next phase, merging
these data resources into integrated water assessment frameworks and challenge areas will pose a
central challenge for the WWAP. 

INDICATOR STRATEGY FOR WWDR

The arguments made in the foregoing section on the requirements of the WWDR leads to the
discussion as to how this broad-based goals can be achieved in reality. The following points discuss
a few bottom-lines for development of indicators for WWDR.
Reviewing what has been achieved and what needs achieving 
There exists a critical need to internalize the achievements and under-achievements of the indicator
development process adopted for the first reporting phase of the WWDR. While this report has
captured some of these issues, a more focused discussion involving the major partners in the
WWDR process is very essential. WWDR has used a number of indicators to establish the state of
the world’s water and has suggested many indicators for future development (table 1). It is needed
that relevance of these indicators are evaluated on the basis of their sufficiency in capturing what
WWDR is mandated to capture. 

For WWAP, countries must come first

Based on the experience of the first WWDR, it is evident that countries will not subscribe to a set of
freshwater indicators unless they have been involved in its development, or have at least been
consulted during their elaboration. Therefore, the first condition to ensure the feasibility of such a
set of indicators at the international level is to secure the support of countries by adopting a
consultative approach during the development process.

In order to gain countries’ acceptance and support, it is also necessary that countries develop a
sense of ownership of the indicator development programme. This means the issues addressed by
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the programme should be relevant to each individual country and that the indicators chosen to
compose a common set of indicators should be relevant to them. Therefore, any effort to develop
indicators must be consensus-oriented whereby all stakeholders agree on the main issues to be
represented as well as on a common methodology to collect data and build indicators. As the
indicators would be developed through a consultative process, countries will be less likely to
contest them once adopted. Such a process requires time and consultation. An iterative process is
therefore a necessary condition to ensure the feasibility of such a set of freshwater indicators.

It must be kept in mind that an international set of freshwater indicators would be complementary
to, rather than substitutes for, existing sets of indicators developed at lower spatial scale.

Strengthening the existing partnership

One of the fundamental strengths of WWAP is the ownership demonstrated by UN agencies. While
the combined efforts have borne good result in advancing the conceptual framework of indicator
development, more work still needs to be done. 

There is a clear lesson that the effort must be as inclusive as possible. There is a need to establish
formal links to, if possible, all major programmes developing freshwater indictors. Essentially, the
indictor initiative of OECD, EEC, WWF, Worldwatch, Stockholm Environment Institute have  a lot to
offer. In this sense, WWAP could be a harmonizing element of the indicator development field.
Internationally accepted indicators on different aspects of water management need to be
developed. These should include indicators for the relevant targets in the UN Millennium
Declaration and for other relevant national and international goals. These indicators should be
developed through participatory processes, including stakeholders from different levels and around
the world. The World Water Assessment Programme should take a lead role in the development of
these indicators. (Bonn Freshwater Conference: 2001)’

Internationally Agreed Targets and Policy Issues provide the guide

It is essential to identify relevance and need for upgrading the list of indicators used in the first
edition of the report by taking into consideration the monitoring needs based on internationally
agreed targets and objectives and preparation of a detailed list of probable indicators. Working
groups should be formed, led by individual or groups of UN agencies on major themes or cluster of
themes on water resource problems (challenge areas). 
Data are there but their Framing is essential
In the first phase of WWDR, efforts were also made to arrive at a conceptual framework for data
framing1. The report identified existence of data and recommended that a more scientific and
proactive approach is needed for their framing. For data framing it is essential to:

a. Develop a data structuring system that respects all existing UN agencies maintained databases. It
is suggested that the data be grouped by major themes of assessment in its first order, by major
databases by second order, by content of databases in the third order. Matching such structured
frame with indicators would give an “indicator-friendly” database, which is useful and to the
extent possible avoid collecting unnecessary data.

b. Data collection and maintenance at the country-level also should be seen as an integral
component of data framing. Most logically,  efforts should be made to initiate a sustainable data
collection and storing system that not only benefits WWDR preparation but also helps all UN
partners to draw from the effort. Such database could follow similar set-up as that proposed at
the global level.

c. Linking database development activities with WWAP initiated water portal is important to
increase dissemination, receive independent inputs on indicators and value addition of various
sorts.

Toward this end, the need and challenge for establishment of a corporate database in water related 
issue are under consideration.
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Challenge of selecting key indicator

First WWDR suggested over 176 indicators across 11 challenge areas (Table 1). However, the
challenges exist on their integration and indexing, and uniform presentation. The biggest challenge
is to encourage in-country application and decision making based on them.
CONCLUSIONS

The World Water Assessment Programme is now pursuing a longer-term strategy for indicator
development that requires evaluating the indicators as defined in the first edition of the WWDR
with respect to policy relevance and scientific robustness. This also involves evaluation of the
approach that was applied to indicator development in the first phase. It is reasoned that such
evaluation can provide valuable ‘lessons’ for concrete actions. The bottom line is to develop a small
number of quality indicators with an excellent database back-up rather than a large quantity of
lesser-quality indicators. It is accepted that the level of scientific rigor applied in the development
and application of indicators must be increased if the results and findings reported in the WWDR-2
are to be widely accepted in the international community.

Collective commitment and sincere dedication is therefore needed for realistic consideration to
develop indicators and their supporting databases. It is essential to keep indicator development as
simple as possible, complemented with fully transparent documentation of the indicators used,
including a glossary defining the indicators and explaining the way they are composed and
calculated.
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The Water Resources Applications Project (WRAP) has been developed within the Global Energy and Water
Experiment (GEWEX) to facilitate the testing of GEWEX products and their transfer to operational water
managers. The WRAP activity builds upon projects within the GEWEX Continental Scale Experiments
(CSEs), and facilitates dialogue between these CSEs and their local water management communities
regarding their information needs and opportunities for GEWEX products to meet those needs.
Participating Continental Scale Experiments are located in the United States, Canada, the Amazon River
Basin, the Baltic Sea drainage area, eastern Asia and Australia. In addition, the development of WRAP is
facilitating the transfer of techniques and demonstration projects to other areas through collaboration with
UNESCO/WMO HELP, WMO Hydrology and WWAP. 

WRAP has considerable potential to contribute to an indicators project. Under the auspices of the World
Climate Research Programme, GEWEX develops global and regional data sets for precipitation and other
water cycle variables at different space and time resolutions. These global data sets are generally produced
from satellite data although model derived fields are also available for variables not observed by satellite.
These global data sets are being used to monitor trends in water vapour, clouds, precipitation, and runoff.
Within the Continental Scale Experiments regional studies use these products along with regional climate
predictions and data assimilation and reanalyses products to produce information for water managers.
Water resources projects often involve the analysis or evaluation of products, and demonstrate how these
products can improve water management decisions. While the climate regimes and water use patterns in
the different CSEs result in unique water management problems, there are some important water-related
issues that are common to every CSE. There is considerable potential to use experimental products to
more extensively define baseline conditions and then apply them as indicators to detect the potential
consequences arising from changes in the climate and other stresses on regional water resources. 
In summary, this paper provides a review of the activities and plans of WRAP and their potential to
contribute to Integrated Water Resource Management and WWAP indicator projects.

INTRODUCTION:

The Global Energy and Water Cycle Experiment (GEWEX), through its Water Resources Application
Project (WRAP) initiative, has been studying ways in which it can use its global and regional
products to more directly support water resource management. GEWEX is a large international
interdisciplinary project carried out under the auspices of the World Climate Research Programme
(WCRP) to address climate issues through its observational and modelling capabilities. It has two
principal types of data that could be of use to the environmental indicators community. These
include global data products generated from satellite data or a combination of satellite data and 
in-situ measurements, and products that are regional in scope, generally covering a continent or a
continental-scale basin. This paper will review the types of contributions that GEWEX could make
directly to the World Water Development Report (WWDR) indicators project. 

GEWEX interests in indicators revolve around the identification of variability and trends in the
physical environment and an understanding of the processes that are causing these variations and
trends. GEWEX also is a partner in the Earth System Science Partnership’s Global Water System
Project (GWSP) and many related regional water management activities where change is a product
of natural climate variability and change arising from anthropogenic influences such as carbon
dioxide emissions, the construction and operation of dams and reservoirs, and groundwater
pumping.
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THE ROLE OF INDICATORS

There is a wealth of literature on the use of indicators for sustainable development. Wonorad et al.
(1999) developed a framework for indicators that identifies the need to analyse the pressure on the
resource, the state of the resource, the responses of the user community to these changes and the
net impact of the natural and management driven changes on the resource. Segbestan (2002)
points out the complexity of tracking sustainable development and distinguishes between three
useful assessment tools, namely indicators, indices and information. A number of reviews
summarizing the availability and role of indicators in Sustainable Development have been
developed (Pinter, 1994; Atkinson and Hamilton, 1996) while other reports (WWAP, 2003) show
how these indices can be applied. This paper covers the potential contributions of GEWEX products
to all three of these assessment tools. When tracking changes in water resources, it is important to
have baseline information about the resource or the environmental conditions that can serve as a
standard against which to compare these changes. Failing this, a long-term history of the changes
can enable an analysis of the variability over time. In general, GEWEX contributes most directly to
indicators, indices and information regarding the state of the water cycle, although its strengths lie
in the characterizing changes in environmental states and contributing knowledge about large-scale
factors leading to these changes. 

The IGOS-P (Integrated Global Observing Strategy Partnership) Global Water Cycle Observing theme
(IGWCO), which considers the wide range of water cycle variables available from satellite data, also
has indicated a strong interest in ways of transforming the massive data sets available from satellite
to products such as indicators that will be useful for policy makers. Potentially, many GEWEX
initiatives could contribute to the development of this theme. In particular, a GEWEX indicator
initiative would be supportive of this theme’s objectives. 

When determining the best indicators for a particular application, it is important to know what to
measure. Precipitation is expected to be one of the key climate variables that will be affected by a
warming climate. In a warmer climate there are likely to be changes in the intensity and frequency
of rainfall, in addition to possible changes in the annual amount. For example, according to the
Clausius-Clapeyron equation, the water holding capacity of the atmosphere increases as the
atmospheric temperature increases. Heavy rainfall events draw on moisture in atmosphere and
some scientists expect that precipitation intensity will increase faster than the overall change in
amount, which in turn implies the possibility of fewer but more intense events. Consequently, the
hydrological cycle is expected to “speed up” with overall increases in evaporation and precipitation
(Trenberth and Guillemot, 1995).

The concept of rate is important for water cycle processes. For example, the measurement of the
residence time for runoff in an estuary can give information on the processes affecting water quality
within the contributing basin. Similarly, the cycling of water molecules in the atmosphere can be
measured and used to represent the intensity of atmospheric processes. The efficiency of certain
processes is also of interest. Indices may be an effective way to characterize those rate changes that
have environmental and management implications.

Water management could be aided by the use of key indicators of long-term water availability that
relate to the ratio of natural runoff to water usage. High water usage can lead to a reduction in the
actual discharge of a catchment system compared with its “natural” discharge. Rising water tables
caused by “over-irrigation” can lead to soil salinity issues. The level of salinity in a river system and
surrounding soils may also be appropriate indirect indicator of water quality.

BACKGROUND TO GEWEX

The Global Energy and Water Cycle Experiment (GEWEX) was initiated in the late 1980’s with a
view to consolidating on-going projects related to the global energy and water cycle and launching
some new ones to fill gaps that existed in efforts to develop and assess new satellite data products.
The first phase of GEWEX dealt with measuring and modelling global and regional energy and
water budgets. The second phase of GEWEX, which began in 2002, looks at changes in the system
by addressing questions such as, “is the water cycle accelerating?” and by placing more emphasis
on predictability studies.
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Some of the objectives of the second phase of GEWEX will lead to stronger linkages between
GEWEX and the water resource community. GEWEX Phase II will contribute to:
1. producing consistent descriptions of the Earth’s energy budget and water cycle and their

variability and trends and data sets for the validation of models,
2. enhancing the understanding of how energy and water cycle processes contribute to climate

feedbacks,
3. developing improved parameterisations encapsulating these processes and feed-backs for

atmospheric circulation models,
4. interacting with the wider WCRP community in determining the predictability of energy and

water cycles, and
5. interacting with the water resource and applications communities to ensure the usefulness of

GEWEX results.

The above objectives (particularly Objectives #1 and #5) have substantial potential to contribute to
WWDR indicator activities.

The GEWEX program interacts with the Climate Variability and Predictability (CLIVAR) program that
carries out global scale modelling and looks at the entire global climate system. It also has
connections with small-scale hydrology programs and local water management problems through
its Continental Scale Experiments (CSEs). The global data sets provided by GEWEX are critical for
both large-scale projects and smaller scale projects, particularly in areas where local data are non-
existent or where requirements for standardization or free and open access are not followed.

GEWEX has produced a number of global data sets that could be used as indicators of the physical
environment. Key indicators include long-term data sets for global fields of precipitation, soil
wetness, clouds, solar radiation and temperature. Using AVHRR data, the International Satellite
Cloud Climatology Project (ISCCP) has developed a long-term record of cloud conditions. The
trends in cloudiness indicate that cloud cover has been decreasing over time, a factor that may
contribute to observed surface air temperature trends. Global model outputs also are produced for
global soil wetness through the Global Soil Wetness Project (GSWP). Other indices have potential to
provide value for predictions as well as monitoring past changes. 

Through its International Land Surface Climatology Project (ISLSCP), GEWEX plans to release
distributed fields for approximately 230 parameters organized under the following broad
categories: vegetation (29), carbon (15), hydrology, topography and soils (39), snow and sea ice
(4), oceans (1), and radiation and clouds (45). Biomass, land cover change, soil moisture and
nitrogen deposition also will be included, although they have been more difficult to acquire and
validate. These fields cover the period 1987 to 1996 and provide spatially co-registered values of
each field at one degree by one degree resolution. They are being derived from satellite data and
model estimations. When used in model development, these data are expected to lead to
significant advances. The first ISLSCP project produced two-year data sets that were sufficiently long
to provide stable input for models but not long enough to assess short-term trends.

THE GEWEX WRAP PROJECT

The GEWEX Water Resources Applications Project (WRAP) was established in 2000 to facilitate
broader application of GEWEX products in water resource applications. The group promotes
dialogue between the GEWEX community and the water resources community. WRAP membership
includes representatives from each of the CSEs (Continental Scale Experiments), the International
Association of Hydrologic Sciences (IAHS), the International Hydrology Program (IHP) of United
Nations Educational Scientific and Cultural Organization (UNESCO), World Water Assessment
Program (WWAP), and the World Meteorological Organization (WMO). This group provides a wide
range of expertise related to water management. 

WRAP is particularly concerned with the development of physically-based hydrological and decision
support models, and the coupling of these models with regional climate models. It is through these
mechanisms primarily that the outcomes of GEWEX scientific research at the regional and global
scale are applied to address water resource planning and management issues. Application studies
require a capability to downscale data from the large areas or grid squares at which regional and
global models operate to smaller areas at which most water management decision-making takes
place. The types of data that could be downscaled include temperature and precipitation forecasts
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and observed averages, land surface parameterisations, soil moisture predictions, and statistical
analyses of the relationships between SST anomalies and seasonal streamflow.

A number of the CSEs are carrying out regional workshops and needs assessment studies to
determine the requirements for information to support water resource management. In 2002, a
workshop organized by WRAP in collaboration with the 3rd International Conference on Water
Resources and Environment Research (IWCRER) found that water managers would like to see more
projects demonstrating the use of GEWEX products in decision making. WRAP is exploring how the
concerns raised at that meeting about forecast accuracies and uncertainties can be addressed
through GEWEX initiatives. WRAP also supports applications activities related to IGWCO and GWSP.

Currently, the MDB and GAPP projects involve water agencies in demonstration projects that
include the preparation, tailoring, and delivery of forecast and assimilation products produced by
operational Numerical Weather Prediction centers to support routine water management decisions. 

CONTINENTAL SCALE EXPERIMENTS

The GEWEX Continental Scale Experiments (CSEs) include the GEWEX Americas Prediction Project
(GAPP) in the USA, the Baltic Sea Experiment (BALTEX), the GEWEX Asian Monsoon Experiment
(GAME), the Large-scale Biosphere Atmosphere Experiment in Amazonia (LBA), the Mackenzie
GEWEX Study (MAGS), the Murray Darling Basin (MDB) in Australia and the La Plata Basin Project
(LPBP) in South America. The African Monsoon Multidisciplinary Analysis (AMMA) initiative is an
emerging collaborative regional study being coordinated by France and Benin under the auspices of
GEWEX and CLIVAR. Data from these regions contribute to algorithm development and testing, and
provide a baseline for evaluating the reliability of global products. Important water resources issues
exist in all of these areas and they could serve as test beds for indicator development.

Individual CSEs have carried out a number of intercomparisons to identify regional similarities and
differences between their study areas. A precipitation-temperature graph has been used to
characterize the range of climate regimes being considered by the CSEs. Simple graphical displays,
which could serve as indicators, are useful in characterizing different aspects of the water cycle for
individual basins. Each of the CSEs has on-going research that could contribute to water resource
indicators.

GAPP:

The GAPP approach to water resources applications involves the use of an integrated model
hierarchy that begins with outputs and forecasts from climate models. These models are then used
to provide inputs for hydrologic models whose outputs are tested in Decision Support System
models. Different approaches are used to assess the value of this information. The applications
range from the direct use of the information in decision making to studies of appropriate changes
in operational decision support systems or in operating rules for existing infrastructure to take
advantage of the information contained in the forecasts. 

The use of climate forecasts involves the assessment of the quality of the forecast product. GAPP
has developed techniques to assess the uncertainties of forecasts in different areas. Techniques have
also been developed to account for the differences between the climatology of the forecast model
and the real climatology for a given location. Hydrologic models also have biases so it is necessary
to make corrections to the hydrologic forecasts as well as the precipitation forecasts. The final
product from these corrections frequently is an ensemble of streamflow forecasts. As expected,
studies show that the accuracy of these forecasts decreases as the lead time increases. The Office of
Hydrologic Development of the National Oceanic and Atmospheric Administration (NOAA) is
expected to adopt these techniques and transfer them into operations at a number of River
Forecast Centers.

As noted previously, to make use of climate forecasts it is necessary to have techniques to
downscale the information from the large spatial average produced by climate models to the more
localized information that is useful to the water manager. Several different approaches have been
applied to downscale climate model output including regional models and statistical downscaling
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tools. These techniques are being tested in three snowmelt-dominated basins of different sizes and
one rainfall dominated basin in a GAPP basin (Clarke, 2003).

In terms of products that could be used for indicators, the GAPP initiative is possibly the most
advanced. This project has developed a number of data products that it makes available to the user
community. These products, which include an analysis of water and energy budgets over the
Mississippi River Basin for the 1995 to 2001 time period, have been used to force hydrologic
models and water resource prediction systems. The University Corporation of Atmospheric Research
(UCAR) and the National Corporation for Atmospheric Research (NCAR) archive these data along
with other GAPP data sets. These data sets are being updated by a 23-year Regional Reanalysis for
North America that has just been completed. These Regional Reanalysis products include fields of
precipitation, soil moisture, snow water equivalent, and other land surface and atmospheric
variables at 32-km resolution. This Reanalysis will provide the first set of long-term assimilation
products that are based on the ingest of precipitation measurements. At 32 km resolution these
data also will provide useful input into hydrologic and water resource models. 

The use of this information has been tested through the Regional Integrated Sciences and
Assessment (RISA) research program, which works closely with GAPP. In this program, a number of
tools have been developed to facilitate the use of climate information in water resource
management. For example, a calendar has been developed for a Colorado reservoir showing when
water release decisions are made and the lead time required for climate and weather forecasts to
support each of these decisions (Rae, personal communication). Through a project with the US
Bureau of Reclamation GAPP forecast products are communicated to this operational water agency.
The use of this information in decision-making in this agency is monitored to see if and how it
contributes to better decisions.

GAPP contributes to the identification of water resources research priorities. Some of the priority
research needs include:
1. identifying products that are useful to the water resources community,
2. improving predictions of low flow processes and droughts, and
3. improving the representation of regulation, diversions, and irrigation withdrawals in models for

predictions on climate time scales.

GAPP continues to address issues related to better hydrologic models, ensemble predictions,
improved hydrologic services and projects demonstrating the value of hydrologic predictions. These
innovations, which contribute to WRAP, will continue, particularly where projects address priorities
associated with NOAA’s operational objectives or link with other NOAA priorities. Through GAPP,
WRAP is supporting the Red Arkansas and the San Pedro Basins in the UNESCO/ WMO Hydrology
for Environment Life and Policy (HELP) program. 

LBA:

The LBA project in the Amazon River Basin is undertaking hydrological research to improve its
understanding and ability to simulate runoff generation, the potential interactions between the
hydrological cycle with the nutrient and carbon cycles and procedures for scaling up hydrological
measurements to the scale of atmospheric models.

In the Igarapé Asu basin, the spatial variation of vegetation is related to the landscape and the
hydrological regime, particularly, as they influence the depth and temporal variability of the water
table. A set of “dipwells” provides data on the space and time variations in the water table. The
objective is to understand intraseasonal and interanual variability of baseflow and the impact of
these variations on the hydrological response. Water level measurements are concentrated along a
representative hydrological transect in the basin. A deep well is being used to obtain data that
contribute to understanding the deep root functioning during the dry season and the potential
impact of deep roots in the hydrological cycle. An experiment is also being conducted to determine
the contribution of interflow to runoff generation in tropical basins. 
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BALTEX

BALTEX has focused its applications research on flood events in the drainage basin of the Baltic Sea.
In particular, analyses of past flood events of 1997 and 2001 have been undertaken and scenarios
to examine alternatives for flood mitigation and flood management have been developed. In
addition, risk maps have been generated for vulnerable areas and the basic components of an
operational flood forecast system have been developed.

Studies are underway to assess and integrate different sources of forecast information including
studies addressing two-way coupling of a hydrologic and atmospheric model. In addition, the
regional evaporation at grid/pixel scale over a heterogeneous land surface is being studied. 

MAGS 

The MAGS project is now entering a phase in which greater attention is being given to the
application of scientific research outcomes to water resource and environmental issues. In 2003, a
workshop was conducted to bring together the MAGS scientific community and stakeholders to
discuss how this might be best achieved. MAGS made a commitment to undertake a series of
projects involving scientists and stakeholder teams that would demonstrate the potential application
of MAGS data sets and model prediction to planning and management problems. These include (1)
the application of MAGS models to improve streamflow forecasts (NWT Power); (2) studies of
convection, lightning and their impact over forested areas (Canadian Forestry Service); (3)
development of river ice break-up and flood forecasting tools (Town of Hay River, NWT); (4) use of
MAGS data and modelling results by wildlife biologists to determine animal adjustment to changing
land surface conditions (RWED); (5) testing and application of algorithm for short-term snow
amount forecast model (Prairie Aviation and Arctic Weather Centre) and (6) studies of the
transferability of the Mackenzie River Basin experience to the South Saskatchewan River Basin and
Great Bear Lake.

MDB 

The Murray Darling Basin (MDB) covers a catchment area of about 1 million square kilometers or
about 14% of Australia. A key feature of the Basin is that it is largely a semi-arid region, resulting
in a ratio of discharge to precipitation of less than 0.05 due to the potential evaporation being
more than twice the annual precipitation. The region is also affected significantly by the El Nino –
Southern Oscillation (ENSO), leading to major droughts extending over many months.

For semi-arid regions, important indicators of water availability include measures of inter-annual
variability, which indicate whether large storage facilities may be required to cover extended
periods of low rainfall. Where evaporation is significant, the annual rainfall may not be a precise
indicator of water availability; in particular, the difference between precipitation and evaporation
may need to be tracked. The analysis of variability and trends is very important for assessing the
policy implications of changes in climate. This issue has recently been highlighted in the MDB,
where there has been an increasing trend in temperature of about 1.75 oC per century over the
last fifty years, without an accompanying change in rainfall. Thus, although the rainfall deficiency
during the major drought in 2002-03 was similar to past events, the temperature was about 1o C
warmer than during past droughts and the evaporation was significantly greater (Nicholls, 2003). A
subtler indicator of change in the MDB during 2003 was the duration of the “winter” season, when
the maximum temperature is less than 25o C; this duration was about a month shorter than the
mean over the 1961-1990 period. Thus, the ground-cover was able to dry out much more than in
the earlier period, which may have contributed to the severe “bushfires” that occurred in 2002-03
in eastern Australia (Nicholls et al., 2003).

GAME

The emphasis of applications within GAME has been placed on studies in the Chao Phraya River
basin in Thailand. This basin provides a number of possibilities for developing and testing
indicators. An assessment was carried out of the problems with water resources in the Chao Phraya
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river basin with a view to defining the most critical problem and proposing non-structural solutions
for this problem. The principal problems identified in the basin were 1) flooding, 2) drought, 3)
water pollution, and 4) excessive groundwater extraction. 

This assessment indicated that:
1. drought is the most critical problem in the Chao Phraya river basin. If indicators of drought

conditions were available, they could be widely used throughout the basin. 
2. the influence of ENSO on streamflow is stronger than it is on rainfall. ENSO indices could be

useful predictors of impacts of climate variability in the basin.
3. it is possible to predict monthly rainfall one year ahead with acceptable accuracy using the

teleconnection of Southern Oscillation Index (SOI), Sea Surface Temperature (SST) and rainfall
data.

More details on this research are given in Manusthiparom et al., 2003.

POTENTIAL OPPORTUNITIES FOR GEWEX INIDCATOR PROJECTS

Based on this review of GEWEX and WRAP data products using satellites and assimilation systems, it
appears that GEWEX could make a valuable contribution to the indicators community by
developing and testing indicators derived from satellite products. Activities in which GEWEX and
WRAP data products can make potentially important contributions include:
1. monitoring global trends,
2. assessing the regional impacts of global observations, 
3. developing and use indices,
4. identifying (and predicting) impacts of climate variability (El Nino),
5. extending short-term climate records,
6. providing model and Global Land Data Assimilation System (GLDAS) outputs in areas where only

sparse data exist, and
7. developing links between the water cycle and other biogeochemical cycles.

SUMMARY AND CONCLUSIONS

GEWEX produces a wide range of variables (e.g. precipitation, cloud cover, soil moisture, runoff)
that could be useful for the WWDR indicators initiative, because they provide consistent variables
over the globe, or continental-scale areas. A number of water management problems exist in the
GEWEX CSEs, therefore GEWEX would benefit from involvement in a strong indicators initiative. In
addition, because GEWEX focuses primarily on physical water cycle and energy variables,
collaborative efforts that bring stakeholders with other types of data together with GEWEX
investigators will be needed to develop comprehensive indicators for enabling the assessment of
world’s water resources. 
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INTERGOVERNMENTAL ARRANGEMENTS AND PROBLEMS OF DATA SHARING

T.E. Maurer

Global Runoff Data Centre (GRDC) in the Federal Institute of Hydrology (BfG), 
Am Mainzer Tor 1,  D-56068 Koblenz, Germany.

An inevitable prerequisite for the sustainable management of the complex earth system respectively parts
or sub-systems of it is a well organised environmental database. However, from a global perspective
authority over data and information, especially in the terrestrial domain is often scattered regionally and
sectorally, resulting in highly fragmented approaches to their management. Researchers and managers
striving for integrated approaches including the development of indicators are on the horns of the
dilemma of either spending too much time on searching and retrieving fundamental data or alternatively
omitting relevant information, both ultimately leading to stagnation in the development of suitable
solutions. The question of how to tackle this situation stands high on the agenda of international
organisations and related meetings are mushrooming around the world. It is argued that a more rigorous
"bookkeeping" of information is required, i.e. developing and applying international standards on the
documentation of measurements taken of geophysical processes, much like those librarians have already
developed for their information objects, i.e. printed material. Upcoming standards and integrating
technologies suitable for creating machine readable meta-databases are described and the development of
extensions is promoted. However, the implicit higher level of organisation implies the acceptance of
societies to spend increasing overheads for the integration of information.

INTRODUCTION

The authority over the management of the world's freshwater is fragmented among the nations of
the world, tens of thousands of local governments, and countless non-governmental and private
organisations as well as a large number of international bodies. The management issues have been
subject of numerous studies and debates in the international arena. 
Though the water issue had been a topic of major concern already in 1972 at the UN Conference
on the Human Environment in Stockholm, Sweden, the starting point of the debate on water
resources is commonly attributed to the UN Water Conference in Mar del Plata, Argentina, in 1977,
which was the first and only intergovernmental conference exclusively devoted to water, a
milestone in the history of water development. Since then especially the 1992 International
Conference on Water and Environment in Dublin, Ireland, and  in the same year the subsequent
UN Conference on Environment and Development (UNCED) in Rio de Janeiro, Brazil, have helped
to foster and  guide global efforts in the sustainable use of water resources (WMO, 2001). Agenda
21 stressed the need to adopt an integrated approach to the management of the environment, in
recognition of the finite availability of essential resources such as clean water and air, especially in
the context of an anticipated 1.5-fold increase of world's population between the years 2000 and
2050 (UN, 2001). The activities were reviewed and projected in the future at the International
Freshwater Conference in Bonn, Germany, in December 2001 and at the UN World Summit on
Sustainable Development (WSSD) in Johannisburg, South Africa, in 2002. 
It was in Dublin and at the Rio de Janeiro Earth Summit in 1992 where the idea of forming a
World Water Council to take leadership in water affairs was first proposed. In a special session at
the Eighth World Water Congress of the International Water Resources Association (IWRA) in 1994
a consensus was established for the creation of a common umbrella to unite the "disparate,
fragmented, and ineffectual efforts on global water management" which lead to the legal
incorporation of the World Water Council in 1996 with its headquarter established in Marseille,
France.
At the First World Water Forum in Marrakech, Morocco in 1997 the World Water Council received
the mandate to develop the World Water Vision for Life and Environment for the 21st Century
which subsequently was presented at the Second World Water Forum in The Hague, The
Netherlands in 2000 to some 5,700 participants from all parts of the world. At the Third World
Water Forum held in Kyoto, Japan in March 2003 with reportedly more than 24,000 participants
the vision was developed further. 
The Water Vision Project attempts to sketch the transition between today's practices and those that
will be needed if humans are to meet their water needs in the future. As a part of this project three
scenarios were developed based on different water use strategies and different outcomes.
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Moreover, thematic panels were convened to discuss the effect of future developments in
institutions, biotechnology, energy technology, and information technology. The World Water Vision
describes the goals of sound water management and the actions required to sustain water
resources.
More recently, at the urging of the Commission on Sustainable Development (CSD) and with the
strong endorsement by the Ministerial Conference at the time of the Second World Water Forum in
The Hague in March 2000, the former UN Administrative Committee on Coordination (now: UN
High Level Committee on Programmes) Subcommittee on Water Resources has undertaken a
collective UN system-wide continuing assessment process, the World Water Assessment Programme
(WWAP). 
The WWAP, building on the achievements of the many previous endeavours, focuses on assessing
the developing situation as regards freshwater throughout the world. The primary output of the
WWAP is the World Water Development Report (WWDR), the first issue of which was presented
during the WWF3 in Kyoto 2003 (some further details follow below). There is a strong need to
include a Water Information Network comprising something like a global-scale geo-referenced
meta-database and knowledge management systems to facilitate the assessment and dissemination
of information.
As can be seen from this short though incomplete summary  there are increasingly more global
activities going on in the water sector but also in the related climate and environment sectors,
which all in essence are aiming at the development of integrated management practices for water
resources, i.e. improving coordination and thus joining forces for a better future. They all share in
common the recognition, that better access to integrated fundamental information and data is
urgently required. Some exemplary international programmes and activities along with their
projects with integrating ambitions are listed for illustration in the following:
• Hydrology and Water Resources Programme (HWRP) of the World Meteorological Organisation

(WMO) 
• World Hydrological Cycle Observing System (WHYCOS)
• Global Terrestrial Network for Hydrology  (GTN-H)
• WMO Resolution 25 (Cg-XIII), 1999, on free and unrestricted exchange of hydrological data
• International Hydrological Programme (IHP) of UNESCO
• Flow Regimes from International Experimental and Network Data (FRIEND)
• Hydrology for the Environment, Life and Policy (HELP)
• World Water Assessment Programme (WWAP)
• World Water Development Report (WWDR)
• Global Climate Observing System (GCOS)
• Second Report on the Adequacy of the Global Climate Observing Systems. Prepared on request of

the United Nations Framework Convention for Climatic Change/ Subsidiary Body for Scientific
and Technological Advice (UNFCCC/SBSTA)

• Integrated Global Observing Strategy (IGOS). The development and implementation of the IGOS
is supported by a partnership among space agencies grouped in CEOS, the sponsors of the G3OS
(i.e. IOC, ICSU, WMO, UNEP, UNESCO, FAO), the programme offices of the Global Observing
Systems (i.e. GCOS, GOOS, GTOS), major national funding agencies grouped in IGFA, and two
major international research programmes, IGBP and WCRP

• Integrated Global Water Cycle Observation Theme (IGWCO)
• Earth System Science Partnership (ESSP). Umbrella organisation of DIVERSITAS, IHDP, IGBP, WCRP
• Global Water System Project (GWSP)
• World Water Council  (WWC)
• Dialogue on Water and Climate 
• Global Water Partnership (GWP)
• Water Web Consortium 

THE WATER CHALLENGES OF THE WWDR

The WWDR published at the recent WWF3 in Kyoto identifies a broad range of 11 water-related
challenges:
1. Basic Needs and the Right to Health   
2. Protecting Ecosystems for People and Planet   
3. Cities: Competing Needs in an Urban Environment   
4. Securing Food for a Growing World Population   
5. Promoting Cleaner Industry for Everyone's Benefit 
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6. Developing Energy to Meet Development Needs   
7. Mitigating Risk and Coping with Uncertainty   
8. Sharing Water: Defining a Common Interest   
9. Recognizing and Valuing the Many Faces of Water   
10.Ensuring the Knowledge Base: a Collective Responsibility   
11.Governing Water Wisely for Sustainable Development   
The remainder of this paper will concentrate on deliberations related to point 10, i.e. ensuring the
knowledge base. It will be argued that data and its good organisation is a key prerequisite to fill
with live all the good intentions that are expressed in countless international meetings and
programmes on water, climate and environmental issues and that are wrapped in titles and slogans
involving such catchy adjectives as “integrated”, “multi- or transdisciplinary”, “transboundary” and
“sustainable”.

THE DATA CHALLENGE

Understanding the Complex System Earth

Research aiming at understanding the earth system as a whole has revealed the picture of a
complex system of highly interacting processes the dynamics of which are largely determined by
feedback cycles at various temporal and spatial scales and are featured by a large number of
parameters and variables which all need to be accurately observed or estimated, stored and
provided. In order to ensure optimal benefit, ideally the access to stored data should be free and
unrestricted and dissemination methods should be as comprehensive and comfortable as possible.
However, as opposed to comparatively simple, technical, man-made systems the geometry of the
earth system and its processes are still known only very roughly. This makes it difficult to
thoroughly describe and model the transient state variables of the vital fluids water and air within
this geometry with sufficient accuracy as well as their respective fluxes, which are driven by solar
energy and gravitation. In fact, in the past and also at present, due to their complexity, these
processes have by and large been studied separately by individual disciplines or small groups of
collaborating disciplines, each concentrating on its respective “sphere” of concern (such as
pedosphere, hydrosphere, limnosphere, atmosphere, oceanosphere, biosphere, lithosphere to name
a few), thereby taking its viewpoint and its temporal and spatial scale of interest. Regularly, the
interactions with adjacent spheres and their processes and impacts from larger scales are being
neglected or accounted for in an oversimplified manner, for instance, boundary conditions are set
to constant or significant feedback mechanisms are not incorporated at all (e.g. consideration of
hydrological processes such as terrestrial evapotranspiration in some coupled global circulation
models (CGCMs)).

“Information-infarct”

Considerable amounts of data have thus been collected and are still being collected, creating
sectoral and/or regional information and knowledge documented in books, journals, local
databases, and in models. However, these materials have to be considered as being scattered and
fragmented, and due to their mere quantity it has become impossible to make optimal use of them
in new research efforts, i.e. to ensure the prior integration of all information from existing
significant sources. Rather, due to poor information flow or low capacity, data, information and
knowledge is often redundantly derived by different individuals and organisations, thus binding
resources and hindering real progress. Even worse, we are often spending significant portions of our
time solving problems we are not primarily educated for (e.g. natural scientists developing
information technologies).

It seems that societies are currently caught in a deadlock, suffering from a phenomenon which one
might call the “information-infarct”. We are on the horns of the dilemma of either spending too
much time on searching and retrieving fundamental data or alternatively omitting relevant
information. Although modern communication technology has contributed immense improvements
regarding the speed-up and automation of information flow, however, in the end information still
has to enter and leave individual human brains, either by listening/talking or by reading/writing.
Neither can the transfer rates across these interfaces be accelerated ad infinitum nor the human
storage capacity behind it is unlimited. 
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Countermeasures

Information flow can be characterised by its transfer speed, its amount, and the quality of its
content (density, concentration or aggregation level). Today we are possibly encountering for the
first time the situation that human individuals and their capacities are the bottleneck in the chain of
information processing and thus the limiting factor for the further understanding of the system.
In the course of the centuries solutions for improved information flow were always closely related
to major advancements of human societies and their level of organisation, e.g. mail services on
Roman road networks and the invention of book printing techniques, to name only two.
In order to make significant progress towards a more complex understanding of the earth system
and - based on that - finally develop better integrated environmental management strategies it is
crucial to consider and integrate the ever growing amount of data and information. However, this
may finally lead to the undesirable situation of using up the entire available capacity for
communication without actually working on the problems. As the alternative cannot be to remain
ignorant, information access and information processing urgently need to be facilitated by several
measures, including:  
• speeding up information transfer rates;
• homogenisation and standardisation of information representation;
• improvement of selection mechanisms for targeted information retrieval;
• improvement of aggregation schemes to summarise information;
• improvement of disaggregation schemes and interface definitions to facilitate sharing  the work-

load on a growing number of shoulders, i.e. decreasing the amount of information required by
an single individual involved.

Achieving these goals calls for the organisation of better coordinated structures featuring higher
degrees of complexity, both in a technical and an administrational sense. Examples in the technical
domain are libraries, (meta)-databases, standardisation efforts, generic concepts, expert and
decision support systems, to name a few. Similarly, in the human domain this relates to improved
coordination of organisations and programmes at international, national, regional and local levels. 

The development of new technical approaches simultaneously also often calls for an appropriate
adjustment of organisational structures within the societies. Today this may mean even more
systematic approaches to work-sharing on a global scale to cope with the more complex tasks to be
solved. Tracing back the prerequisites for such goals to a more general level it is evident that in a
knowledge society this ultimately requires the establishment of very good education systems
throughout the world. 

THE VARIOUS DIMENSIONS OF THE DATA CHALLENGE 

The problem of environmental data integration is still often viewed as a minor organisational
problem on the technical level. In many projects and programmes the necessary efforts are
underestimated and data integration is regularly given a too low priority. This holds true already for
small and local projects. In fact however, the number of obstacles towards integration is nonlinearly
increasing with the spatial scale and the number of disciplines to be covered by a project. At the
upper end, i.e. where solutions have to be found on a global scale as it is increasingly demanded,
factors like national policies and international relations will inevitably play their strong role and
often complicate matters to an extend that they end up in stagnation or even regression. 

However, as today no single country or national institution is able to bear alone the burden of
installation, operation and maintenance of global observation and information systems the
challenge remains to join forces across boundaries, both of states and disciplines, to collect and
organise the necessary data, thereby avoiding redundant efforts. 

Building of integrating systems requires “hard” resources such as technology, infrastructure, and
finances but also “softer” resources such as well-functioning administration and organisation,
education and science, collaboration and standardisation and finally time.

However, if all this were available in abundance it would not help anything if there was not the
political will for action. Therefore the political will has to be seen as the primary prerequisite
towards the goal of building integrated systems and thus is the primary starting point. The
development of the political will for integration requires considerable insight in and understanding
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of the complex mechanisms in societies and in this respect is closely related to education and
consequently to freedom which is granted only by prosperity.

In fact the UN-System through its specialised agencies and programmes as well as others are
working towards these higher level goals. UN's High Level Committee on Programmes together
with its commissions and sub-committees focuses on the integration of different sectoral aspects
related to the crosscutting topics such as e.g. water resources. 

In the remainder of this paper a single technical aspect of the data challenge is being highlighted,
however a very crucial one, that bears the potential of fundamentally fostering the integration
challenge of both, the already existing information and the increasingly growing amounts of data
that will be collected in the future.

TECHNICAL ASPECTS OF THE DATA CHALLENGE 

Sound steps towards information integration

The previous sections have illustrated in a summarising fashion aspects of data, information and
organisation with respect to heterogeneous conditions and manifold environments including the
obstacles to reach integration at a global level but also the measures taken so far to overcome these
obstacles eventually. Recapitulating the exemplary activities summarised above one might question
whether there is already sufficient coordination within programmes like WHYCOS or WWAP and
also between such programmes, i.e. whether data integration is significantly promoted and
facilitated through such initiatives and meets the criteria as e.g. outlined as one of the challenges of
the WWAP entitled “Ensuring the Knowledge Base”. It probably will never be possible to give a
satisfying answer in a sense of a clear “yes” or “no” to this question. However, the point has been
made here that efforts need to be increased in order to significantly advance the integration. 

A thinking needs to be strongly promoted that learns from drawing a parallel between the
management of international programmes and good software engineering practices (see e.g.
Sommerville, 1995) in a sense that it is a fundamental prerequisite for any good programme (for
computers as well as for organisations) to tackle the problems in iterative cycles, where in each
cycle the problems are solved following an appropriate order:
1. find out the information needs and the corresponding sources
2. find out how to store the required information
3. find out how to access the information and prepare access routines
4. develop the functional routines after having designed the data structure as the core element of a
sound and extendable system.

The crucial point here is the order. If one fails to follow this sequence and e.g. starts off with step 4
as it too often happens in over-haste (“quick and dirty”-programming)  the results are likely to
become intricate and after a while cannot be extended any further due to structural shortcomings.
In computer programming such approaches are frequently called “spaghetti-code” using the
metaphorical expression as a synonym for a chaotic and intricate structure. 

However it is by far neither an easy task to define all information needs prior to the development
of complex models or management strategies nor to locate the relevant sources or ensure that all
sources have been considered. This is the point were frequently the call for Environmental
Information Systems (EIS) or meta-database systems is raised.  

Even more difficult on a larger scale is the design of generalised storage schemes and access
routines to the information, designed for shared application by many users. 
Here again a dilemma is encountered. On the one hand one may work together from the start in
an expensive coordinated effort to develop non-proprietary open standards, an enterprise which
always bears the potential to collapse beyond a certain scale (a) because it may run out of
resources prior to proving its usefulness by relieving enough potential supporters from significant
problems or (b) because the technical progress out-dates the developments faster than they are
evolving.   Alternatively one may start developing relatively small proprietary stand-alone-solutions
which are easy to control at first, but usually lead to insuperable problems when attempting to
combine too many of them in a multidisciplinary effort.
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The case of geomatics (ISO/TC 211)

There have been considerable recent achievements in the field of standardisation of data and
metadata representation and transfer, especially in the field of geomatics. The ISO Technical
Committee 211: Geographic Information/Geomatics (ISO/TC 211) is developing a set of standards
(ISO 19106-19118) in the field of digital geographic information, aiming to establish a structured
set of standards for information concerning objects or phenomena that are directly or indirectly
associated with a location relative to the Earth (as are also all measurements taken of state variables
of geophysical processes including water-related ones!)

In May 2003 their metadata standard ISO 19115 has been released, as a result of long
consultations of organisations pioneering this field, among them in a leading role the US Federal
Geographic Data Committee (FGDC) and other members of the OpenGIS Consortium.

ISO 19115 defines more then 300 metadata elements (classes, attributes, relations), most of which
can be applied optionally. The structure and relationships between the components are shown
using 14 UML diagrams and the definitions given in a tabulated dictionary in 14 sections. Both the
UML and dictionary are normative. The entities or classes are grouped in 5 packages, Metadata,
Lineage and Data Quality, Extent and Citation, which are thus also available for use in other TC 211
standards as appropriate. The obligation of the various entities or classes is quite variable and
flexible, and the structure of ISO 19115 metadata is complex. 

The scope of the information covered by ISO 19115 is broadly that needed for a user to identify,
evaluate, select, obtain, and possibly use the datasets described. The level of detail is much greater
than other standards and the manner in which it is provided is much more structured. The content
models are elaborate and hierarchical, and for those elements that still contain text, the
information is generally disaggregated more finely. This supports the construction of more elaborate
interfaces and more finely controlled queries, but places a much greater burden on the metadata
provider and tool developer. ISO 19115 attempt to cover the needs of a wide range of potential
applications, but at the cost of a rather daunting structure. Rules are given on how to define a
community or domain profile which limits the elements used or the values or obligations of
components of the standard, and also on how to add specialised extensions where it is found that
the requirements are not satisfied by the components already defined in ISO 19115 (though the
need for the latter is considered minimal and clearly discouraged!). 

However, the ISO 19115 specification also summarises the generic core metadata comprising the
minimum elements that satisfy the requirements of an ISO conformant metadata record. Examples
of core metadata records end up containing a comparable amount of information as a typical
record by other standards (i.e. 20-40 entries). 

Overall, ISO 19115 aims to define a comprehensive range of metadata elements that may be
needed, so that any single application domain will normally select only a subset of the components
available.

The OpenGIS Consortium aims to provide a comprehensive suite of open interface specifications to
enable transparent access to heterogeneous geo-data and geo-processing resources in a networked
environment. They work on the implementation of these standards applying the Extensible Markup
Language (XML), which is an internet standard approved by the World Wide Web Consortium
(W3C) allowing the separate definition of the logical and physical structure of a documentation
object.

The case of library science (Dublin Core)

The Dublin Core Metadata Initiative (DCMI) is an organisation dedicated to promoting the
widespread adoption of interoperable metadata standards and developing specialised metadata
vocabularies for describing biographical information of resources that enable more intelligent
information discovery systems. 
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Architecture for data and information integration systems

Standards usually cover a sector (in the examples the - admittedly broad - sector of geomatics) and
still are not accepted or implemented everywhere on a global scale. The reasons for this are
manifold and are related to the heterogeneity discussed in earlier sections. 

Denzer et al. (1993, 1995b) have pointed out clearly in the context of developing Environmental
Information Systems (EIS) that no matter how much effort will be invested to integrate distributed
and heterogeneously spread information of different meaning, syntax and structure, from a
practical point of view there is no realistic way to combine them in a single unified system in a
reasonable time frame. According to Denzer et al. (1993, 1995b) this is due to mainly three
reasons, namely heterogeneity, autonomy and dynamics. Their thoughts are illustrated below:

Heterogeneity: In practice, different systems to be integrated are heterogeneous in different
respects:
1. Syntactical heterogeneity means that systems differ with respect to hardware, operating system,

storage technology etc. Syntactical heterogeneity is a pure computer problem and should be
hidden from the user. 

2. Semantical heterogeneity means that there are different notions about the semantics of a single
piece of information. This includes the development of  different terminologies in parallel
projects in different regions. 

3. Structural heterogeneity evolves due to the fact that different parties combine different sets of
simple information to different structures (or objects) denoting the same type of information, but
in a different way, resulting in aggregates of different syntax and different meaning (although
some part of these objects may have the same meaning).

Autonomy: Many EIS which have been built are information systems for public authorities,
supporting public services in their every day work. Due to the legal authority of these institutions,
they are completely autonomous in their decisions concerning information technology. Due to
scattered sectoral and regional competencies with regard to environmental management one is
confronted with a fragmented situation of approaches in different regions and sub-regions. This
holds especially true for water as a traditionally locally managed resource in many regions of the
world..
The task of building a data network in such a situation means, that it is not possible to apply a
unique data model for such a network because one can never force anyone to use this data model
or stick to it and its enhancements.
Software developers have to accept the fact that fragmented autonomy is something that will not
vanish quickly.  This makes integration more difficult but not impossible, i.e. this boundary
condition has severe implications on the types of software architectures which can apply to
autonomous systems.

Dynamics: It is usually impossible to thoroughly describe the tasks ahead in environmental
management in a single step from scratch, and this consequently holds true for the definition of a
final data model too. Even if a perfect data model could be defined beforehand, it is unlikely that
this model remains valid for more than one year, given the rapidly changing demands. Thinking of
the integration of hundreds of environmental data sources and linking them with hundreds of
thousands of potential clients, it becomes clear what it means to keep such a system up-to-date
when data sources change their features all the time.

Example SIRIUS

To overcome these problems Denzer et al. (1993, 1995a, 1995b, 1998, 2000) developed an
Environmental Information System (EIS) that serves as a meta-database system and as data retrieval
system capable to integrate distributed existing database systems of different structure and level of
abstraction without touching their grown internal structure nor necessarily their ownership, i.e.
control of local administrators. This system features a flexible internet based client server
architecture that ensures applicability across heterogeneous environments. The system is designed in
a completely generic way by means of a communication server (termed SIRIUS, Denzer et al.
1995a) between local service programmes and distributed clients, which thus features two
interfaces. The system is furthermore prepared to automatically translate all features client-
dependently.
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Different local systems feature different levels of abstraction; few of them give access to their
catalogues, almost none of them is able to describe itself, e.g. by object-classes and structures they
provide. To enable the outer world nevertheless to see what local systems have to offer in a unified
way, each local system participating has to be equipped with a slim local interfacing database and
a number of service applications running on the local system communicating with the
communication server. These are the only parts of the system which have to be adjusted and have
to restrict to some standards of the system. The local interfacing database can be regarded as the
“table of contents” of the local database designated for integration and remains completely under
the control and responsibility of the local administration. It defines who is permitted to view or
retrieve what information and also contains the methods how to access the local system for
retrieval. Once a local candidate system is set up as described its data is readily available to the
outer world. 
On the client side of the system the only prerequisite is a WWW-browser. A JAVA-application
collects all meta-information which a user is authorised to view from the communication server and
jointly displays it as a multi-hierarchical tree from which single data sets can be selected..
Alternatively the interface also allows to selectively query the metadata including location, which
can be both, selected and displayed, in an integrated internet map server window. 
A system like the one described by Denzer et al. (1993, 1995a, 1995b, 1998, 2000)  provides the
slimmest possible approach to integration by ideally combining centralised and decentralised
features, thus being flexible enough to be adjusted with minimal effort to the ever changing
boundary conditions as discussed above. Recapitulating, the introduction of a new data-source in
the system is thus achieved
• without making changes or enhancements to the communication server;
• without making changes or enhancements to the clients, i.e. all end-user applications;
• without having to write too much new code for each new data source.

CONCLUSION

Advances in global water resources management are nowadays not primarily limited by a lack of
data or information but rather -or at least to a similar extend - by the bottleneck of insufficient
information management, as has been argued for in the previous sections. The same most likely
holds true for the broader field of environmental management.

As compared to the problems to solve ahead we are apparently lacking the ability to exchange our
knowledge effectively, i.e. we are no longer able to avoid significant redundant work on the one
hand and to assemble most of the relevant information available for the solution of a given
problem on the other hand. 

This leads to the impression that a much more intense coordinated effort has to be launched to
take the task of data and information integration and thus finally environmental management to
new integrated and sustainable levels. The techniques for integration seem to be available but need
to be worked out, installed and maintained, which is by no means a small task, on the contrary, an
often underestimated one.

It has to be accepted by societies, that the increased complexity of the tasks ahead will lead to a
larger overhead with respect to data organisation, i.e. these tasks will require an over-proportionally
increasing share of our project's and programme's budgets. Societies have to agree on this. In
democracies, with their idea of consensus and participative decision making, this requires a higher
level of awareness for this relatively complex contexts which is inevitably connected to a higher
education of the larger part of the societies.

In fact, by and large mankind has been stepping forward towards integration from its very
beginning and its advances were always closely related to an improved management of information
and its storage techniques. The amount of resources put into this in terms of manpower, technology
and money has been constantly growing and certainly will continue to do so. However it is in our
hands to influence the rate of progress.

Nowadays we dispose of networked libraries providing us with a wealth of information at our
fingertips. We may have to think of the future developments towards an even better situation as an
extension of the concept of libraries, including all kinds of electronic information and improved

58

PROCEEDINGS MTM-IV - INTERGOVERNMENTAL ARRANGEMENTS AND DATA SHARING



catalogues or meta-databases. We should step forward in this direction with realism, but orientated
by having in mind a vision of the ultimate goal which should have high priority not only in
research programmes but - even more important - in the respective long term framework
programmes.

The water community consequently needs to launch similar extensive and far-reaching initiatives as
have been undertaken e.g. in the field of geomatics by ISO/TC 211, possibly building on their
experiences.

The value of water is occasionally expressed by the metaphor “Water - the oil of the 21st century”,
thus reflecting the threatening scarcity of the once abundant resource. In fact it is the second most
vital resource for life after the air we breathe and much more essential than other important
resources such as the also declining oil. It is unbearable to imagine that our efforts to manage the
environment could be not sufficiently far-reaching and possibly by far not as professional as if it
were an important business activity, promising substantial revenues such as prominent industries
like military, finance or mobile telecommunication.
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Improvements in remote sensing technologies and the use of geographic information system (GIS), are
increasingly allowing us to develop indicators that can be used to monitor and assess ecosystem condition
and change at multiple scales. This paper presents global and regional level indicators developed by the
World Resources Institute and collaborating partners using remote sensing and GIS. Presented as regional
and global maps, these spatial indicators are ideal communication tools to raise awareness of the condition
of the Earth’s ecosystems among different audiences. Global and regional spatial indicators not only
inform us about the current condition of, and pressures on, ecosystems, but also about the likely capacity
of the ecosystem to continue to provide goods and services to future generations. The increasing focus on
integrating socio-economic and biological information with remote sensing and GIS technology can only
help to further our understanding and capacity to manage ecosystems in a more sustainable manner. 

Keywords: environmental indicators; ecosystem condition; ecosystem goods and services; remote
sensing; geographic information systems.

INTRODUCTION

The world’s economies are based on the goods and services derived from ecosystems such as food,
water, building materials, climate regulation, and water purification. Human life itself depends on
the continuing capacity of biological processes to provide their multitude of benefits. Yet, for too
long in both rich and poor countries, development priorities have focused on how much humanity
can take from ecosystems, and too little attention has been paid to the impact of our actions. At
present, we tend to manage ecosystems for one dominant good or service such as fish, timber, or
hydropower, without fully realizing the trade-offs we are making. This traditional management
approach has led us to the current decline in ecosystem condition, which we are experiencing,
among other things, in terms of water shortages, species loss, declining fish catches, and the loss of
key habitats like wetlands, coral reefs, and forests. The poor, whose livelihoods often depend most
directly on these ecosystem goods and services, suffer most when ecosystems are degraded. 

Leaders in developing and developed countries—government, private sector, and civil society—
need timely and targeted environmental indicators to understand the value and use of ecosystem
goods and services, to analyze threats, and when combined with socioeconomic indicators, assess
the trade-offs at stake. While we have reasonably reliable statistics on ecosystem goods such as
timber and fish, indicators on ecosystem services are, for the most part, lacking. Ecosystem services
such as the maintenance of clean water due to the presence of intact forests in upper watersheds,
the in-stream flow of water to sustain freshwater fisheries, or the conservation status of native
species, are not well monitored and poorly valued (if at all). Furthermore, the benefits derived
from many ecosystems services are not equally distributed among local communities and
stakeholders, with some segments of the population, usually those in the elite classes benefiting
more than the rural poor. It is these ecosystem services for which new indicators need to be
developed, standardized, and communicated. 

Unfortunately developing these indicators with current data is a major challenge. Although the
information available today is more comprehensive than at any time previously, it falls far short of
management and policy needs. Information is being collected in abundance but our efforts are
often poorly coordinated. Scales diverge, definitions vary from one country to another, baseline
data are lacking, time-series are incomplete, and different experts may not know of each other’s
relevant findings.
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New technologies like remote sensing and a geographic information system (GIS), facilitate the
development of indicators of ecosystem condition and change, which can be used in management
decisions and to establish long-term monitoring programs. Remote sensing technologies, for
example, allow us to gather repeated observations about the surface of the Earth from satellites.
And because the satellite-derived information is digital, computer-based analysis for classifying land
cover types and assessing trends is possible. In addition GIS allows for the combination of physical,
biological, and socioeconomic data to analyze ecosystem condition and change, making linkages
between change and impacts possible. These technologies also permit the development of
indicators that can be applied on a range of scales, from global to regional and local levels. Global
level indicators are especially useful in monitoring programs, awareness raising, education, and
scenario development to assess policy options. Regional and, especially local level indicators can
provide a powerful tool for natural resource management and pollution control. 

This paper presents examples of global and regional ecosystem condition indicators that use remote
sensing and GIS as the principal analytical tools. It illustrates the resulting indicators and their
interpretation with regards to ecosystem condition and change over time. The paper provides a
brief overview of the methodologies used in each case, but does not go into technical details on
how to use remote sensing and GIS technology for indicator development. For those readers that
are interested in the technological aspects of the use of these tools in ecosystem analysis, they are
encouraged to consult Longley et al. (2001), Burrough and McDonnell (1998), Lillesand et al.
(2004). For data holdings that facilitate the development of ecosystem indicators readers are
encouraged to consult the U.S. Geological Survey Eros Data Centre website (http://edc.usgs.gov/),
the UNEP Geodata Portal (http://geodata.grid.unep.ch/), as well as the U.S. National Aeronautics
and Space Administration’s (NASA) satellite imagery collection available on-line
(http://earthobservatory.nasa.gov/). 

From Data Collection to Policy Change: the Role of Indicators

An indicator is commonly defined as “something that provides a clue to a matter of larger
significance or makes perceptible a trend or phenomenon that is not immediately detectable”
(Hammond et al. 1995). As opposed to statistics or primary data, which are direct measures of
different parameters, indicators represent an empirical model of reality, but not reality itself
(Hammond et al. 1995). 

Figure 1 shows a simple version of the different steps that need to be in place in order to achieve
policy change, particularly in the environmental field. The chain starts with data collection and
monitoring. For example, monitoring water quality in rivers would start by collecting data on
different pollutants, macro-invertebrates, etc. Water quality data can then be aggregated into an
indicator or measure of overall water quality for each river or stream. If several indicators are
developed looking at different parameters, such as habitat condition, fish species diversity, water
quality, etc. an assessment of the overall health of rivers in a particular area or region can be
carried out. Finally providing access to this information, both to policy makers and the public will
raise the necessary awareness to push for policy change, and in some cases provide guidance on

which policy options are needed to reverse a trend or resolve a given problem. 

Indicators are key tools to carry out assessments without the resources and expenses needed in
detailed data collection efforts. Indicators can be developed using a limited amount of data, which
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can be aggregated or correlated to simplify and communicate complex phenomena. In the majority
of the cases these indicators are used as proxies to measure or explain, for instance, the current
condition of a particular resource. 

Indicators are useful information and communication tools because they simplify complex issues
and many times are presented in graphic and easy to understand forms (i.e., maps, charts, trend
lines). In order to be widely accepted, used by policy makers, and understood by the public,
indicators need to be analytically sound, quantitative or quasi-quantitative, and simple. 

In addition, indicator development should be driven by user demand, and not data availability;
however, in practice data availability still determines and sets the boundaries for indicator
development. Although there is sometimes an abundance of data, much of the data being collected
is not driven by demand, but by individual research programs with different target audiences,
different goals, different scales, and for the most part rarely coordinated at national, regional and
global levels. In many cases these large amounts of data may be of little use to develop indicators
that are informative for policy makers. Many indicators are too technical, too detailed or do not
address the questions that the policy makers need to answer. 

A common mistake in developing indicators is that many times the process itself starts by asking
the question of “what data do we have?” instead of “what data do we need to answer the
particular question?” Indicators based simply on data availability are, in general, not very useful in
answering specific policy questions or informing policy options. The challenge is to develop
indicators that will measure what users need to know, or in other words, indicators that will answer
the questions posed by policy makers and the public.

The following examples show different approaches to indicator development from a user’s needs
perspective. As seen in these examples, in many cases, the lack of readily available data to answer
questions posed by users, took us back to the basic data collection step. Other examples presented
here take advantage of existing data to develop innovative indicators that use information in new
ways to communicate a message.

The World Resources Institute’s Indicator Approach to Assess Ecosystem Condition
The World Resources Institute’s (WRI) indicator work has the following main characteristics: 
• Focuses on entire ecosystems and habitats (e.g., forests, coral reefs, freshwater systems). 
• Focuses on assessing the condition of each ecosystem in terms of the goods and services they

provide, as well as the future risk of impairing the capacity of ecosystems to continue to provide
the full array of goods and services.

• Global, regional and national in scale.
• Use of georeferenced information to communicate the indicators with maps and graphs.
• Driven by user demand, but limited to some extent by data supply.

The types of questions that WRI tries to address with these indicators include: 
• How has the ecosystem changed through time? 
• What pressures and changes is the ecosystem experiencing today?
• What is the condition of the goods and services derived from the ecosystem, are they in decline,

stable, decreasing?
• Is the capacity of an ecosystem to provide a given good or service being enhanced or diminished

over time?

Types of Indicators Using Remote Sensing and GIS
The indicators presented here are divided into three distinct groups:

1 Indicators developed using simple algorithms or rules of thumb from existing data and
georeferencing results into a GIS; 

2 indicators derived from remotely sensed satellite imagery and interpreted and processed into a
GIS for analysis; and 

3 indicators that assess present and future risk. 

1.Indicators developed using simple algorithms or rules of thumb from existing data and
georeferencing results into a GIS. The two examples presented here include the degree of river
fragmentation and altered flows, and the identification of trawling grounds in coastal areas
around the world. 
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1.1.River fragmentation and flow regulation
River fragmentation or the interruption of a river’s natural flow by dams, inter-basin transfers,
canals, and water withdrawals, is an indicator of the degree to which humans have modified rivers
over time. Freshwater systems have been altered since historical times, but such modifications
skyrocketed in the mid-1900s and continue today in many developed and developing countries.
These changes have improved transportation, provided flood control and hydropower, and have
boosted agricultural output by making more land and irrigation water available. However, these
physical changes in the hydrological cycle have significantly impacted freshwater ecosystems and
species. Dams disconnect rivers from their floodplains and wetlands and slow water velocity in
riverine systems, converting them to a chain of connected reservoirs. This, in turn, impacts the
migratory patterns of fish species and the composition of riparian habitat, opens up paths for exotic
species, changes coastal ecosystems by limiting sediment and nutrient loads, and contributes to an
overall loss of freshwater biodiversity and fishery resources. 

Figure 2 shows the fragmentation and flow regulation indicator for 227 large river basins in the
world. Results from the analysis shows that 60% of the rivers assessed are strongly or moderately
fragmented by dams, diversions and canals (Revenga et al. 2000). Overall, strongly or moderately
fragmented systems account for 90% of the water volume flowing through these rivers (Revenga et
al. 2000). Highly fragmented systems include those with less than one quarter of their main
channel left without dams, where the largest tributary has at least one dam, as well as rivers whose
annual flow patterns have changed substantially. Unfragmented rivers are those without dams in
the main channel of the river and, if tributaries have been dammed, river discharge has declined or
been contained in reservoirs by no more than 2 percent. The only remaining large free-flowing
rivers in the world are found in the tundra regions of North America and Russia, and in smaller
coastal basins in Africa and Latin America. The Yangtze River in China, which currently is classified
as moderately fragmented, will become highly fragmented once the Three Gorges dam is
completed (Revenga et al. 2000). 

1.2. Distribution of trawling grounds in coastal and deep-sea waters
Bottom trawling and dredging are fishing methods that use gears to target fish and shellfish that
inhabit ocean-bottoms, such as cods, scallops, shrimps, and flounders. These gears are considered
to be “active-towed gears”, because they are actively dragged across the seabed by boats. From a
few site-specific studies mapping near-shore habitats and the impact of bottom-trawl fisheries on
benthic communities, we know that humans are, in some cases, severely impacting seafloor
habitats and communities (Watling and Norse 1998). Bottom-trawling and dredging kills large
number of non-targeted animals as incidental bycatch. It also destroys sensitive habitats, such as
seagrasses and deep-sea coral communities; habitats that are essential for the reproduction and
development of juvenile fish that maintain many fisheries. 

Our lack of knowledge of sea bottom habitats and species distribution on the world’s continental
shelves precludes most direct measures of changes in these environments. However one way of
inferring the level of human modification of benthic habitats is by developing a geographically
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Figure 2. River fragmentation and flow regulation
Source: Revenga et al. 2000.



referenced indicator that identifies the areas where destructive activities, such as bottom trawling
take place. Habitats in trawl-swept areas—seabed terrains over which a trawl has passed—may be
lightly damaged with effects lasting only a few weeks or severely damaged with impacts on corals,
sponges, and other bottom-living species lasting decades or even centuries (Watling and Norse
1998; Burke et al. 2001). The degree of damage depends on a number of factors, including the
frequency and intensity of trawling, and the type of sea bottom habitat. 

Figure 3 shows the distribution of trawling grounds in coastal and deep-sea waters as an indicator
of pressure on marine benthic ecosystems. Trawling grounds are areas of the ocean where
commercial trawling, legal or illegal, is prevalent. Some of these areas may be repeatedly swept
each year, some perhaps never. Globally, an estimated 14.8 million km2 of the seafloor is touched
by trawling gear (the “trawl swept area”) (Watling and Norse 1998). The indicator was developed
by compiling and mapping information on trawling grounds obtained via a questionnaire sent to
fisheries agencies in 24 countries (Burke et al. 2001). These countries represent 41 percent of the
world’s continental shelf area. Within the areas captured by this analysis, trawling grounds cover 57
percent of the total continental shelf area, showing that this activity disturbs to some extent, a
significant part of the world’s continental shelf benthos (Burke et al, 2001). A more accurate
account of the geographic extent, the intensity, and the impact of bottom trawling operations
worldwide does not exist to date.

2.  Indicators derived from remotely sensed satellite imagery and interpreted and processed into a
GIS for analysis. This approach is especially useful to monitor change in ecosystem or habitat extent
over time. The examples presented here include the change over time in Mesopotamian
marshlands and the identification of low access and intact forests in North America.

2.1. Extent and change in the Mesopotamian Marshland from 1973-2000
The Mesopotamian Marshland are formed by an extensive system of shallow wetlands in the
southeastern corner of the Tigris-Euphrates River basin, found primarily in Iraq as well as in parts of
Syria, Turkey, and Iran. The marshlands of lower Mesopotamia emerge where the Tigris and
Euphrates Rivers begin to divide into multiple branches and flow toward the Persian Gulf. The
wetlands are characterized by interconnected marsh and lake complexes which include permanent
and seasonal marshes, shallow and deep-water lakes, and mudflats (UNEP 2001). Primary
production of the wetlands ecosystem, with the growth of wetland-specific species including
extensive reed beds, provides the base for the Marsh Arab’s subsistence lifestyle. 

The Mesopotamian Marshland supports a rich array of wildlife, especially birds. Dense reed beds
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Figure 3. Distribution of trawling grounds in coastal and deep-sea waters
Source: Burke et al. 2001.

Source: McAllister et al. 1999.
Data reflect preliminary results of a partial global trawling survey. Data are incomplete for many areas.



provide ideal habitat for breeding waterfowl; extensive mudflats support shorebirds. The
marshlands also are important for wintering and migrating species. Over 60 percent of West Asia’s
waterfowl winter in these marshes (UNEP 2001). The marshlands support several globally-
threatened mammals: the grey wolf, the long-fingered bat, and a subspecies of the smooth-coated
otter (UNEP 2001). 

Figures 4 and 5 are NASA’s Earth Observatory satellite images of the Mesopotamian Marshland in
1973 and 2000 respectively. Figures 6 and 7 are land cover maps derived from the satellite
imagery using a GIS. The analysis carried out by UNEP (2001) based on these images describes the
large scale and rapid change in land cover in these marshlands as comparable only to deforestation
rates in Amazonia and the drying-up of the Aral Sea. In 1970, the Mesopotamian Marshlands
covered an estimated 15,000 to 20,000 km2 square kilometers. The satellite imagery and its
classification into a GIS show that from 1973 to 2000, there has been a recorded decline in surface
area of 89 percent. This has been mostly driven by the construction of water management
structures and by wetland drainage. 

2.2 Identification of low access forests and intact forest landscapes
Global Forest Watch (GFW), a project of the WRI, has been working with numerous collaborators in
different countries on developing indicators that can be used to identify and map ‘low access
forests’ and ‘intact forest landscapes.’ GFW defines low-access forests as large forest tracts
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Figures 4 and 5: Landsat imagery of the Mesopotamian Marshland
Source: UNEP 2001

Figures 6 and 7: Classification of Landsat imagery of the Mesopotamian Marshland in a GIS:
Change in Marshland Extent from 1973 to 2000
Source: UNEP 2001.



undivided by major roads and other access routes, such as railroads, etc. Intact forest landscapes
are defined as contiguous large mosaics of naturally occurring ecosystems including forests, bogs,
water, tundra and rock outcrops, that are undisturbed by human activities for periods that are long
enough to ensure that it is formed by naturally occurring ecological processes (including fires, wind
and pest species) (Lee et al. 2003). Intact forest landscapes contain only naturally seeded
indigenous plant species, and supports viable populations of most native species associated with
the ecosystem (Lee et al. 2003).

Both the low access forest and the intact forest landscape indicators use the best-available forest
cover and roads data, as well as data collected by GFW’s in-country partners, as their baseline
information. 

To develop the low-access forests indicator, GFW and its partners start with the best available map
of forest cover for the particular region of analysis. In this case, Figure 8 shows the forest cover for
the temperate coastal rainforests of Canada and the United States, based on the University of
Maryland’s global percent tree cover map (DeFries et al. 2000). Forests shown in dark green are
those with dense canopy cover, while those shown in light green are forests with sparser canopy
cover (see Figure 8). Following, the roads and other access routes are overlaid in a GIS and each
one is buffered (see Figure 9)—a buffer is an area on each side of a road that marks the zone of
impact into the forest. This buffering method assumes, based on empirical evidence, that tracts of
forests located next to roads and access routes have a higher likelihood of being degraded by
human activities. By buffering these areas, it removes the degraded forests around roads and access
routes from the final indicator. Decision rules on the width of the buffer zones vary by region, and
are based on the opinion of local experts, as well as evidence from the scientific literature. 

Once the road buffers have been established, and those forests areas removed form the analysis,
the remaining roadless forest areas are grouped by size to identify low-access forests. Only those
tracts of forest large enough to support relatively intact ecosystems are considered low-access forest.
Figure 10 shows the resulting indicator of the extent and distribution of low-access forests in
temperate coastal rainforests of Canada and the United States (Nogueron 2002).

While the low-access forest indictor is useful for public awareness and policy makers, resource
managers need a more detailed indicator that can be used in management decisions. GFW’s intact
forests landscape indicator provides this added degree of detail. 

The difference with the low-access forest indicator is that this methodology uses medium and high-
resolution satellite imagery to identify areas of human disturbance (rather than estimating
disturbance from existing data). Like the determination of low-access forest, this indicator
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Figures 8, 9, 10: Identification and mapping of low-access forests in North America
Source (Figures 8, 9 and 10): Noguerón 2002.

Fig. 8 Forest cover base map Fig. 9 Roads are added

Fig. 10 Remaining low-access forests



methodology buffers roads and other access routes to divide forest into blocks, and sets a minimum
size requirement to be considered an intact forest landscape. The minimum size requirement is
determined in consultation with local experts. The data is then groundtruthed by local partners to
verify disturbance observed on satellite imagery. The final indicator therefore is available at finer
scales and at better accuracy than the low-access forest indicator, making the intact forest
landscapes indicator usable on-the-ground for management planning. 

Figure 11 shows part of a Landsat 7 satellite image taken over British Columbia in Canada (a high-
resolution image). This image shows, in dark green, the closed-canopy forest; in red or orange
rectangular areas some forest clearcuts, and in light green areas regenerating forest in older
clearcuts. A coarse-scale analysis, such as the one shown in the previous indicator (Figures 8-10)
captures only the access and disturbance caused by the main roads, but misses the clearcuts,
logging roads, and other types of human activity that impact forests. The intact forest landscapes
indicator, on the other hand, uses high-resolution satellite imagery that captures these other
activities, resulting in a product that can be used for on-the-ground management.

Based on this methodology and indicators, GFW has produced fine-scale maps for Russia’s forests,
which IKEA, one of GFW’s main supporters, uses in their timber purchasing decisions. IKEA has
pledged to ensure that the wood used in its products come from well-managed forests. Their
pledge includes ensuring that they are not purchasing wood products originating from intact forests.
By tracking chain-of-custody for wood products, IKEA can ensure that they are not purchasing
wood logged within intact forests landscapes.

3.  Indicators that assess present and future risk. This type of indicator allows the user to address
questions related to the pressures and changes that an ecosystem is experiencing today, as well as
estimating potential future threats, and identify areas at risk. The indicators presented here include
those that use simple algorithms (e.g., water scarcity projection by basin) to more complex
indicators derived from a combination of different modeled data layers (e.g., coral reefs at risk). 

3.1 Water scarcity
Water supplies are distributed unevenly around the world, with some areas containing abundant
water while others have a much more limited supply. This has implications for both human water
supply as well as for the other species living in and dependent on these ecosystems. In water basins
with high water demand relative to the available runoff, water scarcity is a growing problem. Many
experts, governments, and international organizations are predicting that water availability will be
one of the major challenges facing human society in the 21st century and that the lack of water
will be one of the key factors limiting development (Johnson et al. 2001).
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Figure 11: Landsat 7 high-resolution satellite image taken over British Columbia 
Source: GFW 2000, unpublished data and imagery.



Figure 12 shows a water scarcity indicator used to identify those basins where water scarcity is
likely to become a major problem in 2025. The indicator is based on the projections of water
supply per person for individual river basins for 2025. The analysis shows that by 2025, assuming
current consumption patterns continue, at least 3.5 billion people— or 48 percent of the world’s
projected population —will live in water-stressed river basins (Revenga et al. 2000). Of these, 2.4
billion will live under high water stress conditions. This per capita water supply calculation,
however, does not take into account the coping capabilities of different countries to deal with water
shortages. For example, high-income countries that are water scarce may be able to cope to some
degree with water shortages by investing in desalination or reclaimed wastewater. The study also
discounts the use of fossil water sources because such use is unsustainable in the long term
(Revenga et al. 2000). The outlined basins represent basins that are in or approaching water
scarcity and where the projected population for 2025 is expected to be higher than 10 million. 

3.2. Reefs at Risk: A map-based indicator of potential threats to coral reefs in South East Asia 
Coral reefs are highly diverse marine habitats that harbor thousands of species. They are also a

source of construction materials, ornamental and food fish, medicines, tourism and recreation, etc.
The increasing pressure on coral reefs from coastal development to fishing and pollution, are
putting many of these unique habitats and their dependent species at risk. The indicator presented
here shows the results of the Reef at Risk model adapted for South East Asia, in collaboration with
local partners (Burke et al. 2002). The model combines the assessed impact of human pressure on
reefs from five threat categories, including: coastal development, overfishing, destructive fishing
practices, marine pollution, and sedimentation and pollution from inland activities. 

The modeling approach involves identifying sources of stress for each threat category. These sources
of stress include population and infrastructure features such as cities, ports, and oil rigs as well as
more complex modeled layers of river basin sedimentation flows. Model rules are then developed
to translate these stress sources into measures of threat. For example, the threat category of marine
pollution is determined by developing distance-based rules to ports and marine shipping routes.
The level of threat increases with its proximity to the stressor (in this case a port facility) and
declines with distance from the location of a stressor. Each threat estimate for the five impact
categories is developed with considerable input from scientists in the region and is calibrated
against available information from observed impacts to coral reefs or from satellite imagery (Burke
et al. 2002). 

The Reefs at Risk model also incorporates the effects of management and natural features that
influence how human pressures impact coral reef ecosystems. For instance, natural features such as
ocean depth, degree of embayment, and tidal range that affect flushing rates are integrated into
the model to determine how susceptible a reef may be to pollution or sedimentation from inland
activities. The threat estimates for coastal development, marine-based pollution, and inland
pollution and sedimentation are adjusted for natural vulnerability. Similarly, the threat estimates for
overfishing, destructive fishing, and coastal development are adjusted to take into account how
effective management options may mitigates those threats (Burke et al. 2002). 
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Figure 12. Water Scarcity Projections: 2025
Source: Revenga et al. 2000.



Once the estimates for the five threat categories are completed, they are combined to create a map
of integrated threat for the region. The resulting indicator is the Reefs at Risk Threat Index, and is
shown in Figure 13. Those reefs highlighted in red are the ones at high risk of degradation from the
five threat categories; the ones in yellow are considered to be at moderate risk and the ones
identified in blue are estimated to be at lower risk.

The index is designed to highlight areas where, in the absence of good management, coral reef
degradation might be occurring or where it is likely to happen in the near future given ongoing
levels of human activity. 

The combined index provides a regionally consistent indicator of human pressure on coral reefs
that serves as a proxy guide to coral reef conditions across Southeast Asia (Burke et al. 2002).
Results from the analysis shown in Figure 13, show that 88 percent of Southeast Asia’s coral reefs
are estimated to be threatened by human activities.

Conclusions and Information Needs

The examples presented here show that geospatial data and information facilitates the
development of indicators on ecosystem condition and change, particularly at large scales (e.g.,
global, continental, river basin). These indicators have the advantage of not requiring extensive
data collection. In addition information on large areas can be summarized with relative ease and
the analysis can be carried out in a shorter period of time that field studies require. Finally,
complex messages and processes can be easily communicated to a variety of audiences through
maps. 

But as the examples also show the availability of geographically referenced data and the
applicability of remote sensing and GIS methodology vary from one ecosystem to another. Remote
sensing technology has proven the most powerful in assessing terrestrial ecosystems, particularly the
mapping of land cover and land cover change over time (e.g., changes in forest area to cropland).
The resolution—the ability to distinguish between signals that are spatially near or spectrally similar
(Jensen 2000)—of remotely sensed data has been improving since the 1980s. New satellite
sensors, such as MODIS and Landsat 7 have been launched in recent years that provide high
resolution imagery—up to 100s of meters in the case of MODIS, to 10s of meters from Lansat
allowing for much more detailed analysis of land cover. 

For freshwater ecosystems, particularly seasonal wetlands, flooded forests and smaller aquatic
habitats (small wetlands, inland marshes and lagoons), however, remote sensing technology still
needs to advance. Most currently used sensors are not good at identifying the location of small
wetlands or detecting change in freshwater habitats. The European Space Agency, however, is
currently involved in a project to map wetlands from space in collaboration with the Convention on
Wetlands (ESA 2003). The project will provide data on 50 wetlands sites in 21 countries worldwide
(ESA 2003). The Japanese Space Agency is also using radar imagery to improve the understanding
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Figure 13. Indicator of threat level to reefs in South East Asia



of predominantly aquatic habitats such as flooded forests in the Amazon basin and rice paddy
cultivation and change in mangrove forest area in Southeast Asia. 

The use of GIS and remote sensing to assess biodiversity is also still in its infancy, although The
World Conservation Union-IUCN is now adapting most of its species data to a GIS-based software
system: the Species Information Service (SIS). The plans for SIS are to have a series of
interconnected modules that will provide among other things species information (e.g., taxonomy,
habitat description), geographic species ranges, as well as species conservation status, threat
information, and conservation measures (Sue Mainka, Director, IUCN Species Programme, personal
communication, 2003).

Demographic and socioeconomic data are also beginning to be available at subnational units of
analysis – such as administrative and municipal districts (CIESIN et al. 2000). These new datasets
allow for incorporation of some socioeconomic and demographic data into geographically
referenced analysis. 

Much of the limitations of the current technologies is also accompanied by a lack on basic data and
information, regardless of its georeferences characteristics. Again information on aquatic habitats
and species are notoriously lacking in comparison with terrestrial ones. Hydrological datasets and
other information relating to freshwater ecosystems and species are a case in point. Some notable
examples of these needed datasets include a comprehensive and geographically referenced
database of dams, including information on their characteristics (e.g., height, capacity) and
operations (e.g., water releases); data on surface water quantity and quality by river basin;
information and datasets on the location and condition of groundwater aquifers; water use statistics
by river basin instead of by national jurisdiction; and of course information on the rates of change
in populations of freshwater species. 

While there are ongoing efforts in improving the remote sensing capabilities and the application of
GIS software, addressing the lack of data and models with regards to aquatic ecosystems would go
a long way in improving our understanding and capacity to manage these resources in a more
sustainable manner. 
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The use of indicators for coastal water management in the Netherlands started about 25 years ago.
Aquatic ecologists in the Delta project of the Netherlands wanted to put the concept of sustainability into
practice (Saeys, 1982; Ten Brink and Colijn, 1990). Ideas around describing the reference status of
ecosystems, as a yardstick for evaluating sustainability, were transformed to the quantification of reference
points for species that were considered as representative elements of the ecosystems. Various Dutch
ministries worked together to construct tools for the evaluation of the effects of human use of the aquatic
ecosystem.
The application of these tools did not only remain within the Netherlands but was gradually exported to
other areas like in the discussions over the greater North Sea. In OSPAR the discussion about developing
Ecological Quality Objectives (EcoQO) for the North Sea was on the table (see Colijn et al., 1993). Today,
the Water Framework approach is introduced and the various ecological quality levels have to be
evaluated with a set of ecological indicators. 
In the Netherlands, ecological indicators are developed in relation to this European policy. However, the
monitoring strategy is not yet complete. From the existing data the uncertainties (accuracy and precision)
have to be evaluated. Cost benefit calculations will be necessary to convince policy makers. But also
ecological knowledge from the field has to be improved to evaluate possible changes in monitoring data
in a proper way. These changes can be caused by human interference, but also natural circumstances, e.g.
meteorological changes, have an impact. Nowadays it is nearly impossible to distinguish between these
two causes.

THE FIRST SET OF ECOLOGICAL INDICATORS

National Water management indicators

In the Netherlands, the history of ecological indicator development can be traced back to early
1980s when the ideas about “ecologically sound usage” within the ecosystems approach to water
management was developing among ecologists of the Ministry of Transport, Public works and
Water management (Saeys, 1982; Wisserhof, 1994). Ecologically conscious usage of water systems
was induced by lessons learned from the transformation of the Delta estuary in the south western
part of the country (Saeijs, 1982) and was crystallized and acclaimed in the memorandum “Living
with Water” (V&W, 1985). Before 1980 water management in the Netherlands was strictly based
on considerations about water quantity and water quality. In addition to the introduction of an
ecologically sound approach to water system management, the Memorandum on “Living with
Water“ describes a harmonized model in which water was considered to be a partner whose
potentials needed to be developed in co-operation with nature. Water bodies were therefore
considered comprehensively by emphasizing the water systems approach. The chemical, biological
and physical aspects of surface water, ground water, water quantity, water quality, banks and
waterbeds were jointly taken into account in relation to the use of water. The needs of society
(water users), nature (water systems) and policy (water management) were harmonised (fig.1)
whilst regional differentiation of water policy was enhanced in the Integrated Water Management
approach.
Harmonisation was also extended to the involvement of three ministries that are responsible for
water management (V&W), public health (VROM) and nature (LNV) respectively. 

The Integrated Water Management approach became an important document for the 3rd national
water policy document that was presented in 1990 (V&W, 1989; Wisserhof, 1994). The main
objective was: “starting from the potential of water systems the water systems should be managed
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and developed in such a way that they meet the intended ecological objectives and functions.” The
Minister of water management was politically responsible and the Ministers of public health and
nature were involved in so far as parts of their policy areas were concerned.

To describe the impact of human use on aquatic ecosystem, the AMOEBA concept was developed
in 1988 in the Netherlands. Different ecological indicators were defined and presented for the
purpose of assessing the status of water systems as well as making prognosis for the development
of various water systems until 2020. The word AMOEBA is a Dutch acronym for “general method
for the description and evaluation of ecosystems” (Ten Brink and Hosper, 1989; Ten Brink and
Colijn, 1990).

The AMOEBA concept

The development of the AMOEBA was based on the idea of a reference system developed in an
earlier project “Wise Use of Wetlands” (Van de Veen and Visser, 1987). This project was intended to
put into practice the concept of “sustainable utilization” of the Delta wetlands in the south west of
the Netherlands. The AMOEBA methodology describes the differences in the number of individuals
of 40 indicator species in the present water system relative to the reference water system (in which
nearly no human impact is present).
The circle (fig.2) represents the reference values. The radius of the circle represents the number of
individuals of the species in the reference situation. Sustainability of an aquatic ecosystem is
justified when the number of individuals observed in the various species is closer to the circle
(fig.2), that is the number in the reference situation. Sustainability is assumed to be threatened
when the deviation between the number of individuals observed and the number in the reference
situation is less than 75% or over 200%. Based on this philosophy, AMOEBAs were constructed for
fresh water, estuarine and marine water systems. 
The above philosophy and the method of presentation (a radar plot) successfully integrated
complex ecological information into a simple management tool for policy makers.
Further advantages of using the AMOEBA tool includes its usefulness for policy evaluation on
quantitative basis, substantiating causalities between the effects of human activities and the species
found in the ecosystem and it gives the direction in which future researches could be directed (De
Bruin et al., 1992).

There are however disadvantages associated with the use of AMOEBA (Tolkamp and van Rooy,
1990; De Bruin et al., 1992; Van der Windt, 1995). The indicator species selected for the AMOEBA
had to be part of the existing monitoring list. So, only organisms that were monitored and had
long-term data sets were included in the system. For example, species of phytoplankton, fish and
seals were included because they were monitored. Species that were not monitored but useful for
describing the status of the ecosystem were not taken up for the AMOEBA system. One example is
the exclusion of sensitive and opportunistic species of benthos. Next to the above disadvantage, the
policy targets and reference situations were mainly based on public perception and could not be
described from a scientific point of view. This made the reproducibility of the method difficult for
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Figure 1. Harmonized model of Integrated Water Policy in the Netherlands. Modified after
Grijns and Wisserhof (1992) and Pennekamp and Wesseling (1993).



other users. Another problem was the lack of uncertainties whereby changes in the aquatic
ecosystem due to natural variability were not reflected. Lastly, the AMOEBA system did not include
biological processes and abiotic elements of the ecosystem. 

The National Nature Conservation Management Indicators

Alongside the AMOEBA, another set of ecological indicators for the department of nature
conservation were developed. These indicators were reported in the hand book of Nature Target
Types - NTT (Bal et al., 1995). The nature conservation department is part of the Ministry of
Agriculture, Nature Conservation and Fisheries (LNV). The main policy target for nature
conservation in the Netherlands is: “Durable maintenance, recovery and development of natural
and landscape values” (LNV, 1990). 

This policy addresses two ecological issues: (1) variety (or biodiversity) and (2) naturalness. Both
issues are used in the selection of indicators for identifying and evaluating various impacts of the
nature policy on biodiversity and naturalness in both the terrestrial and aquatic ecosystems in the
Netherlands. Variety, or biodiversity, is simplified in the nature policy and is limited to the species
level. The indicator species, which require special attention in order to conserve biodiversity, are
denoted in the nature policy as target species (fig.3). For the selection of these target species much
attention was paid to the i, t and z parameters.
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Figure 2. AMOEBA for the Netherlands Coastal Zone (1985) after Baptist and Jagtman,
(1997). 

target species
non target species

Figure 3. Relationship between
different nature target types (itz). I
(i) species whose existence is
dependent on Netherlands
environment, T(t) declining species
in the Netherlands and Z(z) rare
species.



The (i) stands for species for which the Netherlands plays an international role. The species are
relatively strongly dependent on the Netherlands (i-criterion).The (t) is for species which are
diminishing in distribution or abundance in the Netherlands (t-criterion). The (z) species are those
that are scarce in the Netherlands (z-criterion).

Species, which comply with two or three of the above criteria, are included as target species for the
NTT systematic (Bal et al., 1995). 
Figure 3. Relationship between different nature target types (itz). I (i) species whose existence is
dependent on Netherlands environment, T(t) declining species in the Netherlands and Z(z) rare
species.

In the Ecosystems Memorandum of the department of nature conservation, all management
strategies were integrated and were expressed in the form of three main goals to be
simultaneously achieved during policy implementation: 
Goal A: to have more space for naturalness (nature target types),
Goal B: to enhance the half-natural nature (nature target types from half-natural),
Goal C: to enhance the nature quality of the remaining areas, such as multifunctional large waters
(nature target types from the multifunctional group).
For the realisation of goals A and B quantitative policy objectives were set. The meet these
objectives it was necessary to expand the area for the selected Nature Target Types. The area was
then defined as the National Ecological Network (NEN). The NEN is a connected network of
terrestrial and aquatic ecosystems, which are nationally and internationally considered important
for nature conservation and are to be sustainable. Species specific conservation measures, such as
the shelter for grassland birds and geese outside the NEN were also considered. It was proposed
that the NEN should be realised in 2018 and should comprise of 700,000 ha of land and
7,000,000 ha of water (LNV, 1995). For goal C no quantitative objectives were formulated at a
national level. The choice was left with to the provinces and (water) managers to decide how much
surface should be realised for each of the NTT. The condition was that the NEN as a whole should
become large enough with an acceptable quality level.

Following this approach, the longer term aspirations of the Netherlands section of the North Sea
were specified to be geared towards the development of a nearly natural systems (LNV, 1995). The
expected quality of nature in the North Sea is described in the Nature Outlook of 1997 (Leopold
and Dankers, 1997). In this document, the situation in the North Sea is described as follows: 

“In the North Sea there are various species which have significantly dropped in numbers
and transitions have taken place in number ratios between species. The seabed life has
been seriously disrupted. The most significant problematic issue for species and their
habitats in the North Sea is the fishery. A deficiency in natural transitions between land
and water impedes the quality of the nature along the coast.”

The nature concept method with the three different criteria for species (itz, see above) is rather
difficult to apply to aquatic systems. On land it is possible to develop a monitoring strategy to
detect for instance rare species. However, it is very difficult or nearly impossible to monitor rare or
seldom species in a very large water system like the North Sea. 

Ecological indicators at International Level

Parallel to the development and use of indicators in the AMOEBA systematic and the NTT for the
management of water systems in the Netherlands, the discussion on ecological quality objectives
(EcoQOs) started within the North Sea Task Force at the conference on the North Sea in London in
1987. Ecological Quality (EcoQ) was defined as: 

“An overall expression of the structure and function of the marine ecosystem taking into
account the biological community and natural physiographic, geographic and climatic
factors as well as physical and chemical conditions including those resulting from human
activities” (OSPAR Commission,1993).

It was recognized that the ecological quality (EcoQ) should be relevant to  the structure and quality
of the marine ecosystem. The discussions about the health of the North Sea continued in 1990
after which the first ideas about EcoQOs were elaborated by OSPAR in the Quality Status Report in
1993. This report also indicated that the whole North Sea ecosystem was severely affected by
fisheries activities (OSPAR Commission, 1993).
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At the Intermediate Ministers Meeting for the  North in 1997, agreement was reached to support
sustainable utilisation of the North Sea ecosystem through the ecosystem approach. Enriching
biodiversity, as a means of conserving nature, was considered as one of the objectives of the
ecosystem approach. To understand this approach, individual North Sea states started pilot projects
at both local and national levels. Ecological indicators were developed based on the management
objectives for the water systems. These indicators are based on the existing monitoring activities in
the various national continental shelves. The performance of the ecosystems were described by
long term trends shown by the selected indicator species. An example of such a development in the
North Sea is seen in the Netherlands. This example is described below.    
After almost 10 years of scientific and political discussions, the Water Frame Work Directive
(Directive 2000/60/EC) came into force in December 2000. It is a holistic approach towards
achieving good ecological status of the aquatic environment and to promote a sustainable use of
the water. The development of ecological indicators is now under progress and will not be further
discussed here. It is important to know that the the policy recommendations for the WFD is limited
to one sea mile and 12 sea miles for ecological and chemical quality evaluations respectively. 

Dutch Ecological Indicators

Unlike the ecological indicators in the past, which were developed to evaluate single policies,
newly defined ecological indicators for the North Sea were selected for the purpose of evaluating
both the Nature Conservation and the Water management policies of the Netherlands. The bases
for these indicators are deeply rooted in the AMOEBA and the NTT systems. The outcomes from
international discussions over the use of “ecosystem approach” for the management of the greater
North Sea further contributed towards the proper structuring of this indicator system (Kabuta and
Laane, 2003). The ideas developed during this project served as the background on which the
national contribution towards the development of the ecological quality objectives (EcoQOs) for the
greater North Sea was based. Table 1 shows the Dutch ecological indicators and those developed
for the EcoQOs. The groups selected consists of plankton , fish, sea birds, benthic communities and
sea mammals. Habitat and ecological processes including productivity and feeding relationship are
in different ways integrated in the general structures of  both indicator sets. Even though the
indicators were selected by different expert groups most of the indicators are focusing on the same
ecological groups
A few of the parameters however differ because of the level of details to which some of the the
indicators are described. For example the indicators for sea birds in the Dutch indicator system
focuses on the effects of human activities on the coast which are also breeding places for migrating
birds. The EcoQOs systematic focuses on the physical and ecotoxicological impacts on the sea birds
through various anthropogenic sources. The effects of elements as plastics in the stomach of birds,
mercury in eggs, oiled feathers and organochlorine compounds in eggs are considered.
For both systems, the use of temporal trends for indicator parameters is encouraged to create a
background against which the quality of the ecosystem can be described. When definite and
quantitative targets (based on policy recommendations) do exist, they are used alongside the trends
to evaluate the successes and failures of policy or the management measures designed to
implement the policies.

A significant additional benefit of the new set of indicators is that they form an integrated
evaluation system for both the water management and nature conservation policies. 
The policy themes from the two departments were crystallised to ‘conservation of biodiversity’ in
species, ecological communities and ecotopes and `ecological functioning `of the ecosystem. The
following types of diversity indicators were defined:
• species diversity (inclusive genetic variation),
• diversity in species groups and ecological communities,
• diversity of habitat and ecotopes.
The policy theme of ‘healthy ecological functioning of the ecosystem’ is evaluated using indicators
that are linked to:
• productivity,
• structure of the food network,
• hydro- and morph dynamics.

At the species level, common species groups in the ecosystem are selected: plankton, macro zoo
benthos, marine fish communities, coastal and sea birds and marine mammals. A distinction is
made between indicators that are geared towards species abundance within the species groups
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(species diversity) and those geared towards the development of populations of individuals of the
same species. Conservation of biodiversity does not solely mean the prevention of a further
degradation of biodiversity, but also the recovery of populations of species that are currently under
threat from (localised) extinction.

At the level of ecological communities, indicators have been selected in order to describe the
structured characteristics of plankton, macro benthos and marine fish communities. These indicators
express the ecological quality of the North Sea. Only one indicator has been selected at the level of
ecotopes. 
The productivity of algae in the North Sea was incorporated in the evaluation system. The
decomposition of dead organic material on the seabed was also considered. To describe
developments in the food network structure, indicators have been selected which deal with staple
food, top predators and the trophic structure of the macro benthos and fish communities. To
describe developments in hydro- and morph dynamic processes an indicator has been selected to
describe the dynamics of ecotopes in coastal areas (e.g. sand plates).

CONCLUSIONS

An important application of ecological indicators is for the management of the Dutch section of the
North Sea. This involves monitoring the impacts of man and the successfulness of policy measures
and the evaluation of the possible impacts of future policy interventions. The various indicators are
used also as a check list for estimating the present and the expected qualities of the ecosystem
before licences for exploitation and use are offered (Bisseling et al., 2001; Boon and Wiersinga,
2002). 
One of the first selection criteria of the ecological indicators and their related parameters included
the availability of long term time series data. This was necessary because the reference situation
could be derived from this data.. Data have been used from different Dutch monitoring
programmes (Ten Brink and Colijn, 1990). 
However, these old monitoring activities were not designed to produce information necessary to
assess the new ecological targets. Now a days it becomes more and more important that
monitoring data should be accurate and precise enough to determine policy needs. Baptist and
Jagtman (1997) showed that, when using old monitoring data, the uncertainty of many ecological
indicators were rather large (more than 100%).
For increasing the reliability of the ecological indicators new monitoring programmes have to be
developed. However, that is not enough. At the moment it is very difficult to assess long term time
series of ecological parameters, because often it is nearly impossible to distinguish between natural
and man-made changes. More knowledge about the dynamics and interaction between species in
relation to physical changes must be gained. Otherwise it will not be possible to explain the
differences observed in monitoring data.
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Issue/ecological
group

Dutch
Indicator Expressed as:

EcoQOs
(Greater North Sea)

1 Species diversity of
phytoplankton

Shannon-Wiener Index Indicator Species for
eutrophication

2 Primary production chlorophyll a chlorophyll a

Plankton
Communities

Nutrient budget

3 Community structure of
phytoplankton

N/P ratio, DIN/DIP (winter)
concentrations N, P

DIN/DIP (winter)

4 population trends
Herring, Cod, Plaice, Sandeel,
Stingray

Length/weight (condition)
Biomass

Spawning stock biomass of
commercial species

Fish communities and
 Commercial species

Community structure length/weight Proportion of large fish
Sea birds 5 populations trends Breeding pairs and population

trends
7 species

• Population trends
• Plastics in stomach
• Mercury in eggs

and feather
• Oiled guillemots

proportion
• Organochlorine in

eggs
6 Species population Surf clam (Spisula); number
7 Species diversity Shannon-Wiener Index
8 Community structure r/K strategists, ratio

Benthic communities

9 Trophic structure ITI index

• Kills in zoobenthos
due to
eutrophication

• Imposex in whelk
• Density of sensitive

and opportunistic
species

10 Bulk food (density) Surf clam (Spisula), numberDeclining species
11 Top predators Number of

Fish (Cod)
Birds
Sea mammals (Common Seal)
Sandwich Tern

Presence and extent of
declining species

Sea Mammals 13 Species populations trends Number of Common Seal and
Harbour Porpoise

• Population trends
common seal

• Utilisation of Breeding
sites

• By-catch of Harbour
porpoise

Habitat Proposed but not yet developed Restore and maintain habitat
quality

Oxygen
Consumption

Oxygen

Table 1. Thirteen selected ecological indicators for the Dutch coastal zone in comparison
with the EcoQOs for the Greater North Sea. 
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APPLICATION OF ECOLOGICAL INDICATORS OF THE NORTH SEA FOR
INTEGRATED ASSESSMENT

M.T. Villars, H.S. Otter, S. Tatman and P.L.A. Erftemeijer

WL | Delft Hydraulics, p.o. box 177, 2600 MH Delft, The Netherlands

Over the past few decades, various indicator sets have been developed in the Netherlands to measure
North Sea ‘ecological quality’, to evaluate the effectiveness of North Sea nature and water policies, and to
assist in the communication of predicted ecological impacts of major infrastructural works and other
proposed developments in the North Sea. This research study focused on the development of assessment
criteria for various North Sea infrastructure projects including the role of existing ecological indicators in
assessment frameworks.

In the first phase of the study, a review of the development and use of the many North Sea indicator sets
was made. In the Netherlands, these  include the AMOEBE, Nature Target Types/Ecosystem Targets for the
North Sea, and GONZ, as well as the Ecological Quality Objectives for the North Sea (EcoQO’s) being
developed internationally under the coordination of OSPAR. The second phase of the study focused on a
review of the main Dutch  policy documents for the North Sea. Specific attention was given to the link
between the policy objectives for the North Sea 

INTRODUCTION

In the North Sea coastal area of the Netherlands an increasing number of projects and activities is
being considered (e.g. land reclamations, windmill parks, large-scale sand mining, fish farming,
nature reserves). The wide range of projects, the limited available area and the often conflicting
interests lead to increasing difficulty in evaluating what projects can take place and under what
conditions. The types of considered projects must generally go through some form of
environmental impact assessment procedure, in which the potential impacts must be weighed
against the acceptable impacts. Research as to potential effects must be conducted and the results
must be communicated in a manner that is appropriate for the broad context of the proposed
project and the multiple stakeholders involved. Usually research results are summarized and
communicated in the form of an ‘assessment framework’, a structured format (table) in which
various pre-defined categories of impacts are summarized for the (alternatives of the) proposed
project. 

For policy makers, the information in an assessment framework should answer such questions as:
“How will Project ‘X’ effect the status of the North Sea and is that acceptable (yes or no?)”, and
“Which alternative of Project X is preferred?”. For researchers investigating the potential impacts of
Project ‘X’, a clear assessment framework provides the context for technical analyses and for
presentation of results. A ‘translation’ of e.g. research results and model simulations into assessment
criteria allows an optimal communication of research results with respect to information needs.

In practice, there is often great difficulty in assessing the impact of these projects, and utilising the
results of the technical analyses (impacts to the natural environment) within the larger context of
the Environmental Impact Assessment process, in which many stakeholders are involved. The
analyses conducted must be able to quantify changes to the natural system, but must also take into
account political and societal interests as well as national and international policy. As such, they can
be referred to as ‘integrated assessments’.

OBJECTIVES

The central focus of this research study is on the assessment criteria used in integrated assessments
to evaluate and communicate the potential impacts of large (infrastructure) projects in the North
Sea. A specific interest is on the use of existing ecological indicators as assessment criteria.
Assessment criteria are a set of pre-defined parameters selected to best describe and communicate
the impact of a proposed project. Over the past few decades, various indicator sets were developed
for the North Sea serving different purposes:  primarily to measure ‘ecological quality’, but also to
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evaluate the effectiveness of North Sea water and nature policies, and possibly to assist in the
prediction of ecological impacts of major infrastructural works and other proposed developments in
the North Sea. Despite the numerous efforts, it appears that the indicators for the North Sea fall
short in answering management questions or are not being used for the purpose for which they
were developed (see Erftemeijer et al., 2002). This conclusion is also supported by the fact that in
many plans for large infrastructure projects in the North Sea (e.g. land reclamation (Maasvlakte 2,
airport island) and windmill parks), where an assessment of impacts must be made and
communicated, the established indicators are (often) not directly used. Instead, a whole process of
defining an assessment framework is followed (even for similar types of projects). 

Possible causes for these problems include:
1. The complexity of the North Sea ecosystem (linked processes, feedback mechanisms, many

management interventions);
2. Uncertainties in knowledge about the North Sea ecosystem;
3. Unclear formulation of questions or inaccurate interpretation of questions;
4. Inadequate interpretation of indicator results;
5. Inadequate presentation of indicators by indicator developers or problems of knowledge transfer,

and
6. Unclear (not specific) formulation of North Sea policy objectives resulting in no direct link with

selected indicators.

The purpose of this study was to further diagnose the problems that surround the development and
use of ecological indicators in the North Sea, with specific focus on the use of these indicators for
assessment criteria within integrated assessment. More specifically, the aims of this study were to
gain insight into:

1. The problems that have surrounded the development (by scientists) and use (by policymakers
and managers) of ecological indicators for the North Sea;

2. The relation between North Sea management objectives and the development and application
of assessment frameworks. 

METHODS

Assessment frameworks play a critical role in the quantification and communication of potential
environmental impacts related to infrastructure projects. Frustrations during the course of several
projects related to the development and application of assessment frameworks led to research into
how assessment frameworks are developed and how this process can be improved. 

The study consisted of two phases related to two critical questions: 
1. What is the role of existing environmental indicators in assessment frameworks? Specifically, why

aren’t these indicators more frequently used for assessment? In the first phase of the study, a
review of the development and use of the various North Sea indicator systems was conducted
based on literature review as well as a series of interviews with developers and users of
indicators. A number of problems surrounding the existing North Sea indicators were identified. 

2. What are the North Sea management priorities as defined in the many North Sea policy
documents and how are these reflected in assessment frameworks? In the second phase of the
study a review of the main Dutch and European policy documents was made. The specific focus
was: Do the priorities for the North Sea as presented in various policy documents give guidance
and structure for the selection of assessment criteria. The main policy documents relevant to the
North Sea were reviewed with respect to the priorities and the vision for North Sea that they
define. For each document an overview of these priorities in terms of ‘strategic management
objectives’ and more ‘operational management objectives’ was made. The management
objectives of the different policy documents were compared in terms of the different categories
for assessment which they imply, and finally, conclusions as to the relationship between policy
documents, assessment criteria and indicators were drawn. 
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INTEGRATED ASSESSMENT CYCLE

To describe the general procedure followed in a typical impact assessment study, as well as
difficulties encountered, we present the concept of the impact assessment cycle (see Figure 1), a
modification of the well-known monitoring cycle (UN/ECE, 1996).

The term “integrated assessment” is used to refer to a multidisciplinary assessment of a specific
project, in which many technical and/or societal issues are evaluated. The integrated assessment
cycle begins with the definition of a proposed project, such as a large infrastructure project,
requiring an analysis of environmental impacts (as a formal EIA or components thereof) and
extension of permits . Examples of such projects for the North Sea are the off-shore or near-shore
windmill park, large-scale sand mining, off-shore airport island (no longer being considered), large
scale aquaculture farms, an land reclamation for expanding Rotterdam Harbor (Maasvlakte 2). For
each of these projects, there must be an identification and quantification of the potential impacts,
with an eventual decision by the government of managing authority: Is this project acceptable, yes
or no? (will a permit be granted?).

In the first and crucial stage of the assessment, the topics of concern to be considered must be
defined (i.e. impacts to consider). Thereafter, an analysis of the project impacts can be made, based
on research, analysis, expert opinions and modeling. This invariably leads to a wide range and
large number of results (often literally gigabytes) which further need to be distilled to a number of
graphs, tables or other presentation forms. Study results are written up in reports and presented,
and finally, a decision about the project can be made based on the results of the quantified
impacts. 

In practice, this cycle breaks down when the results produced do not provide the necessary
information on which policy makers and managers can base a decision about the project. It is a
variation of the “data-rich, information-poor” syndrome in which much data is produced by
researchers, but insufficient or non-relevant information is provided to those who must conduct the
evaluation. The problem lies in the poor definition of the information needs, i.e. the assessment
framework. 

ASSESSMENT FRAMEWORKS

This research project focused on the development of assessment frameworks and the difficulties
encountered in practice. An assessment framework is defined here as a structured format for
summarizing the potential impacts for a specific project. It typically consists of a number of pre-
defined topics of concern related to the project (in terms of potential impacts), as well as various
assessment criteria which need to be quantified for the project, or potentially for several
alternatives of a project (see Table 1). The assessment criteria must clearly defined and quantifiable.
Furthermore, they must be selected in a way so that quantification of the assessment criteria for all
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(proposed)  project   

impacts to consider   evaluation project

reports & presentation  

gigabytes results   distillation, graphs   

analysis & modelling   

(proposed)  project   

impacts to consider   evaluation project

reports & presentation  

gigabytes results   distillation, graphs   

analysis & modelling   

Figure 1 The integrated assessment cycle, related to analysis and communication of
potentialimpacts of a proposed project (adapted after the monitoring cycle)



the alternatives of the project gives a complete overview of the topics of concern and allows a
decision about the acceptability of the project to be made. The assessment framework is typically
structured as a table with the project alternatives on one side and the assessment criteria on
another. It is sometimes referred to an “effect matrix”. 

The assessment criteria for a specific project can be chosen or developed in two different
approaches: bottom-up or top-down (see Figure 2). In the top-down approach, the assessment
criteria for a project are derived from the relevant policy, which defines different management
priorities and topics of concern. For each topic, the criteria are a further specification of what is a
desired or acceptable status of the North Sea. In the bottom-up approach, the assessment criteria
are selected based on the expert knowledge of specialists and their expectations of potential
impacts of the specific project. 

Ideally, there should eventually be an agreement between the assessment criteria derived from the
top-down and the bottom-up approaches. Experience in specific projects in which assessment
frameworks had to be developed is that both approaches are followed but the bottom-up approach
is dominant. In the Flyland project to assess impacts of an artificial offshore island, the assessment
framework was still considered a ‘living document’ after more than one year of study (Flyland,
2003). Different stakeholders involved in the Flyland project still had not reached consensus on
how different project alternatives should be compared and how the overall impacts should be
judged. This projects illustrates that several iterations of discussion and selecting the optimal criteria
may be necessary in the process of developing an assessment framework, alternating between the
requirements of those following the top-down approach (decision makers, managers) and those
following the bottom-up approach (scientific experts, researchers). 

OVERVIEW OF NORTH SEA INDICATOR SYSTEMS

An example of a bottom-up approach to selecting assessment criteria would be to use existing
North Sea indicators within an assessment framework for a specific project. A number of different
ecological indicator sets has been developed to support management of the North Sea, both within

84

PROCEEDINGS MTM-IV - ECOLOGICAL INDICATORS FOR INTEGRATED ASSESSMENT

top-down

bottom-up
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Knowledge about the expected effects 

top-down

bottom-up

North Sea Policy

Management priority A Management priority B

Topic 1 Topic 2 Topic 3

Criteria A Criteria B Criteria C Criteria D Criteria E Criteria F

Knowledge about the expected effects 

North Sea Policy

Management priority A Management priority B

Topic 1 Topic 2 Topic 3

Criteria A Criteria B Criteria C Criteria D Criteria E Criteria F

Knowledge about the expected effects 

Topic 1 Topic 2
criteria a criteria b criteria c criteria d criteria e

Alt. 0
Alt. 1
Alt. 2
Alt. 3

Table 1Schematic of a typical assessment framework (effect matrix) for evaluation of a
proposed project with several project alternatives and assessment criteria

Figure 2 Top down and bottom-up approach to identifying assessment criteria to be used in
an assessment framework (after De Boer et al., 1999) 



the Netherlands as well as internationally (OSPAR and EU). These have primarily been developed in
order to assess the ecological status and evaluate the effects of present and future human uses of
the North Sea. 

Over the past 2 decades, a great deal of effort has been made on the part of various ministries in
the Netherlands developing different ecological indicator sets for the North Sea. Additional
indicators are being developed internationally (OSPAR and EU). In the Netherlands, two distinct
lines of indicator development can be distinguished: [1] ‘AMOEBE’ & ‘GONZ’ (under the Ministry of
Transport, Public Works and Water Management (V&W)); and [2] ‘Nature Target Types’ &
‘Ecosystem Targets for the North Sea’ (under the Ministry of Agriculture, Nature Management and
Fisheries (LNV)), (see Wulffrat et al. (1991); Duel (1997); De Heer & Kabuta (2000); Kabuta and
Duijts (2000); Kabuta and Groskamp (2001)). In each case, criticism on the former indicator set
(‘Amoebe’ or ‘Nature Target Types’ respectively) has been accommodated in the next (‘GONZ’ or
‘Ecosystem Targets for the North Sea’ respectively). 

Other independent lines of indicators have also been developed in the Netherlands, for example
those of the RIVM institute under the Ministry of Public Housing, Spatial Planning and Environment
(VROM) (see Brink et al. (2000)). More recently, yet other sets of (ecological) indicator systems for
the North Sea have been developed internationally, both within OSPAR and the EU. Together with
the recent EU Water Framework Directive, these international developments will soon dominate
further policy development for the North Sea at national levels, and thus to a major extent
determine further evolution of available indicator systems for the North Sea. A schematic overview
of the development of the different indicator systems in the Netherlands and their relation with
one another is given in Figure 3. 

A critical analysis of the North Sea indicators was made based on literature review and interviews
with many different organizations. From this analysis it can be concluded that the indicators
certainly serve a purpose for describing the current condition (and trends) of the North Sea. As
such, they can successfully be used for annual status reports. However, despite all the efforts, many
of the indicator systems are not widely used for management purposes, and have not been applied
as assessment criteria in assessment frameworks. A number of problems and constraints have been
identified related to the application of the indicators for management and policy purposes 
(Erftemeijer et al., 2002): 
1. An important issue is that most of the indicator developments have been rather independently

carried out under different ministries or institutions, resulting in substantial duplication of effort
and a lack of clarity for policy makers and managers of the North Sea over which system to use. 

2. The relationship between indicators and the functioning of the North Sea ecosystem is limited.
Existing indicators are largely focused on species diversity and abundance, rather than the
processes and interactions affecting the ecosystem, which are more directly linked with the user
functions and management questions of the North Sea. 
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Figure 3 The historic development of North Sea indicator systems in the Netherlands and in
Europe under OSPAR. Different Dutch ministries are: V&W (Ministry of Transport,
Public Works and Water Management ); LNV (Ministry of Agriculture, Nature
Management and Fisheries); and Ministry of Public Housing, Spatial Planning and
Environment (VROM).



3. Indicators are too complex (scientific) for the policy makers and day-to-day managers of the
North Sea, and thus do not really meet the requirements of the end users. 

4. Indicators lack reference values and formal status.
5. Indicators lack support from the general public. They are not widely known or generally

accepted, in contrast to the many common economic indicators (e.g. Dow Jones Index, GNP).
6. Dutch indicators are being overtaken by the international context. For example, within OSPAR,

the ecological quality objectives (EcoQOs) are being developed as a tool for setting clear
operational environmental objectives directed towards specific management objectives and
serving as indicators for the ecosystem health. These EcoQOs include both the desired level of
ecological quality and baselines against which progress can be measured.

7. There is no integrated North Sea policy with a clear vision of what is desired for the North Sea.
Without this vision, and accompanying quantified targets, then indicators developed for
purposes of status description will not be useful for assessment the effects of specific actions in
the North Sea (e.g. infrastructure projects) or for evaluating policy. They will remain limited to
monitoring and communicating the ecological status of the North Sea.

From the review of North Sea ecological indicators, it can be concluded that the shortcomings in
the existing indicator systems prevent them from being easily adopted as a assessment criteria in a
‘bottom-up’ approach to developing assessment frameworks.

REVIEW OF NORTH SEA POLICY DOCUMENTS

In a top-down approach to selecting assessment criteria, the priorities and objectives set forth in the
North Sea policies should lead to the relevant assessment criteria. A review of the main North Sea
policy documents was made to see if this is indeed so. Different types of North Sea policy
documents include:
1. National policies and strategies
2. EU regulations (Directives, Recommendations, Communications)
3. International policies and agreements
4. Laws (national and international)

The review focused on the first three categories, and covered the main policy documents of the
several Dutch ministries with mandates for management of the North Sea, including: Ministry of
Transport, Public Works, and Water Management (V&W), Ministry of Public Housing, Spatial
Planning and Environment (VROM); Ministry of Agriculture, Nature Management and Fisheries
(LNV); and Ministry of Economic Affairs (EZ). Furthermore, the main European Union Directives for
Water, Habitats, Birds and Marine Strategy were reviewed as well as the latest international
agreements at the level of the North Sea Ministers (see Min. LNV (2000; 2001); Boon and
Wiersinga, (2002); Bisseling et al., (2001); Stuurgroep Beheersvisie Noorezee 2010 (1998); Min.
V&W (1998; 2000); EU (1979, 1992, 2000, 2002); and North Sea Directorate (2001)). 

From each document, a summary was made of the priorities and management goals that are
specified for the North Sea. These goals are usually specified in a very broad, long-term context
(‘strategic objectives’), supported with additional, further specifications (‘operational objectives’).
The operational objectives give guidance to the implementation of the strategic objective (Van
Koningsveld, 2003).

An example of a strategic objective for the North Sea is given from the Nature for People, People
for Nature (Min. LNV, 2000): 

“The ecosystem targets for the North Sea are based on the principle that the North Sea
ecosystem should be as natural as possible, and be characterized by its own specific
biodiversity and landscape. The exploitation of sea and coast must be kept in balance with
their ecological function.”

In order to meet this strategic objective, twelve further targets are given, which can be considered
operational objectives, for example:
• (Maintain) natural dynamic processes, as essential conditions of a natural sea and coastal zone,

for example ongoing sand and silt deposition in the Wadden Sea, and sand and salt deposition
on shore.

• Maintain and where necessary restore the characteristic populations and associated habitats of
sea, coastal zone and Delta area. 
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In contrast to the priorities on natural characteristics of the North Sea as specified above, the
Management Vision North Sea 2010 (Stuurgroep Beheersvisie Noorezee 2010 (1998), prepared
jointly by four ministries: V&W, LNV, VROM, and EZ) focuses on the benefits that society gains from
the North Sea, i.e. in terms of its functional use. The strategic objective from this policy document
thus has a different focus, which can be summarized:

Provide a balance between the North Sea as a ‘motor’ of economic activity and as a
‘source’ of life, peace, and space. The four principle values for the North Sea (nature,
economy, space and safety) are reflected in these two classifications. Safety at sea and at
the boundary of coast and sea is a condition which must always be guaranteed. 

The further ‘operational objectives’ of the Management Vision North Sea 2010 specify
management goals for specific functions, such as fisheries, shipping, natural resources, recreation
and tourism, pollution control as well as biodiversity. For example, the operational objectives for
fisheries can be summarized: 

To ensure the stocks of commercial fish species are restored at a significant and stable level,
in balance with a sound ecosystem. The commercial fisheries sector has responsibility for
management of the fish stocks, and the catches must be selective (i.e. minimal discard),
causing minimum damage to the seafloor bed. The government has a role in the protection
of areas serving as fish ‘nurseries’. 

A review all the policy documents reveals a certain overlap in the strategic and operational
objectives, with the most commonly cited topics being: 
• Preservation of dynamic and natural functioning; 
• Ensuring biodiversity and a sound ecological functioning;
• Sustainable use of resources;
• Increased safety for shipping, and minimizing accidents;
• Pollution prevention;
• Reduction of eutrophication; and 
• Preservation of quality aspects (the livability and enjoyment of the North Sea and coastal

environment).

While these topics presented by the main policy documents of the North Sea provide a certain
degree of ‘vision’ for North Sea management, they do not provide a precise description of the
desired status of the North Sea or quantifiable criteria as to how this can be measured or
monitored. In order for the strategic and operational objectives from the policy documents to be
used in the process of developing assessment frameworks and selecting assessment criteria, they
would need to provide additional information. Specifically, they would need to have a definition of
a quantitative concept of the state of the system (i.e. how to quantify the desired qualities) and a
benchmarking (what is the desired status). 

Because the policy documents do not go to such level of detail, they do not provide sufficient
information to directly aid in the set-up of assessment frameworks and the selection of assessment
criteria. Thus in order to define a relevant set of assessment criteria, an interactive, iterative process
is required, involving both researchers (bottom up) and policy makers (top down).
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Figure 4 North Sea policy as a balance between the economy (‘motor’) and ecology
(‘source’) functions (from Stuurgroep Beheersvisie Noorezee 2010 (1998)).



CONCLUSIONS

A well defined assessment framework is critical for the effective evaluation and communication of
potential impacts related to large scale infrastructure projects, such as those being considered in the
North Sea coastal zone of the Netherlands. An assessment framework should consist of a set of
clearly defined and quantifiable assessment criteria, which when completed, will provide the
necessary information for the evaluation of a project. In practice, the difficulty in developing an
assessment framework lies in selecting a set of assessment criteria which is meaningful and
acceptable to both the researchers conducting the analysis of a project, and the policy makers
evaluating the acceptability of the project. The development of the assessment framework may
therefore require several iterations and modifications based on the requirements of the managers
and policy makers (top-down) and the researchers (bottom-up). 

A review of existing indicator systems as well as the policy documents led to the conclusion that
these do not currently provide sufficient guidance for the assessment of many proposed projects in
the North Sea. The indicators reflect the diversity of the many visions and priorities for the North
Sea represented in the different policy documents of the many ministries. 

There is a need for a clear vision for the future of the North Sea, with priorities for balancing the
increasing economic interests in the North Sea with the need to protect the natural system. The
vision should be supported by the various ministries which have responsibility for management of
the North Sea.  This conclusion is in agreement with the advice given to the Dutch Parliament in
May 2003 by the Commission of advisors for the laws on Water Management (Commissie van
Advies inzake de Waterstaatswetgving, 2003).
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75015 Paris, France 

The recent global efforts to seek integrated approaches and sustainable solutions to human development
problems have contributed to the recognition that water is a key factor in sustaining human life. Although
Sri Lanka is not considered a water-scarce country, among the 103 river basins of Sri Lanka, there is a
considerable variation of characteristics, water-related problems and potential for development. The
options and strategies for water resources management and development could differ accordingly.

The objective of the case study is to evaluate the information that could be derived from a set of selected
indicators for the use in water resources management. Several wet zone and dry zone rivers are selected
for the case study. This approach was adopted to incorporate different climatic conditions, water uses and
priorities in the analysis.

The problems faced during quantification of indicators highlight the need for better data collection and
management and raise the issue of maintaining an extensive data network by a developing country in a
sustainable manner. Significant variations among estimates for basic parameters such as annual water
resources are described as a serious drawback in making water resources management decisions. The
international research community’s contribution is essential in developing methodologies to efficiently and
accurately make use of the limited data. 

The assessment shows that indicators are useful for making decision in water resources management.
It is found that sometimes several indicators will have to be quantified to make conclusions, especially in
such cases as deciding the potential for water resources development. To provide a comprehensive 
assessment of a situation, indicators have to be combined with some essential parameters and targets 
have to be defined. To achieve uniformity in assessments with respect to aspects such as hydrology and
socio-economic factors, it is recommended that the eleven challenge areas identified by WWAP to be used
as a framework for comprehensive analysis. 

BACKGROUND

Global initiatives 

In the last two decades, global efforts to seek integrated approaches and sustainable solutions to
human development problems have increased. It is now accepted that water is a key factor in 
sustaining human life, and integrated water resources planning and management is essential to
address the problems of scarcity and pollution of water resources. The second World Water Forum
held in 2000 identified several key challenges to be met to achieve water security, which has 
provided a way forward in defining targets and assessing their achievement. Likewise, several
important decisions have been made in other international forums that aim at addressing the key
issues in water resources management.

The effectiveness of these decisions is affected by the absence of a widely-recognized mechanism to
monitor the achievement of set goals. Recent initiatives, such as the World Water Assessment
Programme (WWAP), have concentrated their efforts on developing tools, which include indicators,
to assess freshwater resources. Following up the Ministerial Declaration of second World Water
Forum, WWAP identified 11 challenges that provide the basis for analysing water related policy
issues: meeting basic needs, securing the food supply, protecting ecosystems, managing risks, 
sharing water resources, valuing water, governing water wisely, water for cities, water for industry,
water for energy and ensuring the knowledge base. 
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However, much still remains to be achieved which is evident in the statement made during the
Ministerial Declaration of third World Water Forum (2003), which reaffirmed the commitment for
monitoring and assessment of water systems at local, basin and national levels, with the
development of relevant indicators.

Water resources of sri lanka, present issues and emerging trends

The average annual rainfall in Sri Lanka is about 1,900 mm. The country is divided into a wet zone
and a dry zone by the 2,000 mm annual rainfall isohyet. The dry zone extends to about 80% of
the country (Manchanayake and Madduma Bandara, 1999). There are 103 distinct river basins in
the island, with considerable variation in characteristics and potential for development. Sixteen out
of 103 rivers are classified as wet zone rivers and carry approximately half the annual runoff from
streams (Arumugam, 1969).

The recent analyses of water resources indicate a positive situation overall. However, there are 
significant spatial and temporal variations in water availability. A major part of the rainfall occurs
during the Northeast and Southwest monsoons, and even those rainfall values show considerable
variation from mean annual values. More than half the 103 rivers in Sri Lanka have a zero or 
negligible water flow during Yala (dry) season (Amarasinghe et al, 1999). The wet zone is also
experiences water problems such as water pollution that is aggravated during low-flow periods and
floods.

There are several water related issues that have gained prominence in the recent times:
a. The water resources developed at present are inadequate to meet the demand from various 

sectors such as agriculture, domestic water supply and industries, and this has led to competition
among water user sectors.

b. Considering the annual water resources, there appears to be a potential to develop water
resources further. However, the development potential varies among river basins and it is 
constrained by basin-specific issues.

The emerging issues have contributed to drafting a national water resources policy, which
recognizes the river basin as the basic unit in water planning and management. When the new
policies are implemented, it is very likely that a river basin or a cluster of basins will be managed
with a certain degree of independence, accompanied with considerable stakeholder participation.
In such a situation, indicators are very important for the managers, planners and policy makers to
make decisions regarding development of water resources and to keep track of impacts of water
resources management interventions. Some of the desired qualities of indicators, in the context of
Sri Lanka, can be described as follows:

a. They should have a scientific basis
b. The information should be understood at the top policy-making level. It should prompt them to

rethink existing policies and strategies, and formulate new policies and strategies where
necessary.

c. The information should prompt the managers and planners into action, to avoid impending
crisis.

d. In the case of water resources management, the information provided by indicators should
facilitate planning development, and assess across-management unit performance.

e. The collection of data for the indicators should be within the national capacity but should be
sufficiently robust and comprehensive to avoid surprises or errors in decisions.

f. They should relate to present and emerging issues.

Molden et al (2001 a) discuss three phases or stages of river basin development, which are relevant
to the foregoing case study. They are as follows:

1. Development phase, where the amount of water available is not a constraint,
2. Utilization phase, where water savings and improved management of water deliveries are the

more important objectives,
3. Allocation phase where depletion approaches the potential available water and the scope for

further development is limited.
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Figure 1. Location of Selected River Basins 
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CASE STUDY

The scope

The scope of this paper is to survey the usefulness of a few selected indicators in the assessment of
the physical status of the resource and making water management decisions. The indicators that
were quantified and used for the analysis are; annual per capita water availability, in-basin storage
capacity as a percentage of annual water resources, per capita water storage capacity and percent
population with safe water. Considering the broadness of the subject of indicators on water
resources and the availability of data, it was decided to concentrate on the above indicators. The
data and information for computation of the indicators were obtained from recently completed
studies of the selected river basins, including the WWAP case study in Ruhuna basins comprising
Walawe Ganga, Kirindi Oya, Menik Ganga and Malala Oya. 

The location and basic characteristics of the selected river basins

Several wet zone and dry zone rivers are selected for the case study. The location of the river basins
is shown in Figure 1.

Out of the eight rivers, Kelani Ganga and Kalu Ganga are located in the wet zone. Kelani Ganga,
which flows through the country’s Capital, assigns a high priority on providing water for basic
needs. While a major part of Maha Oya lies in the wet zone, the other rivers are mostly situated in
the dry zone. Out of the dry zone rivers, waters of Kirindi Oya and Walawe Ganga support large
extents of agricultural lands. Menik Ganga, also in the dry zone, has more than half its catchment
area under forests, and supports large areas of nature reserves and wildlife: water allocation 
decisions will be influenced by concerns for sustaining these resources.

The basic characteristics of the river basins can be summarized as follows:

Sources: Amarasinghe et al, 1999, Jayatillake, 2002, DHI, 1999, and ECL, 1999

Socio-economic factors

Socio-economic factors are essential in making water resources management decisions. Although
data are not readily available at the river basin level, the administrative district level data provide
substantial information necessary for the management.

Notes: 
1. Higher and lower values are based on the values relevant to administrative districts. 
2. Higher poverty line is Rs. 950 (equivalent to US$ 16.70)/person/month (1996/97)
3. Source: Department of Census & Statistics, 2000

The above set of parameters indicates a high variability of social and economic conditions in the
river basins. This is due to several reasons including uneven water resources development, and high
industrialization and urbanization of lower portions in the wet zone rivers. Therefore this paper
does not attempt to assign a single value to a river basin with respect to socio-economic 
parameters.

River Area
(Sq. km.)

Population Annual precipitation (mm) Annual flow
(MCM)

Maha Oya 1527 1,039,000 2219 1485

Kelani Ganga 2292 2,210,000 3718 6025

Kalu Ganga 2766 934,000 3809 7407

Deduru Oya 2844 942,880 1546 1130

Walawe Ganga 2471 637,000 1860 1524

Kirindi Oya 1165 225,000 1470 469

Menik Ganga 1287 133,000 1561 352

Malala Oya 655 79,000 1058 116

Table 1: Basic Characteristics of River Basins



ASSESSMENT OF WATER AVAILABILITY AND SCARCITY

Per capita water availability as an indicator

Work by researchers such as Falkenmark et al (1990) has shown that per capita water availability
can be used as an indicator to assess water availability. The following discussion attempts to 
investigate the usefulness of this indicator for making decisions in water resources management.

At the national level, the annual per capita water availability is about 2,300 m3. The annual per
capita water availability values of the eight basins are illustrated in Figure 2. It can be seen that
annual per capita water availability of Kelani Ganga basin, located in the wet zone is comparable
with dry zone rivers such as Walawe and Menik Ganga. Water stress can be expected in Mahaoya,
Deduru Oya and Malala Oya, which is commensurate with the actual field situation. However, 
different estimates for water resources in Deduru Oya show a very high variation, from about 1,130
MCM/year to about 1,500 MCM/year (Amarasinghe et al 1999, Arumugam, 1969 and ECL, 1999).
Therefore an accurate assessment of water stress in Deduru Oya is not possible.

Data sources: Amarasinghe et al, 1999, Jayatillake, 2002, DHI, 1999 and ECL, 1999
Figure 2. Annual per capita Water Availability

Comparison of Kirindi Oya with Kelani Ganga does not indicate a significant difference in water
availability. However, water shortages in Kirindi Oya had been a widely discussed topic in the
recent past. The major irrigation scheme in the basin, Kirindi Oya scheme, could not be developed
to cultivate the extent of lands envisaged at the design stage due to water shortage. Even the 
developed lands are cultivated at a cropping intensity less than 200%, leading to many social 
problems and economic hardships for the farmers. 
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Basin Maha Oya Kelani Kalu Deduru Walawe Kirindi Menik

Avg. monthly
household income-
Rs

5051-8538 11,107-
5051

4684-
6785

5143-
5718

3702-
4684

3702-4397 3702-4397

% Households
receiving food &
economic support

35-55 12-35 36-61 43-55 33-65 33-65 33-65

% Income from
agricultural activities

4-16 1.6-6.5 5-17 10-16 11-21 11-21 11-21

Irrigated area-ha Negligible Neglig-
ible

Negli-
gible

36,500 45,000
(Ruhuna Basins)

Water for agriculture

Percent people
below higher
poverty line  2

21-53 19-41 38-52 51-53 43-66 43-66 43-66
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Table 2. Selected Socio-economic Characteristics of the Basins



The indicator’s adequacy for describing critical issues

The comparison of annual per capita water availability of river basins highlights the variation of
water availability and scarcity across river basins. The indicator partially explains the reasons for
some emerging issues such as spatial distribution of water scarcity and variation of the potential for
water resources development. Therefore, the indicator is more useful at the river basin level than at
the national level, and provides a good starting point for planning water resources development.

However, there are a few weak points in the indicator. As discussed above, the comparison does
not highlight the water stress in Kirindi Oya and other dry zone rivers. One of the missing factors in
the equation is the type of water use. The major water user in all dry zone rivers is irrigated-
agriculture, while in Kelani Ganga and Kalu Ganga, water requirement for irrigation is negligible.
The major water user in Kelani Ganga and Kalu Ganga is the domestic water supply, where the
withdrawals are small, consumptive use is low and a significant part of the withdrawals returns to
the system. Therefore, per capita water requirement and consumptive use in dry zone rivers are
higher than those of wet zone rivers. Figure 4 describes how the quantities of water used by 
different users are distributed.

The water withdrawals for domestic water supply serve a large number of people, though such
withdrawals are quantitatively small. Therefore, it could be more useful to consider the people
affected by different water uses, when defining terms such as “the major user” and making 
allocation decisions.

Figure 4. Quantities of water allocated to different uses

Annual values tend to ignore the issues arising from temporal variations of water availability. In
most of the dry zone rivers, high river flows are confined to only a few months of the year. The low
flows in the dry period adversely affect the water availability in both dry zone and wet zone rivers.
Some observed problems are listed as follows:

• Salt-water intrusion during low flows affects the domestic water supply in both wet zone and dry
zone rivers. Examples are drinking water supplies to Ambalantota town from Walawe and to city
of Colombo from Kelani Ganga.

• In Maha Oya, quality of drinking water supply is affected by high effluent load and low flow in
the dry season. (Handawela, 2002 and DHI, 1999)

As even the wet zone rivers are affected during the low flow periods, it is apparent that minimum
low-flow levels based on effluent loads and water requirements for different uses should be criteria
to be included in assessments of water adequacy. Parameters such as ratio of wet season runoff to
dry season runoff and coefficient of variation of monthly runoff have been used by some
researchers to measure the temporal variation of water availability (Jayatillake, 2002). Therefore,
such information also should be used in combination with annual per capita water availability to
assess the extent of water scarcity. 

Despite some drawbacks, using annual per capita water availability in the river basin context
provides it with more flexibility and better capability for expressing water stress by reducing the
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effects of spatial variability of water resources, compared to using it at the national level. To make 
decisions in water resources management, the information provided by the indicator has to be
combined with other parameters such as type of water use and temporal variation of water 
availability.

WATER RESOURCES DEVELOPMENT

Some relevant indicators

In most of the dry zone rivers including those selected for this study, low cropping intensity
constrains the optimum utilization of land resources for agriculture and economic growth in rural
areas. The Maha Oya basin, located mostly in the wet zone, is expected to undergo rapid
urbanization accompanied by a growth of manufacturing sector. Infrastructure such as roads and
communication are good and would support such a growth, but water scarcity, especially in the dry
period, can be a constraint to growth (DHI, 1999). 

The policy-makers and water resources planners are eager to learn about the potential for further
water resources development, which will help to alleviate the above-mentioned problems. Several
indicators can be useful in making such decisions, as follows:

Some researchers have used the ratio of water withdrawals to annual water resources as a measure
of water scarcity (Molden et al, 2001b). This indicator can also provide information on the 
potential for water resources development. Another indicator is the percentage of total (surface)
water resources flowing to the sea. It is often assumed that if a high percentage of annual discharge
flows to the sea, then there is a high potential for water resources development. However, a 
comparison of the river basins based on these indicators is not attempted here because, in some
cases, the accuracy of relevant data is in doubt.

High temporal variation of water resources in Sri Lankan rivers makes the storage capacity in a river
basin an important factor in managing, storing and developing the resource. Figure 5 describes
storage as a percentage of annual water resources.

Similar information is provided by per capita storage (Figure 6), which takes into account the 
population factor. However, as in the case of per capita water availability, information on water
uses is also required to make decisions. 

Other relevant indicators include the percent annual water resources flowing to the sea. Only a few
accurate estimates are available for this indicator.
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Figure 5. In-basin storage as a percentage of annual water resources



Adequacy of the indicators

The indicators facilitate decision-making with regard to water resources development: proposals for
such development are being considered in Deduru Oya, Kalu Ganga and Menik Ganga. Ongoing
research in Sri Lanka indicates that small reservoirs (Tanks) in Sri Lanka contribute to recharge of
groundwater, and augmenting the groundwater storage could be evaluated against new
infrastructure for surface water storage. This factor is not considered in the indicators discussed
above. Another important parameter is the water required for environmental needs.

A weakness in an indicator such as the percentage of water flowing to the sea is that it hides the
effects of actual water use patterns. Although about the same percentage of water in Kelani, Kalu
and Maha Oya (97.5%, 99.8% and 97.8% respectively) flows to the sea, the amount of water
used for various purposes in Kelani Ganga is about 13.5% compared to less than one percent in
Kalu Ganga. The difference is due to development of hydropower facilities in Kelani Ganga, which
account for about 76% of total water uses in that basin. Although water use for hydropower is
non-consumptive in the river basin context, the studies carried out in Walawe basin have indicated
that withdrawal for hydropower deprives water for other users immediately downstream of the
point of extraction. Therefore, just because a high percentage of water resources flows to sea at the
outlet, it does not necessarily mean that the same amount is available for use or development.

Overall, it can be seen that indicators discussed above provide valuable information regarding 
identifying the potential for water resources development. There are certain weak points of the
indicators, as in the case of percent water flowing to sea. Knowledge about the river basin and the
judgement of the planner should be used to make the correct decisions.

It is important to note that a single indicator can not assess the water scarcity or potential for
development. For a complete picture of any given situation, several indicators such as the ones 
presented here need to be quantified.

WATER RESOURCES MANAGEMENT: PROVIDING BASIC HUMAN NEEDS

The relevant indicators

Providing for basic human needs, safe drinking water and adequate sanitation are the primary
goals of water resources management. Figure 7 shows achievement of the objective of providing
safe water, in selected river basins.
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Figure 6. Per Capita Storage of Water Resources



Adequacy of the indicators

Indicators such as the percent of people supplied with safe drinking water are useful for making
decisions, and monitoring them would keep track of whether the desired goals are being achieved.
However, there are several other parameters that are required for completing the overall picture.
Two such parameters are listed below:

The above table shows that Maha Oya and Ruhuna basins (Walawe, Kirindi and Menik), located in
mainly rural areas, provide a large proportion of the population with pipe-borne water. As indicated
in the table 1, Kelani Ganga basin supports a large number of people. Urban population in Kelni
Ganga basin is the highest among the basins considered for the case study. However, only a 36% of
the urban population receive pipe-borne water (DHI, 1999). Therefore, Kelani Ganga basin
depends heavily on groundwater to provide safe water needs of the population. As such, sufficient
attention should be paid to monitor groundwater and ensure pollution and depletion of the
resource does not take place. 

The number of water supply schemes that provide 24 hour service suggests that having access to
safe water does not necessarily mean that adequate quantities are made available. The city of
Ratnapura in the water-abundant Kalu Ganga basin provides its inhabitants only 16 hours per day
water supply, while ironically floods are a frequent natural disaster that affects the city’s economic
activities. It may also be noted that the incidence of water-borne diseases is highest in Maha Oya
basin among the river basins selected for this study, despite the fact that a high percentage of the
population receives pipe-borne water. Reportedly, industrial effluents affect the water quality of
Maha Oya and pollution is aggravated during the low flows (DHI, 1999). 

The above discussion shows that quality of surface and ground water is an important parameter to
be measured and monitored. Therefore, it may be necessary to define a target, based on minimum
per capita water requirement reflecting the basic water needs and the desirable quality, and 
measure performance against the target. Overall, the availability of safe drinking water is a useful
indicator for assessing the management of water for meeting the basic human needs. However, the
information provided by the indicator has to be considered in combination with other indicators
such as availability of adequate sanitation and parameters such as Percent population with 
pipe-borne water, Ratio of major urban water supply schemes providing 24 hour supply and water
quality.
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Basin Maha Oya Kelani Kalu Deduru Walawe Kirindi Menik

Percent population with pipe-borne
water

24 26 21 9 30

Ratio of major urban water supply
schemes providing 24 hour supply

8/14 11/17 4/9 Not
available

4/11

Note: “Ruhuna” river basins comprise of Walawe, Kirindi, Menik Ganga and Malala Oya basins
Figure 7. Availability of Safe Drinking Water

Table 3. Some parameters associated with the provision of basic human needs
Sources: DHI, 1999 and Senaratne, 2002



PRIORITIES

In a crisis situation, water resources managers are faced with the problem of allocating water
according to priorities. The National Water Resources Policy, currently being formulated, recognizes
that priority should be given to drinking water and sanitation during a water shortage. The 
subsequent priorities would depend on local socio-economic factors such as population employed
in agriculture and industries, major sources of income etc. 

For example, in Kelani Ganga and Kalu Ganga irrigated agriculture is not a major concern.
Therefore, after basic needs, water allocation priority could go to industries or hydropower. The
impact on national economy and the number of people affected by water allocation decisions are
important factors in decision-making, as well. A significant portion of a person’s income in the dry
zone is based on agriculture, and in some administrative districts, the number of people employed
in agriculture is as high as 80%. Other possible considerations in making risk management 
decisions include the number of people living below the poverty line and the number of people
receiving food and economic support, described in Table 2. Studies (DHI, 1999) suggest links
among factors such as poverty, water quality, and water-borne and water-related diseases.
However, developing these parameters into indicators and indices are yet to be done.

CONCLUSIONS

As always is the case, information was the major bottleneck in approaching this paper. 
The information used in this paper was obtained from a set of river basin water resources 
assessments. While some assessments had a heavy technical and hydrological emphasis, others
focused on socio-economic aspects. The eleven challenge areas identified by WWAP provide a 
suitable framework for comprehensive analysis, yet a lot still requires to be done to integrate the
same in policy dialogues and documents.

The previous studies such as those carried out for WWAP have highlighted the need for improving
the quality of data and their management. While the quantification of indicators under WWAP has
pointed on the inadequacies of hydrometric network, an important question is: whether a more
extensive network can be maintained by a developing country, such as Sri Lanka on a sustainable
basis. 

The discussion has showed that indicators are useful for making decisions related to water resources
management. In particular, indicators can be used to compare the level of development within a
basin, water availability, scarcity, impact of management interventions etc. According to the 
classification by Molden et al (2001a) described earlier, Kirindi Oya and Malala Oya are in the 
allocation phase. Menik Ganga and Kalu Ganga are in the development phase. Kelani Ganga,
Deduru Oya and Walawe Ganga could be considered as river basins in the utilization phase, with
some scope for development left. However, the information such as type of water use, 
socio-economic conditions, temporal variations of water quality and quantity are important factors
that need to combine with indicators, to make final decisions. Sectoral targets such as targeted 
percentage population with access to safe water are also needed to make the best use of indicators.
Formulation of an indicator-based methodology to identify the phase of the river basin will 
facilitate decision-making in water resources development.

The research community’s contribution is essential in developing methodologies to efficiently and
accurately make use of the limited data. International cooperation can reduce the burden on 
developing countries to maintain expensive data collection networks by providing new technology,
capacity enhancement and information such as remotely sensed data. These points are also relevant
for programme like the WWAP, which is trying to establish reporting system using indicators.
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PUBLIC PARTICIPATION AND SOCIAL LEARNING FOR RIVER BASIN
MANAGEMENT

E. Mostert

RBA Centre Delft University of Technology, Stevinweg 1, 2628 CN  Delft, The Netherlands

Since the entry into force of the European Water Framework Directive (WFD), Public Participation in river
basin management is getting increasing attention. PP is commonly believed to increase public acceptance
of decisions and improve their implementation, but this is unlikely to happen if PP is limited to informing
and consulting the public. To be really useful, PP should be a form of social learning. In essence, social
learning means learning together to manage together. It requires that the stakeholders (publics,
authorities and experts) organise themselves around the issue at stake, start interacting, share
responsibility and eventually arrive at joint or co-ordinated action. Presently, most is known about social
learning within organisations and small groups, and very little about social learning in larger settings, such
as international river basins. The ongoing HarmoniCOP project, a European research project on PP, social
learning and the WFD, is presently looking into this, combining theoretical work with case studies. This
paper incorporates the first results of the project.

INTRODUCTION

Views on public participation

Public participation (PP) is a widely accepted concept for river basin management. It has been
mentioned in numerous international declarations and has been enshrined in several international
legal instruments, such as the Aarhus Convention (1998) and the European Water Framework
Directive (2000/60/EC). Yet, there is no agreement on what PP really means. Some see PP primarily
in terms of legal rights and obligations. Others see it as a technique for obtaining information, for
educating the public and for increasing public acceptance of river basin management. Researchers
sometimes approach PP as a research methodology. And still others see PP as a fashionable concept
only.
This paper takes a different approach to PP. It sees PP as a fundamentally different way to manage
river basins. River basin management involves many authorities, interest groups, companies,
citizens and experts with different interests in the basin, different information and different
resources. Together, they need to learn about the basin, how they depend on it and how they affect
it. In the end, they have to arrive at joint or at least co-ordinated action. PP as conceived in this
paper is a form of social learning. It can be described briefly as “learning together to manage
together”.

Outline paper

This paper develops the idea of PP as a form of social learning. As a backcloth to the discussion, it
first discusses the traditional approach to river basin management and PP. Next, it develops the
concept of social learning. This concept is then applied to the European Water Framework Directive
(WFD). The final section gives details about the ongoing HarmoniCOP project, which aims to
support the implementation of the PP provisions of the WFD and has social learning as its central
theme.
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THE TRADITIONAL APPROACH

Traditional river basin management

Traditionally, river basin management was seen as a technical activity under the responsibility of
government (Cf. Pahl-Wostl, 2002). The aims of river basin management were taken for granted:
increasing water supply, irrigation and hydropower production, reducing flooding and improving
navigation. The main strategy to reach these aims was large-scale infrastructure development. The
exact works to undertake were to be determined through a technical planning exercise. Because of
the importance for the national economy, national government and its technical agencies were in
charge. They did all the planning and financed and executed most of the works; the public played
no role.
From the sixties onwards, the traditional approach lost ground. Infrastructure development became
more difficult, as the best possibilities had already been used, and more problematic, as negative
environmental effects became apparent. For the “developed” world infrastructure development also
became less important. The economy had already grown a lot and priorities were changing. The
authority of government and experts started to be questioned everywhere in the “developed”
world, and people started to demand more attention for environmental issues.
At first this new demand could be met with traditional, technical means. Throughout Europe
wastewater treatment plants were built with huge subsidies. Gradually, however, new problems
came to the fore for which no technical fixes exist, such as diffuse pollution and over drainage of
wetlands. Moreover, government financing became increasingly problematic. After the oil crisis in
1973 several economic crises occurred and government budgets shrank.
Presently, government is no longer capable of shaping society on its own. Many plans are not
implemented because of a lack of funds and many regulations are not complied with because the
means to monitor and enforce them are lacking. Increasingly, government needs to obtain support
from society. In addition, the water branch of government increasingly needs to co-operate with
other government sectors, such as the land use planning authorities.

Traditional public participation

As the traditional approach to river basin management lost ground, PP gained ground. An
important impetus was the demand from social groups for more influence. Many authorities and
experts, however, realised that PP could have benefits for them as well. PP could result in useful
information, in a better-informed and more understanding public and in more public support.
Massive opposition and legal action could be prevented and implementation could become
smoother.
Often, PP became a technique to obtain support for preconceived plans. PP could result in small
adjustments, but there was no intention to give any real influence to the public. River basin
management remained the exclusive domain of the authorities and the experts, except that the
public could make some remarks. PP was typically organised in a late stage only and often no
alternative solutions could be discussed. How the problem was framed in the first place was not
discussed. Moreover, PP was often organised as a separate process and not integrated in planning
and decision-making. Only some influential stakeholders had direct access to the latter process.
This type of PP is still very common, but the experiences are not very positive. Usually, the general
public is not very interested. They either remain passive or, if they feel strongly against the plan,
they may use PP as a platform to protest. These are in fact the only two options they have. If they
mistakenly believe that they are given real influence, they may become disillusioned and public
support can decrease instead of increase. Influential stakeholders are not very interested in this type
of PP either. They prefer to use the direct access they have to the planning and decision-making
process (Mostert, 2003). To increase the effectiveness of river basin management, a different type
of PP is needed: PP as a form of social learning.

SOCIAL LEARNING

Social

The social learning concept as used in this paper combines a number of notions that are crucial for
effective river basin management. The first notion is that river basin management is a social-
relational activity. River basin management is too complex for any single organisation. Information,
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funds, competencies and other resources are spread over too many actors. Yet, it is also a
technically complex task. These two sides of river basin management are fact inseparable. Problems
are defined, information is generated and solutions are developed, selected and implemented in a
social context. They are the result of interactions between individuals and groups with specific
backgrounds, experiences, interests, communication channels and hierarchical positions (Craps,
2003).

Learning in communities of practice

The social-relational character of river basin management is also recognised in other approaches
such as network management and process management (e.g. Bruijn et al, 2002). These approaches,
however, sometimes forget the task management aspects. Moreover, they put less emphasis on the
learning that is required. Learning in this context is not a purely cognitive or individual activity. It
refers to the capacity to manage complex tasks together.
The most effective way to learn is to practise within the pertinent “communities of practice”:
groups of individuals with a common task who interact directly with each other (Wenger, 1998).
Examples of such communities are departments of water management organisations, international
river basin commissions, working groups and many informal groups.

Reflexivity and double-loop learning

Learning to manage tasks together requires, firs, that the people involved organise themselves and
start interacting – exchange information, discuss issues, negotiate, etc. Secondly, their interactions
need to be based on principles of reflexivity, reciprocity and respect of diversity. Reflexivity means
that the participants reflect not only on the best means to reach their goals (single-loop learning),
but also on the goals themselves and on their relations (double-loop learning).
Reflection on the goals may lead the participants to adopt new goals that further their interests
better and moreover greatly increases the chances of an agreement (cf. the concept of principled
negotiations: Fisher and Ury, 1981). However, such reflection is unlikely to occur when social
relations are not healthy. When faced with difficult or potentially embarrassing situations, most
people implicitly base their actions on two strategies: unilateral control of the task at hand and
unilateral protection of self and others from potentially embarrassing information. Potentially
embarrassing information is not stated and face-saving moves are often made. Opinions are not
illustrated but instead presented as obviously correct, and solutions are proposed so as to
discourage inquiry into their merits. Moreover, these types of behaviour trigger or reinforce similar
behaviour by the others. The overall results are defensive relations, less valid information, limited
public testing of ideas and few action alternatives to choose from (See for more details Argyris and
Schön, 1996).

Reciprocity

Reciprocity is a key mechanism to arrive at and sustain joint or co-ordinated action. A basis for
reciprocity exists when participants are interdependent on each other and cannot effectively
exercise unilateral control – and realise this (Cf. Gray, 1991). Reciprocity means that each
participant considers the interests of the other participants, gives in on points that are more
important for the others than for themselves, and can trust that the others do the same. This will
benefit all involved.

Respect of diversity

Respect of diversity is the third precondition for social learning. Different people usually have
different interests, views and information. These differences can create problems that need to be
discussed (cf. Vansina and Taillieu, 1997). However, they can also be a source of strength. Different
views and information can complement each other and different interests can provide opportunities
for mutually beneficial exchanges.

Multi-membership and representation

As discussed, the most effective form of social learning is to practise in so-called communities of
practice. But there is a problem here. Communities of practice are quite small, but river basin
management involves a huge number of people. All these people need to be involved somehow. 
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A possible mechanism for this is multi-membership. People active in more than one community
may transfer experiences and insights from one community to another.
Multi-membership can take different forms. People can be ordinary members of several
communities, but they may also formally represent their “home” community in another
community. E.g., local NGOs can be represented in national NGOs, which can be represented in
international NGOs and these in turn in an international river basin commission.
Representation poses several challenges. Representatives do not always represent the needs and
concerns of their home community correctly and do not always maintain close relations. Moreover,
they may lack or loose sufficient trust of their home community and may lack sufficient freedom to
interact effectively in their “new” community.

Artefacts and learning as imagination and alignment

It may be very difficult to reach all relevant people on a purely interpersonal basis through 
multi-membership. An alternative is the use of “artefacts” produced by the different communities,
such as concepts, computer systems, newspaper stories, scientific reports and television broadcasts.
These artefacts can convey an impression of the work of the originating community and the insights
it reached. When the recipients find the message contained in the artefact convincing, they may
align their action towards a common goal. Their actions can also be aligned, e.g. through orders
from a superior, regulations or the use of a common computer systems (Cf. Wenger, 1998).

When social learning is appropriate and when not

Social learning is called for when issues are at stake that involve several stakeholders who each on
his or her own lack sufficient information, legal competencies, money or other resources to solve
the issue to his or her satisfaction. In addition, the issue should be important enough for the
stakeholders to invest the necessary time and effort. Social learning is inappropriate when one
stakeholder can take unilateral action and when the issue is not important enough. Moreover, social
learning is unlikely to remedy fundamental imbalances in power. This usually requires power
politics that are anathema to social learning.
Obstacles for social learning include a history of mistrust, fundamental ideological differences, lack
of interpersonal skills, and large differences in resources. Resource-poor parties cannot participate
meaningfully in social learning processes and influence the outcomes. They may then opt for
apathy or for confrontational strategies, such as legal action and polarising publicity campaigns to
muster support. Intervener funding may help to prevent this. In other cases training programmes
may be helpful (Cf. Gray 1991).

PUBLIC PARTICIPATION AND THE WATER FRAMEWORK DIRECTIVE

Implementing the Water Framework Directive

In Europe the Water Framework Directive (2000/60/EC), published in December 2000, provides a
strong stimulus for PP in river basin management. The WFD requires the Member States to manage
their basins as a whole and reach a good water status for all their waters by 2015. The backbone
of the WFD is a system of river basin management planning. Three times in this process the public
has to be consulted. In addition, the Member States have to encourage the “active involvement of
all interested parties”. This implies that the public gets real influence, but not necessarily formal
responsibilities (although this may happen too). Upon request access has to be given to background
information (Drafting Group, 2002).
At the moment all EU member states and accession countries are busy to meet the different
deadlines of the WFD. PP does not always get much attention and often a traditional approach is
taken, focusing on information supply and consultation. The WFD has raised attention for PP in
river basin management, but river basin management is usually still seen as the exclusive
responsibility of government and not as a common task of both governmental and non-
governmental actors. There are some examples where governmental and non-governmental actors
co-operate closely, but the former set the agenda and retain veto power (e.g. the Beiräte in some
German Länder). In other countries (e.g. Flanders) there is willingness to co-operate, but little
knowledge and experience (Kampa et al., 2003; Kamps et al., 2003; Van Rossen, 2003).
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The scale and complexity of river basins

It is not easy to involve the public actively in river basin management and realise social learning.
River basins often cross national boundaries and their management always crosses sectoral
boundaries between water management, agriculture, land-use planning and other government
sectors. Consequently, many different authorities are involved. These need to co-operate and agree
on the scope, level and timing of PP, the methods to use, project organisation and follow-up
(Mostert, 2003).
The number of stakeholders in river basin management can be huge. One way to involve them all
is to organise many local meetings in parallel. This is, however, very resource intensive. Moreover,
the results of the different meetings should somehow be integrated and attention for issues with a
larger geographical scope should be ensured. Alternatively, PP could be organised with a limited
number of representatives. As discussed in the previous section, this poses other challenges.
At the moment, most is known about social learning within organisations and small groups. The
knowledge gaps are much larger concerning social learning in larger social settings, such as river
basins. For instance, how to promote organisation around the issues at stake? In what sense can
individuals be actively involved when they cannot participate in person in the important
“communities of practice”. How can they become committed and not remain passive recipients of
insights produced elsewhere? How can artefacts, imagination and alignment complement
participation in person, and what can be the role of the mass media? How to recognise social
learning when it occurs? How to identify the conditions under which it is most likely to occur? And
ultimately: how to implement the PP provisions of the Water Framework Directive to maximally
promote social learning?

Attitudinal issues

Even in small basins effective PP may be difficult to organise. Interest in PP is often limited,
especially if PP is not organised well or was not organised well in the past. Authorities may not see
the need for PP, they may have some bad experiences with publics that only protest (possibly
caused by how PP was organised). Moreover, they may fear that they loose power (while in fact
they may increase their effectiveness). Publics may have bad experiences with authorities that do
not take their reactions seriously. Experts often have little experience in working with the public
and often do not see the need for it.
The theoretical solution to attitudinal problems is to execute some well-designed participatory
processes that allow everybody to gain positive experiences. However, the first challenge is to
overcome initial resistance without compromising too much on the quality of the process. The
second challenge is to transfer any lessons that are learned to other contexts, e.g. to the national
context (e.g. Dainov, 2003). The third challenge is to prevent too many separate PP initiatives
simultaneously. This is not only very expensive for the organisers, but also very demanding on the
public and will result in limited and unrepresentative response.

Public participation and social learning versus regulation

The WFD requires PP, but it also sets the objectives to be reached (a “good water status”) and relies
heavily on command and control measures to reach these objectives. There seems to be some
tension here. PP as a form of social learning is open-ended – at the start you do not know the
outcome  –, but the WFD already gives the outcome!
When organising PP, it is crucial to make clear what is still open for discussion. The objectives as
such are not. They are binding for the member states. However, discussion is possible on their
specification, on the “reference conditions” that form the basis for the specification, on the
designation of water bodies as “artificial” or “heavily modified” (which results in somewhat lower
objectives), on the use of derogations, on the measures to reach the objectives and on phasing (art.
4 WFD). Active involvement will be encouraged most if the goals to be achieved and the measures
to take are placed central in the discussion. The technical and legal details of the WFD are less
interesting for the public. They cannot be ignored completely, but discussions that are limited to
the articles of the WFD will be quite poor.
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1. Before using any PP technique, agreement has to be reached between the different
government bodies concerned on the scope of PP (what can be discussed and what
cannot?), the purpose (what benefits are aimed for?, why PP?), the level of PP, the dif-
ferent publics to be targeted, the project organisation, and procedures for exchanging
information and deciding on follow-up.

2. This necessitates, among others, some form of actor analysis.
3. Three different criteria can be used for identifying the relevant publics: (a) the interests

they represent; (b) the information, ideas and skills they have; and (c) their influence
on decision-making and implementation.

4. A process design should be prepared in advance.
5. To develop “co-ownership”, the process design should be discussed beforehand with

the major stakeholders. Important topics are the type of contributions from the public
that are expected and what will be done with them.

6. Afterwards feedback should be given on what has actually been done with the contri-
butions.

7. More support for water management is a legitimate aim of PP, but if the input by the
public is not taken seriously, PP may backfire and public support may decrease.

8. To prevent limited or unrepresentative response, the different publics need to be
approached actively. Intervener funding and/ or participatory training may be needed,
especially if some publics have far fewer resources than others.

9. A professional outside facilitator can enhance the legitimacy and effectiveness of the
process.

10. PP should start as early as possible, when still something can be done with the public
input. Different publics may need to be targeted in different phases.

11. PP on the different aspects of river basin management should ideally be organised at
the geographical scale (local, regional, river basin, etc.) that is closest to the most rele-
vant publics for these aspects (but see lesson 16).

12. Smooth communication should be ensured between scales and between units at each
scale (e.g. between different basin states).

13. PP in river basin management implies PP in policy research for river basin manage-
ment, if only to prevent technical controversies.

14. To prevent a “participation burnout”, it is better to ask the public to participate in one
integrated planning exercise than in 20 sectoral exercises.

15. The PP capacity of government (personnel, skills, budget, openness, flexibility) needs to
be reviewed and developed.

16. “Realistic” PP methods and techniques have to be chosen that fit the PP capacity of
government, the capacity of the concerned publics, the geographical scale, the type of
issues to be addressed and the phase in the planning cycle.

17. PP needs to be evaluated afterwards in order to learn for future processes, and during
the process in order to adjust to unforeseen developments.

18. Fostering mutual trust and open communication is paramount.

Box: Lessons from the literature on organising PP (Mostert ed., 2003, p. 9)

THE HARMONICOP PROJECT

Many lessons can be learned from the literature on PP on setting-up participatory processes. The
Box on the next page gives an overview. Yet, knowledge on PP is far from complete. The
HarmoniCOP-project tries to complement the existing knowledge. The HarmoniCOP-project has
been set up in the framework of the 5th European Framework Programme for Research and
Technological Development (Contract nr EVK1-CT-2002-00120) and involves 17 institutes from nine
European countries, including new member states. It aims to increase the understanding of
participatory river basin management against the background of the European Water Framework
Directive. Its specific objectives are as follows:
• To prepare a “Handbook on PP methodologies“
• To provide insight into social learning in a multi-phase multi-level context
• To increase the understanding of the role of information and IC (information and communication)

tools in PP
• To compare and assess national PP experiences and their backgrounds
• To involve governments and stakeholder groups
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An important part of the project is original case study research and experiments in PP.
The project has started in November 2002 and will run until November 2005. The project co-
operates with other European research projects, most notably the SLIM-project (Social Learning for
the Integrated Management and sustainable use of water at catchment scale; cf. Röling, Jiggins and
Watson, 2004). The SLIM-project includes 4 countries, uses a slightly different approach to social
learning  and has a less strong focus on the WFD, but there are many links with the HarmoniCOP
project. More information on the HarmoniCOP project, including the first reports and contact
details, can be found at www.harmonicop.info.
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This paper presents a description of the methodology, of the underlying concepts, and of the theoretical
basis of an on-going EU research project – River Dialogue. The main aim of the project is to develop
methods to improve communication between the scientific community, decision-makers, and the public,
and the focus of the project is on European water management. The ambition of the project is to develop
specific strategies for three-way communicative processes between the groups involved in water 
management, especially concerning the use of scientific information. The main project objectives are to
identify the best approaches to increasing public empowerment in the implementation of the EU Water
Framework Directive and river basin management plans through focus groups and citizen juries conducted
in three European river basins: the Motala Ström in Sweden, IJsselmeer - in the Netherlands and the
Emajõgi River in Estonia. The project aims to develop best practices for increasing public participation
through the refinement and organization of focus groups and citizens’ juries in the three countries
participating in the project. It will also develop guidelines for the organization of focus groups and citizens’
juries and other forms of participation as part of the development and implementation of the EU Water
Framework Directive. 

INTRODUCTION

A central aspect of the River Dialogue project is to promote a three-way dialogue on the issue of
public consultations and involvement in river basin management, and it is hoped that the project
will help improve the communication of scientific information from scientists to water management
practitioners and the public, and will in turn increase experts’ and scientists’ ability to learn local
knowledge from the public. It is expected that the River Dialogue project will help to demonstrate
the practical experiences, in three river basins in Europe, of involving the public in discussions of
their river basin management plans preparation and thereby bridge the gap between scientists and
the public at local, regional, and international levels. The project’s aim is to help scientists to
become more involved in the solution of the practical problems of implementation of the EU Water
Policy, and to enable citizens to better understand both the beneficial impact of science on their
day-to-day lives, and to become more involved in the formulation of new topics of the
environmental research. One of the two central methodologies of the River Dialogue project is the
focus group interview. The other is the citizen jury approach, which will not be described in detail
in this paper as the juries are as yet still at the planning stage. Our main objective here is to
identify the basic barriers to increased public empowerment and participation in the management
of the river basins. The rationale behind the use of focus groups is that they should elucidate,
through interactive group discussions, the central aspects of the public discourses on water
management issues. The River Dialogue project group hopes that they will aid in the identification
of mass- and inter-personal communication processes and the ways in which water-related scientific
information is understood and used by the public. The analyses of the transcripts of the focus
group discussions are expected to enable the project participants to plan and organise the second
stage of the project methodology - citizens’ juries, so that they focus on the most relevant issues.
Focus groups have been conducted in each of the three river basins included in the project – in
Sweden, Estonia, and the Netherlands. The focus groups have been conducted with representatives
of the public and stakeholders, including groups of farmers, fishermen, house-owners, sailors,
nature protection groups, and the public. Eight to ten focus groups were planned in each country,
with 4 to 12 participants in each group. It was decided that the final number of groups would
depend on the level of ‘saturation’, that is, the level at which no new knowledge is produced. The
method used stipulated that the focus groups discussions would be recorded and transcribed into
the original languages, and then translated into English so that they would be available to all
project participants. As a follow-up to this process, and to provide additional information,
additional interviews and consultations with state officials were included in the methodology, as
well as consultations with representatives of relevant Ministries and the River Basin Authorities. 
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As the River Dialogue project is focussed on the further development of a methodology aimed at
improving communicative processes in river basin management, this paper will concentrate on a
discussion of the methodology’s applicability in this field.

METHODS - FOCUS GROUP METHODOLOGY IN WATER BASIN MANAGEMENT

Focus groups represent, as yet, a research tool within water management that still needs to be
methodologically developed. The method is at present undergoing expansion in a number of 
studies and it has shown itself to be useful within a variety of scientific fields. The origins of the
method can be found within market research, and while this paper is focused on describing the
application of focus groups in water management, the approach we have used in our research, 
it is important to note that more general applications can often be found in market research and in
politics. The comments and recommendations provided in this paper are based both on a literature
review, and on research experiences in the River Dialogue and other projects conducted by the
team. Focus groups can be used both as the main tool in a research project, or in combination 
with other methods. For example, before a larger survey is sent out focus groups can be used to
examine if the questions in the survey are constructed and understood in a way that the researchers
would like them to be understood. Focus groups can also provide indications that help the
researcher to develop the survey design, by, for instance, providing insight into important areas
that should be covered by the survey, but that the researchers may have overlooked. Using a 
similar approach, researchers can use focus groups to validate the conclusions that they draw from
survey material. Focus groups can also be used before the researcher has finalised his or her own
analyses of the material, the thought here being that the researcher can both control his or her 
own findings from the survey, and also obtain indications as to the kind of trends he or she should
look for in the material. Focus groups can also provide a suitable method for gaining a brief 
understanding of an area earlier not intensively investigated. By conducting focus groups within a
possible field of interest the researcher can gain insights which may help to generate ideas on how
to conduct continued research into that field (Wibeck 2000, Morgan 1993). Focus groups can also
be combined with other methods such as, for example, participant observations, individual 
interviews, text analyses, and, in the River Dialogue case, citizen juries. In connection with case
studies, where triangulation is used, focus groups can function as one of the preferred methods. 

Preparation of the river dialogue focus groups

The fact that the focus groups are a form of group interview that involves the need to bring 
together several participants also means that they require a great deal of planning and more time
than one initially might think (Morgan 1998, p.31). Thus, even though the group sessions provide
the basis for the study, the main bulk of the work is done before and after the session. Morgan
identifies four stages in the process of conducting focus groups: planning, recruitment, the 
conductance of the discussion and the analysis. The planning phase is however always present 
during the process since the recruitment of the group members, the way the moderator acts during
the group sessions and the ways that the analysis is conducted will depend on decisions taken 
during the planning phase of the process (Wibeck 2000,  p.44).

The identification of participants

According to Morgan, a project should not continue to conduct focus groups when the cost of
recruiting and conducting another group exceeds the gains (Morgan 1998). Thus, when the
research results reach a level of ‘saturation’, i.e. the level where no new knowledge is produced in
conjunction with conducting more focus groups, it is deemed suitable not to continue the process.
Having taken these points into consideration, the final number of groups conducted in the River
Dialogue case study areas differed somewhat between the three countries involved in the study, 
in effect from 7 to 11. All teams, however, conducted focus groups with constellations of ordinary
citizens, boat owners, farmers, fishermen, non-elected officials from the local authorities and nature
conservationists. 

There are differing opinions with regards as to the number of participants that a focus group should
consist of. In terms of the River Dialogue focus groups, the aim was originally to include 8-10 
participants in each group, with an absolute minimum of five participants. This strategy aimed to
avoid the problem of not being able to maintain an active discussion in the groups, which may
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occur in smaller groups, particularly when the participants have a low level of involvement with the
topic (Morgan 1998, p.42). However, during the course of the recruitment process as well as
during the actual execution of the groups, it was decided that 4-7 participants was more suitable.
This partly depended on the fact that it was at times difficult to recruit as many as 10 participants,
but mostly because the initial groups indicated that 4 to 7 participants was a more manageable and
effective number. The participants appeared more comfortable in a smaller group; they tended to
talk more and the discussions became less divided. In the larger groups quiet participants tended to
become even more silent whereas talkative participants became even more talkative. The forms of
presentation of the three country groups participating in the study were slightly different during the
analysis stage, although all three followed a common methodology, and utilised the same questions
as stimulants in the groups. While some of the team members included presentations of the results
partly in the form of statistics, others chose not to create statistical generalizations out of each
group but to only utilise qualitative presentations. All members were though in agreement that the
motivation for the more qualitative approach adopted by a team members in the methodology was
that, as argued by Krueger, the use of focus groups is not to:

“(…) infer but to understand, not to generalize but to determine the range, not to make
statements but to provide insights into how people perceive a situation.” (Krueger in Webb
2000: 30)

Wibeck (2000 p.123) also highlights that the result of focus groups cannot be used for statistical
generalizations since the selection of participants is too small for this purpose. Instead, the project
team’s aim was to draw what can be defined as ‘loose generalizations’ out of the focus group
results, in other words, distinguishing tendencies and patterns for a certain group or several groups
of people. It should also be born in mind that certain categories of participants were included in
the study as they were of particular interest to the research teams, and the selection process was
therefore not random but deliberate. The aim of the project was to obtain groups with an informal
and intimate atmosphere, where the participants did not feel inhibited to speak, and where they
were willing to share their experiences with each other. In order to facilitate this, two deliberate
choices were made: firstly, to create homogenous groups, and secondly, to recruit groups from
already existing networks, i.e. groups of people who had something in common. With regards to
the first choice, homogenous groups were aspired to when it came to selecting participants within
the group who shared a common approach to water related issues. This resulted in the creation of
groups consisting of nature conservationists, farmers, etc. Yet, it needs to be pointed out that while
a group may be homogenous in terms of background, is not self-evident that participants within
the same group hold common opinions. While utilising existing groups in a project can create both
positive and negative aspects for the methodology, in the case of River Dialogue the project
partners considered the advantages to outweigh the disadvantages for several reasons. Firstly, as
mentioned above, existing networks provide an atmosphere where people can feel comfortable
with each other and thus are not as afraid of speaking out. Secondly, it greatly facilitates the
recruitment process (Wibeck 2000, p.52). The River Dialogue teams therefore used existing
organisations or networks as a starting point: angling societies, sailing clubs, local nature
conservationist groups, municipalities in the area and the local farmer organisations. The next step
was to find a suitable contact person in the existing networks, who in turn could recruit participants
within the network. This was usually the chairman/woman of the chosen society or another person
who had an overview of the network or organisation in question. The experiences of the
recruitment process showed that obtaining a contact person greatly facilitated the recruitment of
the participants.  It is also likely that the role of the contact person also increased the participants’
sense of obligation. Finally, one crucial point needs to be made in terms of the recruitment.
Morgan (1998, p.33) notes that the recruitment of participants may be quite time consuming.
Similarly, Wibeck (2000, p.57) points out that difficulties during the recruitment process as regards
to obtaining sufficient participants can complicate and delay the rest of the work. Experiences from
the recruitment process in the River Dialogue focus groups also demonstrate that the recruitment
process was indeed very time-consuming. The recruitment phase also required a great deal of
flexibility in terms of time and approach, a fact that should be taken into consideration when focus
groups are being considered as a possible method for increasing public involvement. Unfortunately
it is one of the disadvantages of the method, especially when using a random sample, a fact that
has also been highlighted by other observers (Webb 2002, pp. 30-31).

113

PROCEEDINGS MTM-IV - RIVER DIALOGUE



The response of the participants

The reactions of the people, offered to participate in a focus group, were recorded in a database.
This database included issues such as how the participants were contacted; the reasons people gave
for participating/not participating and how many participants eventually turned up. These aspects
were deemed important to be able to properly investigate the method as a means of improving
public participation. The first contacts with presumptive groups were taken by an e-mail directed at
the contact person. In this mail, the aim of the project and the focus groups was briefly described.
This procedure was instigated to introduce the topic and to give the contact person the chance to
reflect over the issue, something that proved difficult to accomplish over the telephone. However,
after that, most contact took place via the telephone. Yet even this often proved to be very time
consuming. Since most contact with possible participants took place via a contact person, it is
difficult to measure the reactions of all of the people contacted. Reactions were, however, partly

registered in the form of questionnaires handed out after the sessions, although this of course only
registered the reactions of the people who had eventually agreed to participate, and not of the
large bulk of people who did not. One of the aspects that were documented in the database was
the reason the contact people gave for declining the offer to participate. One usual answer was
simply that they were too busy and that they did not want another “burden”. Some contact 
persons seemed to think that the focus groups would require much more time than the 90 minutes
reserved for the session. The end of spring, beginning of summer also seemed to be a difficult for
some of the places contacted. Furthermore, many of the groups had difficulties understanding how
the topic of the focus groups related to them and thus felt less interested in making an effort to
participate. Another factor behind negative replies was that the contact person sometimes showed
an interest in the project but that he/she could not get enough other members interested to 
participate in the group. One contact person pointed out that it was very hard to motivate people
to participate. This could once again originate in the fact that many people did not feel directly
affected by the issue. In the questionnaire handed out to the participants after the group session,
the following question was asked: What was your first reaction when you were contacted about this
focus group? The answers to this question varied. Many participants meant that it was a “fun”,
“exciting”, “interesting”, “positive”, “different” and “important” thing to do, referring both to 
participating in the project and in the focus groups. A few participants meant that it was “about
time” that a dialogue with the affected “grass roots” in terms of water management was initiated.
Others seemed more confused and were not sure of what participating in the focus groups would
entail or if they would be able to contribute. However, they obviously felt curious enough since
they eventually agreed to participate. In terms of the reasons given over the phone for agreeing to
participate, they were rather similar to the ones given in the questionnaire (see above). Most 
contact persons agreed to participate only if they could decide date, time and the location of the
group session. Since the research teams were very flexible with regards to these issues, this was not
a problem. Only one group demanded money as a condition for participating. On the contrary,
most people seemed to assume that they would not be paid but that the “reward” would be to
contribute to academic research. Morgan (1998) stresses the importance of regularly reminding the
participants of the group session in order to make sure that they do eventually turn up. In terms of
the River Dialogue focus groups, the contact person was reminded of the focus group via a letter
sent out one week before the session. A final reminder was made in the form of a phone call a
couple of days before the session in order to conduct a final check that everything was in order.
During these reminders, the importance of having enough participants turning up for the session,
or in case they were unable to turn up, to find a replacement if necessary, was repeatedly stressed.
Since the minimum of participants was rather low, the recruiter always made sure that the contact
person asked more people in order to achieve a safety margin. 

The formulation of questions

The interview content is important in the case of both structured and unstructured focus group
interviews, as the interview guide provides the moderator with a blueprint that he/she can use to
steer the group discussions to the relevant topic. The interview content for the River Dialogue focus
groups was determined during a focus group workshop held in Sweden in April 2003. The project
partners agreed that it was important to have the same format for all three countries in order to be
able to conduct a comparison between the countries. The interview content was created according
to Kreuger’s (1998) template of five types of questions: opening questions, introductory questions,
transition questions, key questions and finishing questions, and the content was determined in close
correlation with the purpose of the focus groups, that is, distinguishing issues of importance with
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regards to water management and public participation. Since the aim was explorative, in other
words, to discover the perspectives that the public has on issues related to water, the aim was to
keep the interviews unstructured to avoid guiding the discussion unnecessarily. Around 13-15 
questions, or topic stimulants, of a rather general character were thus agreed upon. In cases where
the research group wanted to investigate an aspect in-depth, more specific follow-up questions
were formulated. Thus, by minimizing the involvement of the moderator, the participants were
given the opportunity to pursue what interested them most (Morgan 199, p.40). However, some
focus groups required more moderating than others and thus became more structured. Material in
the form of one or two articles about water issues taken from the local newspaper was used as a
stimulus. The purpose was not to provide the group with facts or answers (Wibeck 2000). Instead,
the main purpose was to give examples of the coverage of water related issues in the media, and
to let the participants reflect over and discuss how these issues were communicated. The content
was thus not as important as the way the content was communicated, even though the material
touched upon water issues and, as mentioned, was also intended to stimulate the discussion.
Furthermore, the content of the articles was more or less neutral in order to avoid affecting the 
discussion with arguments that later could be reused (Wibeck 2000, p.66). In some cases, however,
the groups preferred to discuss content rather than the form of presentation.

Transcribing the focus group discussions

Each focus group was - with the permission of the participants and the promise to keep the 
information confidential - recorded on tape and transcribed. The level of transcription is usually
related to the way that the researchers intend to analyse the data. As the main purpose of the River
Dialogue focus groups was to identify issues of importance with regards to water management,
public participation, and communication, the content of the discussions was considered most
important. Nevertheless, it was deemed also important to be able to distinguish how the public
discussed these aspects and thus to identify which aspects might be more significant than others.
Therefore the research team decided to document, for example, the intonation of the participants,
agreeing noises from other participants in the group, laughter, interrupted sentences and pauses.
These can all point to important aspects of the discussion. For instance, laughter can both indicate
that the participants find the subject amusing, or that they feel ashamed of something (for 
example, lack of knowledge) and that they wish to resolve tensions with a joke. Numerous, and
long pauses, can indicate either that a subject is sensitive to the participants, or simply that they do
not know what to say about it. When the participants talk at the same time, they might feel 
interested and engaged in a topic but this can also indicate competitive relationships (Wibeck
2000, pp.81-82). Thus, in conjunction with the content, the interaction between the participants
was registered in the transcriptions. It is difficult to fully replicate a taped conversation in the form
of a written transcription, but by considering the above issues, a more varied picture of the content
could be obtained. In our transcriptions for the River Dialogue project, we noted down pauses,
unfinished sentences and so on. Furthermore, the moderator and the assistant discussed the 
interaction and behaviour of the participants after the group sessions. This was in turn documented
in order to complement the written material with visual and personal  impressions of the groups. 

Contents analysis and coding 

The analysis of the transcribed material was conducted according to a qualitative content analysis
(also called ‘ethnographic content analysis’). It should be emphasised that there are no 
unconditional, established methods for analysing focus group interviews, but that it is often up to
the researcher to discover, try out and improve various methods (Wibeck 2000:87). Hence, the 
specific method used for the analysis of the interview data should be determined by the aim of the
research. Unlike quantitative content analysis - where the researcher quantifies, i.e. counts the
occurrence of certain phenomenon in the text (Bergström & Boréus 2000) – a qualitative content
analysis is explorative, reflexive and interactive, with the researcher acting as the main tool of the
analysis. The role of the researcher is, in other words, central in the process of giving the text a
meaning. The aim is to be systematic and analytical but not excessively strict. As in quantitative
content analysis, the data should be coded and categorized but these categories are not always 
predetermined. Instead, the focus lies on letting the categories arise out of the text as well as 
allowing them to develop and to become refined. Despite resemblances with grounded theory (see
Glaser 1967; Strauss 1984; Corbin 1990), the aim of qualitative content analysis is not necessarily
to develop a theory but to develop clear descriptions and explanations, which correlate to the data
in question (Altheide 1997). 
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Furthermore, unlike in grounded theory, it is may not be appropriate to draw generalised
conclusions out of focus group data, considering the limited selection of participants (Wibeck 2000)
(see reasoning above). 

The first step in our analysis was to return to the purpose of the study and to make clear the aims
of the analysis. The categorizing and coding can be seen as a way of relating the researcher’s 
analytical thoughts to the data. In order to identify the categories and codes, an extensive and 
thorough reading of the text material is required. By doing this, one can discover, for instance, 
keywords, events and processes, which capture the core of the material. Within focus group analysis
it is also common that basic codes are dictated by the interview content. Thus, with the help of
coding, the data becomes reduced and divided into units. It is however important to note that 
coding does not simply involve a reduction and simplification of the material, although this may 
be considered important at the beginning of the analysis in order to facilitate an overview of the
material. Coding also involves “complicating” the material. This means that the coding is used for
developing, transforming and re-testing the researcher’s conceptions of the material. In these cases,
the researcher has to look beyond the material, think creatively with the material, ask the material
question and then generate conceptual frameworks (Coffey & Atkinson 1996). The obvious step
during and after the coding is to interpret the data. This involves providing the coded and 
categorized material with meaning, and can be achieved by systematically investigating the coded
material, for instance, through the use of various pictures and maps. In this process the different
categories can be integrated and connected to each other in a comprehensive and meaningful way.
Distinguishing trends and patterns can be identified as well as comparing and contrasting meanings
and concepts (Coffey and Atkinson 1996). In this stage computer programs can facilitate the 
analysis, but it is important to recognize that computers act merely as a tool for the analysis – the
interpretation is still dependant on the researcher (Wibeck 2000).

In the River Dialogue project, the groups used different programmes that fulfilled similar functions.
The computer program ATLAS/ti was used by the Swedish team for the coding and categorization
of the focus group interviews. ATLAS/ti is especially developed for qualitative analyses of large
amounts of data, and had been earlier used by the project leader. Considering that focus group
interviews sometimes involve over 30 pages of transcribed text, the programme helped
considerably in obtaining an overview of the material and hence facilitating the analysis. Coding
and categorization were first and foremost based on the main questions posed within the focus
groups. Since these touched upon a number of subjects that were fundamental for the main
purpose of the study, they constituted the basis for the coding. These were reformulated and
refined as the focus group interviews were read several times. This process highlights the
importance of distinguishing the relationship between the researcher’s purposes and the ways in
which the group participants interpret the situation. These are not always identical and it is
therefore important to allow new aspects to be taken into consideration. Thus, a number of codes
were added after a careful, in-depth reading of the material.

Coding was developed successively. The first purpose of the coding was to reduce and organise the
data, in order to obtain an overview. This was achieved in a number of ways. One line of action
was to relate the codes and categories, taken from the interview content, to the phase when the
questions were answered or reoccurred in other parts of the discussion. Another way was to 
determine the codes with the help of the participants’ own definitions of certain phenomenon, 
and then to relate them to when the definitions or synonyms to the definitions were mentioned in
other parts of the text. Furthermore, the word-count function in ATLAS/ti occasionally contributed
by determining terms with the help of a list of those words, which were mentioned most often in
the text. The organisation of the data also involved the localization of text units that appeared to
treat the same issues. The second purpose of the coding was to create a more interactive dialogue
with the data and with the help of the coding, to ask significant questions. This was achieved by
generating subcategories from the original codes. Once again, some subcategories originated 
directly from the participants’ own definitions. Other subcategories were determined by the
researchers’ own summarizing explanations of what the participants appeared to say. Further codes
reflected direct concepts that were of interest for the study. Finally, it can be added that since one
can code practically every word, the extent of the codification of the material had to be
determined. It the River Dialogue case this can be summarized as follows: (1) codes generated from
the interview content, and (2) the breaking down of these general codes to more specific and
detailed codes, however, not too detailed, only to fairly reflect and explain the codes. 
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It can be difficult to determine the limit between too crude and too detailed coding; this is
something that once again needs to be determined with the purpose of the study in mind and thus
what one would like to get out of the analysis. Categories were developed that could be applied to
all focus groups even though they did not treat exactly the same, but related aspects. In other
words, the content analysis was horizontal, i.e. aspects that reoccurred in most groups were
accounted for. Every aspect was obviously not mentioned in all groups; certain aspects were
sometimes discussed more in some group than in others. However, an interesting observation is
that most of the groups discussed similar aspects. Certain aspects, which were specific for certain
groups, were also coded. For instance, the nature conservationists experienced many issues in a
different way to the farmers. Group-specific aspects were therefore considered important to
emphasize, although the emphasis was on finding tendencies that most groups had in common.
The content analysis also included so-called ‘memoing’, i.e. the ideas and interpretations, which in
various ways connected the various codes and categories together, and thus gave them meaning
and coherence, were noted (Punch 1998). These different components – codes and memos – were
integrated into a graphical map, which provided an overview of the interpretation of the text, and
internal relations between different categories and codes. The construction of these mental maps
contributed to a more in-depth interpretation of the text units. 

Results and discussion - conclusions and general issues of importance

The aim of the River Dialogue project was to identify central aspects with regards to increasing 
public empowerment and participation in river basin management. The analysis of the focus groups
held with members of the public, as well as considerations of the process aspects of the groups,
have demonstrated a wide number of subjects that the group participants perceived as important
with regards to water and water management. A number of preliminary and general conclusions
are therefore possible to draw. First, it is clear that there were substantial differences between the
groups that felt directly affected by water- related issues, and the groups that did not feel 
particularly affected. The first category included, for instance, the groups of fishermen, farmers 
and local government officials. The second category included the groups of ordinary citizens and
the house owners. Obviously, it was sometimes difficult to make a clear distinction since different
groups seemed affected by water issues to different degrees. However, the main difference that was
noted with regards to these groups was their interest in water and water management. The groups
that did not feel affected by water issues appeared to regard water as something, to be taken for
granted and thus, something, which you do not need to think much about, as long as “there is
water coming from the tap”. In other words, their interest in water and water management was
rather limited. In contrast, the groups that felt more affected by water issues viewed water as
something that was of immediate interest. With regards to these groups, there was a natural 
interest in water issues and also a desire to become more involved in water management. In short,
the focus group sessions with the groups that did not feel affected by water issues illustrated that
knowledge of, and interest in water issues may be limited in the general public, at least in some
countries. In contrast, the groups that perceived themselves as more affected had a stronger interest
in the topic and therefore displayed a wish for a higher involvement in water management. 

Several of the participants also indicated that water issues do not seem to be of immediate concern
to many citizens if there are no acute problems. While the groups from the Netherlands expressed
relatively high interest, the groups from Sweden, a country with large water quantities and 
relatively good water quality seemed to place water issues in the background, with other problems
appearing to be of greater interest. In terms of increasing the awareness of water amongst the 
ordinary public, communicating more information about water related issues was highlighted as
important. In terms of this, the media’s role can be seen as central. However, several participants
meant that information about water in the media must be made clearer and more educative, as
well less sensationalistic. In other words, more everyday aspects of water and water management
need to be communicated, in order to increase the awareness amongst the public and in turn,
increase their interest in water management. Regarding the active involvement of the groups, the
more affected groups, that already had a firm awareness and knowledge of water issues, felt that
there was a lack of a more established dialogue between involved parties, where the different 
parties were able to exchange view points and thus, learn from each other. Although some of the
groups perceived that they already had established channels with the involved authorities, these
did not seem to be satisfactory and some of the groups expressed frustration and a feeling that
their views were not sufficiently taken into consideration.
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The EU’s role in water management was, on the whole, seen as positive. For example, despite
widespread scepticism towards the EU in Sweden and general criticism of its complex and 
bureaucratic ways, many participants highlighted that the EU should be involved in water 
management since it concerned problems that did not respect national borders. The groups that
were aware of the Water Framework Directive (WFD) also highlighted that since the directive will
take natural, hydrological boarders in terms of water into consideration, it can contribute in a 
positive way to improving water management. However, some participants viewed the uncertainty
regarding the implementation of the WFD as negative. Here, the problem of financial resources was
highlighted as well as the need for more information as to what the directive involved. Thus, there
was a certain worry in terms of the future of water management and the changes the WFD would
entail.  

Focus groups as a method for increasing public participation?

The studies conducted in the River Dialog project were designed to investigate if focus groups and
citizen juries can contribute to meaningful public participation in water management. In this 
context, it should once again be noted that the recruitment of the participants for the focus groups
was a time-consuming experience, particularly with regards to recruiting groups of ordinary citizens.
This reinforces the point repeated above, namely that many ordinary citizens often (but not always)
do not feel that water-related issues directly affect them. Therefore, from a future public 
participation in the WFD perspective, groups of ordinary citizens may well prove more difficult to
gather than groups that feel that they are more affected by water management. This obviously
must be taken into account when evaluating the method. With regards to how the focus groups
contributed to involving the participants in water and water management, the differences between
the groups that did not feel affected by water issues and the groups, which felt more affected,
should once again be highlighted. It seems that the groups that did not feel affected by water
issues (and that were also less initially knowledgeable about water), experienced that the focus
group sessions contributed to increasing their awareness of water and water management, simply
through their participation in the discussions of the topic. In contrast, the groups that were more
affected by water related issues (and had a relatively good knowledge of the topic), viewed the
focus groups more as a forum where they had the opportunity to discuss, voice, and refine their
opinions. Yet there did not seem to be any widespread expectations that they, through the focus
groups, would be able to influence decision makers. However, both types of groups did, overall,
seem to have a positive impression of the focus group method and considered it worthwhile to 
participate. Thus, it seems that focus groups can, in different respects, contribute in involving the
public to a higher degree in water management; firstly, by increasing an awareness of water issues
and secondly, as a forum where the participants feel that they can voice and refine their opinions.

To conclude, focus groups seem to be able to contribute in increasing public participation in 
water and water management. However, since it is not sure what the participants do with their
experiences of the focus groups after the group sessions the focus groups should perhaps be seen
more as a starting point for involving the public than as the end-point. For instance, it is not at all
self evident that the participants, who have received an increased awareness of water issues, decide
to become more involved in water management. Thus, the question is whether the contribution of
focus groups is enough, and our opinion is that they should be combined with other methods that
we believe will add to the impact of focus groups.

Citizens’ juries in three European River Basins

The next stage of the River Dialogue project will involve conducting citizens’ jury with members 
of the public and stakeholders in each case study river basin. The aim of these juries is to refine 
citizen jury techniques, and at the same time to practically increase public participation and
empowerment in these river basins.  It is expected that the citizens’ juries will fulfil three main
objectives. Firstly, they will allow the project team to utilize the results of the focus groups to 
develop the methodology of citizens’ panels.  Secondly, they will provide an opportunity to test
and further develop the approach and improve methods for public participation and 
empowerment. Thirdly, the juries will provide a means of practical empowerment and participation
in the case study river basins. The citizens’ juries will be conducted over a period of two days. In
each case 12 participants will be randomly selected from among the local population, and these
will be provided with information on the river basin. Scientific experts and local politicians will be
invited to provide specific information and to answer citizens’ questions. 
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The juries’ members will meet two evenings before juries in order to be allowed to influence the
selection of the jury ‘witnesses’. The juries will then meet for 2 days to investigate river basin
management and the WFD. The focus will be on the role of agricultural land in nutrient loads.
Finally the jury will meet again for one day to formulate its recommendations. These will be
published in the form of a Citizens’ Jury Recommendation Report. The citizen juries will be
conducted in February 2004.
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MANAGING WATER THROUGH USER PARTICIPATION: A CASE STUDY
FROM PAKISTANI PUNJAB

Abdul Hamid, Asad Sarwar Qureshi and Khalid Mahmood

IWMI Regional office, 12 KM Multan Road Thokhar Niaz Baig Chowk Lahore Pakistan

The state managed surface irrigation in Pakistan has been not performing well and is deteriorating day by
day, due to financial, managerial and socio-political factors. Considering the situation, the Government is
introducing institutional reforms in the irrigation and drainage sectors. One important aspect of the reform
is user participation in the management of the system. The secondary level system will be handed over to
users. The expectation is that the users will not only maintain the system but also will lead the efficient use
of water and improve agricultural productivity. 

Nonetheless, users lack experience in organised collective action to manage a system. Earlier attempts to
induce collective action through cooperatives, and tertiary level water management institutions have
demonstrated partial to complete failure. Most of these organisations were “hijacked” by people that did
not represent the interests of common farmers. Part of the failure in inducing collective action for resource
management lies in poor awareness creation methodologies. The need for a well-planned process of
awareness creation in order to create extensive involvement of users in the reform process and to enable
them to select their real and competent leadership, as well as to create the sense of responsibility between
the grass roots level and leadership cannot be over emphasized. 

This paper addresses the question if awareness creation has lead to real representation of the community
at the Hakra 4-R distributary. The International Water Management Institute (IWMI) Pakistan established
a Farmers Organisation (FO) after going through a phased social mobilization process. Analysing the
characteristics of the FO leaderships, the paper argues that the FO’s leadership equally represents the
farmer classes, competent, voluntary, and free from powers and hierarchy biases prevalent in the real
communities. Similarly, the competent and potential leaderships showed considerable improvement as
compared to the state managed system. 

INTRODUCTION

The Indian Basin Irrigation System of Pakistan, the largest system in the world, is now facing
multiple problems like financial non-viability high conveyance losses and inequitable water
distribution (Bhutta and Vander Velde 1992). Both under normal supply and shortage conditions,
there was chronic inequity with the upstream water users receiving more water than their due
share, while those in the tail reaches of the canal command received less (Vander Velde and
Murray-Rust 1992). Also the features aiming at equitable water distribution were characterized in
the original design of Pakistan’s irrigation systems. 

Keeping in view the problems, the World Bank in the early ‘90s proposed commercialisation and
privatisation of the system as the only choice for rehabilitation. However after a series of
negotiations, the government of Pakistan agreed upon institutional reforms through the conversion
of Provincial Irrigation Departments to Provincial Irrigation and Drainage Authorities (PIDAs), setting
up of Area Water Boards (AWB) at canal command levels and formation of farmers’ organisation
(FO) at Distributary /minor level (Government of Punjab, 1997; Government of Sindh, 1997;
Nakashima, 1998). It is expected that users participation will not only improve the system but also
should lead the efficiency of water use and improve the agricultural productivity as well. 

Though the user participation creates a “sense of ownership” among farmers (Meinzen et. al.,
1995) and they learn to protect the system, the lack of experience among the farmers of Pakistan
to organise collective action for management of the system makes the task much more daunting.
The previous efforts of collective action through Cooperative, Zakat, and WUAs were not
completely successful, as there was not real community participation. The big and influential
landlords, who did not represent the interests of common farmers, hijacked most of these
organisations.
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When there is real community representation at the grass roots level, the people worked for the
common interest, as they have to be accountable to the community. However, it is difficult for the
small farmers to afford time and resource for this purpose, especially when they know that without
incurring additional cost, they will still get the water at the same ratio and will also have to pay the
water charges. Consequently, fears are expressed that big farmers will come ahead as usual for
whom transaction costs are relatively lower than the opportunities lying ahead in appropriating
resources and power. The big farmers can afford to invest resources and time at initial stages, and
later may not take care of the systems’ sustainability, rather they tend to maximise their personal
gains. Thus, higher participation of the bigger landlords may result in failure of the reforms.

The two constraints small and medium farmers’ face in participating in the reforms are the
comparatively higher level of illiteracy and the poor resource endowment. These two constraints
make the transaction costs higher for them to participate. Due to low literacy they face obstacles to
understand and accept the change, especially when rumours start from the key department.
Therefore, concept clearance of small and medium farmers is needed to enable them to
understand, accept, and be part of the change process. 

The experiences of Water Users Associations (WUAs) under CWMP (Command Water Management
Project) at Hakra 6R distributary demonstrated that these associations were created without proper
awareness creation. Resultantly the objectives of regular watercourse maintenance could not be
achieved and almost all the WUAs have become dysfunctional by now (Zaman and Bandaragoda
1994). The proper process may lead to a better participation of users by focussing more on
addressing users’ apprehensions, and creating awareness about future roles, responsibilities, rights,
and opportunities from which all the users can benefit equally and judiciously. Though the
theoretical scope and potential for such a methodology does exist, whether such a methodology
will actually eliminate the weaknesses plaguing effective organisation of users needs field testing on
the ground.

This study, therefore, aims at addressing the question if a proper awareness creation process shows
a potential to encourage competent, smaller and medium users to participate in such organisations
or if it still leaves domination of leadership of such organisations by big, influential and
incompetent users. With that question in mind, this study tests the following hypotheses: 

a. A proper awareness creation process leads to rational communication among the users for their
leadership selection and to equal representation from all farm classes to their presence in the
population;

b. A proper awareness creation process leads to more participation and, therefore, representation of
the common farmers reduces chances for dominant selective and influential leadership;

c. User participation leads to more user satisfaction as compared to the state managed system;
d. User participation leads to improved maintenance of the system, better irrigation delivery and

improved agriculture productivity; and 
e. User participation leads to better accountability within the organisation disables the leadership

from appropriating more resources for themselves or their peers.
We are presenting the farmers organisation (FO) Hakra 4R as a case study. Here the International
Water Management Institute (IWMI) established the FO after going through a detailed awareness
creation process, which addressed the past weaknesses in organising farmers.

BACKGROUND

Site characterization
The study area forms part of eastern Sadiqia canal system, which is linked to the Sutlej at
Sulemanki Headwork. The eastern Sadiqia canal trifurcates into Hakra, Malik and Sirajwah at
Jalwala after a distance of 74 km. The Hakra branch canal at a distance of 29 km at Ghulab Ali
head, trifurcates into three distributaries i.e., 1L, 3R and 4R and then the Hakra branch further
proceeds to downstream region. The distributary 4R is one of medium to large distributaries in the
Punjab province. It has 124 irrigation outlets, serving total command of 18000 hectares, with an
authorized discharge of 197 cusec. The length of the Distributary is 59 km, including two minors:
1R and 1RA.
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General characterization
The people
The Hakra 4R Distributary consists of about 41 villages including hamlets, having a population of
about 66,945 according to the census of 1981 (the projected population of 1995 for this area is
about 101,880). The majority of the population is settlers and migrants. The major castes are
Arian, Rajput, Jat, Joya and Watto.

The baseline socio-economic survey conducted during July-August 1995, (Cheema et al, 1997) on
a sample of 367 respondents selected from 13 out of 124 watercourse commands, provided some
information about the socio-economic features of the pilot site. The following are some of the main
features that were identified:
• The average family size was 9, out of which school going children were 2;
• A majority of the farmers (55.9%) owned up to 5 acres of land on the Hakra 4R distributary,

whereas 6% owned land of 25 acres or above.
• A majority of the respondents (61.6%) was illiterate.
• The organisational behaviour of the sample farmers was evident in two instances i.e. the

maintenance/construction of the mosque and maintenance of watercourses. The respondents
showed considerable organised behaviour; 94% participated in collective action in maintaining or
constructing the village mosque, 90% in maintaining the watercourse, and 20% in desalting the
Distributary.

• About 69% of the respondents were dependent on the state assistance; they felt that the agency
staff could solve the unsatisfactory water distribution, if they wished to do so.

METHODOLOGY

Data sources
Literature review contributed to understanding of the history and existing status of institutional
reforms in Pakistan and the importance of awareness creation for user participation. Similarly it
gave an insight about the status of farmers’ participation for water resource management, if
present.
The data on social organisation was collected from process documentation of the organising
institute. The author, a social scientist has been facilitating the process in the last seven years and
has very close interaction with the community. The process was documented very carefully. The
leadership data was obtained through semi-structured interviews from the leaders themselves. 

Awareness creation process 
Social organiser volunteers (SOVs)
The small field team was compensated by involving the community in the organisational processes
and by seeking help from the community-based volunteers or the SOVs. The advantage of involving
the volunteers is that the water users do not regard them as outsiders, which they usually treat with
some mistrust. Also the internally generated demand for social organisation has a greater chance of
making the organisation productive and sustainable.  Therefore, the 158 volunteers were identified
through a well developed criteria and methodology, documented by Hassan et al, (1996).
The principle IWMI followed was direct interaction with the community and the Social Organiser
Volunteers (SOVs). Information is not one-way, it is exchange of information between Social
Organiser (SO) and community, SO and SOVs, SOVs and community and among the community
members. There was no hardware incentive, just a one-day training on knowledge sharing and
capacity building.

Five dialogic steps
Adopting a step-wise approach, the process is based on mutual trust, information sharing,
consulting for consensus, developing options and implementing an appropriate organisational
design. Since the interactions were initially between the catalysts and the water users, this iterative
process of social organisation with stages was named “Five Dialogic Steps (Bandaragoda et al
1997). 
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RESULT AND DISCUSSION

Land distribution of population and leadership
The number of farms in different classes varied during different time intervals. There are multiple
causes for variation. The population is a more apparent cause of this variation especially as the
farm sizes are decreasing. Now the holding size is mostly in the range of 2-5 hectare, although this
range was considerably high in the sixties. The land distribution pattern has become highly
skewered (Hassan et al, 1999). The table presents the detail of farmers’ classes at Hakra 4R
distributary.

Every farmer class confronts unique problems. Therefore a representative in each class is essential to
take care of these problems. Table 2 gives us the details of farmers’ classes and leadership at the
Hakra 4R distributary. 

The table shows that there is an almost proportionate representation in the leadership from
different classes of farmers, except from the lowest class owning less than five hectares. It is
understood that these people survive on a day-to-day earning from farming and remain in search
of outside employment. As the transaction costs for them to attend meetings and postpone their
immediate income earning activity are high they take less interest in the leadership process.
Contrary to the common trend of bigger farmers coming ahead and smaller ones sidelined, the
bigger farmers in this case were neither dominant nor ignored but were represented in proportion
to their presence at the grassroots level. The tenants were also given representation irrespective of
their property right. Thus, all the land and property right classes were more or less represented
according to their proportion. In this way, every class of leadership would take care of their
respective class in the community. 
Rational communication
Different vested people appeared in the election, but the general body discouraged them. They did
not make the decision on gunpoint or by any violence, simply on dialogue. Although violence is
normal in the election here the people decided in the division of the post and the nomination of
leaderships.

The subsystems were the basis for nominating the posts. Mostly the voters were talking on the base
of subsystems. Perhaps, they were looking at their collective benefits through the subsystems. There
are five independent hydraulic structures and one can monitor the flow in term of time and space.
The logic behind the creation of the subsystems was to decentralize the powers and achieving the
equitable distribution of water (Mirza et al, 1996). This is an easier way to reach consensus rather
than making the basis on watercourse or village level. Through the limited portfolios, the subsystem
base is suitable as in this way the medium sized groups are emerging which is more suitable for
effective social organisation at initial stages.
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Farmer Classes Total Population Percentage (%)
Less than 5 ha 1949 39.8

5 to 12.5 ha 1781 36.3
12.51 to 25 ha 1014 20.7

25.01 to 100 ha 154 3.1
Greater than 100 ha 3 0.1

Total 4901 100.0

Classes Population % FO No FO Percentage %
Less than 5 39.8 20 20.20
5 to 12.5 36.3 41 41.41
12.51 to 25 20.7 23 23.23
25.01 to 100 3.1 13 13.13
Greater than 100 0.1 2 2.02
Total 100. 99 100.00

Table 1: Farmer classes with respect to population (Hamid 2000)

Table 2: Farmer classes and farmers’organisations



Table 3 indicates that the leadership was mostly selected by keeping the sustainability of an
organisation in mind. They supported the leadership with logic and that’s how one would help
them in the solution of their problems. The post of the vice-president and an executive member
was given to the person who had never been involved in the water theft. Despite recent lining in a
World Bank funded project, more cases of water theft were reported in the particular reach. This all
is due to proper awareness creation process making the people well aware and know the objective
of an organisation.

Office-bearers replacements
Replacements in the leadership reflect accountability. In case an organisation is able to hold its
leadership accountable for their performance, there are more chances that every member would
benefit. The office-bearers are replaced when there is personal interest or when things are not
running smoothly. When leadership replacements take place due to task performance, and not due
to vested interests, chances for organisational sustainability increase. The influential and larger
farmers mostly do personal replacement mutually and there are chances to replace a “bad” guy
with a “worse” guy. Table 4 provides details of holdings of replaced and new office-bearers at the
4R distributary when the responsibility was not transferred to the organisation.

Table 4: Office-bearers replacement through the no-confidence move

125

PROCEEDINGS MTM-IV - MANAGING WATER THROUGH USER PARTICIPATION

g p
S#  Office-bearers Selection Criterion
1 President Competent and have the potential to manage the solution of farmers

problems.
Experienced of speaking at public place
Time management
Belong to suitable location of the distributary

2 Vice-president Possessing of courage to fight for farmers’ rights.
Honest and fair as never involve in any water stealing activity.

3 Secretary Having courage to check the water theft at the entire Distributary
5 Executive Member

(Head)
Representing of middle reach of the particular subsystem, 4, which
is normally suitable for head and tail reaches.
Time management

6 Executive Member
(Middle)

No consensus was made over him. He just came ahead by
disturbing of jurisdiction of reaches by the PIDA.

7 Executive Member
(Tail)

Not involved in the water stealing activity
Time and resource management

8 Executive Member
(Tail)

Representing of non-Arian family and from first two groups. As
mostly get representation from Arian family.

9 Executive Member
(Tail)

No consensus was made over him. He just came ahead by
disturbing of jurisdiction of reaches by the PIDA.

S# Old office-bearers,
(holding in hectare)

New office-bearers
(holding in hectare)

Pending Application
against the
leadership (holding
in hectare)

1 0.2 2.8 2
2 2 2.8 10.4
3 25 1.2 12.8
4 12 1.6 15.4
5 9.6 2.8 25.6
6 4 3.2 18
7 5 7.2 9
8 16.4 1.4 13
9 1.6 0.4 5

10 2.4 4.8 3

Table 3. Indicating the selection criterion of the leadership



Table 4 shows that in the no-confidence move, relatively smaller farmers on account of poor
performance mostly replaced the larger farmers. The water user did not bother whether he was big
or not and simply evaluated the office bearer on the basis of his organisational performance
(Zaman et al, 1998).
Interesting is that the office-bearers were replaced when the system was yet not handed over to the
FO, which shows the common man’s interest in the organisation. (Hamid and Hassan 2001). After
the management transfer, the applications were submitted against the inactive persons and yet the
decision is to be taken. While dealing with the no-confidence moves, disputes never happened and
the whole process was completed amicably. 

Water supply equity and leadership
It is very common that the powerful people first fulfil their own needs and demands and pass the
left over onto others. This situation leads towards conflict, as happened in the case of Kachcha
warabandi in Pakistan. The researchers who studied the switchover process, from Kachcha to Pakka
Warabandi, have endorsed that main reasons behind farmers’ interest to switch to Pakka warabandi
were inequity of water and imbalance of power distribution within the community (Mirza, 1975).
Similarly, rumour went that the same practice would be repeated in the shape of reform that large
farmers would hijack the organisation. Table 5 gives the detail of leadership outlets. The table is
based on inflow and outflow data of June 2001 when the ditsy was running at 232 cusec against
the authorized discharge of 193 cusec, i.e., 20% extra water.

Table 5 shows that the leadership is mostly drawing from their proportionate share. Although
leadership has the independence to adjust the discharge, it is reluctant to appropriate resources at
the cost of others due to the fear of social pressure by the community. Although among the
leadership, fewer are benefiting more, there could be some operational problems and not mere
misappropriation. 
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S# Post in FO Proportionate
Share (cusec)

Actual share
(cusec)

% difference

1 President 0.94 0.96 2

2 Vice-president 3.81 3.76 -5
3 Secretary 0.87 0.92 5
4 Treasurer 1.30 1.33 3
5 Executive Member

1
2.03 2.19 16

6 Executive Member
2

1.44 1.30 -14

7 Executive Member
3

1.72 1.65 -7

8 Executive Member
4

1.81 1.68 -13

9 Executive Member
5

2.12 2.05 -7

Parameter Increase (%) Decrease (%) No change (%) Don’t know (%)
Equity 66 19 8 7
Missed Irrigation 11 88 1 0
Conflict
Resolution

37 14 31 17

Parcel of land 46 36 18 0
Structure
maintenance

70 9 7 14

Canal Manager
(?)Response

70 2 1 27

Informal Payment 6 74 14 0

Table 5: Leadership’s access to water supply

Table 6: Common man response about the IMT (Hassan et al, 2003)



Farmers’ response toward IMT (full letter, not acronym)
This exercise was conducted to know the farmers’ views from all classes about the IMT. Usually,
only the particular class benefits from intervention. There were also rumours mongering about the
IMT. With this exercise we can get the true pictures. The underlying table covers all the relevant
performance indicators. 

The table reveals that equity and reliability were achieved. 66% reported increase in equity and
only 19% reported a decrease in equity. Achieving equity is the main cause of user satisfaction and
avoids rift among farmers. The farmers may get content over the low flow within the equity.

Similarly, 88% reported increase in reliability. Resultantly, over-irrigation would be discouraged.
This over-irrigation was also the main cause of inequity. With this, the more area under irrigation
was reported. Perhaps due to increase in frequency, the time interval for irrigation is decreasing. If
we see the structure maintenance, 70% reported improvement; only 9% indicated poor condition.
This indicates that people will get rid of penalty cases, as before farmers were made responsible of
any kind of breach and cut in the distributary. Interestingly, the maintenance work was done
mostly on a self-help basis and also this practice is going on since FO formation (Hassan et al,
1999). The majority reported decrease in informal payment, although existing corruption is not
easy to get rid of. Here the people get the solution of their problems without any informal
payment, just on merit. Nevertheless, Rs. 200,000 were reported as informal payment annually at
this distributary (Mudasser, 1996).

The canal managers are more responsive, as 70 % reported. In the past the managers’ response
was very passive and caused delay in justice and many problems for the users. The farmers even
did not raise water-related disputes due to fear of informal payment. Now the farmers are raising
their hidden cases, which could not brought on screen due to the fear of non-resolution. This
resulted in a big rush on the FO for the solution of disputes. Perhaps, this is the reason that few
people also reported the same situation as in past. Meanwhile, the FO has established a water
court, which is doing it best to speed up justice.

ACHIEVEMENTS

Good awareness creation process creates good leadership, as the achievements of FO Hakra 4R are
indicated below:
• Equity, The FO took over the management and has brought the equity in the range of +-30%

instead of +-70% with the duration of 2 months (Hassan et al, 2000). 
• Resource mobilization launched the maintenance campaign twice, first in the year 1997-98 and

then the year 1998-99, even the system was not transferred to FO. According to the department
the worth of the work was reported USD$ 7000/- (Zaman, 1998 (not in reference list) and
Hassan et al, 2000)

• Financial viability, FO has done almost 95% recovery in first season and it is a considerable
improvement compared to the state managed which is 70%, overall in the area.

Conflict management, 450 cases were referred to FO and all were settled amicably. No appeal
against any decision (Naeem et al, 2002).
• Accountability, The water supply data of the leadership shows that mostly are drawing less than

their proportionate share. 

CONCLUSIONS

The study has made an argument for the need of considerable time allocation for awareness
creation in farming community of Pakistan, so as to create proper understanding about the
operation and maintenance (O&M) of the system. The farmers of Hakra 4R distributary were very
clear about the on-going reform process, so they gave very wise decisions during the division of the
portfolios and the nomination of the leadership. Perhaps, this was the reason operation and
management showed considerable improvement as compared to the state managed system.
• This paper shows that if the weaknesses in earlier approaches to organise farmers is addressed

properly and the awareness creation process is carefully planned and implemented the
community response is over-whelming. The general guidelines of the process are that the
organisers need to work with the community, adopt a slow, cautious, and gradual approach,
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where there is enough space for people to express their opinions, be part of it, and guide the
process. The application of the process demonstrated that the community was able to select a
leadership that comprised of common people who represented collective interests. The usual
apprehensions of influential farmers dominating organisations were nullified. 

• At the policy level, there are important messages for the reform designers and implementers.
Appropriate investments in awareness creation should be made with due care for the quality and
scale of awareness creation processes. Hurried approach to reforms, as seems the practice now,
may very well prove that farmers are incapable of engaging themselves in collective action.
However, this will only be because required investments in social capital formation have not
been made, which are required at the mobilisation stage. We should learn from and correct the
past mistakes to truly benefit from the reforms.
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The topic will be introduced by a short but critical discussion of criteria and needs of Participatory
Integrated Assessment (PIA) and participatory local planning. This paper depicts differences of
participation in Integrated Assessment and in local level planning but provides also conditions and ideas
how PIA can be used for local planning including implementation. A small review of PIA and participation
in planning illustrates the relevance of PIA in a knowledge economy trying to adopt principles of good
governance. A better incorporation of participatory research into local level planning seems to be crucial.
The applicability of PIA in practices leading to participatory monitoring and evaluations will be discussed.
The outcomes of the paper show that possibilities exist for integrating PIA and participatory monitoring
and evaluation into the implementation of the European Water Framework Directive (WFD). PIA adds local
information to water management planning and supports individual learning processes. The setting up of
such a monitoring and evaluation system may contribute towards a transparent implementation of the
WFD, it enhances commitment of citizens towards local government planning and eventually it increases
self-determination of citizens, a major objective of good governance.

Keywords: Participatory Integrated Assessment, Water Framework Directive, Community-based
Monitoring, Local Water Management Planning

INTRODUCTION

Informing the public or specific stakeholder groups about a problem, an issue or an activity is one
objective of participation. Another objective could be the elicitation of knowledge by consulting the
public or stakeholder groups. Different participatory tools and methods are applied to achieve the
two objectives. Some of the tools may serve both purposes: to inform (e.g. the scientific knowledge
about an environmental problem) and to gain information (e.g. the perception of the public
regarding an environmental problem).

This paper will illustrate the differences of participation in local level planning and in Integrated
Assessment and discuss the role of information. The purpose of participation in Integrated
Assessment is mainly to collect practical information for scientific assessments and policy making. It
is therefore science-driven. Participation in local level planning serves to better adapt activities and
measures to local conditions, to include the people concerned in the design process and eventually
to raise public acceptance. Here, the objective is clearly on improving implementation. Both
approaches are based on the assumption that the top-down implementation of policy measures or
plans for local development in many cases has to be replaced or at least complemented by
participatory processes. 

Local level planning comprises many activities and there is not one all encompassing definition. For
the purpose of this paper it will be understood as all activities that are planned and carried out by
or in co-operation with local governments. In general, it is the development and implementation of
plans and activities of different sectors of local significance. Local level planning necessarily
incorporates a management component. “Good” participation in local level planning involves
stakeholders from the stage of problem identification onwards. Participation continues during
planning and implementation of activities, until the stage of monitoring and evaluation. In the
context of this paper special emphasis is on local level planning in relation to water management
issues.

One problem of participation is to make a clear distinction between involving the public at large,
and involving specific stakeholder groups and participants from the policy side. One example is the
use of scenarios in Participatory Integrated Assessment (PIA). Principal participants of such a policy
exercise are scientific experts from disciplines of critical importance to the subject, and representatives
of major actors, influential policy makers, and stakeholders from the policy side (Toth, 2001). 
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This is a very effective way to gain information in the form of expert judgements, for example, on
adopting a new traffic policy and its impact on climate change. For other topics like changes in the
lifestyle of individual citizen’s and their impact on climate change, it is necessary to make similar
PIAs with the general public. Here, one may develop specific information tools to establish the link
between the abstract and global issue of climate change and the lifestyle of individuals (Schlumpf
et al, 1999, 2001).  In the context of this paper we only consider participation of the general
public at the level of local governments for scientific (PIA) or practical purposes (participation in
local planning).

Several definitions of Integrated Assessment exist. According to the European Environmental Agency
(2001) “Integrated Assessment is defined as an interdisciplinary process of synthesising, interpreting
and communicating knowledge from diverse scientific disciplines in order to provide relevant
information to policy-makers on a specific decision problem”. One option in integrated assessment
is making use of computer based models. In addition to integrated models, PIA makes use of
selected public participation methods like focus groups, or simulation and gaming techniques to
include local knowledge and additional information into the assessment process. Under certain
circumstances if required by the research question, PIA may also involve a larger part of the
population. 

An important assumption of the paper is that public participation in Integrated Assessment and in
research in general has often been applied without taking into account potential negative
implications for local level planning. The number of researchers is increasing who experience a
negative attitude of the public towards participation. If for example scientific projects use
information for improved decision-making in abstract national policies the risk is high that people
do not see their direct benefit. If the goal and the target group for the assessment are not specific
and not well communicated, it is likely that people may feel being “used for experiments”.  In the
context of evaluating the political quality of PIA inputs into decision-making Rotmans & van Asselt
(2002) argue that the impacts of these decisions are often felt decades later. The impact of
participatory processes on participants can also often be only experienced with a delay. It is of
significance not only to evaluate the political quality of participation in IA but also the positive or
negative impact of participation itself.

Accordingly the paper will investigate:
• What are the risks of PIA and why should PIA be better embedded into local planning processes?
• How and where can PIA help in local level planning processes?
• How can PIA support the local implementation of the European Water Framework Directive?

It is widely accepted that for successful participation it is necessary to develop trust and confidence
among the different parties involved in the process. Among a number of relevant issues to be
considered, respecting the following minimum principles would already help to achieve this
objective. These principles mentioned below - sometimes also given as quality indicators for
participation - are often cited in practice-oriented literature but the authors of this paper are not
aware of one commonly accepted selection of principles for participation.
• The role of stakeholders and/or the public must be clearly defined and communicated.
• Stakeholders or the public involved should have visible direct benefits. 
• The process should be transparent.
• Stakeholders involved should be representative.
• Stakeholders should be involved from the beginning of the process.
• Stakeholders should receive an adequate and timely feedback showing results and how their

inputs have been used.
• Participation should lead to learning and capacity enhancement.

In early applications of PIA, these principles were rarely applied. One problem still lies in the
inherent nature of research projects that are rather supply-driven. In addition one has to be aware
that early applications of PIA followed the logic of Integrated Assessment developing policy-
optimisation models (see Rotman, 1999). They were still based on the idea of top-down policy
processes based on governmental intervention. These flaws may lead to the situation that if PIAs
are carried out at the local level with the public, e.g. a lack of communication of PIA results to the
participants later on may contribute to the general loss of trust in participatory processes. The
already existing fatigue of people to participate in democratic elections and other voluntary aspects
of local self governance will be further increased. In this case, PIA may contradict international
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attempts to spread the idea of good governance including the promotion of public participation.
Creighton et al (1998) suggested that by the means of public involvement, assessment processes
(social, environmental, demographic...) should be integrated into the planning process. Pahl-Wostl
(2001) already made suggestions about how management and integrated assessment could be
fruitfully combined. A problem-oriented, well elaborated participatory process targeted at
implementation may, for example, be complemented by the development of a multi-agent based
model in parallel. The model is used in processes of social learning that are part of the
implementation and planning processes. Here, both parties benefit: on one hand citizens’
awareness for a specific problem will be raised and they can actively influence policies based on
their discussions results; on the other scientists receive better information to improve their models
and hereby increase the quality of their outputs for decision-making. The assessments become
more realistic if the goal of participation is tangible and embedded into a real policy and planning
process. 

Besides tangible results, the role of information is also crucial in this analysis. For this purpose the
possibilities of participatory monitoring and evaluation in the context of implementing the WFD
will be examined. Participatory monitoring and evaluation does not only offer to gain additional
information but also helps to control and direct the process.
The questions discussed in this paper can be summarised in the overall question: What is the role
of Participatory Integrated Assessment in local level planning? Science is supposed to be
independent of political influence. This should not be questioned. But in that moment when
science interacts with society - by the means of participation - the changing society and changing
political culture must be taken into consideration. If we agree that participation in local level
planning is generally something positive that should be further promoted, we should also carefully
consider evolving constraints. One of these constraints could be triggered through PIA that does not
respect the needs of the stakeholders. Once a participatory process is initiated it should be always
kept in mind that participants should be motivated to get involved into a similar process again. 

RESPONSIBLE APPLICATION OF PARTICIPATION IN RESEARCH AND PLANNING

Many scientists but also politicians nowadays recognise the need to actively guide the societal
change towards a knowledge economy1. Besides technological aspects, a knowledge economy is
based on the idea of life-long learning that is not restricted to the intellectual elite but to all
members of society. This transforming society does not only have impacts on economic
development and education but also on governance. It gives more autonomy but also responsibility
to the individual. Hence, it requires different decision structures than the existing vertical structures.
Stiglitz (2003) argues that knowledge needs are being acquired by learning and that learning
functions best once the learner gets actively involved. To foster the active involvement, the
motivation should ideally be intrinsic to the activity. Here we come back to the simple principle of
participation providing direct visible benefits to the participant. Every experience of people with
participation influences their perception of, and reaction to it in similar situations. This requires that
all kind of participation - for research purposes as in PIA or in local planning and self governance -
should meet minimum principles of quality assurance in participation. Societies moving towards a
learning society or knowledge economy cannot afford having citizens with frustrating experiences
once they participate in research, policy making or planning. Figure 1 summarises how
participatory processes can bear inherent risks. 

The danger of carrying out bad participatory research does not only have qualitative but also
quantitative aspects. If a participatory method involving only few people in focus groups ends up
with frustrated participants because they do not see their inputs later on reflected in the outcome
of the research, it certainly obtains a different risk potential than a community survey combined
with a series of community workshops. 

A careful selection of a specific participatory tool to adequately address a given research question is
standard. But the research design should not only minimise the risk of project failure but also the risk
of flaws in the participation process. The latter is not automatically covered by recognising the first! 
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It can be concluded that in our European societies it is no longer a question to carry out
participation but how to carry it out.
One aspect that needs being considered for the design of participatory processes is the visibility of
direct benefits for the participants. Do participants recognise their direct benefits from the
beginning? Or, will the participatory process being designed to raise awareness and clarify potential
benefits for the participants? This is only one example how careful the participatory approach
should be selected according to the chosen objectives of the project in question.

This paper refers to mainly three forms of participation (compare fig.2):
• supplying information to the public and stakeholders,
• consulting the public/stakeholders to gain information and 
• to actively involve them into decision-making processes.
A basic form of participation is informing the public or the stakeholders concerned. Here
information is supplied. In contrary, PIAs often use people for information supply which represents
another form of participation, what is also called consultation. It is used to gather information from
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Figure 1 Participation and its risks in a changing society



those involved to develop solutions based on their knowledge. But here “the process does not
concede any share in decision-making, and professionals are under no formal obligation to take on
board people’s views” (EU Drafting group, 2002). The information supply goes either into one
direction or into the other, but no exchange or dialogue takes place. The result of information
supply to the public and stakeholders can be described by the term co-knowing (EU Drafting
group, 2002, Annex 1). 

This interpretation matches the definition of IA given earlier by the European Environmental
Agency “[...] to provide relevant information to policy-makers on a specific decision problem.”
Emphasis is here on the policy level. According to this definition we can conclude that PIA is
remaining on the level of co-knowing.

But PIA can be applied under different circumstances too, if integration into a larger context
happens. In case of participation in local development projects or general local level planning, it is
not co-knowing, what is requested but to initiate a dialogue between the community and the
people concerned, interest groups like NGOs and business and eventually the political and sector
representatives of the local government. To achieve this, a PIA and its tools like group model
building and (simulation) gaming could be included into planning tasks under the responsibility of
local governments. The final objective should be the joint definition of problem-oriented measures
and as far as possible an implementation of measures that is actively supported by the public. 

Hence, the definition of IA by Rotmans (1998) as an “interdisciplinary process of combining,
interpreting and communicating knowledge pieces of diverse scientific disciplines in such a way
that insights are made available to decision makers” is more applicable than the definition given by
the EEA before, because the focus of Rotmans is on decision makers instead of policy2. Further one
has to take into consideration that IA practitioners have gradually changed their view on decision
making processes from a single decision maker implementing policy in a top-down process to a
complex polycentric process with many stakeholder groups involved (Morgan and Dowlatabadi,
1996; Pahl-Wostl, 2002). Then PIA is applicable to planning too and the scale for its application
ranges from local up to the global level. The definition of IA given by Rotmans and van Asselt
(2002) takes the development of participation in IA into account. Besides the participation of
scientists, also mentioned is “[...] the participation of representatives of societal actors, such as the
policy community, the business community, non-governmental organisations (NGOs) and the
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Figure 2 Levels of participation and the direction and intensity of information flow. The
first three levels inside the box are discussed in the paper.

2 The authors of this paper interpret policy from a planning perspective as a coherent set of decisions with a com-
mon long-term objective (or objectives). That means policies are understood as planning frameworks and not
plans. They are commonly defined on national or regional level but not further below.



general public”. The changing definitions clearly depict the increasing importance of integrating
non-expert knowledge into research and planning by putting more emphasis on non-governmental
actors and the general public. 
Good governance, decentralisation and eventually participation are concepts that are widely
promoted to achieve improved local level planning and implementation of projects. One example is
the “Habitat Agenda” that requires “establishing regular and  broad-based consultative mechanisms
for involving civil society in decision making in order to reflect the diverse needs of the community
(UNCHS 1997)”. Although it is widely accepted that different tasks and situations at different
planning levels require different forms of participation, one risk is identical: every time a
participatory process is initiated, expectations of stakeholders are raised. That means even in case
of participation merely for information supply, the process cannot be restricted to the depicted one
way direction of information flow. It includes at least the communication of the reasons why this
information is collected, how it will be used and eventually summarising the information gathered
as a feedback to the people who provided it. In the worst case, bad participation may trigger
effects that are not at all intended like the unwillingness of participants to co-operate in similar
processes. The turnout at the local elections may decrease as well as the willingness to participate
in voluntary community work. As potential negative effects of participation can be caused by
participatory research or participatory planning, the principles of participation must be respected in
any case. PIA that is not well embedded into local level planning bears a higher risk of “bad
participation” than participatory planning by local governments because
• The time horizon of research projects is generally too short to incorporate proper ex-post

evaluation;
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Principles 
What does it mean for 

PIA? 

What does it mean for 

Local Planning? 

People should be involved 

from the beginning. 

Being involved in research 

design and data collection. 

Being involved in project 

design and problem 

identification. 

Role of participants should 

be clearly defined and 

communicated. 

Contributions of participants 

mainly serve an academic 

purpose. The linking of 

scientific results to policy 

making generally takes a 

long time and may not be 

evident to the participants. 

Over-expectations of the 

stakeholders should be 

avoided; it should be made 

clear that final decision-

making remains with the 

relevant authority.  

People involved should be 

representative.  

 

Participants should represent 

a „typical“ cross section of 

the population or all interest 

groups should be involved. 

All interest groups should be 

involved. 

 

People involved should have 

a clear benefit.  

Information gathered should 

be directly useful for the 

participants. 

Also short term benefits 

must be visible besides mid 

or long term community 

improvements. 

Stakeholders should receive 

adequate and timely 

feedback showing how their 

inputs have been used. 

Research results including 

the stakeholder input must 

be adequately 

communicated. That requires 

a clear and easy language 

and clear objectives of the 

assessment process.  

The feedback process back 

to the public and to 

organised stakeholders 

should be open - meaning 

the systems must be adaptive 

to change (within given 

limits) and implementation 

delays be explained. 

Participation should lead to 

learning and capacity 

enhancement. 

Participatory research 

projects are designed in 

ways which enhance the 

learning capacity of the 

participants in the process. 

Participation in planning is 

designed in ways which 

increases self reliance of the 

community. 

Table 1: How principles apply in participatory research and in planning



• Relevant contact persons are only temporarily (during the project) based in the area;
• Research projects are less dependent on the cooperation of the local people in future than local

governments.
The approach of PIA to generate more applicable research through the means of participation
should be avoided if the participants do not have a clear direct gain out of it. To meet this problem
it is desirable to further integrate participatory research including PIA into existing planning
activities. Despite existing efforts to show the applicability of PIAs in planning (see Pahl-Wostl
2002) systematic attempts to analyse their usefulness into different phases of planning are missing.
Even the integration of PIA into planning does not automatically eliminate the risk of ending up
with frustrated participants who will never ever get involved into a similar process again. But local
planning issues are less abstract to people and their individual gain due to participation is easier to
communicate. Additionally, further research should identify how principles of participation differ in
their application to local planning and to participatory research. Examples for selected principles
are given in Table 1.

PIA AND LOCAL LEVEL PLANNING AND MANAGEMENT

PIA can contribute to a typical project cycle in local level planning and management. A typical
planning cycle can be simplified by distinguishing:
• analysis including data gathering, 
• planning, 
• implementation 
• and finally monitoring and evaluation (that in reality starts at least parallel with the

implementation process).
Different tasks and steps in environmental planning e.g. in land use planning but also for
implementing the WFD can be attributed to the phases given above. 
Once the need for a better integration of a PIA into local level planning is identified, it is obvious
that PIA and its tools like group model building, scenario building and gaming could be
incorporated in the analysis phase very well. Models can enhance local knowledge about the
environment and are especially useful to demonstrate the connectivity of problems and potentials. 

Even further potential for applying a PIA and its results is given if the PIA serves for (community-
based) collaborative indicator development. This could be achieved in connection with a
community-based environmental risk assessment that is complemented by modelling tools and the
development of scenarios to discuss alternative options and measures3. A community-led
Environmental Risk Assessment comprises among other methods and tools, the collaborative
indicator development and the application of indicators during community self-surveys. The
community self-survey leads to problem identification and indicator development. The indicators
are used to define the Status Quo and later on during the phase of monitoring and evaluation to
measure progress and failure of activities. The PIA improves especially by showing the connectivity
of problems the information basis during the analysis phase and provides the starting point for
participatory monitoring and evaluation.

Participatory monitoring and evaluation enhances negotiations and this leads to learning. This form
of monitoring and evaluating can only work once the system design is flexible enough to react to
changes (Gaventa, J. & Guijt, I., 1998). Another advantage of participatory monitoring and
evaluation is that participating citizens, stakeholders and the local administration work together.
This helps strengthening the links between locals and the public administration and builds trust
among community members and officials.

COULD EUROPEAN WATER MANAGEMENT BENEFIT?

In the context of implementing the WFD on sub-basin or water body level, we face the problem
that the means how active public or stakeholder participation should be achieved are nowhere
defined. The preceding section has depicted the potentials of PIA and participatory monitoring and
evaluation for local level planning which is also applicable for implementing the WFD. Additionally
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3 One example where such a tool is applied can be found in the Community-Based Environmental Management
Information System (CEMIS), a community planning method developed to improve the urban environment (see
Dzikus et al 2001).



to the already mentioned advantages of enhanced negotiations and learning, participatory
monitoring and evaluation leads to (Shah 2002):
• Shared control over the content, the process and the results of the M&E activity.
• Engagement by the stakeholders in taking or identifying corrective actions. 
Figure 4 shows how tools of a PIA could be used during the first analysis of the river basins on local
levels. It is not realistic that such a high level of participation can be realised in all sub-basins or for
all water bodies. Therefore, it would be advisable to gain first experience with this systematic
approach where conflicting interests will very likely occur. According to the WFD a first overview of
characteristics including results of the potential risks for water bodies is supposed to be ready at the
end of 2004. This analysis may help to further define these locations where more information and
deeper involvement of the public could be of major benefit. The PIA can not only help to better
identify the problems by making use of local knowledge but especially the participatory
development of alternative scenarios by combining different measures would lead to a higher
acceptance of local implementation of the river basin management plan and the plan of measures.
This certainly requires the serious integration of PIA results into the River Basin Management
Planning and may demand an openness of the planning to this bottom up process. The objective is
to identify the local water related problems and the appropriate solutions that are evaluated based
on available technology and affordability. The motivation of local stakeholders to get involved into
the process does not stop by providing information. E.g. cost-effective implementation of measures
could be guaranteed with the support of interest groups and the general public.

One example is recent discussions of angler’s associations how they are affected by the WFD and
how they may even benefit. Practical solutions by local angler’s groups are already discussed. Some
are willing to take over the implementation of measures like establishing fish ladders, carrying out
work at the river embankments and conduct the monitoring of fish populations. Here, the
flexibility of local governments is also requested because this kind of work must be in return
rewarded e.g. by granting the fishing rights to the local angler’s club.

Although the first phase of implementing the WFD (collecting data and information) has already
started, Figure 4 shows that there is still scope to make use of local PIAs to elaborate the basis for a
later participatory monitoring and evaluation as a means of better achieving the set goals.
Participatory monitoring can especially contribute towards a more holistic approach to water
management by adding qualitative aspects that are not measured by traditional quantifiable means
(see Blackburn et al. 2000). 
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Figure 3 Participatory Integrated Assessment and the Water Framework Directive.



An example from Ontario, Canada, shows that committed citizens can even cope with more
sophisticated monitoring tasks. A local NGO took over environmental monitoring tasks that
otherwise would have been stopped due to serious governmental budget cuts. The monitoring
program was in fact adapted to the abilities and interests of the citizens. A crucial role was played
by the university that functioned as facilitator (Gore et al 2003). The example depicts the
advantageous economic benefits of participatory monitoring. 
In the case of the WFD it means that we try to achieve the following series of activities:
1. the identification of local problems, 
2. the development of adequate community-based indicators, 
3. the scenario-building based on the combination of measures, and eventually
4. the use of indicators during the monitoring phase.
The PIA would contribute to better accountability and transparency of the implementation process
of the WFD. In practice, there would be the need to develop a community-based group of
interested persons or representatives of interest groups that take over this task on a continuous
basis. They would function as a source of information, but also for dissemination of information.
Eventually they support implementation and monitoring. For initiating such participatory activities
for local WFD implementation, it is advisable to make use of running activities. One possibility is to
make use of existing activities for the implementation of the Local Agenda 21. 

First results of integrating different actors of society into sustainable development exist in many
European countries. One example is the implementation of the local Agenda 21 in North-Rhine
Westphalia. Local indicators were jointly developed among employees of the local government
administrations, NGOs, migrants, women, politicians, external advisors, representatives of the local
economy, and the general public. Despite the mentioned problems like organisational deficits,
bureaucracy, lacking personnel and time etc., the local governments evaluated the indicator
development in general positive. 

The benefits of integrating PIA into the local implementation of the WFD (see also MSWKS NRW
2000) can be summarised as follows:
• Integration of those most directly affected into the assessment design for joint analysis.
• Early negotiations about water related issues create higher acceptance of the WFD.
• Community based indicators help to create better understanding and the requested transparency

of the process.
• Actors have a feeling of success, high motivation and more commitment towards the

implementation of the WFD.
• Participatory monitoring & evaluation initiates learning.
• Increased self-determination of citizens.

To carry out an early PIA also allows starting a continuous monitoring process directly after the
analysis. Evaluation activities that start earlier than 2015 even allow the implementation of the
WFD to be more flexible and adaptive to changing circumstances.

Once PIA and its tools get recognised also by practitioners of administrations and authorities as
useful for local level planning, it may receive a wider recognition and will be more systematically
embedded into planning activities. 

CONCLUSION

The science-based PIA can not only improve the link between science and policy-making but also
improve the link between science and implementation. Precondition to achieve it is a better
integration of PIA into local planning activities. Such a better integrated and more responsible
application of participation does also comply better with the requirements of a knowledge
economy.

Tools that are available for conducting a PIA are generally new to participatory activities in local
planning. They may help improving the knowledge base during the analysis phase of a planning
process. The participatory way how the information is gathered and elaborated eases the way for a
participatory implementation of measures and even a participatory monitoring and evaluation. This
certainly demands a process set-up that goes far beyond informing and/or consulting the public but
requires their active involvement. How to achieve the active involvement of stakeholders and the
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general public in the context with the implementation of the WFD is heavily discussed. The paper
provided some ideas about what is possible and how PIA may help in this task. The difficulties of
carrying out good participation arise once you look into the details of the process and are beyond
the scope of this paper.

Additionally to the general problems of participation in practice, the time pressure to implement
the European WFD is high. It is obvious that early stakeholder integration into the process will be
difficult. Relevant authorities are lacking the time and are partly uncertain how to carry out
participatory activities. If the coordinating authorities of river basins did a good job, the interest
groups and the general public in the pertinent basins are informed about the framework directive,
its content and the local implications. But in many cases the information was rather limited. We are
not aware of any cases where water authorities went even further and strived to establish a local
dialogue among potential interest groups of a river sub-basin at this early implementation stage.
Hence, the expectation to fully integrate stakeholders and the public into European water
management remains at this stage hardly achievable. Nevertheless, the WFD still offers sufficient
time to explore the possibilities of creating a more ambitious participatory process in selected cases.
PIA and participatory monitoring and evaluation should be part of this process. These tools support
individual and societal learning processes and correspond not only with general principles of
participation but ease the way towards a knowledge economy.

Despite the depicted risks of participatory research and participation in IA, it is obvious that PIA
does not contradict local level planning but planning should make use of PIA if applicable. The
trend towards “PIA in (local level) planning” will continue and should be strongly supported by
scientists who strive for a practical relevance of their research for people. 
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Article 14 of the European Water Framework Directive calls for public participation in water management.
It distinguishes three levels of participation: ‘information’, ‘consultation’, and ‘active involvement’.
Whereas the WFD requires informing and consulting the public and the (other) users of the water, it only
says that active involvement of the public and the users must be encouraged. This paper first addresses
the need for participation in river basin management. We also delve into the main issues for consideration
in designing and organising participatory processes. These are: the composition of the participating group,
the commitment of participants, the fairness of the process, the input of scientific information and the
argumentative process. These issues are discussed for two participatory methods that seem to be suitable
for involving the public: focus groups and citizens’ juries. We hope that, in this way, this paper may
contribute to the further shaping of participatory water management in the regional river basins. 

WATER MANAGEMENT: AN INCREASINGLY POLITICISED FIELD

Water management has changed in recent years; both at the national level and at the international
level (Van Ast, 2000). Several shifts took place over the past decades, such as the transformation of
water management from flood defence to water level control and, after that, from sectoral water
management aimed at the control of users functions to integrated water management aimed at the
water system. The drivers for these shifts are numerous, but they tend to include developments in
water control technology, natural events such as floods and droughts, economic developments, and
changing social needs and wants. 

Although the mentioned shifts in water management are very different, they have one thing in
common, which is that the scope and ambitions of water management increase, meaning that
water management is about more issues and affects more people than it did in the past (i.e. water
management is no longer only about water quantity but also about quality; it involves not just
farmers but also industrial interests, nature conservationists and ordinary citizens). The traditional
definition of politics is ‘the authoritative assignment of values’. It does seem that water managers
have more to say about more people these days. 
Add to this the fact that serious flaws in the traditional technical approach to water management
have been demonstrated to exist (think of the fact that modern water management has wrongfully
done away with traditional water control measures such as flood planes and has caused drought in
many areas as water is transported downstream very quickly). This has surprised the general
population in various countries, certainly if the level of trust in water management had been very
high and awareness of risks low. Trust in water managers may have suffered. Also, ‘new’ problems
such as climate change will manifest themselves through the water system by an increase in
extreme water events and rising sea levels. The consequences of these developments need to be
addressed and this may require drastic measures at high societal costs. The consequence of all this
is an increasingly politicised field. Water managers need more than technical skills to address the
issues before them.
Many of the developments sketched above point at an increased need for public participation.
Water managers need a greater level of public awareness and understanding of the problems they
face and they need active help from the citizenry and other stakeholders in finding acceptable
solutions. The aim of this paper is to contribute to the further shaping of participatory water
management in regional river basins. First, we discuss different reasons for involving the public in
water management. Then, we explain participation as a matter of degree. In the next section of this
paper, we delve into the main issues for consideration in designing and organising participatory
processes. These are: the composition of the participating group, the commitment of participants,
the fairness of the process, the input of scientific information and the argumentative process. These
issues are discussed for two participatory methods that seem to be suitable for involving the public:
focus groups and citizens’ juries.
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THE NEED FOR PUBLIC PARTICIPATION 

The academic literature on participation provides a number of reasons for public participation. First
of all, participation may increase public awareness and acceptance of the problems that the water
manager faces and of the measures that need to be taken to solve these problems (Kickert et al.,
1997). Secondly, participation may lead to better decisions as it enriches the decision-making
process with relevant viewpoints, interests and information about the water issue that could not
have been generated otherwise. It helps to rule out overlooking something, which in turn may
improve the decisions (Teisman, 1997 and 2001). Thirdly, participation may increase the legitimacy
of decision making, as it enables the stakeholders to engage in deliberation about the decisions that
need to be taken (Fischer, 2000). Fourthly, participation may increase the accountability of decision
making, as participants get an inside view in the decision-making process and they become co-
responsible for the decisions that are made and the actions that are taken (Van Kersbergen and Van
Waarden, 2001). Finally, participation may result in learning. Stakeholders, government and
scientific experts enter into a dialogue and, by interaction and debate, they learn how to
collectively manage a river basin and deal with conflicting views and interests (Van de Kerkhof,
2004 forthcoming, Mostert, 2003).

The integrated approach towards water management, in which the different functions of the water,
such as fishery, nature, agriculture, drinking water, and recreation, are considered in a coherent
way, is the main principle of the European Water Framework Directive (WFD). Interestingly, the
WFD calls for ‘public participation’ in order to ensure protection and a sustainable use of the
European river basins. According to Article 14 of the WFD, all interested parties need to be
involved in the production, review and updating of the river basin management plans: ‘The success
of the Directive relies on close cooperation and coherent action at Community, Member State and
local level as well as on information, consultation and involvement of the public, including users’
(2000/60/EC). The WFD distinguishes between ‘stakeholders’ and the wider ‘public’ in the sense
that information and consultation are prescribed for both categories, whereas active involvement
only for stakeholders. How information, consultation and active involvement take place, is
communicated in a ‘Guidance document on public participation’ that was developed to facilitate
the implementation of the WFD in respect of its public participation requirements (Drafting Group,
2002).

We would like to make some critical remarks about the use of certain concepts in both the WFD
and the guidance document. To start with the WFD, we think that the distinction between
stakeholders and the wider public might be problematic when ordinary members of the public start
organising and requesting active involvement. The formulation in the WFD may be used to restrain
the involvement of such groups and this is likely to lead to litigation over the proper meaning of
the word stakeholder.1 Keeping the distinction between stakeholders and the public implies the
need to precisely define what is a stakeholder. The guidance on public participation defines a
stakeholder as: any person, group or organisation with an interest in an issue, either because they
will be directly affected, or because they may have some influence on its outcome. It needs to be
taken into account, however, that, in the case of any complex issue, it is not always clear what the
stake(s) of each actor is (are). Different actors may have a different perception of their own and
each other stakes, and the stakes may change over time. Also, the relevant group of stakeholders
may vary; the number of stakeholders involved in the issue is not necessarily fixed but may change
over time. As the decision-making process develops, new stakeholders will enter the scene and
others will leave (Van de Kerkhof, 2004 forthcoming).

On the guidance document, we wish to comment that it seems to equate ‘participation’ with
allowing the stakeholders to influence the outcome of plans and working processes. Although we
are aware of the fact that the guidance document is a political document and that it may be rather
progressive that the official representatives of the EU members states reached an agreement on this
definition, we still would like to comment that meaningful participation should not be narrowed
down to matters of political power and decision-making authority but should also be related to the
meaningful flow of information, transparency, etc. (see also Coenen et al., 1998). Therefore, we
would have preferred to see the guidance broaden its definition of participation to an organised
group process in which stakeholders have the opportunity to articulate their knowledge, values and
preferences about water management issues. 
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UK, Canada and the Netherlands shows (Huitema, 2002). In the Netherlands, the distinction is irrelevant under land use planning
and environmental law, and this has had hardly any consequences for the practice of decision making, except to save a lot of litiga-
tion over the status of participants.



PARTICIPATION AS A MATTER OF DEGREE

In the literature, different levels of participation are discussed (see, e.g., Van de Kerkhof, 2004
forthcoming, Mostert, 2003; Coenen et al., 2002; Mayer, 1997; Arnstein, 1969). The WFD
distinguishes between three levels of participation, with an increasing degree of control over the
outcomes of the process: ‘information’, ‘consultation’, and ‘active involvement’. In our view,
‘information’ should not be considered genuine participation. Information can be provided by
means of brochures, briefings, press releases, et cetera. There is a one-way flow of information,
downwards, from the initiators to the stakeholders. The stakeholders do not have the opportunity
to give their opinion, but they only ‘consume’ the information that is offered to them.
‘Consultation’ can be considered a low degree of participation. Examples of ‘consultation’ are
interviews, opinion polls, and public hearings. The flow of information is still one-way, but this
time upwards, from the stakeholders to the initiator. In both ‘information’ and ‘consultation’, there
is no, or only limited, interaction within the stakeholder group, and between the water managers
and the stakeholders. ‘Active involvement’, on the other hand, can be considered a higher degree
of participation. ‘Active involvement’ can be organised by means of citizens’ juries, planning cells,
consensus conferences, et cetera.2 This level of participation calls for interaction and deliberation
between water managers and the stakeholders. 

Which level of participation to choose, depends on the objectives of the participatory approach and
the stage of the policy process. For instance, if water managers want to increase public awareness,
the level of ‘information’ may be sufficient. However, if water managers do not only want to raise
awareness, but also to take into account the viewpoints and opinions of the stakeholders in the
development of a policy plan, the stakeholders must at least be involved at the level of
‘consultation’. ‘Active involvement’ will be required if the water managers want to explore the
possibilities to collectively manage a river basin. 

KEY ISSUES FOR SUCCESSFUL PARTICIPATION AND AN APPLICATION TO TWO SPECIFIC
METHODS

The guidance on public participation calls for a ‘learning’ approach, in which the involved actors
get insight into each other’s perspectives, views and knowledge, thereby providing the basis for
exploring the best way to implement the WFD. In order to create opportunities for learning, an
active dialogue between the different involved parties is required. This section addresses a number
of methodological issues that need to be taken into account in designing such a dialogue. These
are: the composition of the group; the commitment of the participants; the fairness of the process;
the input of scientific information; and the argumentative process (see also Van de Kerkhof, 2004
forthcoming). Obviously, this list is not exhaustive, and they vary in their the importance and
intensityof the mentioned methodological issues varies during the participatory process. Other
relevant issues aspects exist, such as cultural aspects, the dissemination of results, the link with the
policy process, and budgetary matters. However, from a methodological point of view, we consider
these five identified issues a good starting point for reflections upon successful participation, given
some of the choices already made in the guidance document. 

For each of the issues, we sketch how two specific methods for involving the public, taken from the
guidance document (Drafting Group, 2002, annex 1), deal with them. These methods are the focus
group approach and the citizens’ jury and the authors themselves have practical experience with
both of them.3 A focus group can be defined as: an informal discussion among selected individuals
about a specific topic. Although there are many variations on the basic method, in general, a focus
group involves one or more group discussions, in which participants focus collectively upon a topic
selected by the initiator, and presented to them (most commonly) as a set of questions (Wilkinson,
1998: 182). A citizens’ jury can be understood as: a group of randomly selected people, gathered
in such a way as to represent a microcosm of their community, who are paid to attend a series of
meetings in order to learn about and discuss a specific issue and make their recommendations
public (Crosby, 1995). At the start, the jury gets a ‘charge’, which is a question that they have to
answer or a topic they must address. The initiators of the jury, or the organization paying them, set
the charge. Basically, the participants (the jurors) hear evidence, question witnesses, discuss the
issues that are raised, and then make an informed judgement with regard to the charge (Kuper,
1996). 
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2 For an overview of participatory methods, see: Van Asselt and Rijkens-Klomp (2002), Toth (2001), Mayer and Geurts (1998),
Creighton et al. (1998), Mayer (1997), and Olsen (1982).

3 In the EU project River Dialogue (http://www.riverdialogue.org).



The jury hears witnesses that are chosen (e.g. scientists, or policy makers) to represent different
(conflicting) viewpoints on the topic under consideration. The jury tries to take a decision based on
consensus, but if a consensus cannot be reached, a voting system may be used.

The composition of the group

In order to take all the different relevant perspectives on the specific water basin into account, and
to create opportunities for learning, the dialogue needs to include a heterogeneous group of
people, who represent various backgrounds and professions. These are: the responsible policy
makers, scientific experts, the citizens, and the stakeholders. The latter covers a broad range of
actors from different sectors, such as: business, fishery, agriculture, recreation, real estate,
environmental NGOs, households et cetera. In order to identify this broad range of actors, the
‘snowball method’ can be used.4 It must be noted that, although a heterogeneous group is
required, too much heterogeneity may hinder a constructive dialogue, due to the absence of a
common ground for the discussion. In order to prevent this, specific selection criteria can be
developed, which lead to a group composition that strikes a balance between homogeneity and
heterogeneity. Although heterogeneity is desired, the participants in the group must, for instance,
be homogeneous in their consent with the objective of the participatory exercise, and in their
interest in the topic under consideration. Furthermore, the participants must all have a minimum
level of communication skills.

For a focus group the number of participants may vary, but the typical group size is six to ten
participants (Morgan, 1998a). These participants may be pre-existing groups of people, but they
can also be drawn together specifically for the research. It is generally considered most important
that the participants are at ease with each other and speak freely. The groups need not necessarily
be representative for a wider social collective and especially when organizing focus groups of
people that meet each other regularly, it is possible that there is less diversity of opinions (to
achieve diversity, one would need to have various focus groups). For a citizens’ jury, the number of
participants may vary from 12 to 24. It is generally considered very important that the group is
heterogeneous in that it matches the wider community in certain respects, mainly because the
outcomes need to be translated into policy and the process needs strong credibility in that respect.
Sometimes, two citizens’ juries are organized at the same time. If both arrive at the same
conclusions, this is considered a strong indication that most members of the public would agree to
the outcomes given the time to deliberate the issue. Certain groups tend to be overrepresented in a
citizens’ jury (e.g. older people). This can be compensated by introducing minimal quota for
various types of jurors (e.g. no less than 40 percent women, etc.). It appears that the criteria by
which jurors are selected differ per country. In the UK, the criterion of social class was used,
whereas in the USA, the criterion of race was used. In a broader sense, it is difficult to determine of
which community the jurors need to be representative. This is especially relevant for large-scale
water bodies that are shared by several different communities or even countries.     

The commitment of the participants

A certain degree of commitment among the involved actors is an important condition for a
successful dialogue. Commitment will have a positive effect on the common memory of the group
and on the group dynamics. Furthermore, commitment will enhance participants’ willingness to
contribute to the discussion, to influence and to be influenced. In order to secure their
commitment, it is important that the participants are taken seriously. This means that the
participatory process must be open (the outcomes are not predetermined), and that the
participants have the opportunity to give their input. Furthermore, commitment of the participants
will be enhanced if the legal decision-making institutions are prepared to give the participants a
clear mandate to consider their results carefully and to comment about deviations in their final
decisions. Another way to secure commitment is to provide sufficient opportunity for learning, e.g.
by providing certain (scientific) information and by gathering an interesting group of people.  
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4 Basically, the snowball method implies that the initiator starts with identifying actors in the dominant network on the topic under
consideration. Subsequently, the initiator asks these actors to give the names of other people, who might have an interest in the
specific topic. Asking people to give the names of actors with a similar opinion on the specific topic than their own, and actors
with an opposite opinion than their own, seems to be an adequate way to identify relevant actors from beyond the dominant net-
work (see also: Van de Kerkhof, 2004 forthcoming).



Focus groups require little commitment from participants in the sense that they can generally be
held in locations near them and that the average duration is only 1.5 to 2 hours. No preparations
need to be made by the participants. This translates into a relatively high willingness to participate
as experiences with focus groups in water management indicate (Huitema et al., 2003). About 50
percent of those approached by phone are willing to participate, although this is lower for people
that run their own business. Citizens’ juries, on the other hand, are quite demanding from the
participants in the sense that they do require preparation, tend to last several days, and require
intensive concentration. Due to this, it needs more effort to commit participants to a citizens’ jury
than to a focus group. This means that, in order to secure the commitment of the jurors, it is
preferable to conduct face-to-face interviews rather than phone interviews. Furthermore,
commitment tends to be secured by signing a contract with the jurors. Moreover, some additional
measures can be taken, such as the provision of day-care for children and financial compensation
for lost wages. It appears that, in practice, the percentage of people who are willing to participate
in a citizens’ jury varies from 5 to 40 percent. 

The fairness of the process

A participatory process can be characterised as ‘fair’, when it meets four basic needs of the
participants (Webler, 1995). First of all, the relevant actors need to be able to attend, i.e. to be a
participant in the process. Secondly, the participants need to be able to contribute to the discussion
and say what they consider important. Thirdly, the participants need to be able to discuss, in the
sense that they have sufficient opportunity to challenge and defend each other’s claims. Fourthly,
the participants need to be able to decide, which means that they can influence the collective
outcomes of the dialogue. In order to stimulate the fairness of the process, it is, for instance,
possible to divide the group into sub-groups. Small groups stimulate less vocal people to contribute
to the discussion. Moreover, the facilitator or moderator plays an important role in securing the
fairness of the process (De Bruijn et al., 1998). Another factor that is relevant with regard to
fairness is ‘transparency’. At any moment of the dialogue, the participants need to have a clear
insight in the procedure that is followed, and in the objectives that are pursued. Finally some
would argue that, in order to have a fair process, the participants must be able to set the agenda of
the process, including the problem to be discussed.

As already stated, the focus group method is neither bent on involving all relevant actors nor on
getting a representative sample of the population. This implies that it is entirely possible to not
include certain relevant groups and to manipulate the process this way. On the other hand, if the
focus group is run well, all participants have the opportunity to express themselves (‘to contribute’),
to ask each other questions (‘to discuss’) and thereby influence the collective outcomes (‘to
decide’). If necessary, the moderator intervenes in the process in order to stimulate this. In a focus
group, there tends to be a predefined topic for the focus group and, even though the participants
may wander off, the starting point remains determined by the organizers. The same applies for the
citizens’ jury. Jurors are normally allowed to alter the agenda somewhat, but the broad agenda
tends to be determined by the organizers or a ’commissioning body’. Compared with a focus
group, a citizens’ jury is much more intended as a means to have all relevant actors have their say.
The witnesses that give their presentation to the jury are selected to reflect different interests (‘to
contribute’). The jurors have ample opportunity to question the witnesses (‘to discuss’), and they
are responsible for formulating the verdict (‘to decide’). There have been warnings of organizations
wanting to buy a citizens’ jury. This could be attractive even if an organization cannot control the
actual outcomes of the process. This is because the instrument itself draws a certain level of
attention to a certain problem.  

The input of scientific information

In order to enable the participants in the dialogue to provide the policy process with an informed
input, the participants need to have access to scientific information. Specific scientific information
can increase participants’ understanding of the multiple aspects of the issue under consideration,
and stimulate the discussion. However, scientific information can also steer the discussion in a
certain direction and hinder the participants to introduce the topics that they consider important. In
order to benefit from scientific information in the dialogue, the information must meet certain
standards. First of all, the information must have a certain scientific quality, in terms of validity and
peer review. Secondly, the information that is offered must meet the information needs of the
participants. Thirdly, the scientific information must not be one-sided, or conceal scientific
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uncertainties and controversies, but rather make these explicit. This allows the participants to
consider different viewpoints on the topic and make an argued choice. Fourthly, the information
must be communicated in a well understandable and accessible way. This means that the
information must not only be offered in written form, but also in oral presentation, and audio-
visually. Fifthly, the timing of the information input is important. The scientific information must
not be provided to the participants already at the start of the dialogue, as this might steer the
discussion too much. Instead, the participants must first have the opportunity to express their own
ideas, interests, and preferences, before they are confronted with scientific information. 

Focus groups rely on the information that is present amongst the participants. In some cases, this
may be scientific information, but this depends on the background of the participants. Generally
speaking, in focus groups, the discussion is hardly influenced by scientific information, which allows
for a sound impression of the viewpoints and opinions in the group. On the other hand, focus
groups offer little correction mechanisms for incorrect claims or for ‘incorrect’ problem analyses.
But that is somewhat beside the point, as focus groups are intended to assess participants’
perceptions of issues. In citizens’ juries, scientific information plays a more prominent role. A
citizens’ jury includes witnesses (e.g. scientists) who give presentations and who are selected with
the help of the jurors. The witnesses tend to have different views, making clear areas of
disagreement and uncertainty, and can be questioned by jurors. In general, both focus groups and
citizens’ juries are considered less useful for highly technical issues, and more useful for value and
normative matters. 

The argumentative process

The final key issue is the argumentative process. A certain degree of deliberation in the dialogue
enhances the opportunity for mutual learning. Deliberation is about discussing the relative weight
of each argument that is brought up in the dialogue, and a transparent procedure for balancing
pros and cons (Tuler and Webler, 1999; Renn and Tyroller, 2003). The exploration of conflicting
arguments helps the participants in the dialogue to understand each other’s viewpoints on the issue
and on its possible solutions. Moreover, it can help to get insight in the norms and beliefs on which
these viewpoints are based. This, eventually, may contribute to an argued choice for a specific
policy strategy. In order to enhance the level of deliberation in the dialogue, the participants must
be stimulated to underpin their choices with arguments. These arguments should refer not only to
technical or factual matters, but also to normative, institutional, political, economic, and
behavioural matters. The four key issues described above are all important with regard to
deliberation. A heterogeneous group composition, a high degree of commitment, a fair and
transparent process, and a diverse scientific input, can all stimulate the exploration of conflicting
arguments in the dialogue.   

With regard to the argumentative process, the focus group approach scores less points, also because
there is only a moderate degree of countering groups dynamics. Certainly in groups that know each
other for a long time, taken for granted assumptions and group hierarchy can strongly influence the
course of the focus group. The degree to which this actually happens depends in part on the
behaviour of the moderator (the one overseeing the discussion) but is likely to occur despite the
best efforts of a moderator. In groups where people do not know each other yet, or where
backgrounds differ somewhat (i.e. combining professional and amateur fishermen in one focus
group), there may be more of a critical exchange of arguments (although hierarchy may be a factor
here too as people may know each other by reputation). The jury is clearly designed to have more
exchange of argumentation. This is both the case for the presentation of witnesses (they are
questioned by jurors) and for the process of reaching a recommendation. This recommendation is
normally reached after an entire day of group deliberations and often contains motivations. When
the jury members disagree (this is fully acceptable) a vote may be taken and ‘voting blocks’ may
motivate their preferences.

CONCLUSIONS

In this paper, we have put the emphasis on the methodological aspects of public participation. We
explained the need for public participation in river basin management and, after that, presented
five important issues that we consider key issues in the design and implementation of a participatory
approach. Obviously, other aspects of public participation, which are not addressed in this paper,
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are relevant as well. An important strategic aspect, for instance, is the link with the policy process
and with the issues that dominate the current policy debate. This, however, is outside of the scope
of this paper.

We applied the five key issues to two specific methods: the focus group and the citizens’ jury. These
two methods are also mentioned in the guidance document on public participation in relation to
the WFD. Although also many other methods are available and may be suitable to involve the
public in river basin management, the focus group and the citizens’ jury seem to be particularly
interesting if they are used in conjunction with each other. Then, the focus group method gathers
various stakeholder groups in order to get insight in their understanding of the issues that play a
role in the river basin area; and the citizens’ jury makes an informed judgement on how to deal
with these issues.

The focus group approach can be considered participation at the level of ‘consultation’. The
initiator decides what topic the participants will discuss, and, subsequently, the focus group creates
a conversation among the participants around this topic. The flow of information is mainly
portrayed upwards, from the participants to the initiator. The participants hardly receive any
information input about the topic, since this might steer the discussion. From our experiences, we
conclude that the focus group is a useful approach to get insight in participants’ own meanings and
understandings of the problems that play a role in a specific river basin, and (to a lesser extent) of
the possible solutions to these problems. These may be useful insights for the policy makers who
are in an early stage of developing a river basin plan. The learning effect among the participants
themselves, however, seems to be rather moderate (see Huitema et al., 2003). 

The citizens’ jury may facilitate the organisation of ‘active involvement’ of the public. In mutual
interaction, citizens, policy makers, and/or scientists confront different viewpoints and learn about
each other’s values and preferences. This may ensure that the policy makers have a thorough
understanding of the general public’s views when they exercise their power. More fundamentally, it
may lead to a partnership between citizens and the policy makers. Although some doubt whether a
citizens’ jury actually leads to partnership (e.g. Armour, 1995), it seems worthwhile to further
explore the usefulness of this method to organise participation in river basin management.
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REPORT OF THE PANEL DISCUSSION ON 16 SEPTEMBER 2003 ‘DEBATING
WATER MANAGEMENT. THE ADDED VALUE AND RISKS ASSOCIATED
WITH PUBLIC PARTICIPATION’.

D. Huitema

INTRODUCTION

As part of the participation track a panel discussion was organized with water managers, stakeholders,
scientists, and local politicians from the lake IJsselmeer area in the Netherlands. Although the
participants based their arguments partly on their experiences in the IJsselmeer, the purpose was to
develop a broader debate.

Panel

The panel consisted of the following persons :
Mrs. Lily Jacobs (former member Provincial Executive and Provincial Parliament of Gelderland)
Mr. Roel Doef (water managing body Rijkswaterstaat Dienst IJsselmeergebied)
Mr. Wouter de Waal (branch organization for the recreation sector RECRON)
Barbara van Beijma (environmental NGO Noord Hollands Landschap)
Marleen van de Kerkhof (social scientists of the Vrije Universiteit Amsterdam)
Dave Huitema (researcher of the Vrije Universiteit Amsterdam, chair)

Content

Five statements concerning citizen and stakeholder participation were presented. Each statement
was commented through two reactions from the panel members and then a discussion with the
audience followed. The five statements were as follows:

1. Citizens and stakeholders that participate always bring important and relevant 
information to the process. To ignore this input leads to incorrect decisions.

2. People will only be willing to engage in a participatory process, if they are certain that
their input will play a major role in the final decisions.

3. The outcomes of participatory processes are always biased in some way and therefore,
their impact on the policy process will remain low.

4. The organization of participatory processes requires an enormous change of culture in
the organizations that manage water.

5. Participation of citizens and stakeholders in water management issues lead to a more
effective policy making process.

CONCLUSIONS FROM THE DISCUSSION
Stakeholders can indeed enrich the decision-making process with useful information (Statement 1).
This conclusion was based on several examples from practice, including the IJsselmeer and the
International Rhine Commission. Especially stakeholders with a clear economic interest in water
management often prepare themselves well and can highlight important considerations for the
decision process. This is knowledge that may not available or is administered incorrectly at the
central level (e.g. in databases). Intimate and local knowledge is available in all corners of society
and must be mobilized. Unfortunately, the use of stakeholder knowledge in the policy process is
still rather low. One of the reasons for this may be that the policy makers consider the outcomes of
participatory processes biased (Statement 3). Although this may be to some extent the case, there
are ways to generate as sound as possible outcomes from a participatory process. An important
aspect in this is the composition of the groups, which need to be as heterogeneous as possible,
including stakeholders with different backgrounds and different levels of knowledge. The purpose
of this would be to achieve a well-balanced outcome that is supported by a wide range of
stakeholders. 
There were different opinions about the motives for stakeholders to take part in a participatory
process (Statement 2). On the one hand, it seems to be an important motive for many that the
outcomes of the participatory process actually have an influence on the policy process. 
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On the other hand, practice has shown that stakeholders also participate for other reasons, such as:
to meet interesting people, to learn about new scientific insights, or just to take the opportunity to
have their say. The panel felt however that having an actual impact on decisions is the most
important reason for people to participate. Especially people with businesses have no time to
engage in ‘futile’ participation exercises.

Some members of the panel argued that, in the Netherlands, an enormous cultural change in water
management is required in order to incorporate participation into the decision-making process
(Statement 4). They perceived the water managers as arrogant engineers with little capacity for
listening to others. On the other hand, it seems that Rijkswaterstaat in the Netherlands already
works on this quite a lot. Unfortunately, the discussion with the audience did not give a clear
picture of the situation in other countries. 

The final conclusion that can be drawn is that, although there is so much knowledge now on citizen
participation and citizen participation methods, participatory processes often have limited value
added for the outcome for the decision making process. On the other hand, the panel agreed that
informing and involving citizens has an obvious effect on the support for policies and that
stakeholder participation often does deliver results for the process of decision-making. The question
is of course: how is it possible that there is an obvious effect despite the limited influence on the
decision making process? There may be cultural factors at work here (see statement 4) in the sense
that water managers to day remain relatively technically orientated and less people centered. This
means that more work should be done on culturally sensitive guides on citizen participation for
water managers. Equally important however, according to those present during the panel, is that
participation exercises should not be free from obligations for stakeholders and citizens. There is to
be a linkage between rights for participation and responsibilities to implement the outcomes of
decision processes. Without responsibilities, rights run the risk of being used too easily and
arbitrarily.

Due to a lack of time Statement 5 was not discussed.
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FOR A NEW APPROACH TO WATER DRINKING PROMOTION IN A
POLLUTED ENVIRONMENT

Kouassi Sébastien Dohou

LECREDE/DGAT/FLASH/Université Nationale du Bénin,  03 BP 1912 Jéricho COTONOU - Répulique
du Bénin, Fax : 229 30 38 15, e-mail : Kdohou@hotmail.com

The republic of Benin is a small developing country of West Africa. The people access to drinking water 
in order to improve their state of health is the main problem it is confronted with. Therefore, the
Government set up equipments through the Beninese Society of Electric Power and Water to supply 
people with drinkable water. That is the case of Pobè-Sakété-Ifangni cities in South-East of Benin. But, a
few years later the sanitary statistics show that people of this region are confronted with water diseases
such as diarrhoea, cholera, hepatitis virus, malaria…

That situation does not come from the water quality but it depends on:
(i)- the household use of water without any sanitation
(ii)- the polluted environment in which people live and which is favourable to various infections and 
diseases.

As a solution to this situation, a project has been initiated by the Beninese Society of Electric Power 
and Water supply to promoting water business and to bring people to use water in a better way and 
protecting their environment.
It aims at: sensibilizing people on water –hygiene-environment- health interactions and constructing public
sanitary services (latrines, channels…)

Three years after the project has implemented its actions, we notice that the region  is still unhealthy.
People continue to live in unhealthy conditions. The rate of diseases has increased seriously and the 
number of new subscribers to drinkable water does not increase. So the expected objectives are not
reached.

The main reason of it failure is related to the methodology:
(i)-people who benefit of the project were not associated as much as they should be.
(ii)- sociocultural, historic and economic realities of the region were not seriously taken into account.
As a matter of fact, the project is considered as a foreign initiative and its activities were neglected by 
the beneficiaries.

To succeed in this kind of project, it is necessary to take into account three points :
(i)- an education programme must be developed simultaneously with all before project of water 
equipments installation,
(ii)- people should be associated in the identification, the conception and the implementation of any 
project of water resource promotion,
(iii)- sociocultural, historic and economic realities of the region must be taken account as basic data.

Key words: Benin, water, health, Environment, Sociocultural realities, People participation

INTRODUCTION

The region of Pobè-sakété-Ifangni received its drinkable water equipments in 1983(Pobè-sakété)
and 1987 (Ifangni). The main objective of this installation is to improve people’s health. But, a few
years later, the sanitary statistics show that rate of water diseases do not decrease.
Then, it is necessary to make complementary actions to bring people to use water in a better way,
to protect their environment, to incite to consume drinkable water. That is what “Composante
Sanitaire” project has been dealing with since 1991. But, because of the strategy developed, the
project did not reach its expected objectives.
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PHYSICAL ENVIRONMENT: CONSTRAINT AND OPPORTUNITIES IN WATER AND
ENVIRONMENT MANAGEMENT

Physical data

The region covers 1112 square kilometers with 67.169 inhabitants from which three ethnics groups
are outstanding: Gun, Nago and Yoruba.
The main geological structure developed in the region is the Terminal Continental with sandy-clay
series, which imped travellings, particularly in rainy seasons. Flood events are periodically hanging
over the lower valley of the river, with water diseases consequences.

The relief is constituted of a plateau with shallows in places, strictly situated on the Continental 
terminal series. With regard to its geological characteristics, the Terminal Continental must be 
considered as an empty reservoir. Water is very deep within it, and often under the sterile clay
under 50 m depth. This situation is still more difficult in limestone series as at Pobè where 
calcareous series lie on the Terminal Continental (Fig. 1).

In this case, the discharge varies from 0 to 90 cubic meter/hour. The ground water is so deep that
rainfall amounts cannot recharge it. The region is of subequatorial climate with major constraint for
water supply in the region because of:
I   The Terminal Continental sterility;
II  The clay outcrops;
III The insufficiency of rainfall

In face of such a difficulty, people are obliged to use rivers, lacks and water from rainwater.

Social realities

People of Pobè-Sakété-Ifangni plateau have a culture of grouping organisation and with a strict
respect of social established hierarchy. Each social category has an exact part. Then, the elders are
the tradition guarantors. They look after the social order through reverence to divinities. Divinitie’s
which regulate their live, water resource management and environment protection. With divinities
masks, people communicate and protect the flora, the faun, public places, forbiding water
supplying in such and such a river, deposing household rubbish here and there… Trade activities
are another characteristic of this people, particularly, water sale.

In fact, the water sale in the region dates from an old tradition. Before 1983 when the Benin’s
Society of Electric Power and Water Supply settles the first water supply network in the region, 
people collect rainwater in tanks in order to resell it during the dry season. With the Benin Society
of Electric Power and Water Supply network, only some rich men subscribe to water supply. The
subscribers resell the drinkable water to non-subscribers. Water which is paid at 115 FCFA/cubic
meter by subscribers is resold in detail at 666 F CFA/cubic meter to non-subscribers, i.e. at a rate of
580 per cent.

As for method of domestic waste and water, there is no management department in the region.
Domestic waste water are systematically flown on the paths. The waste heaps are used asavatory.
Then, all the cities become a hotbed of waterborne diseases by insects, flies, mosquitoes and 
parasite proliferation, which pollute water and food.
So waterborne diseases such as malaria, parasitosis and diarrhoea prevail in the region.

THE RATIONALE OF THE PROJECT

In 1989, a social investigation allowed to appreciate the sanitary state of the region. From this
investigation, it was clear that drinkable water network installation in the region had not improved
the sanitary state. But it showed that disease risks are not linked with water quality but with
domestic waste, wastewater and drinkable water management. Therefore, most important diseases
in the cities are malaria, diarrhoea and parasitosis. For instance, the statistical series show 338 
parasitosis case, 235 diarrhoea and 1387 malaria cases in Ifangni, i.e. respectively 13.1 %, 8.4 %
and 54 % of all affections. So waterborne diseases amount at 75.5 % of diseases in this town.
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Table 1:Evolution of parasitosis

The expected objectives of the project

They are as follow:
• To equip towns with sanitary services as private and public latrines, domestic waste, collection to

dig guitters…
• To train some hygiene and sanitation agents;
• To make people aware in hygienic behaviouring;
• To incitate people to subscribe directly to the Benin Society of Electric Power and Water Network

service.

Therefore, the following objectives should be attained:
• 80 % of the population become aware of hygiene issues;
• 80 % of the population subscribe directly to SBEE water services;
Number of latrines increase at 10 %.

The project results

Three years after the project came at its end, the sanitary state is not improved:
IV  Waste water and domestic waste continue to be discharged in the streets;
V   The rate of sanitary service has not increased. The rate of latrine is 5% instead of 10%;
VI  The subscribers number bas not increased seriously. 7,1 % in Pobè; 6,7 % in Sakété and 3,8%

in Ifangni when it should increase at 80% (Fig. 2);
VII The rate of diseases is increasing since 1993 (Fig. 3, 4, 5).
Overall, these results show the project has failed and the hydrous diseases are increasing. How the
project failure can be explained?

THE ANALYSIS OF THE PROJECT FAILURE CAUSES
The project failure can be explained by many reasons, meanwhile it could succeed.
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TOWN/YEARS 1989 1993 1995
Pobè 750 630 811
Sakété 1250 65 253
Ifangni 380 00 05

93%

7%
POBE

SAKETE

93,3%

6,7%

IFANGNI

96,2%

3,8%

People who buy water from subscribers

Subscribers

Figure 2 Rate of subscription to water supply service



1 The weakness of the project
There were constraints to water promotion in Pobè-Sakété-Ifangni towns. These constraints should
be minimised for giving chance of success to the project objectives, but they were neglected. 

These constraints are:
• The low income in comparison with the project requirement from the beneficiaries;
• The ethnic diversity;
• The historical and the psychological rancour between collectivities and the administration related

to their land expropriation procedure;
• The centralised administration system, which makes the Government the only pioneer in

financing and realisation of projects.

The non-integration of those constraints in the sensibilisation compaign does not make easier the
people participation. People agreement is not obtained. These are some deficiencies in the project
conception because people were not associated in its identification, its conception and its
implementation, they do not seem to be concerned in the project activities. Well, if people
themselves identified the priorities of the project, the constraints and the possible trumps would be
detected.

2 The principal trumps for the project success
These are in the region a lot of trumps, which could contribute in the project success. That concerns
the rich documentation existence a highly structured organisation. In this purpose, the project was
established on a most difficult socio-political context. In fact, as mentioned above, traditional
structure exists in the region, which is ruled by the elders. This organisation is the regulatory
mechanism of water resources and environment management. It has not be involved in the project
activities. So, new knowledge related to environment protection introduced in the region is
considered as opposite to farmer traditional established hierarchy.

CONCLUSION

The failure of the project is due to the methodology, which was used and does not take into
account the realities of the region. In fact, it was considered as a foreign initiative and people
participation was not effective. Then, it is clear that a water promotion project does not depend not
only on its justification but also on the social realities of the region, which are favourable to public
participation as a vital at feature in water resources and environment protection.
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INFORMATION NEEDS FOR INTEGRATED WATER RESOURCES
MANAGEMENT IN TRANSBOUNDARY RIVER BASINS IN EUROPE

Rainer E. Enderlein

United Nations Economic Commission for Europe (UNECE), Palais des Nations. CH-1211 Geneva
10, Switzerland

This paper reviews activities of UNECE related to monitoring and assessment in transboundary river basins,
points to advantages and disadvantages of measures taken, and proposes to undertake a thorough 
analysis of information needs to implement the Convention on the Protection and Use of Transboundary
Watercourses and International Lakes and its two protocols: the Protocol on Water and Health and the
Protocol on Civil Liability.

INTRODUCTION

A new paradigm has emerged at the first conference monitoring tailor-made in 1994, the
Beekbergen paradigm, which can be summarized by four important features (Adriaanse and others
1995):

• Monitoring must serve an information purpose;
• Information must support action;
• The value and use of information justifies monitoring; and
• Monitoring must be cost effective.

At that time, the new paradigm was still not fully elaborated. We assumed that “information
needs” evolve as water management develops, targets are attained or policies change. And we
knew that the involvement of the right institutions and people is essential to define information
needs. But we were far from giving guidance on how to do this and what an analysis of 
information needs includes. 

Today, there is a clear understanding that information needs analysis is the most critical part in
developing a successful, tailor-made and cost-effective monitoring programme, and that essential
steps include:

• The structuring of information needs on the basis of issues, pressures and water management
measures; 

• Definition of information that is needed on the origin of the problem and the effects of the 
problem and the measures taken; 

• Identification of indicators; as well as 
• The prioritization of information needs.

These steps were developed later, when the task force on monitoring and assessment, now known
as the Working Group on Monitoring and Assessment under the UNECE Convention on the
Protection and Use of Transboundary Watercourses and International Lakes (Water Convention),
started to draw up guidance on transboundary water monitoring and assessment. 

INFORMATION NEEDS TO RESPOND TO NEW APPROACHES TO INTEGRATED WATER
RESOURCES MANAGEMENT

When talking about information needs, one should understand that information needs change over
time as a consequence of new approaches to integrated water resources management and changing
perceptions of water, such as those brought forward at the International Conference on Water and
the Environment (Dublin, 26-31 January 1992) and the United Nations Conference on Environment
and Development (Rio de Janeiro, 3-14 June 1992), and those embedded in legal instruments, i.e.
the 1999 Protocol on Water and Health to the Water Convention and the 2000 EU Water
Framework Directive:
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• “Water has an economic value in all its competing uses and should be realized as an economic
good” (Principle 4, Dublin Conference, 1992);

• “Integrated water resources management should be based on the perception of water as an 
integral part of the ecosystem, a natural resource and a social and economic good” (Agenda 21,
chapter 18, Rio de Janeiro, 1992);

• “Water has social, economic and environmental values and should therefore be managed so as to
realize the most acceptable and sustainable combination of those values” (Protocol on Water and
Health, 1999);

• “Water is not a commercial product like any other but, rather, a heritage which must be 
protected, defended and treated as such.” (Water Framework Directive, 2000).

Of course, not all pieces of information, required for integrated water resources management, will
come from monitoring activities. Estimates, expert judgment, models and other sources may 
provide the information needed, as laid down in the monitoring guidelines.

INFORMATION NEEDS UNDER THE WATER CONVENTION

The Convention on the Protection and Use of Transboundary Watercourses and International Lakes
(Water Convention), drawn up in 1992 and in force since 1996 (UNECE 1992), has one major
objective: the prevention, control and reduction of transboundary impact. Thus, there is the need
to show whether the riparian Parties succeeded in preventing, controlling and reducing 
transboundary impact. Transboundary impact is a complex term. It means any significant adverse
effect on the environment in a downstream country, resulting from a change in the conditions of
transboundary waters caused by a human activity in an upstream country. Such effects on the
environment include effects on human health and safety, flora, fauna, water, soil, air, water, 
climate, landscape and historical monuments or other physical structures or the interaction among
these factors. The issue transboundary impact becomes even more complex as effects on the 
cultural heritage or socio-economic conditions resulting from alterations of those factors are also
included.

An assessment of the transboundary impact is not yet available, mainly due to three reasons:

• The strategy for setting up a monitoring and assessment system and guidelines to do so emerged
after Beekbergen with the first set of guidelines on water-quality monitoring and assessment of
transboundary rivers in 1996 (UNECE TFMA 1996), the two guidelines on monitoring and 
assessment of transboundary rivers and of transboundary groundwaters in 2000 (UNECE TFMA
2000a; UNECE TFMA 2000b), and the guidelines on monitoring and assessment of
transboundary and international lakes in 2002 (UNECE WGMA 2002);

• The guidelines are mostly targeted to monitor and assess the water environment;
• Remarkable efforts have been made by countries to implement the river guidelines in a series of

pilot projects on nine transboundary river basins, and to start implementing the groundwater and
lake guidelines (among others Adriaanse 2003; Chilton and others 2004; Roncák and others
1998). However, it will take more time and more funds as originally expected to really set up
these monitoring systems.

• There was not yet a decision by the Parties to the Convention to undertake an assessment of the
transboundary waters in Europe, including an analysis of whether there was a reduction of 
transboundary impact.

Nonetheless, such an assessment will have to be made, if not requested by the Parties1, than under
other environmental processes in Europe, such as the Ministerial “Environment for Europe”
Conferences with the reports, prepared under the auspices of the European Environmental Agency
“Europe’s environment: the third assessment”, or the World Water Development Report.

Thus, we are still in a dilemma. On the one hand, we are still lacking transboundary-monitoring
systems that are tailored to provide us with the right information for an assessment of the water
environment; and we are still uncertain how the impact on human health and safety and other
parts that make up the “environment” according to the above definition should be incorporated in
the guidelines. And, on the other, we have a wealth of data from the “old-fashioned” water 
monitoring systems, which we disqualified in 1994 as date-rich, but information poor.
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There is a need to commence work on two distinct issues: 

• The so-called step-wise approach to setting up monitoring system, which are tailored to the 
information needs; this requires a prioritization of information needs;

• An analysis of the available data to find out which of these data sets could still be used to derive
the information that we need to make an assessment of transboundary waters in Europe. The
report entitled “Ten transboundary rivers in Europe” (IWAC 2001), drawn up by the Working
Group on Monitoring and Assessment is already a promising start.

POLICY LIFE CYCLE AND INFORMATION NEEDS

At the Beekbergen conference, Wim Cofino, based of earlier works of Winsemius, has introduced
for the first time the policy life cycle, a demonstration of the relative political importance of 
measurement activities to recognize a problem (e.g. research), to formulate a policy, to implement
a policy, and to check compliance (Cofino 1995). 

The policy life cycle also seems to be an excellent starting point to derive information needs for
policy formulation and implementation. Remarkably, when developing two ECE legally binding
instruments (i.e. the Water Convention and the Protocol on Water and Health), the policy-life cycle
approach was not used.

As concerns the drawing up of the Convention in the early 1990s, the policy life cycle approach
and the Beekbergen paradigm was simply not yet developed. And the first step towards defining
information needs consisted in the drawing up of an inventory of major transboundary rivers 
(followed later by the mapping of transboundary groundwaters, lakes and estuaries) to make the
essential transboundary nature of European waters visible to the policy and decision makers. The
aim was also to show on which waters further efforts of countries, joint bodies and international
organizations should focus to build up capacities to monitor and assess transboundary impact. As
the task force on its own could not cope with all these aspects, there was the proposal to establish
Centres of expertise, at least one in the East, and the other in the West (Enderlein 1995). Today, we
have one centre – the International Water Assessment Centre (IWAC), which is networking with nine
leading European water institutions and which services the Convention.

As concerns the drawing up of the Protocol on Water and Health in the late 1990s, Governments
were of the opinion that much evidence was already available that suggested that there was a 
huge problem of water-related disease in Europe, and that political action was needed rather than
in-depth scientific research to fully understand the scope of it. Almost everybody was hit by the
information that surfaced after the breakup of the Soviet Union and the accessibility of data on the
environment, namely that 120 million people in Europe, or 1 in 7 of the European population, do
not have access to safe drinking water and adequate sanitation, thus causing water-related 
diseases such as cholera, dysentery, coli infections, viral hepatitis A, and typhoid. 

By no means, one should question this approach; the more so as the Protocol on Water and Health
is a unique instrument to prevent, control and reduce water-related diseases. Even more so, as it is
the first legal instrument that defines the right to water as a human right.

What continues to be problematic is the low priority to invest sufficient resources in an in-depth
analysis of the scope of the water-and-health problem in Europe, at least in the countries that are
most hit - the Balkans and the countries in Easter Europe, the Caucasus and Central Asia (EECCA).
Our understanding on how to develop a system for the surveillance of water-related diseases, i.e.
the impact of bad water quality on human health and safety is still not well developed. The same
is true of combining systems for monitoring the water environment with health-related surveillance
systems and response systems to counteract outbreaks, incidents and risks. 

Thus, we have to develop means to disseminate existing information to the public that could help
to prevent and mitigate harm, and we have to develop recommendation of preventive and
remedial action. Most critical is the definition of information needs that help to identify outbreaks
and incidents or significant threats thereof. And we need to give prompt and clear notification to
public authorities.
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INFORMATION NEEDS FOR THE CIVIL LIABILITY PROTOCOL

Information needs analysis also concerns a third legal instrument, which was recently adopted and
signed by 24 European States2, the Protocol on Civil and Compensation for Damage Caused by the
Transboundary Effects of Industrial Accidents on Transboundary Waters (Civil Liability Protocol).

The objective of the Protocol is to provide for a comprehensive regime for civil liability and for 
adequate and prompt compensation for damage caused by the transboundary effects of industrial
accidents on transboundary waters. The Protocol applies to damage caused by the transboundary
effects of an industrial accident on transboundary waters. It was developed after the accident at
Baia Mare, Romania, in 2000.

The Protocol implies immediate action by Governments, despite the fact that some five years may
pass before it enters into force and becomes binding on Governments. Immediate action is needed
in the field of monitoring and assessment of the aquatic environment, as this is linked to the 
measures of reinstatement laid down in the Civil Liability Protocol.

In the context of the Protocol, “Measures of reinstatement” means any reasonable measures 
aiming to reinstate or restore damaged or destroyed components of transboundary waters to the
conditions that would have existed had the industrial accident not occurred, or, where this is not
possible, to introduce, where appropriate, the equivalent of these components into the
transboundary waters. 

After an industrial accident has happened, it is too late to ask what was the state of the 
environment before. This is the more important as the Protocol also states that claims for 
compensation shall be made within 15 years from the date of the industrial accidents.

Thus, one should know the state of the environment in advance of accidents – and there are no
reasons to belief that accidents with transboundary consequence will not happen in the future. 
One should be proactive, not only regarding the prevention of accidents, but also regarding the
knowledge of the state of the water environment in transboundary waters. In other words, it is high
time to review our monitoring system with the aim to check whether they are well designed 
to satisfy the existing information needs under the Civil Liability Protocol, and set up systems,
which are able to do so.

PARTNERSHIP ON WATER FOR SUSTAINABLE DEVELOPMENT 

Another challenge in the area of information needs analysis is the Partnership on Water for
Sustainable Development, also known as the EU Water Initiative’s part for the countries in Eastern
Europe, the Caucasus and Central Asia, launched at the World Summit on Sustainable Development
in 2002. This partnership consists of two major components: urban water supply and sanitation,
including financing of infrastructure, and integrated water resources management (IWRM),
including transboundary river basins and regional seas issues. The IWRM component is the most
relevant for our purpose.

When drawing up supporting documentation for the Partnership in summer and autumn 2002, the
secretariat, analyzing available information sources, came to the conclusion that EECCA countries
face two major challenges: to improve the quality of surface and groundwaters and to ensure that
the transboundary waters are used in a reasonable and equitable way. Logically, this has led to the
proposal of developing concerted action on: 
• Legal and regulatory instruments;
• Institutional arrangements, such as joint bodies on the transboundary waters;
• Joint monitoring and assessment;
• Public participation in decision making regarding water management and other activities.

The implementation of the Partnership, for which UNECE is drawing up an action programme on
transboundary waters, requires new pieces of information and sharpens the above picture
regarding information needed in the area of human health and safety. This can be illustrated by
two examples:
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• Reasonable and equitable use of transboundary waters

So far, the monitoring guidelines do not provide much advice on water-quantity aspects in
extreme situations, both floods and droughts, although the most advanced Western European as
well as Central and East European countries were involved in the guidelines’ development. The
situation is more complex in EECCA countries, as our understanding of the terms “reasonable and
equitable” in connection with the interstate distribution of water, both under “normal” and
extreme situations is only developing, and there are many emotions regarding the established
upstream and downstream priorities for hydropower production and irrigation. We do hope that
the situation will “soften” when guidelines on the interstate distribution of water will be available
later this year.

• Impact on the environment

So far, the monitoring guidelines did not deal with the adverse transboundary effects of human
activities on soils and landscape in downstream countries, a fact that has to be considered when
dealing with irrigation in Central Asian, the drying up of the Aral Sea, and the conservation and
restoration of ecosystems. 

CONCLUSIONS

Usually, scientific conferences conclude with statements that more research is needed. Yes, indeed
there are many open questions linked to transboundary monitoring that call for sound scientific
and technical solutions.

However, the scientific community alone will not measure the success or failure of our monitoring
guidelines that respond, in our view to the existing information needs. It will depend on whether
or not policy makers and water managers are interested in consulting our papers before they make
a decision. Promising examples include the Finnish-Norwegian, the Finnish-Russian and the
Austrian-Hungarian Commissions on transboundary waters that have decided to apply the
respective monitoring guidelines. But, the number of those who do not have proper knowledge
about the guidelines is still big. Let us spare no efforts to take them also on board.

159

PROCEEDINGS MTM-IV - INFORMATION NEEDS FOR TRANSBOUNDARY IWRM IN EUROPE



REFERENCES

Adriaanse, M., 2003. UNECE pilot projects on transboundary rivers; Introduction and lessons 
learned. Pages 189-193 in: Bernardini, F., M. Landsberg-Uczciwek, S. Haunia, M.
Adriaanse, and R.E. Enderlein (eds.). Proceedings of the International Conference on
Sustainable Management of Transboundary Waters in Europe, 21-24 April 2002,
Miedzyzdroje, Poland. Szczecin, Poland.
http://www.unece.org/env/water/meetings/conf2.htm.

Adriaanse, M., J. van de Kraats, P.G. Stoks, and R.C. Ward, 1995. Conclusions Monitoring 
Tailor-Made. Pages 345-347 in: Adriaanse, M., J. van de Kraats, P.G. Stoks, and R.C. Ward
(eds.). Proceedings of the international workshop on monitoring and assessment in water
management; Monitoring Tailor-Made, 20-23 September 1994, Beekbergen, The
Netherlands. Beekbergen, The Netherlands.

Chilton, P.J., D. Nieuwenhuis, and J.G. Timmerman, 2004. Preparing for monitoring and assessment
of transboundary rivers. Proceedings Monitoring Tailor-Made IV; Information to support
sustainable water management: from local to global levels, 15-18 September 2003, St.
Michielsgestel, The Netherlands.

Cofino, W.P., 1995. Quality management of monitoring programmes. Pages 178-187 in: 
Adriaanse, M., J. van de Kraats, P.G. Stoks, and R.C. Ward (eds.). Proceedings of the
international workshop on monitoring and assessment in water management; Monitoring
Tailor-Made, 20-23 September 1994, Beekbergen, The Netherlands. Beekbergen, The
Netherlands.

Enderlein, R., 1995. Transboundary rivers and lakes. Pages 34-42 in: Adriaanse, M., J. van de 
Kraats, P.G. Stoks, and R.C. Ward (eds.). Proceedings of the international workshop on
monitoring and assessment in water management; Monitoring Tailor-Made, 20-23
September 1994, Beekbergen, The Netherlands. Beekbergen, The Netherlands.

IWAC, 2001. Assessment practices and environmental status: 10 transboundary rivers in Europe. 
IWAC, Szcecin, Poland. 141 pp. http://www.iwac-unece.org.

Roncák, P., M. Adriaanse, and M. Landsberg-Uczciwek, 1998. Pilot projects for monitoring and 
assessment of transboundary rivers under the ECE Water Convention. Pages 325-333 in:
Landsberg-Uczciwek, M., M. Adriaanse, and R. Enderlein (eds.). Prospects for the use of
indicators in water management. Mrzezyno,Poland.

UNECE, 1992. Convention on the Protection and Use of Transboundary Water Courses and 
International Lakes. Helsinki, Finland.

UNECE TFMA, 1996. Guidelines on water-quality monitoring and assessment of transboundary 
rivers. RIZA (ed.), RIZA report nr. 96.034. UNECE Task Force on Monitoring and
Assessment, Lelystad, The Netherlands.

UNECE TFMA, 2000a. Guidelines on monitoring and assessment of transboundary groundwaters. 
UNECE Task Force on Monitoring and Assessment. RIZA, Lelystad, The Netherlands. 64 pp.
http://www.iwac-unece.org.

UNECE TFMA, 2000b. Guidelines on monitoring and assessment of transboundary rivers. UNECE 
Task Force on Monitoring and Assessment. RIZA, Lelystad, The Netherlands. 88 pp.
http://www.iwac-unece.org.

UNECE WGMA, 2002. Guidelines on monitoring and assessment of transboundary and internation
al lakes. Part A: Strategy document. UNECE Working Group on Monitoring and Assessment.
Finnish Environment Institute, Helsinki, Finland. 33 pp. http://www.iwac-unece.org.

160

PROCEEDINGS MTM-IV - INFORMATION NEEDS FOR TRANSBOUNDARY IWRM IN EUROPE



WATER INFORMATION - WHAT IS IT GOOD FOR? ON THE USE OF
INFORMATION IN TRANSBOUNDARY WATER MANAGEMENT

Jos G. Timmerman1 and Sindre Langaas2

1 Institute for Inland Water Management and Waste Water Treatment (RIZA), PO Box 17, 
NL-8200 AA Lelystad, The Netherlands. j.g.timmerman@riza.rws.minvenw.nl; langaas@kth.se

2 Royal Institute of Technology, Dept. of Land and Water Resources Engineering. 
SE-100 44 Stockholm, Sweden 

Consistent and relevant information on the status of water systems is indispensable for rational and cost-
effective water management. This statement has general validity for all types of river basins, but is
particularly relevant for transboundary water regions. Information is used to support decision-making and
to evaluate the effects of water resources management decisions. Information production however lags
behind developments in water management, which e.g. becomes clear from the fact that information still
focuses on ecological components of water bodies and largely ignores the importance of socio-economic
data stemming from human activities taking place in the river basin. Production of improved information
is hindered by strong boundaries between different disciplines that are not easily overcome. Moreover,
consideration of information needs and the goals of information dissemination prior to producing
information is insufficient and the relevant actors are often reluctant to participate in these processes as
they are time consuming. Differences in institutional behaviour also hinder cooperation between
institutions, while organisational structures are insufficiently tuned to the needs of the external
environment. All these issues hinder the use of information as the basis for decision-making.
This paper provides an overview of relevant aspects of information from a broad range of perspectives and
will conclude about the need for changes in the production and use of environmental information in
support of water management. The paper is largely based on the outcomes of a closed multi-disciplinary
specialist meeting on the role and use of environmental data and information in transboundary water
contexts held in Arendal, Norway, September 2002. 

Keywords: Water information, Transboundary water management, Communication, Institutional
behaviour

INTRODUCTION

Water management faces an increased number of pressures on water use while the impacts of these
water management problems stretch out further and further in space. As these problems cross
borders, the importance of cooperation between countries and regions sharing water resources is
growing. The significance of environmental information as a basis for water management and an
essential part of cooperation is consequently mounting. Therefore it is essential to know the role of
environmental information in the context of transboundary river basin management and how it is
used in decision-making. 

Botterweg and Rodda (1999) have pointed out that transboundary water management is a
complex process with many actors at different levels. They note that both the development and the
implementation of the actual work has to be conducted at a local level, and that national
authorities, as well as the international agreements, are dependent on the compliance of actors
they cannot force by traditional government measures. As the success of management initiatives in
systems that are difficult to regulate is dependant on persuasion, incentives, and the flow of
information between these actors, analyses of the ways in which networks of actors and institutions
interact and communicate internally and externally is vital. As there is no single actor capable of
forcing all actors to comply, these networks and their communication of information play a crucial
role in management processes. Huisman et al (2000) note this, and point out that most
transboundary commissions cannot force the member states to adopt laws, or companies to use the
best available technology; their role is often simply to advise the governments.

In this paper, we will try to capture the relevant aspects of information from a range of
perspectives, largely based on the outcomes of a closed multi-disciplinary specialist meeting on the
role and use of environmental data and information in transboundary water contexts held in
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Arendal, Norway, September 2002. Each of the information perspectives describes a part of the
issues that have to be accounted for when dealing with water management information. The
challenge lies in connecting all different elements in order to produce information that is effective
in supporting water management decision-making. In this paper we will describe how the use of
information and knowledge in decision-making is influenced by mindframes. We will argue that
participatory processes can be helpful in the mutual understanding of each other’s mindframes
through a social learning process. However, there are several limitations and preconditions that
have to be met to enable participation of stakeholders. This concerns issues like the exchange of
information through information networks, especially in a transboundary water management
situation, institutional behaviour, information production and dissemination, and the freedom of
access to information. The paper provides an overview of research that has been done in different
disciplines and links the different aspects together to come to conclusions about the use of
information in transboundary water management. However, as authors with mindframes that have
their initial academic platform in the natural and technological sciences, in our pursuit of an
interdisciplinary view upon environmental information issues, we are well aware that we may have
overlooked specific subtleties in the socio-economic and legal domains.

In the paper we use the terms ‘information’, ‘water information’, ‘environmental information’ and
‘river basin information’ as synonyms. Although these terms emphasise slightly different aspects
they all essentially encompass information that concerns matters having an impact upon water
quality or quantity. Furthermore, although structured according to a set of key concepts or
perspectives, we openly admit that many of these are highly compounded. Still, we believe that
they all offer a sufficiently unique angle into the matters to justify their inclusion.

THE QUESTION OF RATIONALITY

Generally, information is considered to be an essential basis for decision-making. Communication
involves a flow of information. A premise is that decision-makers need access to reliable and
understandable information on environmental and water-related issues in order to make functional,
logical and rational decisions (Gooch and others 2003). Communication of scientific information
from the scientific and technical community to politicians and civil servants should function
according to previously agreed-upon, and predominantly rational, criteria (Gooch 2004). In this
view, individuals are conceptualised as self-regarding rational actors who have stable, exogenously
defined preferences. They order the possible outcomes of any decision-situation according to their
preferences and choose the strategy that maximises expected utility (Ehin 2003). This view assumes
that decision-making is largely a rational process.

The use of information in decision-making has however proven to be rational only up to a certain
point. In the political sciences discipline, environmental problems are defined as being basically
social problems. As the World Bank noted, environmental problems are “at their root, social
problems”, and it is necessary to “develop competent rule and institutions to address
environmental, social and economic problems” (World Bank 2002). Or: “Environmental planning
and decision-making are essentially conflict analyses characterised by socio-political, environmental,
and economic value judgements” (Lahdelma and others 2000). The nature of such problems is
partly built on norms, values, and beliefs of the individuals involved. Individuals will act based on
these values, which to a certain extent is rational. When individuals are cooperating, they will
appreciate information on environmental problems in a different way. The use of information will
consequently be dissimilar, depending on the user of the information and will be less rational. In a
social context, next to these two dimensions of rational and value-based use of information, the
social-practice model appears where the role of culture and habits, i.e. the dominant societal norms
and values, are emphasised as driving people’s behaviour (Ehin 2003). We conclude that the use of
information is not unambiguous, containing elements of rational, value-based, and cultural and
habitual behaviour. This behaviour is explained in the following section through the concept of
mindframes.
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DEALING WITH MINDFRAMES

Evidently, different people view the world in a different way. For example, the world of a biologist
is focused on nature and wildlife, while an economist may be focussed on finances and monetary
terms. Ross expresses this tendency as follows: “When I talk to people who want to spread the
messages, they tend to think in terms of their own expertise and experience. The pollution control
person wants to talk about stopping pollution. The economist wants to talk about treatment costs
versus source protection. The planner wants to talk about siting. The public health people want to
talk about parasites… and on and on” (Ross 2001). Or, as Harremoës states: “The dilemma is that
experts to be recognised as such often become highly specialised. The consequence is a narrow
interpretation of what the issue is, a specialised terminology and a tacit misunderstanding of
concepts, problems and solutions within the expert community. It is a constant source of
misunderstandings, misinterpretations and misinformation in the sense that communication is
difficult between disciplines” (Harremoës 2002). Thus, experts from the different disciplines have
different viewpoints that are difficult to integrate. Generalising, economists seek to maximise
human welfare within the constraints of existing capital stock and technologies, ecologists stress
preserving the integrity of ecological subsystems, and sociologists emphasise that the key actors are
human beings, whose patterns of social organisation are crucial for devising viable solutions to
achieving sustainable development. There is no doubt that each viewpoint is valuable and attempts
are made to come to integration of the different views. There is however the difficulty of seeing the
concerns through one another’s eyes.

The metaphor that will be used for this perception is the mindframe. The mindframe is the window
through which people view the world. It is an assembly of our cultural background, professional
training, character, experience, expertise, role and responsibilities, etc. (see for instance de Boer
1999; van der Werff 1999). We all see the same world, but our view is limited by our mindframe.
Difficulties in communicating are partly based on different mindframes; we assume that we discuss
the same world, but each person may see things that others may not see, especially when people
from different disciplines are communicating. 

As discussed, someone from a natural sciences education will take a different viewpoint as
compared to for instance a scientist with a socio-economic background. An issue like flood
protection for instance is likely to start off as an issue of the height of dikes to a civil engineer, a
matter of perception of safety to a sociologist, a problem of ecological damage to a biologist, and a
cost-benefit matter to an economist. A team of people with the same disciplinary background will
easily overlook one or more of these other viewpoints and if not overlooked will not be able to
cope with them. This was illustrated in a project on the setting up of a monitoring plan for the
evaluation of restoration of saline gradients in estuaries. This project was initiated and supported by
ecologists, which can be explained from the gains in ecological diversity from such projects whereas
the gains in the socio-economic sector are not clear. This ecological starting point turned the initial
bias of the project on monitoring of ecological parameters. Involvement of among others regional
waterboards, who are originally strongly affiliated with agricultural groups, led to inclusion of
socio-economic parameters in the project (Timmerman and others 2001). Moreover, Gerlach
(1993) shows that when technical specialists disagree among themselves, they say this is chiefly
because they begin with different assumptions, use a different scientific procedure, or do not yet
have enough data. In reality however, they interpret the data through the cultural filters of their
respective groups. This however does not diminish the fact that data do matter in decision-making.
All in all we can conclude that there is no such thing as neutral, objective approach towards water
management issues. Every observer, analyst, or decision-maker will have explicit or implicit biases
and blind spots as a result of professional belief systems, religion, responsibilities, core normative
and casual beliefs, etc. (that together form the mindframe) and none can singly encompass the
whole system (see also Funtowicz and others 1999; Newson 2000; Rivett 1994). The use of
information is therefore limited by the mindframe and people that do not understand or share the
decision-makers’ mindframe may not understand the rationale of the decisions.

Understanding in this situation can only be build when one is aware of the existence of these
mindframes and consequently of the limitations in communicating. This opens up the opportunity
of trying to get an understanding of the others’ mindframe. Such understanding is used for defining
management actions that ultimately lead to reduction of the problem situation (Doody and others
1998). The implication is that information can lead to understanding only if it is input to the
problem analysis and as such adds to our knowledge base. Only when information fits the
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mindframe of the receiver, it can be accurately used to change the situation. Therefore, scientists
from the social, economic and natural sciences should work together on the issues, each being
aware of having blinkers that may hinder the full view of the issue (Timmerman and Cofino 2001).
Thus, as was concluded during the workshop on driving forces and incentives for change towards
sustainable water development at the 11th Stockholm Water Symposium where the concept of
mindframes was introduced: “the sharing of mindframes can help in raising awareness and involves
active communication and understanding of the key interests of different actors” while “the
understanding and establishment of shared mindframes is one way to raise awareness among
scientists about decision-making processes, and which would make it possible to better link
physico-chemical and ecological aspects with socio-economic considerations that are often more
relevant and understandable for decision makers” (Takahashi and others 2002). This lies at the
basis of the social learning process that will be discussed later.

THE USE OF KNOWLEDGE

The “knowledge gap” hypothesis or ‘science-policy gap’ is a subset of the different mindframe
metaphor that is focused on the communication mismatch problems. It attempts to explain
discrepancies and problems in the communication of scientific information by looking at cognitive
differences between scientists, policy-makers, and stakeholders. A basis for this gap can be found in
the situation that “scientists are trained to achieve increased understanding and managers to
manage problems and create policies” (Boogerd and others 1997). The hypothesis then postulates
that well-educated people learn more from information, and that differences in knowledge then
lead to increases in the knowledge “gap” between the sources and receivers of information (see for
instance Bernstein and others 1993; Bradshaw and Borchers 2000; Gooch 2004; MacDonald
1994). The technical language used by scientists must be “translated” into lay terms for the
information to be useful, to fit the mindframes of the receivers. The question is how to
communicate without oversimplifying highly technical information stemming from different science
disciplines to decision-makers and other stakeholders to ensure that this information will be
adequately understood and accepted as relevant and reliable and be utilised in the policy
development and implementation process, how to ensure that this multidiscipline scientific
information will be synthesized into “usable knowledge”? The mechanism of “translation” of the
raw data should ensure that the information users receive “usable knowledge”. This is easy to
use/understand, accurate and relevant, tailor made information preferably included in maps and
constructed to meet the needs of the general public (Roll 2004). This cannot be done without
policy makers specifying their information needs (and for that matter translating their policy into
lay terms).

The receiver’s beliefs and cognitive frames of reference, as part of the mindframe, will influence
and determine both which information is accepted, and the ways in which the accepted news is
integrated into the receivers’ perceptual structure. Here, the content as well as the appreciation of
the information plays a role. The impressions that most easily fit into the mindframe of the
individual or group, or into the social representations of society will be most easily accepted, while
preconceptions often prevent the reception of information. Deviant impressions and views will be
rejected, and ambiguous impressions will be treated as if they are compatible with the established
mental frames of reference (Gooch 2004).

One important issue here is to avoid immediate rejection of information by building awareness of
differences in viewpoints. As we discussed in the previous section, this requires sharing of
mindframes through active interaction of the various actors. But before we come to this
participatory process, we first take a look at the availability of information for the different actors.

INFORMATION EXCHANGE

Despite the seemingly limited rational use policy makers make of information, they need access to
reliable and relevant, integrated information and assessment in order to meet the challenges
presented by water management. This includes information both on the physical attributes of water
systems and river basins, and also on the special political and administrative conditions, cultures,
and institutional contexts that characterise transboundary water policy-making and implementation
(Gooch 2004). For scientists, the practical challenge of producing integrated information and
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assessments may be best referred to as to make a shift from multi-disciplinarity to
interdisciplinarity, where multi-disciplinary implies that a study starts off from different mono-
disciplinary angles while interdisciplinary implies that studies start off from the problem that has to
be addressed (Hisschemöller 2004). A multi-disciplinary or preferably, as stated, an
interdisciplinary setting in which close and regular contact between scientists of different disciplines
and even between scientists and decision makers will probably deliver the best results in terms of
addressing the environmental (and socially perceived) problem. This integrated approach also
requires integration over administrative structures, especially in transboundary water management.
Each administrative compartment will only overlook a part of reality and make single-purpose
decisions. The larger perspective and consequences can only be overlooked when administrative
boundaries are neglected (Falkenmark 2000; Funtowicz and others 1999; Timmerman and Cofino
2001). 

Water resources management requires negotiating conflicts and differences between different
stakeholders with different mindframes. Conflict is in such a situation often a clash of paradigms.
People act and rationalise things in a way that does not make sense to others because they are
operating with a different set of assumptions, values and beliefs, as stated before. In resolving such
conflicts, those involved need to make their paradigms explicit and see others’ paradigms. For this,
facilitation is critical (Woodhill 2004). One such conflict in transboundary river basin management
is that especially the upstream countries have a tendency to restrict information exchange, as it is
not in their direct interest to give full access to the available information. This is partly related to
the power connected to the possession of information. As the lack of information can hinder proper
definition of a situation or can hinder appropriate action, control over information gives an
advantage over those who do not have this information. Also, information can be used as a
‘weapon’ by directing blame at other parties and by validating claims that it is for instance the
other party that is polluting the water or causing floodings (Timmerman 2004). Further,
information can be used as a commodity, where it contains a certain value and can be subject to
trade (Timmerman and others 2003). These different powers of information are generally
recognised and they can be used to hinder cooperation, not only between countries but also
between different stakeholders. Only when common understanding of the situation is reached and
common interests are recognised, cooperation can take shape. Underlying common understanding
is mutual trust that diminishes the aspect of power. But building of trust, both within and between
groups, is a lengthy process (see also Paldam 2002). Here we end up in a vicious circle that
common understanding needs sharing of information but sharing is only felt to be safe when there
is mutual trust. A participatory process can help to develop both trust and sharing but is also a
prerequisite for present water management, as we will argue in the following section.

PUBLIC PARTICIPATION

Although not explicitly using the term Public participation, the EU Water Framework Directive
(WFD) promotes the active involvement of all interested parties in the process of water
management (European Commission 2000). Parties that are distinguished in this respect are
professionals, local groups, and individual citizens, farmers and companies representing themselves
(WGPP 2002). The WFD in this way provides a unique opportunity for public participation,
especially in the view of implementing sustainable development. Approaches for public
participation range from inclusionary processes where stakeholders are informed and consulted to
fully fledged deliberative participatory processes in which stakeholders are equal partner in the
decision making process (Turner 2004). There is a growing need to involve the public in a
deliberative participatory way, as there has been a change in consultation as people are becoming
more and more involved. Current trends indicate that three processes are going on, which have
caused the growing importance of public participation (Lise and others 2004):
1. There is a general feeling of democratic deficit. Some governments seem no longer to deliver the

results as desired by the public and public trust in political decisions has fallen dramatically and
is not recovering, causing a crisis of legitimacy. If policymakers pretend that there is consensus
on values or certainty on what knowledge is relevant while this may not be the case, the
legitimacy of measures may drop in the eyes of the stakeholders. They may feel that their values
or knowledge are not taken into account in the programme (Hisschemöller 2004). On the other
hand, governments are constrained by global economic interests and by multi-lateral obligations,
so are no longer able fully and freely to meet the many and frequently conflicting local needs of
the people.
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2. Nowadays people want to be able to shape their own futures. A society has developed where,
mainly through ICT, information is opened up to an ever-wider audience enabling people to
coordinate and direct actions. It is now possible to visualise images of future flooding, or
landscapes or coastal patterns to allow stakeholders to see for themselves how future patterns of
landscape and policy may evolve.

3. There is a growing awareness among governments that decisions are often no longer acceptable
without participation of the public in the decision-making process. Without this public consensus,
decisions may fail. 

The shift from mere consultation of stakeholders towards participation in decisions requires
individuals to recognise and accept citizen values, responsibilities and obligations. Since multiple
stakeholder interests and perspectives are commonplace, water resources management will involve
trade-offs informed by a range of decision criteria, some of which will be competing (Turner 2004).
To support participation, the information not only has to be made available, but it also has to be
communicated between the various actors. The following section deals with this.

INFORMATION NETWORKS

Communication of information is a process with often many different actors that each process and
transfer information. The type of network the actors act within can for instance determine if the
information reaches the appropriate actors. In a transboundary situation, the role of the
‘communication gateway’, the formal or informal connection between the countries, is very
important in the process of conveying information.

Decision-making and management takes place on different levels, ranging from the local to the
international level. The abovementioned information and communication issues play their role on
each of these levels as well as between the levels. Regime theory, dealing with international co-
operation between two or more states in specific issue areas explains for parts of these
communication issues. However, policy and implementation processes are no longer monopolised
by central government agencies; instead, a system of multi-level governance is developing in which
representatives of trade and industry, local communities, and NGOs play an increasingly important
role, as explained in the previous section. Governance is replacing government, and the different
societal spheres, politics, business, and civil society, are becoming increasingly intertwined and
interdependent. The traditional regime theory has been supplemented to accept that in the case of
transboundary water management, power and national interests may be central, but central state
actors are not the only ones involved in the policy and implementation processes. State-centric
theories such as traditional regime theory can be complemented by the theory of multi-level
governance. This theory stresses the importance of civic and business institutions and their inter-
play and inter-dependence with political and administrative institutions at various levels. Especially
in the case of transboundary water management this can contribute to our understanding of the
processes (Gooch 2004).

Additionally, each level collects and disseminates information on a different scale, complicating
comparison of information on the different levels. This implicates that good communication can
only take place in an interactive process where the perception of information is tested after it is
transferred. Therefore, more attention needs to be given to the ways in which the systems of actors
and institutions involved in water management are changing. 
We have seen the importance of sharing information between different actors to enable
cooperation and building of trust. But the concept of mindframes also influences the way
information is produced. 

INFORMATION PRODUCTION

Transboundary cooperation as stated requires exchange of information. Expert commissions will
have to disseminate information and perhaps produce information that can be understood by
different stakeholders and users (Barreira and Kallis 2004). Production of information has
historically taken place in a situation where the producers of information at the same time also
have been the users of that information. As these ‘prod-users’ usually have a natural science
background, emphasis in information production lies with physico-chemical and biological
information. Due to the common scientific and technical background there is no science-policy gap
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between producers and users of information in such contexts. As the producers mostly present their
own data and knowledge their information is considered highly reliable and therefore well
accepted. However “prod-user” information practice also has some disadvantages. As there is no
great need for “translation” of knowledge some of the information produced remains expert
information in so far as the reported data are hard to understand for non-specialists (Schröder
2004). This technical/scientific paradigm appears to dominate in transboundary water regimes. It is
visible in the information needs which mainly are defined with the water commissions’ own needs
in mind, in the data collection which is dominated by environmental state and impact information,
and in the communication with stakeholders and the public which mainly are done through passive
channels (Nilsson and Langaas 2004). The significance of socio-economic information for decision-
making is, as a result, generally underestimated. Environmental data is used in the decision-making
process when it shows a direct and clear connection between and impact of the physico-chemical
and biological conditions to changes in the economic and social situation in a given transboundary
water region. If this is not acknowledged, efforts put in information production are insufficiently
used (Timmerman and others 2003).

The essential elements in the process of producing information are depicted in a generic model; the
information cycle (figure 1) (Timmerman and others 2000). The cycle links the information
production process to water management through two elements: specification of information needs
as the basis for the information production, and information utilisation as the translation from ‘raw’
information to ‘usable knowledge’. The information cycle also has its limitations, as it does not
support the flow of information through the process of transboundary river basin management as
represented by stakeholders and actors on a wide variety of levels. 

The specification of information needs should ensure a thorough thinking through of what
information is really needed while assumptions that different stakeholders have of the value of
certain types of information are made more explicit. In addition, determining the goal of producing
and disseminating information should even precede determining what information should be
produced (Timmerman 2004). The significance of linking information to policymaking is widely
acknowledged in literature and the specification of information needs is promoted as a means to
achieve this (among others Adriaanse and others 1995; Brett 2000; Timmerman and Cofino 2001;
van Luin and Ottens 1997; WCMC 1998). This notion has been worked out in a methodology that
allows to manage the process of specifying information needs and that provides the questions and
schemes needed (Timmerman and others 2001; Timmerman and Mulder 1999). Cooperation in
information requires an interactive approach involving the relevant actors in defining the
(environmental) goals and determining what information should be produced. This approach is
needed to account for the differences between the actors in interests, values, and cultural
background. As the actors may act at different levels, information has to account for these different
levels and the scales connected to the levels.
We will now turn to the information utilisation. The impact-of-information chain model is a
representation of the flow of environmental information as a continuous process from its origin to a
real-life improvement of the environment, and it clearly argues that information is best managed in
a comprehensive manner (figure 2). This means that all essential elements of the chain, from
monitoring to packaging and disseminating information to its interaction with decision-making
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processes need to be taken into account. Successful long-term planning should be driven by
information objectives rather than supply-driven, starting on the side of communication strategies
rather than production. Unfortunately this is more often not the case than it is (Denisov and others
2004).

One channel to get information to the public is through the media. A major fear among some
scientists for bringing out information through the media is that the sender looses control over the
message. On the other hand, if there is a clear message to convey, this cannot be changed easily. 
The use of indicators can be imperative to communicate a message. Indicators should simplify the
situation at hand, appeal to the non-scientists and give meaningful information. The high
transparency of indicators can on the other hand also hamper their use in the policy process. An
indicator that is too specific, rigid and not ambiguous enough may not be accepted by policy
(Lorenz 2004).

(TRANSBOUNDARY) RIVER BASIN INFORMATION SYSTEM (RBIS)

It is now widely known that effective river basin management requires participatory approaches.
Information needs among stakeholders that influence water quality and quantity are diverse and
different from those found in the commonly small and well-defined group of “water or river basin
managers” (Langaas and others 2004). Thus, a key ambition should be to develop the RBIS as a
public good to meet the information needs of the multi-level actors that in various ways modify the
biogeochemical cycles so that water quality or quantity changes. Technology-wise, such a RBIS
could be a combination of Geographical Information System, a Web server and a Map Server.
Many of the River Basin Districts (RBD) to be established in 2003 under the (WFD) will be of
transboundary nature (Nilsson and others 2004). The requirements upon WFD implementation are
somewhat relaxed relative to national RBDs given that international competent authorities of
international RBDs are not obliged to implement EU legislation. Still, several transboundary river
commissions have committed themselves to take on the task of developing the transboundary river
basin management plans, and accordingly to develop and use GIS database for this and other
purposes. 

Such a RBIS should be a politically initiated non-rival and non-excludable information system that
provides easy and non-restricted access to adequate river basin information. For this, the
information system must enable public access to the data, while the heart of the transboundary
RBIS should be a harmonised, multi-thematic GIS database that is adequate from the perspectives
of awareness raising and decision-making. The database should have a legal status that makes it
possible to re-use and re-distribute the database in raw or slightly modified form. As the GIS data
and information itself is the core or heart of a RBIS, and the relevant data is found at many
institutions, the issues related to costs and copy-right of data are uneasy to resolve. An acceptable
financing solution needs to be found as it critically influences data producers’ incentives to co-
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Figure 2 Impact-of-information chain (Denisov and Christoffersen 2001)



operate (Langaas and others 2004). This brings us back to the importance of institutional
cooperation and the difficulties that are encountered there.

BEHAVIOUR OF INSTITUTIONS

Water management institutions can range from distinct organisations to networks of people.
Whatever form an institution has, usually there is a legal framework that sets the context of the
institution. Such a framework is a significant driver for institutional behaviour and the professional
activities within an institution. Gooch (2004) distinguishes between rational, bureaucratic and
political institutional behaviour. The use of information within these respective types of
organisations can respectively be orderly and rational, procedural, or disorderly. Differences in
these types of institutional behaviour within countries or on either side of the border can hinder
cooperation. 

The ever-changing external environment requires institutions to adapt their organisational structures
to create an enabling ambience that can cope with the new situation. But most institutions have a
legal framework, a history, and a cultural background that makes them work as they do and this
history makes it difficult for institutions to change. As a result, the external environment changes
more rapidly than institutions can. One consequence of this may be that institutions cannot deliver
the required information. Next to that, in a transboundary setting, cooperation between institutions
is not easy and will require extensive time. One corollary of differences between institutions is the
reluctance to give access to information. As discussed, reasons for this can be for instance lack of
understanding, fear, ignorance, lack of motivation or need for power. An example of this reluctance
is that although the objectives of the Portuguese-Spanish Water Convention are integrated with the
majority of principles established by the WFD, including river basin management, it does not
explicitly require joint management (Matos 2004). Especially in the political institutional model
where information is used strategically (Milich and Varady 1999), information will be regarded as a
source of power, which will in turn lead to secrecy. Such secrecy will impede building of trust that
is, as stated, a precondition for cooperation.

Next to institutional behaviour, institutions can have different perspectives on the best societal
response to the water issues of concern. The technical perspective relies on the scientific discovery
and technical solutions – for example, new agronomic practices that are more water efficient. The
economic perspective tries to solve problems through markets and the valuation and pricing of
goods and services. The interactive perspective brings people into negotiation with each other over
their values, their goals, their differing interests and the development of collective interests and
common strategies for action. Each of these perspectives will lead to some result. However, it is the
interactive perspective we must turn to when existing ways of thinking and institutions prove
inappropriate for solving the problems of our time. Through this approach, social learning as a form
of interactive dialogue and decision-making can be developed. The most obvious institutional
requirement for social learning is the creation of some form of platform that enables different
actors to come together and which give legitimacy to a process of interactive learning (Woodhill
2004). Again here, the need for sharing the available information is apparent. We will now turn to
the legal aspects.

FREE ACCESS TO INFORMATION

The Aarhus Convention (UNECE 1998) and recent EU legislation (European Commission 2003)
endorse the principle of public and free access to environmental information for all citizens.
However clear the free access may seem, there are some restraints to it. Firstly, the question has to
be answered what the law requires to be provided and by whom? Linked to this are issues of
terminology and definitions like what is environmental information and who is a public authority.
Secondly, how must the information be provided, and what structures are in place to ensure
meaningful access. Thirdly, what level of detail should be made available, which is partly
depending on the intended users. Ideally all the detailed background and technical data should be
in the public domain, with only the most stringently managed exemptions – but in addition, there
must be simplified analysis and non-technical summaries to ensure that the public at large, as well
as the involved professionals, can make meaningful use of the information. All of these questions
must be addressed and answered when legislation is being drafted, taking account of best practice
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(Hendry 2004). Furthermore, there is the issue of human rights. This relates to the way in which
the law protects freedom of thoughts and access to essential data, but also how the law protects
privacy of personal data? And do public authorities have the duty to protect citizens against
misinformation? Secondly, there is the issue of intellectual property rights. This relates to the way in
which the law empowers authors/inventors to capitalise their know-how (authors rights, industrial
and commercial secrets) and if public authorities have the right to profit from the data they own
under the umbrella of author’s rights and industrial and commercial secrecy? And could the fact of
information being withhold lead to an impediment for the authorities to make well-balanced
decisions? Thirdly, there is the security issue. This relates to the way in which the law protects
information vital to national security, strategic national interests and international relations and if
public authorities can withhold information that is vital for assessing sustainable development? And
can dissemination of information also enhance security? Not only do all three issues have a
significant impact on the way we are dealing with information; in practice, they are substantially
interfering (de Villeneuve 2004). Therefore, sharing of information is important but not unlimited. 

INTEGRATED ASSESSMENT

Coming now to the issue of supporting decision making through information, we can state that
transboundary river basin management nowadays demands an integrated approach. Such an
integrated approach has to account for different stakeholders and different disciplines as well as
differences in spatial scale and time scale as the various disciplines and stakeholders work on such
dissimilar scales. Integrated assessment, i.e. the evaluation of all facts and values considered
relevant for decision-making, therefore not only requires a collaboration between scientists from
different disciplines (the interdisciplinary approach, touching upon ecological as well as socio-
economic interests), but also a dialogue between scientists and stakeholders about the different
meanings attached to knowledge and the interests that maybe served by certain scientific
interventions (Hisschemöller 2004). Setting up a collaborative framework between experts with
different scientific backgrounds and experiences is often a time consuming procedure. Participants
have to get used to and acquainted with each other, overcoming different uses of language, and
their often fundamentally different ways of thinking, before their work can actually be put together
in a meaningful and coherent way (Turner 2004). This preparatory work is often disregarded as
being of minor importance related to the ‘real’ work of doing the actual scientific analysis within
one’s own discipline. An integrated approach conversely entails extensive preparation to ensure
that the right problem is addressed in the right way. The need for this preparation cannot be
overemphasised.

Cooperation between disciplines is needed in transboundary river basin management as expertise
in isolation can limit the capacity to solve problems. Such cooperation has to overcome the
mismatches between the disciplines, of which the issue of scale is an important one. Another
mismatch that is easily overlooked is the difference in definitions. The same term can have a
different, but often close related meaning in another discipline and that may hinder correct
understanding of each other’s information.

Sharing international water resources requires that common goals are set. Sustainable use of water
is an international acknowledged goal in this context, but a further working out of sustainability
gives a wide range of outcomes based on various assumptions of socio-economic effects. One of
the basic differences in this discussion is the difference between ‘weak’ and ‘strong’ sustainability.
Weak sustainability means that we can replace or duplicate natural materials and services with
manufactured goods and services. Strong sustainability means that natural materials and services
cannot be duplicated. In this light it should be emphasised that there is economic support for
strong sustainability, aiming at maintenance of the ecosystem integrity, as the basic assumption for
river basin management. If strong sustainability is the goal, an integrated approach has to be
followed in which the functional diversity of water resources is taken into account. Integration of
the functional diversity necessitates participatory processes that include stakeholders and the public.
If stakeholders and the public are given the right to participate, this should include the right to full
and free access to information in order to certify a balanced dialogue. 

A next step in giving access to information will be a response to information needs as expressed by
stakeholders and the public. The dialogue resulting from the participatory process can become a
social learning process that eventually encourages the production of better information. The
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dominant technical/scientific bias in many transboundary commissions however often hinders such
involvement of stakeholders and the public (Timmerman and Langaas 2004).

Internationally shared interests facilitate sharing international water resources. Countries that share
the same water body, use the water in a similar way and encounter the same problems will be
more likely to cooperate as a joint effort is less costly and provides better results. International lakes
management may from this perspective be more effective than transboundary river management as
the water management problems of a lake are shared by all bordering countries while in rivers the
downstream problems are often not of direct concern for the upstream country. Although
international legislation works to solve this problem, in practice the upstream-downstream
inequality hinders cooperation.

CONCLUSIONS

Even though scientifically better information may be produced, the use of information will still be
limited as long as no account is taken of different valuation of information by people with
dissimilar mindframes (beliefs, values, norms, and different cultural habits), asymmetric access to
information for all actors, insufficient communication channels, and insufficient coordination
between the different levels and scales of governance. Furthermore, cooperation in transboundary
water management is hindered by differences in legal frameworks, historical backgrounds, technical
abilities, and cultural backgrounds on either side of the border. In this situation, cooperation in
information production and dissemination should also account for the differences between the
countries. Finally, strong boundaries exist between different disciplines that are not easily
overcome. In addition, expertise limits the capacity to solve problems through its bias.
To improve this situation towards an integrated, sustainable water management situation,
participation is inevitable. Participation of the relevant actors in defining information needs to
support decision-making will support creating insight into the existing mindframes and will create
better understanding of the situation at hand. Adopting the concept of mindframes is helpful in this
respect as the awareness of different mindframes opens up the possibility of exploring them. Next
to this, testing the perception of information after it has been transferred will enable improvement
of the production of environmental information.
The goal of strong sustainability entails looking into the wide range of functional diversity of water
management. This again calls for a participatory process where the interactive dialogue and
decision-making must be actively facilitated to promote social learning. Then, a participatory
process cannot be realised without being supported by better information, i.e. information tailored
to support this process.

All this will require tuning of organisational structures in such a way that they allow creating an
enabling environment. The needed participatory processes will be time consuming as it takes time
to define and structure the problems, but they are likely to better cope with the problems and safe
time in the end. Nevertheless, it is essential to be aware of the existence of both institutional and
individual mindframes to deal with the communicational problems. 
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THE ROLE OF LAW IN ATTAINING EQUITABLE AND SUSTAINABLE
TRANSBOUNDARY WATER RESOURCES MANAGEMENT - HOW TO
IDENTIFY AND EVALUATE THE RELEVANT FACTS AND CIRCUMSTANCES

P.K. Wouters, A.Rieu-Clarke, P. Jones, F. Diabes and J. Zhang

International Water Law Research Institute, U of Dundee. Dundee DD1 4HN Scotland, 
United Kingdom

The beneficial use of the world’s transboundary waters raises difficult issues for drainage basin
management. International law provides that each transboundary watercourse State is entitled to, and
obliged to ensure, an “equitable and reasonable use” of these shared waters (Report of the Work of the
International Law Commission on the Work of its Forty-sixth Session, 1994). The International Water Law
Research Institute (IWLRI) developed and tested a Legal Assessment Model (LAM) through the work of
interdisciplinary teams working in three different transboundary situations – China (upstream),
Mozambique (downstream) and Palestine (shared groundwater). The LAM provides a tool for
transboundary watercourse States to apply in the preparation of their national water strategy for use at
the national and international levels. The LAM may provide a procedure for a Memorandum of
Understanding (MOU) for data information and exchange and joint international basin studies. The LAM
consists of a series of three data collection tools (Glossary of Terms, the Legal Audit, Relevant Factors
Matrix), and methodologies to process the data (Method of Evaluation). The model should now be tested
at the basin level, with a view to achieving the peaceful and rational use of transboundary waters in line
with the governing rule of international law and facilitate the overall policy objective of drainage basin
security.

INTRODUCTION

“Fierce national competition over water resources has prompted fears that water issues
contain the seeds of violent conflict…If all the world’s peoples work together, a secure and
sustainable water future can be ours” (UN Secretary General Kofi Annan, World Water Day
2002).

With 40 per cent of the world’s population dependent upon water shared by two or more States
and the increasing demands on this diminishing precious resource, the competition for shared
water is readily apparent. The importance of water law in meeting global policy imperatives was
recently reiterated at the Kyoto World Water Forum. In the opening address, the blueprint for
action identified the need for a new World Water Ethics to codify rights, privileges and obligations
of individuals, communities and States and the need for legal frameworks as the first priority to
address global strategic needs: “In particular we need to pay special attention to: Establishing a
world water convention and legal framework; Defining water rights and obligations; Developing
the regulatory framework for globalisation, privatisation, and reduction of  poverty” (Opening
Address, Kyoto World Water Forum, 23 March 2003).
This work is based on the identification and application of the primary rule of international law
that governs the lawfulness of every TWC State’s activities: equitable and reasonable utilisation.
This rule, which has evolved from international practice, entitles each transboundary watercourse
State to an “equitable and reasonable” share of the beneficial uses of transboundary waters. What
is “equitable and reasonable” is decided on a case-by-case basis, with all relevant factors - such as
the hydrology, ecology and climate of the basin, dependent population and existing and potential
uses – considered together. But how should this rule be implemented in practice? How can a State
develop a national water strategy that meets domestic objectives and is in line with its international
legal obligations? Is there a model that a State may use to develop co-operative arrangements for
data information and exchange that will integrate international legal requirements with
management and policy considerations? This paper aims to explain the key findings of a three year
project that is aimed at designing, creating and testing a practical tool – the Legal Assessment
Model – to enable any transboundary watercourse State to determine its rights and obligations
regarding shared watercourses. 
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THE LEGAL ASSESSMENT MODEL

Experience demonstrates a marked absence of agreed methodology for implementing the
international legal rule of equitable and reasonable utilisation. Thus, the starting point of this work
was a critical analysis and identification of the rules of international water law. The second step
involved designing a methodology to implement the rules of international law, so as to enable a
State to devise a national water strategy based on some certainty regarding its legal rights and
duties. 
The analytical framework is derived primarily from law. A desk study ascertained the rules of law
that apply (through the traditional analytic method used in international law – the examination of
the sources of international law: treaties, custom, general principles, subsidiary sources and state
practice). The project used rules of international law that apply to transboundary watercourses and
identified steps for the implementation of international law, and selected typical case studies for
testing and comparative analysis. The relevant international customary legal norm identified for
surface water resources and associated groundwater is “equitable and reasonable use” (UN ILC
Report, 1994). Recognition of this customary legal rule was achieved by the 6th Committee of the
United Nations in its vote to adopt the United Nations Convention on the Law of Non-navigational
Uses of International Watercourses in 1997 (New York, 1997). Further verification of the
acceptance of equitable and reasonable use came in the 1997 decision of the International Court of
Justice in the Case Concerning the Gabcíkovo-Nagymaros Project Hungary-Slovakia, (IJC, 1997).
The rules governing confined transboundary groundwater are not settled in international law,
however the United Nations International Law Commission’s working group on transboundary
natural resources is currently investigating the issue. This study assumed the applicability of
equitable and reasonable utilisation to international groundwater.
Three case studies were selected – China (upstream on the Mekong); Mozambique (downstream on
the Incomati) and Palestine (international ground water – the mountain aquifers). The Legal
Assessment Model (LAM), was developed, applied and assessed.  One key element of the
methodology was to integrate the three primary disciplines in all phases of the work. Professionals
from the various disciplines (i.e., engineering, hydrology, economics) are not trained in the
international legal requirements governing transboundary water resources. However, the
interdisciplinary teams were able to overcome problems associated with the translation of findings
from the various disciplines that were invalid or left gaps for the legal assessment.

FOUR PHASES

In seeking to develop the prototype LAM, the working teams became aware of the need to divide
the Model into two components: “The Data Collection Tools” (DCTs) and the Method of Evaluation”
(MOE). The LAM is designed for use by any State, regardless of whether it is upstream, downstream
or shares groundwater. In essence, the process seeks to ensure that States “think and act
systematically and consistently” in assessing their entitlement to their use of shared international
watercourses.  
The LAM is administered in four phases: 
• Phase I: Defining Scope – a first snapshot of the legal, economic, hydrological and policy

situation that sets the stage for the more detailed work in Phase II. 
• Phase II: Data Collection – systematic collection of data establishing all factors relevant to the

watercourse through application of the Data Collection Tools: the Legal Audit Scheme and the
Relevant Factors Matrix (common language defined in Glossary of Terms). 

• Phase III: Evaluation – using the Method of Evaluation to determine whether or not the existing
or planned use is equitable and reasonable.

• Phase IV: Options to Ensure Equitable Entitlement – identifying the legal options available for
ensuring equitable entitlement.

Aside from requiring the collection of very specific data, the LAM requires the integration of
hydrology, economics, science and law at all stages of the research. The type of information to be
collected and the actual process of data collection demand a methodology that is practical, and
most importantly, one that complies with the requirements of international water law. Whilst the
LAM is designed for use at the national level by a State, it is necessary to consider the watercourse
basin as a whole. Thus, the range of data collected should include all basin States, if possible. The
LAM methodology has the potential for facilitating transboundary water cooperation and will have
genuine relevance to, and application in the management of transboundary resources. 
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Data Collection Tools

The Data Collection Tools (DCTs) consisted of three parts: the Legal Audit, the Relevant Factors
Matrix, and the Glossary of Terms.  The Legal Audit was designed to identify and analyse in a
systematic way all relevant legal instruments pertaining to a State’s use of a transboundary
watercourse. The audit will highlight existing, overlapping and contradictory legal obligations as
well as gaps in the law. 
The Relevant Factors Matrix is designed specifically for the project and drawn from interdisciplinary
research, primarily the international law relating to the management of transboundary
watercourses.  The Matrix contains an indicative list of “relevant” factors to be considered when
determining “equitable and reasonable utilisation”, together with a methodology for the collection
of the data supporting such factors: 

• What? What are the physical (natural) characteristics of the watercourses, including the
ecological services provided by the watercourse;

• Who? Which population is dependent on the watercourse? What is the population
dependent on the watercourse – in the basin in the transboundary watercourse State, in
the entire territory of the State, and in co-transboundary watercourse States? This factor
includes poverty alleviation and gender considerations.

• What Uses? What economic, social and environmental existing and potential uses does
the watercourse serve?

• What Impact?  What impacts are/ will be created by the use of the watercourse in one
transboundary watercourse state on the uses of the other transboundary watercourse
states?

• What Options? What is the efficiency of, and the alternative to, the existing/ proposed
use of the watercourse?
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Final Phase

Options for securing legal entitlement based on legal assessment carried out
though Phases I-III

The Legal Assessment Model
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The Glossary of Terms was an unexpected output, which evolved when the team realised that
certain key terms (i.e., confined aquifer) had distinctive meanings in different disciplines. While
most the terms arose from the legal study, it became clear that the definition of these was not
consistent across the other relevant areas of expertise – such as hydrology and economics.  To
ensure consistency in the project (and in a more broad application), it was necessary to develop the
Glossary of Terms, which sets forth the meaning of the terms utilised in the project.  It is
recommended that this exercise – identifying and agreeing a “Glossary of Terms” - is an important
pre-requisite to the effective functioning of the LAM.

Method of Evaluation

The second component of the LAM – the Method of Evaluation (MoE) – was conceived as the tool
to be used to process the data collected to produce the parameters of “equitable and reasonable”
in each case study, thereby identifying the legal entitlements and obligations of the State regarding
its shared transboundary waters. What methodology would best mobilise the data in line with the
key questions? Research was conducted to identify the range and develop in a systematic way a
shortlist of relevant methodologies for the project. Part of the exercise was to establish a
mechanism whereby States could identify the relative importance of each of the factors included in
the Relevant Factors Matrix as it would vary in each of the case studies.
A number of recognised techniques exist which will assist States in evaluating the data obtained
from the Data Collection Tools. Each is suited to particular circumstances, depending on the
question being asked and the information available, and is unlikely to be universally applicable.
Indicative examples of these techniques are detailed below. The intention here is to facilitate the
processing of all relevant data.

• Cost-benefit analysis: The direct and indirect benefits of the uses derived from a
watercourse are weighed against the direct and indirect costs of those uses, each having a
specific monetary value. The advantages of the procedure are that it is fairly
straightforward and the results are easy to understand. Difficulties arise in application,
however, when the values used do not adequately reflect the costs or benefits. Although
there are well established techniques to deal with these circumstances where they arise,
there remains controversy surrounding the extent to which they adequately resolve the
problems and this has given rise to a search for other solutions. 

• Mathematical programming / Modelling: Modelling techniques allow easy analysis of
allocations and flows in theoretically possible scenarios. All parties should agree on the
model itself, the values to be input, the weight to be attached to each variable, and the
methodology to be adopted. In the Tripartite Interim Agreement between Mozambique,
South Africa and Swaziland, a “Water Resources Yield Model” was used to analyse the
water availability in order to ascertain whether there was enough water in the system to
meet the needs of all three riparians. The priorities of all parties were incorporated into the
model to ensure that these were met in the agreed interim flow regime. 

• Multi-criteria analysis technique scores a number of alternatives against the objectives
that the exercise is attempting to meet. It is relatively transparent and can accommodate
inter-disciplinary criteria. However, it demands technical inputs, and is appropriate only
where the quality of the data is high. 

• Analytic Hierarchy Process is a mathematical technique for multi-criteria problems
enabling decision making involving many kinds of concerns including planning, setting
priorities, selecting the best among a number of alternatives, and allocating resources for
the purpose of resolving conflict or setting priorities. 

• Multiple-Objective Decision-Making provides approaches to making decisions in
complex situations where more than one decision objective should be considered using a
large variety of algorithms and techniques. They vary in terms of their computational
complexity and ability to handle qualitative and/or quantitative data. 

• Game theory: Given a set of alternatives, a payoff matrix can be built representing the
different outcomes of the alternatives according to the different criteria. At this stage, a
range of criteria can be applied in order to select the best alternative. However, the
technique may be overly simplistic to be applied broadly to the determination of equitable
and reasonable utilization, and it does not identify the alternatives to be used. 

• Fuzzy Expert systems are based on “If…Then” scenarios representing the knowledge of
experts and can be used in the decision making process. The technique is problematic,
though, insofar as it is technical and is dependent on the quality of the data produced. 
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Once a State has completed the exercise of ascertaining whether or not its existing or planned use
or uses of a particular watercourse meet the criteria of equitable and reasonable utilization, it is in
a position to determine how to move forward with its national water policy and plans.

Equitable and reasonable utilisation – the options

The legal options available to a State are linked to the different scenarios which may occur as a
result of the existing or planned uses, and, secondly, will be determined by the fact of whether or
not the State in question has specific legal rights or obligations vis-à-vis other States stemming from
an international agreement in force.      
Scenario 1: Existing use (uses) meets the criteria of equitable and reasonable utilization. The use
may continue. The State will not be legally obligated to undertake any actions vis-à-vis other States.
However, even in this situation it is advisable for the States sharing the same watercourse to
endeavour to achieve cooperation, through, for example, regular exchange of available
information.   
Scenario 2: Existing use (uses) meets the criteria of equitable and reasonable utilisation but causes
significant harm to another State (States). In this situation, the State is, in principle, entitled to
continue its existing use. However, in case of a dispute, the State will bear the burden of proof that
its use is equitable and reasonable. Additionally, it is still required to take all appropriate measures
to prevent, eliminate or mitigate the significant harm. The State causing such harm must enter into
consultations with other States and, where appropriate, consider the question of compensation.   
Scenario 3: Existing use (uses) does not meet the criteria of equitable and reasonable utilisation. In
such a case the choice of legal options open to the State exercising such uses will depend primarily
on whether there is a conflict of use with another State or States. In the absence of the conflict of
uses, the existing use, even “inequitable” as such, may still continue until the demand from the
other States increase. It would be advisable for the State in question, to foresee the possibility of
eventual decrease of its share of water resources and to envisage necessary adaptive measures in its
national water policy and development plans.
Scenario 4: Legal obligations under existing agreements, including water or benefit sharing
arrangements, are being met. The State in question may continue its use of the water resources on
a “business as usual” basis.
Scenario 5: Legal obligations under existing agreements, including water or benefit sharing
arrangements, are not being met. The State in question is required to comply with its international
commitments. Its refusal to do so will constitute an internationally wrongful act, engaging the
responsibility of this State. 
Scenario 6: Planned measures (uses) meet the criteria of equitable and reasonable utilization. In
such a case, the State may authorise or proceed with the implementation of the planned measures
unless there is a treaty in force requiring prior notification and/or consultations with other States.
There are special requirements of prior notification for projects to be financed by the World Bank.
Scenario 7: Planned measures (uses) meet the criteria of equitable and reasonable utilization but
may have a “significant adverse effect” on other States. In such a case, the State in question is
under an obligation to provide prior notification to the other States, which may be potentially
affected by the project. The notification should be timely and should be accompanied by available
technical data and information, including the results of any Environmental Impact Assessment (EIA)
that would allow the notified States to evaluate the possible effects of the planned measures. 
Scenario 8: Planned measures (uses) do not meet the criteria of equitable and reasonable
utilisation. In such a case, the State should, as a rule, refrain from authorising or implementing the
planned measures. Another option available to this State is to notify other potentially affected
States and to enter into negotiations with a view to reaching a mutually acceptable arrangement,
possibly by compensating other States for the use of water in excess of its “equitable share”. 
A State has a range of options when seeking to ensure that its activities related to the use of shared
transboundary waters are in accordance with the rules of international law. Unilateral actions that
breach the rule of equitable and reasonable utilisation are subject to the normal rules of state
responsibility and its consequences. Mechanisms for dispute resolution are the means to achieve a
solution (negotiation and consultation, good offices and mediation, fact-finding, arbitration,
adjudication).
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CASE STUDIES - CHINA, MOZAMBIQUE AND PALESTINE

The LAM was applied and tested in three case studies: China (Mekong upstream); Mozambique
(Incomati downstream) and Palestine (shared groundwater), with a view to providing substantive
input for the refinement of the Model. The country teams, made up of 3 persons, collected and
processed the data, and applied the LAM. This tested the LAM as a tool capable of being used by a
watercourse State, where experience shows that there are limited personnel available within
government departments to conduct such an exercise. The ideal scenario is one in which resources
are available for a joint basin study. The teams used existing data, encountering problems with data
availability and verification.
China is the upper most country on the Mekong, where the Lancang Jiang/Mekong River catchment
area is one of the poorest regions of China. Plans for development of hydro-electric power which
are already under way, will affect the river’s water use pattern.  The team had difficulty in
collecting relevant data from within China. Full investigation and assessment of water resources was
only once carried out nation-wide in 1980, and has not been updated. There is a lack of social and
economic data for the Lancang Jiang catchment area. The available information is organised
according to administrative units inconsistent with the catchment area, such as the Yunnan
province, which has five other large rivers running through it, and which excludes the headwaters
of the river. Each of the three case studies encountered this problem.  In addition, the Mekong
River Commission is the only body collecting and managing relevant information in the Lower
Mekong Basin, but there is no effective mechanism established for information exchange and data
sharing with China. This highlights the importance of reliable information exchange and data
sharing to achieve the equitable and reasonable water utilization of the whole of the Mekong River
basin.
China is not a party to the 1995 Mekong River Agreement; the obligations of that instrument do
not hold China to the duties agreed by Cambodia, Laos, Vietnam and Thailand. However, as an
upstream State, China, under rules of customary international law, is entitled to an equitable and
reasonable use of the Mekong, provided that its use does not deprive the other Mekong
watercourse States of their equitable and reasonable use. Any proposed measure that would
significantly adversely affect the rights of other basin States would require China to provide prior
notification to the other potentially affected States and also to exchange relevant data. The recent
agreement by China to provide data to the Mekong River Commission is a step in this direction.

Mozambique Without transboundary water, Mozambique would be unable to support its
population, so it is very vulnerable to changes in water use in upstream countries, and the
development of a universally accepted LAM would be of immense use in establishing its share of
resources. Given the adoption of the Inco-Maputo Tripartite Interim Agreement in 2002 and the
SADC Protocols (Southern African Development Community Shared Watercourse Systems Protocols
1995, 2000), the options for Mozambique are fairly prescriptive. There are 37 hydrometric gauge
stations distributed throughout the Incomati basin, most of which were disabled through 16 years
of war, resulting in poor quality data for earlier joint studies. Reestablishment has been taking place
and there are now about 23 as part of the early warning system for flooding. The joint basin
studies contributed to the negotiations for the Interim Agreement, which are an example of basin
co-operation seeking to achieve the SADC obligation to equitably and sustainably use the water
resources in the system.
The Interim Agreement, by its nature, leaves much to be decided by the Parties through the
institutional mechanism and the subsequent studies, negotiations, and drafting of the final
comprehensive agreement. The interim allocation framework allows a significant increase in
consumptive uses, even given the frequent droughts in the system. Mozambique, as the
downstream State, remains the most vulnerable to problems related to water scarcity. The Interim
Agreement’s compulsory arbitration clause may provide sufficient protection.
The specific objective of the Palestine case study was to develop the LAM in the context of
transboundary groundwater to verify similarities and differences to surface water. The physical and
natural characteristics of the groundwater resources were found to strongly interlink with the
environment, and are vulnerable to degradation. The team was unable to verify Israeli data. Israel
controls the water resources of the West Bank and while Israeli water policies legally commit to a
fair distribution to all users, this has not been achieved.  The study confirmed the urgent need to
reconsider the policies concerning use of the Eastern Mountain Aquifer (EMA). The EMA is an
international/transboundary aquifer with a different status than the Western and Northeastern
Aquifers since it is effluent to the Jordan River. 
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Despite the fact that Palestine is not a State, it does have options to move forward with its
international water rights. Palestinian water rights were on the agenda of the stalled permanent
status talks between the Palestinian Authority and Israel. It is imperative that the principle of
equitable and reasonable utilisation be incorporated in any future agreements, including those for
confined aquifers. Palestine is entitled to an equitable share of water from the aquifers and the
Jordan River. The avoidance of this matter is not in the interests of peace and security in the region.
In the light of the findings of this report it is hoped to develop a generic model that could be
applied by any State to assess its legal rights and obligations as far as transboundary groundwaters
are concerned.

Evaluating the Case Studies Using LAM

The Country Teams used different MOEs to process the data. The Country Team Leaders provided
the following listing of relative importance for the five broad categories of data (ranking: where 1
means most important, and 5 is least important).

The China Team developed two unique mathematical models to compare the results – the “Limited
Sovereignty Approach (LSA)” and the “Ecological Approach (EA),” weighting the population, flow
contribution and drainage area factors differently in each. Under the LSA, the team determined
that China is entitled to 63.5-76.0 cubic kilometres of the river, and under the EA, 42.9-54.3. The
LSA maintains river flow in the channel, but in a few reaches and in the estuary, a produced a net
0 or reduced surplus. For ecosystem protection, the Team determined that the EA model is best
suited to meet China’s entitlement and those of the downstream States.
For Mozambique, the Interim Agreement employs mathematical models, the Water Resources Yield
Model and Water Resources Planning Model, to determine if the quantity of water in the system
will meet the allocation formulae of the Agreement.  There was a concern that the models were not
available for analysis by the Mozambican and Swazi delegations during the negotiations. The
Mozambican Team used systems analysis to evaluate the models. Analysts believe that a cost
benefit analysis should be used to determine the various options for supplying sufficient flow to
maintain the estuary.
The Palestinian Team could not verify Israeli data, which is believed to overestimate the volume of
available water resources in the system. Israeli pumping of the ground water and diversion of the
Jordan River, along with the destruction of wells, have greatly impacted the Palestinian supply. The
Team sought to identify sufficient water resources, both in quantity and quality, to meet Palestinian
vital human needs as the base line priority for the case study. 
Thus, for China (upstream) the most important category of factors of the five general areas
involved the possible use of the water, whilst for Mozambique (downstream) the most important
factor appeared to be population (“the people”) and Palestine considered the physical nature of
the resource to be the most important factor.

CONCLUSION

An important task of this exercise was to determine whether or not the LAM could be applied
across the board for all States – i.e. upstream, downstream and those that shared groundwater. Are
there differences in the approach for each scenario? In our case studies, the country teams used the
Data Collection Tools to collect the same types of data, but each determined that different factors
were more or less important in each particular case. 
The Legal Assessment Model (LAM) appears to be capable of generic application, although
different problems may present in each particular situation. An agreed set of terms and techniques
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Categories of Factors from Relevant Factors Matrix
Factor Details China Mozambique Palestine
A: What? Physical

resource
 4 2 1

B: Who? Population 5 1 4
C: What Uses? Demand 1 5 3
D: What Impact? Impact of use 2 3 2
E: What alternative

use?
Alternative Uses 3 4 5



such as the LAM may avert misunderstanding that can mar negotiations between closely allied
countries. For nations in conflict, an agreed set of terms for negotiation would clarify and facilitate
discussions and provide a means for participants to reach a reasonable conclusion. 
The methodology proposed by the LAM requires that policy decisions be critically assessed against
legal requirements. Cooperative frameworks and management arrangements may be more effective
in the long run where the international legal rules are integrated in the basic method of data
exchange and assessment. Adherence to international law lends objective credibility to the
methodology, thereby removing the possibility of bias and increasing the chances of acceptance.
The LAM model should now be tested at the basin level, with a view to assisting to accomplish the
peaceful and rational use of transboundary waters in line with the governing rule of international
law and thereby facilitate the overall policy objective of drainage basin security. 
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DISASTER RISK REDUCTION INFORMATION NEEDS IN SUPPORT OF
INTEGRATED WATER RESOURCE MANAGEMENT (IWRM)

J.A. Harding

UN/ISDR, Palais des Nations, CH-1211 Geneva 10, Switzerland

The ‘freshwater community’ and the disaster risk reduction practitioners would benefit from using similar
frameworks for collecting information and indicators on both the impacts, and also the causes of the
impacts for water related disasters such as floods and droughts. Multi-hazard frameworks are being 
developed by a number of partners in the context of the International Strategy for Disaster Reduction
(ISDR) and could benefit from and contribute to ongoing strategies and practices for the collection and
dissemination of information in support of integrated water resource management. 

INTRODUCTION

Two-thirds of all natural disasters are water-related. Social and economic systems are increasingly
affected by the reported higher frequency of flood and drought events. The number of people
affected by flooding around the world during 1991 to 2000 is reported to be around 1.5 billion,
while the estimation of economic damage due to floods in 2002 is over 30 billion US dollars
(MunichRe, 2002). Information on drought is less readily available but statistics show that while
less drought related deaths were reported in the ninety nineties more people were affected than
previously. 

This increase in disaster impacts is related to many factors such as environmental degradation,
urbanization, demographic shift, poverty, industrialization and overall economic development. 
In addition, there is a high degree of confidence that extreme weather events will increase in 
frequency and severity during the 21st century due to changes in mean and/or variability of climate
(IPCC, 2001). According to the IPCC, flood magnitude and frequency could increase in many
regions as a consequence of increased frequency of heavy precipitation. 

The above statistics reflect the need to understand further the intrinsic links between disasters risk
reduction and the broader water agenda, both internationally and nationally, and in particular the
implications for the information needs for each community. This paper provides a brief overview of
some of the relevance of disaster risk reduction to the broader water agenda and the emerging
need for Integrated Water Resource Management (IWRM). 

DISASTER RISK REDUCTION AND WATER RELATED HAZARDS

Reducing vulnerability to water related hazards involves far more than just the water sector.
Increasing social vulnerability to water stress (floods and droughts) in many parts of the world
reflects a wide range of pressures, involving city managers, community organizations, planners, the
agriculture sector, disaster managers along with the people and institutions of the water sector.

As noted by the World Water Development Report (WWDR, 2003) the effective management of
risk is fundamental to long term prosperity. Risks arise from numerous human made and natural
phenomena, many of which relate in some way or other to various facets of water, including
floods, droughts and pollution. 

Understanding the factors that influence disaster risk as well as strengthening at various levels the
capacity to collect relevant information and data to monitor and follow trends in such factors is a
priority for the disaster risk reduction community, within the framework of the International
Strategy for Disaster Reduction (ISDR). This information should become crucial for many sectors in
order to promote and monitor effective sustainable development including in the water sector. Risk
related information and indicators need to increasingly become element of the process which
promotes the coordinated development and management of water, land and related resources to
maximize the resultant economic and social welfare in an equitable manner without compromising
the sustainability of vital ecosystems, which is the definition of Integrated Water Resource
Management (IWRM) of the Global Water Partnership (GWP).
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Disaster risk management and reduction look beyond hazards alone, such as floods and droughts,
to consider prevailing conditions of vulnerability. It is the social, cultural, economic, and political
setting in a country that makes people vulnerable to extreme events. The basis of this understanding is
simple: the national character and chosen form of governance can be as much of a determinant in
understanding the risks in a given country, as are the various social, economic and environmental
determinants (ISDR, 2003). 

Environmentally unsound practices, global environmental changes, population growth, urbanization,
social injustice, poverty, and short-term economic vision are producing more vulnerable societies.
“Instead of demonising hazards for their impacts on society, it would be probably more correct to
demonise society for its impacts on hazards!” (Lavell, 1999). 

In effect, action to reduce the impact of water-related disasters has to be established at the political
level and can only be realistic if the perceptions of risk and the actions proposed are in accord with
the given cultural and societal settings. Therefore, the value of disaster risk reduction can only be
realized through continuous identification and evaluation of the relationships that exist between the
distinctive beliefs and human conditions in which people live, the changing environment people
inhabit and depend upon for their livelihoods, and the immutable forces of nature.   

Therefore, reducing the risk to water related hazards will require, on the one hand, a capacity to
monitor the magnitude, duration, timing and location of the hazards, not only floods or droughts,
but also landslides, storms, earthquakes, and volcanic eruption, all of which have impacts on 
freshwater resources and infrastructures. On the other hand, the assessment and reduction of the
vulnerability to such extremes require decisions about issues such as development and planning
control, legislation and land-use, as well as environmental management and financial tools such as
insurance. 

Natural hazards can be divided into three broad categories – hydro-meteorological, geological and
biological- and the variety, geographical coverage and types of impacts are huge. The strong 
compound relation between different types of natural hazards may give the impression that
attempts to catalogue them are fatuous. At what stage does a landslide, recognised as a geological
hazard, become a mudflow, which is often classified as a hydrological hazard? In the same vein,
primary hazards often give rise to a myriad of related potential collateral or secondary hazards. 
In many cases, these cause greater threat to a community than do the primary hazards. Tropical
cyclones can trigger other hazards, in particular storm surges, flash foods and landslides. Often the
most serious impact of a tropical cyclone comes from the associated coastal and river floods.
Similarly, damages related to earthquakes are often caused by landslides, fires, tsunamis, and
floods. 

It is also important to point out that in principle, it is difficult to use similar methodologies to
measure risk associate with rapid onset hazards such as floods (not all cases of floods) and tropical
cyclones, and slow onset hazards such a drought. While frequency and intensity are the main
descriptors for rapid onset hazards, the temporal extend or duration of a single drought event has a
major role in characterizing its hazardousness.

Over the past thirty years there has been a significant and important development in the
understanding about what makes people, social, economic and environmental assets susceptible to
hazards. Vulnerability is defined by the ISDR Secretariat as: “a set of conditions and processes
resulting from physical, social, economical, and environmental factors, which increase the
susceptibility of a community to the impact of hazards.” Living with Risk (ISDR, 2003) identifies
four broad types of vulnerability:
1. Physical factors: This concept is conventionally asset-oriented. Physical aspects of vulnerability,

still mainly refer to the location considerations and susceptibilities of the built environment. 
2. Social factors: Social vulnerability is linked to the level of well being of individuals,

communities and society. It includes aspects related to levels of literacy and education, the
existence of peace and security, access to basic human rights, systems of good governance, social
equity, positive traditional values, knowledge structures, customs and ideological beliefs, and
overall collective organizational systems. 

3. Economic factors: Levels of vulnerability are highly dependent upon the economic status of 
individuals, communities and nations. The poor are in general far more vulnerable than 
economically better off sectors of society. This relates both to the proportional possibility of
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higher losses when a disaster strikes, and to the capacity to recover from disasters. The links
between the eradication of poverty, impact consequences on recovery conditions from natural
disasters, and the state of the environmental resource base upon which both depend are crucial. 

4. Ecological factors: The discussion of environmental aspects of vulnerability covers a very broad
range of issues in the inter-acting social, economic and ecological aspects of sustainable 
development as it relates to disaster risk reduction. The key aspects of environmental 
vulnerability can be summarized by the following five distinctions: 

• The extent of natural resource depletion. 
• The state of resource degradation. 
• Loss of resilience of the ecological systems.
• Loss of biodiversity.
• Exposure to toxic and hazardous pollutants.

Another important factor is the levels of risk awareness, which depends largely upon the quantity
and quality of available information and on the difference in people’s perceptions of risk. People
are more vulnerable when they are not aware of the hazards that pose a threat to their lives and
assets. Risk awareness varies among people, communities, agencies and governments, according to
their particular perceptions. These can be influenced by the knowledge of hazards and
vulnerabilities, as well as by the availability of accurate and timely information about them.

FRAMEWORK TO GUIDE AND MONITOR DISASTER RISK REDUCTION

The need for a greater understanding, guiding and monitoring of disaster risk reduction at all levels
is behind the initiative of the United Nations Development Programme (UNDP) and the ISDR
Secretariat to develop a collective and iterative framework to encourage and increase appropriate
and effective disaster risk reduction practices.

The framework (See Annex I) provides a starting point – an initial core set of principles and goals 
to understand, and thus guide and monitor, disaster risk reduction. The objective is to establish for
each identified thematic area a set of characteristics, criteria for benchmarks, as well as identifying
available data and entities, agencies and partners responsible for the compilation of such 
information at various levels. This very ambitious endeavour of UNDP and the ISDR Secretariat
should facilitate the adoption by Member States of a Plan of Action 2005-2015, at the Second
World Conference for Disaster Reduction (WCDR2) to be held in Kobe Japan, January 2005. 
The potential benefits of such a systematic compilation of information about disaster reduction 
initiatives using an agreed framework benefits are expected to include abilities to:
• Relate and integrate disaster risk management issues into sustainable development;
• Establish generic standards and guidelines for disaster reduction;
• Help establish priorities within the domain of disaster reduction;
• Develop systematic, comprehensive data and information about disaster reduction;
• Provide a basis for research in disaster reduction;
• Compare approaches and analyze trends;
• Identify existing gaps and address them through new or improved programmes, policies, or plans.

The process should result in an increasing commitment by governments and other stakeholders for
disaster risk reduction. According to the initiators of this initiative, the process will draw from, and
feed into existing practices, starting by addressing the international community, with the objective
of reaching national and local levels. Data available in the water sector should provide the medium
to measure progress made towards relevant targets in the framework.
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EXAMPLES OF INFORMATION AVAILABLE ON DISASTER RISK REDUCTION

The examples of sources of information on disaster risk, both on the hazards, the vulnerability, 
disaster impact data or list of ongoing initiatives are taken from the report ‘Living with Risk –
Global Review of Disaster Risk Reduction Initiatives’ (ISDR, 2003)

As mentioned in the introduction of this paper the number of reported disasters and their impacts,
both human and economic is on the increase. However, information on economic and human 
losses is incomplete. For example,, mega-disasters receive much media attention and the setbacks
that these events create in the development process are well noted, but some experts estimate that
if the negative economic impact of the smaller, but recurrent, disasters were assessed, all of these
figures would be much higher. 

Also there is no accepted uniform methodology for assessing disaster impacts. The Economic
Commission for Latin America and the Caribbean (ECLAC) produced, as a contribution to the
International Decade for Natural Disaster Reduction (IDNDR, 1990-1999), the manual for
Estimating the Socio-Economic Effects of Natural Disasters (ECLAC, 1999). These guidelines have
recently been translated and disseminated by the World Bank and the ISDR Secretariat beyond the
Latin America and Caribbean region in an effort to support a greater harmony in the collection of
disaster data.

In addition, with regard to economic losses, they are often reported with reference to direct losses
from infrastructure and assets destroyed during a disaster and seldom take into account indirect
losses, related to reduced levels of production for example.

According to the ‘Development and Disaster Risk: a Global Report’ (UNDP, 2003) the use of direct
economic loss, as well as human deaths as indicators for impact of disasters are likely to distort the
way geographies of risk are mapped. These measures make it seem that some people and places
are relatively more or less at risk than others, whilst only offering a small and select amount of
data. An example of this is the distribution of economic losses wordwide during the ninety nineties.
While respectively Asia’s total disaster losses amounted to 400’641 million US dollars, Europe
164’686 million US dollars, the United States of America 204’484 million US dollars, Africa
accounts for only 2’140 million US dollars, which reflects not only that more valuable assets are
affected by disasters in Europe than in Africa, but discrepancies in the data collection capacities. In
addition, these statistics do not show the capacity of people and businesses from different regions
to protect themselves from economic loss, for example through insurance or state aid.

There are two primary global information sources that are widely used for access to accumulated
hazard and disaster reduction information, both located in Europe. One, the Centre for Research on
the Epidemiology of Disasters (CRED) is a World Health Organization (WHO) collaborating centre at
the School of Public Health of the Catholic University of Louvain in Brussels, Belgium. It maintains
an Emergency Events Database (EM-DAT). This is a comprehensive record of natural disasters that
has documented more than 12,500 events by types and country of occurrence during the twentieth
century.

A second highly regarded source of information about natural disasters that have occurred around
the world since 1965 is the NatCat Service database maintained by the Research and Development
Department of Munich Reinsurance (Munich Re), in Munich, Germany.  Information derived from
this hazard documentation service is published in five major languages by and circulated widely in
MunichRe’s publication Topics, an annual review of natural catastrophes. Munich Re also provides
more specific information to commercial clients and other interested parties about the extent and
intensity of specific disaster events or amalgamated information regarding regional or global
exposure analyses and trend studies. The Munich Re World Map of Natural Hazards has been
valued by disaster and risk management professionals since its first publication in 1978. Its
subsequent Globe of Natural Hazards most recently updated in 1998, has also proved to be an
effective information tool. 

Another widely used source of public information and database is the ReliefWeb, operated by the
Office for the Coordination of Humanitarian Affairs (OCHA). Located at www.reliefweb.int, it
focuses primarily on current international emergencies and disasters with humanitarian implications,
although it also provides current response-oriented information about natural disasters. 
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ReliefWeb provides an excellent and wide-ranging selection of information, press accounts, related
contacts and operational information, as well as archived information drawn from public,
governmental, NGO and authoritative sources about various types of emergencies and their
consequences. However, as its name indicates, it largely relates to emergency preparedness and
response interests. 

The Disaster Risk Index (DRI) of UNDP, provides the first attempt at a global assessment of risk 
factors through a country by country comparison of human vulnerability and exposure to four 
critical natural hazards: drought, volcanic eruption, tropical cyclones and flooding. DRI, presented
as part of the ‘Development and Disaster Risk: a Global Report’ uses a statistical analysis to uncover
key elements in the development process associated with disaster risk and verified in comparison
with past recorded disaster losses.

In November 2001, the International Federation of Red Cross and Red Crescent Societies (IFRC)
launched its Disaster Management Information Systems (DMIS). This provides a single entry point
for relevant disaster-related information and multiple disaster management information sources that
is browser-accessible for members of the Red Cross and Red Crescent Movement. The project aims
to provide information about disasters in a systematic way and to monitor a number of factors that
might signal an impending disaster. It provides a toolbox of working documents, templates,
operational guidelines and links to online data sources and more than 400 web sites all sorted by
categories. 

The Global Disaster Information Network (GDIN) is yet to be fully realized.  This international 
collaborative association of specialists from governments, international and donor organizations,
NGOs, commercial and academic institutions is working to enhance its capacities to receive and use
disaster information. In a general sense, GDIN seeks to offer a variety of services that can link users
with appropriate information providers and to encourage the use of greater technical compatibility
or integration of information systems across geographical regions so that information can be shared
more effectively. 
The United States Geological Survey’s Center for Integration of Natural Disaster Information
(CINDI) is a good example in which information about multiple hazards is collected, integrated and
communicated to a wider public. Its website at http://cindi.usgs.gov/ provides information about
drought, earthquakes, floods, hurricanes, landslides, volcanoes, wildfire, geomagnetism and other
special topical areas of risk viewed in the context of the earth sciences or natural resources
involved. Hydrological information is also available from many regional centers throughout the
world. Hydrology and water-related issues are the focus of many international agencies. One such
center with a global focus is the Centre for Ecology and Hydrology 
(CEH) (http://www.nerc-wallingford.ac.uk). By contrast, extensive information and widespread 
institutional linkages related to drought and associated environmental conditions can be found at
the International Drought Information Center at the University of Nebraska in Lincoln, U.S.A.,
which also offers a series of regional training seminars on drought management and planning 
techniques aimed at training scientists and policymakers worldwide in the science of drought 
management and preparedness. Another source is the Oxford Drought Research Institute in the U.K.  

The Global Disaster Risk Hotspot programme is a joint initiative between Columbia University and
the World Bank. The main objective is to support at the global scale identification of concentrated
areas of disaster risk and so to streamline or prioritize support for disaster risk reduction. It is part
of the Provention Consortium and therefore has additional input from other stakeholders. While the
project is expected to identify high disaster risk areas, it is not intended as an early warning system. 
‘Indicators for Disaster Risk Management in the Americas’ is a project initiated in August 2002 and
involves the Instituto de Estudio Ambientales (IDEA) Universidad Nacional de Colombia and the
Inter-American Development Bank (IDB). It is Component Two of a technical cooperation entitled
an Information and Indicators Programme for Disaster Risk Management in Latin America and the
Caribbean’s. This indicators programme is developing an assessment methodology to measure key
elements of countries’ vulnerability, and the performance of different risk management tools.
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CONCLUSIONS

This paper makes the point that disaster risk reduction related information should be part of 
strategies and practices for the collection and dissemination of information in support of integrated
water resource management. This supports the need for multidisciplinary approaches and an
overall integration over disciplines and space when dealing with information for integrated water
resource management.

The information on water related disaster risk reduction, including indicators benchmarks, ongoing
initiatives, to name just a few, needs to go beyond the specific hazard parameters such as floods,
droughts and also address the root causes of the problem, namely, then underlying social, economic
and environmental vulnerabilities.

Finally, there is a clear need for enhanced harmonization and coordination in the modalities for
collecting disaster risk reduction information at all levels, including the input from the water
communities. The involvement and support of the water community, through its own coordination
mechanisms, such as the UNWATER and its World Water Assessment Programme (WWAP), and the
Global Water Partnership (GWP) could greatly contribute to strengthening the respective capacities
for effective collection and dissemination of information.
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Water quality monitoring, as a subject of interest to both water quality managers and researchers, involves
a wide variety of highly integrated activities and functions. In turn, monitoring involves a number of
disciplines (e.g. chemistry, biology, statistics, and hydrology). Furthermore, water quality monitoring is
conducted by a wide variety of organizations with different missions (e.g. water quality management
agencies, wildlife management agencies, natural resource management agencies, water research
organizations, and water providers). The U.S. National Water Quality Monitoring Council and the UN/ECE
Convention for Protection and Use of Transboundary Waters developed similar graphics to represent the
integrated nature of monitoring activities and tasks, referred to, respectively, as a monitoring framework
and a monitoring cycle. Both graphics clearly illustrate the diversity of disciplines and knowledge required
to design, implement and operate water quality monitoring systems today. The logic and rationale behind
each attempt to ‘define’ water quality monitoring, along with the terminology employed, is explored in
the paper. Similarities embedded in the two efforts will be identified and discussed and differences will be
examined to see if they can be resolved in a search for a common approach to water quality monitoring.
Such an assessment of monitoring concepts and terms is viewed as a key component in achieving
consistency and comparability in the data and information produced by water quality monitoring
programs. 

Keywords: Monitoring framework; monitoring cycle; monitoring terminology; data comparability.

INTRODUCTION

The United Nations Economic Commission for Europe (1996) and the U.S. National Water Quality
Monitoring Council (2002) organized the highly diverse, yet strongly inter-connected, tasks
associated with water quality monitoring into a structured format to facilitate harmonizing
monitoring efforts with the ultimate goal of producing consistent and comparable data and
information in support of fair and equitable management decision-making. Both efforts involved
collaboration among a broad array of organizations to formulate a common understanding of
monitoring. Communication of a common understanding of monitoring, in both cases, is enhanced
by acceptance of a graphic, along with detailed descriptions, that portray the sequence of diverse
tasks required to produce management relevant water quality information. 

In both the European (as represented by the work of the UN Economic Commission for Europe)
and U.S. (as represented by the work of the National Water Quality Monitoring Council) efforts to
portray a common understanding of water quality monitoring, there are common elements and
thinking as well as key differences. The purpose of this paper is to explore the history, logic and
rationale behind both efforts to ‘define’ water quality monitoring. The exploration involves
comparing the formation and presentation of the categories of monitoring tasks, contents of the
tasks, and terminology employed. General similarities of the two efforts will be identified and
discussed and differences will be examined. Such an assessment of monitoring frameworks and
terms is viewed as a key component in developing a common frame of reference for achieving
consistency and comparability in the data and information produced by water quality monitoring
programs. 
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THE NEED FOR A COORDINATED APPROACH TO WATER-QUALITY MONITORING

Why do monitoring professionals in Europe and the United States feel, separately, the need to
develop a monitoring framework or cycle to organize the design and operations of monitoring
programs? The rationale tends to go something like this: “To design a water monitoring system that
is information-goal oriented, as well as accountable for the information produced, the activities
involved in monitoring must first be organized and coordinated.” There is a general recognition
that the activities involved in monitoring are not well balanced and connected with respect to
producing management-oriented information. Thus, efforts in both Europe and the United States
have attempted to provide a conceptual means for approaching organizing and coordinating
monitoring efforts. 

With the various types and purposes of monitoring that exist in the U.S. and Europe today (e.g.
ambient, process, trend, biological, compliance, and groundwater), the difficulty in developing a
common vision of what constitutes an organized water information (monitoring) system becomes
obvious. Where is the common terminology for monitoring? Where is the common framework for
approaching the task of producing consistent and comparable water data and information? 

Past definitions of water monitoring tended to focus on the means for collecting data, the science
involved in the laboratory, or the location of water in the hydrological cycle, and not on the
information purpose for monitoring (ITFM, 1995). ‘Credible data’ laws, passed by several state
legislatures in the U.S., reflect a need of elected bodies to define the nature of data employed in
water quality management decision-making 
(e.g. http://www.deq.state.mt.us/wqinfo/datamgmt/PDF/SufficientCredibleData.pdf). 
The Federal Data Quality Act, passed as Section 515 of the Treasury and General Government
Appropriations Act of 2001 (P.L 106-544, H.R. 5658), directed the Office of Management and
Budget (OMB) to issue government-wide guidelines that “provide policy and procedural guidance
to Federal agencies for ensuring and maximizing the quality, objectivity, utility, and integrity of
information (including statistical information) disseminated by Federal agencies.” (NCWRRI, 2003).
The final OMB guidelines (http://www.whitehouse.gov/omb/fedreg/reproducible.html) discuss the
relationship between this law and the Safe Drinking Water Act requirements for monitoring and
reporting the quality of drinking water to citizens in ways that point to a general framework for
monitoring water quality. 

In some ways, the need for credible-data and data-quality laws implies that the monitoring
community has not established a common, well accepted, monitoring framework for producing
information for management decision-making. This same point has been made in such reports as
the Public Employees for Environmental Responsibility (1999), General Accounting Office (2000)
and the National Research Council (2001). Currently the General Accounting Office is conducting a
new study for the U.S. Congress to answer the following four questions:

1. What are the key entities that collect water quality and water resources data?
2. To what extent are these data collection efforts coordinated?
3. What steps can be taken to improve coordination in the data collection efforts of these and other

groups? 
4. What steps must be taken to permit integration of data from separate collection efforts to allow

their use for any watershed management effort?

The European Union’s Water Framework Directive, which addresses monitoring much more directly
than the U.S. Clean Water Act (Habermann and Ward, 2002), distinguishes between surveillance
monitoring, operational monitoring, and investigative monitoring. Surveillance monitoring is done
to supplement and validate impact assessment procedures, for the design of future monitoring
programmes, and for the assessment of long-term changes both in natural conditions and changes
resulting from anthropogenic activities. This monitoring is done to keep track of changes in the
water body. Operational monitoring is carried out for all those bodies of water, which on the basis
of either the impact assessment or surveillance monitoring, are identified as being at risk of failing
to meet their environmental objectives and for those bodies of water into which priority list
substances are identified as being discharged. Investigative monitoring, finally, is carried out when
the reason for any exceedance of standards is unknown, when surveillance monitoring indicates
that the environmental objectives for a body of water are not likely to be achieved in order to
ascertain the causes of the failing, or to ascertain the magnitude and impacts of accidental
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pollution. This is what is generally called a survey. The above approach is very much procedural
while the different types of monitoring are further specified and minimum frequencies are
indicated in the Water Framework Directive.

Accurate, cost-effective and efficient assessment of the U.S. or European water resources—within
and among watersheds— requires that monitoring entities work collaboratively and strive for
comparability in methods and data management. Therefore, the design and implementation of
assessment and management programs should be a cooperative product of the various monitoring
agencies and organizations active in any given watershed. The first step toward being able to
collaboratively and effectively employ the limited water monitoring resources is to agree on a
common framework for monitoring that recognizes and addresses the objectives of each of the
monitoring entities in a watershed. 

MONITORING FRAMEWORK DEVELOPMENTS IN EUROPE AND U.S. 

United States

Development of a monitoring cycle or monitoring framework, that is widely understood and
accepted, has escaped the water monitoring profession for many years. In the U.S. the need for a
monitoring framework was recognized shortly after Congress passed the Federal Water Quality Act
of 1965, which required states to establish monitoring programs. Once the states initiated
monitoring, with very little guidance, there were questions as to whether the monitoring programs
were producing the information needed to comply with the law. 

Snider and Shapiro (1976) developed a set of procedures for evaluating the operations of a water
quality monitoring network. Such an evaluation, however, required that the operations be
categorized and defined. The framework employed by Snider and Shapiro (1976) contained the
following operations: 1) Network plan and design; 2) Personnel; 3) Facilities and equipment; 4)
Sampling; 5) Quality assurance; 6) Data distribution and utilization; and 7) Agency interactions.

The U.S. Environmental Protection Agency (1977) described a ‘Basic Water Monitoring Program’
that was designed to provide ‘a basic structure which, when realized, will contribute to a more
effective use of our water monitoring resources.’ The report addressed the following topics, one per
chapter of the report: 1) Quality assurance; 2) Intensive survey program; 3) Ambient monitoring; 
4) Effluent monitoring; 5) Proposed biological monitoring; and 6) Data interpretation and
reporting.

Rickert and Hines (1975), in describing a framework for assessing water quality, included eight
elements: 1) Delineation of river-quality problems; 2) Analysis of river hydrology; 3) Selection of
assessment methods; 4) Identification, collection, and collation of required data; 5) Data analysis,
method formulation, and the testing of predictive capability; 6) Forecasting impacts on planning
alternatives; 7) Communication of results; and 8) Program evaluation.

Ward (1978), after reviewing the various purposes of monitoring associated with routine and
special survey monitoring, proposed the concept of a ‘water-quality information system’ as a means
of organizing the activities of monitoring around a clearly defined information goal. The activities
included: 1) Network design; 2) Sample collection; 3) Laboratory analysis; 4) Data handling; 5)
Data analysis; and 6) Information Utilization.

The Intergovernmental Task Force on Monitoring Water Quality (1995a), after identifying five
general purposes of monitoring, proposed a framework for water-quality monitoring consisting of
the following components: 1) Purpose; 2) Coordinate/collaborate; 3) Design; 4) Implementation; 5)
Interpretation; 6) Evaluate monitoring program; and 7) Communication. Lack of agreement on the
generality of the proposed ITFM monitoring framework seems to be reflected in an ITFM (1997)
report that defined a conceptual framework for ground water-quality monitoring. 

More recently, the U.S. Environmental Protection Agency (2003) proposed ten elements that should
be common to water monitoring and assessment programs operated by state agencies (Monitoring
Program Strategy; Monitoring Objectives; Monitoring Design; Core and Supplemental Water Quality
Indicators; Quality Assurance; Data Management; Data Analysis/Assessment; Reporting;
Programmatic Evaluation; and General Support and Infrastructure Planning). 
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The National Water Quality Monitoring Council, a 35-member organization, co-chaired by the U.S.
Geological Survey and the U.S. Environmental Protection Agency, currently shoulders the burden of
developing a common, widely accepted, monitoring framework for the U.S.

Europe

Regular water quality monitoring was established in a few European countries in the 1950’s and,
by the late 1960s and 1970s, had been initiated in most of Western Europe (Meybeck 1989).
Before this time, studies were conducted whenever pollution problems occurred, but slowly water
managers came to realize that the studies were stretching out all over each country and that a more
structured approach to information gathering was necessary. National legislation steered these
developments. European-wide water legislation was initiated in 1975 as individual legislation on
specific topics begin to appear: drinking water first, follow by polluting substances, fish waters,
shellfish waters, bathing waters and groundwater (Blöch 1999). 

The growing, and shifting, information needs had consequences for monitoring. In the 1950s and
1960s, information collected through monitoring was felt as essential for water management and
the budgets for monitoring were rapidly growing. As the resulting information did not always
satisfy the management needs, a more critical attitude towards monitoring was taken and by the
end of the 1980s budgets became restricted, not in the least because the severe pollution situation
no longer existed and political attention for water quality issues decreased. Furthermore, the
increasing availability of information allowed scientists to better tune their monitoring networks
and reduce the bulk of data without losing much of the information. As a result, much attention
was focused on optimization of monitoring networks. This focus generated a series of Monitoring
Tailor-made (MTM) conferences, held in The Netherlands, that began to seriously re-evaluate how
society optimizes water quality monitoring. 

In the 1990s, efforts were undertaken to improve monitoring of transboundary rivers. A monitoring
framework was deemed an important feature of efforts to develop consistent and comparable data
in support of transboundary management efforts. Groot and Villars (1995) and Niederlander, et.al
(1996) provide discussion of the need for a common framework and suggest monitoring
frameworks for use in the upcoming harmonization of monitoring programs. In the mean time,
efforts to implement the UNECE Water Convention (UNECE 1992), covering large part of the
European Union, especially after the enlargement, created a strong push to develop a common way
to view water quality monitoring, i.e. a “monitoring cycle.” 

In the first MTM conference, Cofino (1994) outlines the need for enhanced quality in monitoring
programs and presents a way of viewing monitoring as a cycle of activities. As the efforts in The
Netherlands (including the MTM conferences) were merged with the UNECE Task Force goal of
producing monitoring guidelines for transboundary rivers, a monitoring cycle resulted. It was first
presented in UNECE (1996), but has been further discussed and refined in a number of papers
(e.g. Adriaanse, 1996; de Jong and Timmerman, 1996; and UNECE, 2000). An overview of the
monitoring framework thinking emerging from Europe during the 1990s is presented in
Timmerman, et al (2000). 

In 2000, the European Water Framework Directive was approved with strong guidelines provided
for how water quality monitoring was to be undertaken (Timmerman, et al, 2002). Thus, the
UNECE monitoring cycle was developed, collaboratively, before a stronger guidance for monitoring
was required in Europe. The U.S. monitoring framework was developed, collaboratively, long after
a major new water quality law was implemented in the U.S.

THE MONITORING CYCLE AND MONITORING FRAMEWORK 

European Monitoring Cycle
The UN/ECE Task Force on Monitoring and Assessment (1996, 2000) provides a review of the
monitoring guidance being implemented in Europe using a monitoring cycle to help make the
connections needed to insure efficient and effective water quality monitoring within transboundary
rivers. Quoting:

“The process of monitoring and assessment should principally be seen as a sequence of
related activities that starts with the definition of information needs, and ends with the use
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of the information product. … Successive activities in this monitoring cycle should be
specified and designed based on the required information product as well as the preceding
part of the chain. In drawing up programmes for the monitoring and assessment of river
basins, riparian countries should jointly consider all stages of the monitoring process.” 

The cycle of monitoring activities is shown in Figure 1 .

The monitoring cycle is based on the assumption that adequate information and public access to
the information are necessary pre-conditions for the protection and use of transboundary waters
and for the implementation and enforcement of the UNECE Water Convention. The ultimate goal
of monitoring is to provide the information needed to answer specific questions in decision-making.
Thus, the most critical step in developing a successful, tailor-made and cost-effective monitoring
program is the clear definition and specification of information needs. The term “information
needs” means a precise question on which information has to be provided within a certain context.
Information needs have to be specified to such an extent that design criteria for the monitoring and
assessment system can be derived. 

After the specification of the information needs, assessment strategies are required to design and
operate monitoring programs in such a way that the desired information is obtained. Strategies
define the approach and the criteria needed for a proper design of the monitoring program. Thus
they imply the translation of information needs into monitoring networks.

The design and operation of monitoring programs includes many aspects, such as field
measurements, sampling (sample collection, pretreatment, method of storage and transport),
chemical analysis and data collection. Therefore, in the process equal attention should be paid to
all those elements. The design of a monitoring program includes the selection of parameters,
locations, sampling frequencies, field measurements and laboratory analyses.

Data produced by monitoring programs should be validated, archived and made accessible. The
actual goal of data management is to convert the data into information that will meet the specified
information needs and the associated monitoring objectives. The combined use of data from
multiple sources makes high demands on the data exchange and the data management system
used.

Reporting is the final step in the gathering of information and links this process to the information
users. The main issue here is to present the (interpreted) data in an accessible way. How this
information is to be presented strongly depends on the audience that is addressed. Reports should
be prepared on a regular basis. A report is not necessarily printed on paper, any form, like oral or
digital, can be appropriate. The content of the report, varying from transferring data analyses to a
brief overview of the conclusions, the frequency, and the level of detail depend on the use of
information. For instance, technical staff will need detailed reports more frequently than policy
makers. For a complete description of the monitoring cycle, refer to UNECE Task Force on
Monitoring and Assessment (2000).
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Figure 1. The European Water-Monitoring Cycle (UNECE TFMA 2000) 



With approval of the Water Framework Directive in 2000, efforts are underway to develop more
detailed monitoring guidance. A WFD Common Implementation Strategy on monitoring was
prepared by Working Group 2.7 (http://forum.europa.eu.int/Public/irc/env/wfd/library). The
guidance is focused on the design of monitoring programs that satisfy WFD Articles 8 and 11 and
Annex V. The guidance provides a common understanding of monitoring terms and concepts;
selection of indicators/constituents to measure; identification of water bodies to sample as well as
location and sampling frequencies; and examples of good national monitoring programs. The
guidance also notes what the reader will not find: determination of reference conditions;
development of assessment and classification systems; monitoring of wetlands; and data analysis
and reporting. Current efforts are directed at implementing the strategy. Although referred to in the
document, the monitoring cycle is not included as a common framework.

U.S. Monitoring Framework

The U.S. National Water Quality Monitoring Council, established in 1997, was created for the
following purpose: 

“The purpose of the Council is to provide a national forum for coordination of consistent
and scientifically defensible methods and strategies to improve water quality monitoring,
assessment, and reporting. The Council promotes partnerships to foster collaboration,
advance the science, and improve management within all elements of the water quality
monitoring community, as well as to heighten public awareness, public involvement, and
stewardship of our water resources.”

In its work to develop consistent and scientifically defensible water quality data and information,
the need for a widely agreed upon monitoring framework was recognized. A framework was
deemed useful to: 

• Guide the activities of the National Water Quality Monitoring Council and Methods and Data
Comparability Board (Board) by identifying, connecting, and prioritizing specific aspects of the
various framework elements;

• Facilitate communication among professionals and volunteers working in different aspects of
monitoring (e.g. laboratory analysis and data analysis/interpretation);

• Guide the design of water quality monitoring programs to insure that all components are
included, balanced, connected, and collectively focused on producing information; and

• Respond to the need for a warehouse of consistent information on water monitoring design
methodologies (e.g. provide “one-stop shopping” for the water monitoring community charged
to produce consistent and comparable information for fair and equitable management decision-
making).

The Council defines a ‘monitoring system’, or framework, by the flow of “information” through a
series of sequential activities, each of which carefully builds upon the earlier steps to ultimately
produce and convey water information. Before the flow of information can begin, on an
operational level, the information goals must be defined along with a monitoring strategy designed
to meet the goals. A monitoring design must be completed to guide operations involved in
obtaining the desired information.

Once operation of a monitoring system starts, the flow of water information begins at the interface
between the water and monitoring system personnel - the collection of the sample. Measurements
are made, either in the field or on the sample in a laboratory, to convert the water’s properties
into numbers. The measurements can be physical, chemical or biological in nature. Thus, collecting
data in the field and laboratory is a major, i.e. costly and time consuming, activity involved in a
monitoring framework.

Data are stored in an electronic data storage and retrieval system. Such a component, within an
information system, acknowledges that data records require careful organization, in a timely
fashion, for data analysis and interpretation. It is important that the data in the data storage system
include sufficient descriptive information, about the data (“meta data”), so that data can be shared
and compared among managers and the public. Managing data, thus, represents a major ‘cog’ in a
monitoring framework. 
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At the point when sufficient data are available to support analysis for an identified information
goal, data analysis and interpretation, via graphical presentation, statistics, modeling, or some
combination of these, takes place. The choice of data analysis methodology depends upon the
information sought; however, there are no widely accepted ‘standard’ data analysis or
interpretation methods that result in consistent and comparable information for management
purposes. Ideally, the data analysis methods have been identified prior to sampling and peer
reviewed so that the data are collected in direct support of the data analysis methodology, and
recognizing the assumptions inherent in data analysis methodologies. Thus, interpreting the data
for the purposes intended represents a ‘cog’ in the monitoring framework.

The results of the data analysis are incorporated into reports, or made available on the internet, for
use by water quality managers and/or the public. Conveying information and results to information
users may take many forms, depending upon the information need, timeliness sought, and the
management style of the decision maker. Again, there are no ‘standard’ methods for reporting and
conveying water quality information from monitoring programs.

The components of monitoring can be graphically represented as a ‘framework’ as in Figure 2. 

The graphical representation of the framework includes six interconnected primary elements (or
‘cogs’) held together by the three C’s (collaborate, communicate, coordinate). The National Water
Quality Monitoring Council is currently developing the information infrastructure (Information
Technology) to permit data, and information about data, to move seamlessly around the
framework. The framework provides the common basis for using information technology to
manage monitoring operations in a highly integrated manner.

Thus, the development of a monitoring framework has been a long time, but elusive, goal of the
monitoring community. The need for a well-defined and widely agreed upon monitoring
framework has been reinforced by much of the “information revolution” thinking that was initially
articulated by Naisbitt (1982) and the rapid development of information technology that followed. 

SIMILARITIES AND DIFFERENCES IN THE MONITORING CYCLE AND MONITORING
FRAMEWORK

Similarities in the two monitoring constructs begin with the emphasis upon identifying the
information goals of the monitoring effort as well as preparing, and documenting, a formal
monitoring system design targeted to meet the information goals. Similarities continue with the
sample collection, laboratory analysis, data handling, data analysis and interpretation, and
reporting, although the exact words used to describe elements of monitoring are different (see
direct comparison in Table 1).
A similarity between the two monitoring constructs arises from the fact that neither effort contains,
at the present time, an agreed upon glossary of terms associated with its implementation and use.
Monitoring frameworks, by portraying a common view of the major components of a monitoring
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Figure 2. – NWQMC Proposed Framework for Water-Quality Monitoring Programs



system, facilitate development of a common vocabulary across ‘cogs’, disciplines, agencies, and
countries. This aspect of monitoring frameworks can be seen in the glossary developments currently
underway by the NWQMC as well as by the WFD guidelines development efforts. The NWQMC
effort can be reviewed at: http://water.usgs.gov/wicp/acwi/monitoring/glossary.html.
Now the question arises, can there be one glossary for the science and management of water
quality monitoring systems, in English, for the world?

Another similarity is the mixing of design and operational activities in the graphics. This results
from, in general, the thinking of monitoring as a program that must first be designed and then
operated – moving toward one information product. Monitoring within ‘routine’ water quality
management, however, may be viewed as having many information products, thus ‘design’ steps or
cogs generally occur with much less frequency than production of information products. Ward, et.
al (1990) separate design of a monitoring system from its definition operationally. In other words,
they view the highly repetitive operations of monitoring, from sample collection to reporting, as
being the focus of design. Design is not viewed as a routinely repetitive aspect of the day-to-day
operation of a monitoring program. Designs must be updated, but they are not repeated as
frequently as, for example, a sample is collected. The monitoring cycle and monitoring framework,
in this sense, both mix design with operation. 

The major difference between the UNECE monitoring cycle and the U.S. monitoring framework is
the inclusion, in the U.S. version, of the outer ring of collaboration, communication and
cooperation – the three C’s. The U.S. emphasis on the three C’s stems, in many ways, from the
fractured way water management is organized at all levels of government. For example, besides
water quality management programs operated under the U.S. Environmental Protection Agency, the
U.S. Forest Service, the National Park Service, the Bureau of Land Management, the Corps of
Engineers, the Bureau of Reclamation, the Natural Resources Conservation Service, the U.S.
Geological Survey, fifty state agencies, Native American tribes, and volunteers also need and
independently acquire water quality data and information. Thus, to avoid duplication and waste of
taxpayer funds, the agencies are encouraged to coordinate monitoring efforts. The National Water
Quality Monitoring Council is one means for such cooperation. 

It was the need to cooperate on transboundary rives in Europe that led to the UNECE monitoring
cycle (under the Convention of Protection and Use of Transboundary Waters, 1992). The goal of
the Convention was to have management of transboundary waters be a collective responsibility of
joint countries and the design of supporting monitoring programs be a joint exercise. Collaboration,
communication and coordination were implicit priorities in the Convention. 

While both graphics employs ‘arrows’ to connect monitoring components, the arrows are defined
differently. The monitoring cycle is clear in its sequence of monitoring events, while the monitoring
framework uses arrows to convey both the connection of ‘cogs’, but also the feedback deemed
critical to smooth connections among monitoring components. Thus, the monitoring framework has
large arrows embedded in the graphic to illustrate the major flow of activity through monitoring,
but it also employs a faded arrow, moving backward, to denote feedback. 
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UNECE Monitoring Cycle U.S. Monitoring Framework
Information Needs Develop Monitoring Objectives
Assessment Strategies
Monitoring Programs

Design Monitoring Program

Data Collection Collect Field and Lab Data
Data Handling Compile and Manage Data
Data Analysis Assess and Interpret Data
Assessment and Reporting Convey Results and Findings
Information Utilization
Water Management

Understand, Protect, Restore Our Waters
(Center wording on Framework Graphic)

Table 1.  Direct Comparison of Elements of the UNECE Monitoring Cycle with Elements of
the U.S. Monitoring Framework



Another difference appears in the connections to management. The monitoring cycle includes a box
to emphasize water management as the key driving force behind efforts to harmonize monitoring
concepts and terminology. The monitoring framework appears to be more general in that it
contains no reference to management. The center wording implies management is taking place, but
it also permits the framework to be applied to monitoring conducted as part of a research program,
completely separate from direct management information needs. This last point, however, is often
one of contention – research thrives in the area of uncertainty while management, in many of its
information needs, seeks consistency and comparability in information development and use. 

DISCUSSION

A conceptual way to view the complexities and connections of the many components of a water
quality information system is a key step in harmonizing diverse water quality monitoring efforts for
the purpose of producing consistent and comparable water quality data and information. The
UNECE monitoring cycle and the U.S. monitoring framework are quite similar, in many ways. This
similarity comes from a number of factors. 

First, there has been a maturing of the science behind design and operation of water quality
monitoring systems. This maturation comes through the efforts of a number of organizations over
the past 10 years. For example, the Monitoring Tailor-made Workshops, sponsored by RIZA and
others, and the National Monitoring Conferences, sponsored by the NWQMC in the U.S., provide a
forum for dialogue between monitoring professionals from many disciplines, many agencies and
many countries. This dialogue fosters understanding and questioning, which, in the end forces
monitoring professionals to examine their understanding of monitoring. The proceedings from these
meetings contribute to wider knowledge of monitoring from a common discussion.

Second, governments are facing ever tighter budgets as the expectation of citizens, regarding water
quality, is growing. The resulting pressure to obtain excellent water quality data and information
with a minimum of funding forces agencies and professionals to seek ways to share information.
Sharing data and information requires a level of consistency and comparability not needed when
each country, agency and discipline can afford to collect its own, unique, data and information. As
agencies talk to each other about sharing, more commonality emerges, which, in turn, is reflected
in common monitoring constructs.

Third, monitoring designers and operators seek accountability for the data and information they are
expected to produce. Such accountability requires that a monitoring system be well defined and
operated, from data collection to reporting. Thus, use of a well accepted monitoring framework, by
those designing and operating monitoring systems, permits clear accountability to the state-of-the-
art of the monitoring profession.

Fourth, in the field of monitoring, the word ‘evaluate’ is most often applied to items such as
sampling procedures and laboratory operations. When a monitoring program is to be evaluated, it
is useful to have a framework to follow in conducting an evaluation. As the U.S. and UNECE
framework graphics clearly illustrate, the process of evaluation should be applied to all facets of the
monitoring process. In addition to evaluating each step of the process, we should also step back
and examine the program as a whole. The evaluation process should reveal not only the strengths
and weaknesses of the individual steps but the process as a whole. In other words, even if the
individual steps appear to be well designed and implemented, does the process as a whole
accomplish the expected information goals? Monitoring program evaluation, in many ways, is using
the entire monitoring framework to carefully examine each aspect of the monitoring effort
individually and, then, collectively. Thus, in many ways, to use the monitoring framework, itself, is
to evaluate a monitoring program.

Beyond similarities and differences, monitoring cycles and frameworks, given their more holistic
and systematic view of monitoring, provide a template with which to envision a systematic use of
modern information technology in ‘managing’ monitoring systems and the ‘products’ they produce.
Such a view of monitoring would not be unlike the perspective currently utilized in modern
businesses around the world. The term often used to describe business applications of modern
information technology is ‘supply chain software’. Such software is designed to give business
managers insight into all facets of a company, from personnel management to inventory control to
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profit analysis. A translation of the concept to monitoring could envision the monitoring cycle and
monitoring framework providing a structure around which a total software package could be
constructed to seamlessly move information and data, about the operation and products of
monitoring, in a highly interconnected chain of events, leading to scientifically sound, highly
efficient, water quality information acquisition and distribution. 

To illustrate the analogy further, note the following description of a supply chain software supplier,
Viewlocity: 

“About Viewlocity - Viewlocity is a global provider of Supply Chain Event Management
(SCEM) solutions. Our TradeSync™ Suite allows companies to monitor their extended supply
chain for events and exceptions that could impact their ability to fulfill customer orders,
satisfy inventory needs, and manage shipping requirements. When exceptions are detected,
Viewlocity’s products notify the affected parties, recommend corrective actions, and enable
collaborative resolution.”

Are monitoring system managers able to view the operations of all ‘cogs’ in the manner a business
is now able to view its supply chain? Effective and efficient monitoring of water quality in the U.S.
and Europe requires that monitoring designers and managers ‘connect’ the cogs in the monitoring
cycle/framework with modern information technology. This will, in turn, facilitate quality
control/quality assurance, method comparability, accountability for meeting information goals, data
sharing, and overall monitoring system management.

CONCLUSION

By comparing the U.S. and UNECE monitoring graphics, this paper has highlighted considerable
convergence of thinking on the components of a total water quality information system. This
convergence provides those involved in monitoring design and operation a common basis for
advancing the science and technology employed in monitoring. This is ever more important if the
monitoring process is considered as a whole system, which is more that its constituting parts being
performed in a proper manner. Thus, it is easy to conclude that monitoring cycles and frameworks
raise the communication platform for monitoring, providing a much higher plane for future
improvements in the ability to produce consistent and comparable water quality data and
information.

The differences that can be found between the frameworks reflect the differences in situation in
which the framework should be applied. In this respect, it may not be so important to strive for a
common worldwide framework as well as striving for basic principles that may be applied
differently in different situations. The view of a monitoring program as one system that can be
evaluated can be considered a basic principle. The other essential issue is the need for a common
terminology around the different elements of the monitoring framework or cycle.
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THE EVOLVING ROLES OF LONG-TERM MONITORING PROGRAMMES IN
WATER RESOURCE MANAGEMENT: A NEW ZEALAND CASE STUDY

M. R. Scarsbrook and G. B. McBride

National Institute of Water & Atmospheric Research Ltd., PO Box 11-115 Hamilton, New Zealand

Water quality monitoring programmes must evolve in order to keep pace with changing water
management issues. However, this evolution is constrained by the need to maintain data consistency,
which is often a major design principle of long-term monitoring programmes. In this paper we describe
the changing legislative, organizational, scientific and environmental frameworks within which New
Zealand’s National River Water Quality Network (NRWQN) has operated since its inception in 1989. We
also focus on future challenges to maintain the consistency of the NRWQN, while addressing the changing
information needs of society.

INTRODUCTION

Long-term water quality monitoring programmes must evolve in order to keep pace with the
changing information needs of water resource managers. If they do not they risk losing relevance
and are less likely to persist under the financial constraints resource managers so often face. On the
other hand, the need for evolution is constrained by the often-conflicting need to maintain data
consistency. In many long-term monitoring networks consistency is often a major design principle,
and there may be severe consequences if this principle is compromised. For example, rigorous
analysis of temporal trends requires consistency in analytical methodology, and the ability to detect
trends is reduced if there are long, or multiple breaks in the dataset (Lettenmaier et al. 1991).

In this paper we present a case study of a long-term water quality monitoring network that has
maintained strict consistency in the where, when and what aspects of network design for 14 years.
Recently, a review of this network has been deemed necessary because of uncertainties in funding,
and questions about the role of this network in the current and future management of New
Zealand’s freshwater resources. We begin by giving some background of the monitoring network,
and then describe the changing legislative, organizational, scientific and environmental frameworks
within which New Zealand’s National River Water Quality Network (NRWQN) has operated since
its inception in 1989. We then discuss the outcome of a recent workshop on the future of the
network, and highlight areas where compromise can be reached been the need for consistency of
the NRWQN and the changing information needs of society.

THE NATIONAL RIVER WATER QUALITY MONITORING NETWORK

In 1984, the New Zealand government, through the National Water and Soil Conservation
Authority (NWASCA), recommended the development of a national monitoring and recording
programme for water quality in New Zealand’s natural waters. Following a period of consultation
(Ward & McBride 1986), and a formal design process (Smith et al. 1989; Smith & McBride 1990),
the NRWQN was set up in 1989 with the following goal:

“To provide scientifically defensible information on the important physical, chemical, and
biological characteristics of a selection of the nation’s rivers...as a basis for advising the
Minister of Science and other Ministers of the Crown of the trends and status of these
waters”

To achieve the stated goal, the following objective was defined:
To establish a national river water quality database such that we can:

1. Detect significant trends in water quality
2. Develop better understandings of the nature of the water resources and hence to better

assist their management.
Water quality was defined as the physical, chemical and biological characteristics of water necessary
to sustain desired water uses (Ward & McBride 1986). A significant trend was defined a priori as a
trend at least as large as the standard deviation of detrended, deseasonalised data over a five-year
period. 
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In the design document a minimum list of determinands was incorporated with the view that the
list “should attempt a prediction of what data may be required by water resource managers in 10
years time”.

To meet the defined objective a network of 77 river sites was chosen following a set of design
criteria (Smith et al. 1989). These criteria were based on logistical constraints (e.g. safe and
accessible for operators), requirements for reliable hydrological data, and an assessment of
regional, national or scientific importance. Sites were located on 35 river systems throughout New
Zealand, and were arranged as 32 upstream (Baseline) sites and 45 downstream (Impact) sites.
Baseline sites are stations where there is likely to be little or no effect of diffuse or point source
pollution and which will account for natural or near-natural effects and trends. Impact sites were
stations downstream of present, and possible future, areas of agriculture, forestation, industry and
urbanization. Large river sites were chosen because they integrate effects in the catchment.

From January 1989, regional field teams have carried out monthly sampling for 15 water quality
determinands (Table 1). Benthic macroinvertebrates have been sampled annually at 66 sites, where
depth, velocity and substrate conditions satisfy design criteria. All samples have been returned to a
single laboratory for analysis using standard methods. In all cases, reliable flow data is available for
all 77 sites, and in most cases the water quality monitoring site actually is located at the site of a
long-term flow recorder.

INFLUENCE OF CHANGING LEGISLATION & MANAGEMENT

Long-term monitoring programmes need to endure potential changes in legislation and shifts in
environmental policy. It is a measure of success of these programmes if they can survive these
regime changes, while continuing to meet their stated goal(s), and more importantly continuing to
meet the evolving information needs associated with changes in environmental legislation and
policies.
Over the 14 years of NRWQN operation there have been major changes in management systems
for both the environment and the operators of the network. As we will show below the NRWQN
has continued to operate normally despite these changes, and the consequences of this evolution
are now being addressed.
In 1991 the Resource Management Act (RMA) was implemented, replacing the Water and Soil
Conservation Act 1967 under which the NRWQN was established. The earlier Act had the
promotion of multiple use of water as its main objective, and provided for water quality
monitoring to be administered by NWASCA (until 1988) and Regional Water Boards. In contrast,
the purpose of the current RMA is to promote sustainable management of natural and physical
resources. Local government (Regional Councils) has the duty of monitoring the state of the
environment, and the Ministry for the Environment oversees the implementation of the Act. The
increased emphasis on regional monitoring networks has increased the importance of the NRWQN
for providing a national perspective, while removing its direct link to national policy advisors (i.e.,
the now defunct NWASCA).
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Water quality determinand Current method
Flow Field
Temperature Field – Thermometer
Dissolved oxygen Field – meter (YSI)
Visual clarity Field – Horizontal black disc visibility (Davies-Colley 1988)
pH Laboratory meter
Conductivity Laboratory meter @ 25 °C
Dissolved Reactive Phosphorus Automated molybdenum blue - ascorbic acid reduction
Total Phosphorus Acid persulphate digestion to DRP, then DRP determination
Nitrate Nitrogen Automated hydrazine reduction
Ammoniacal Nitrogen Automated phenol hypochlorite
Total Nitrogen Alkaline persulphate digestion to Nitrate, then Nitrate determination
Turbidity Laboratory – Nephelometer (HACH 2100A)
Absorbance measures Spectrophotometric absorbance reading x 1000, 40 mm cell path
Biochemical Oxygen Demand 5 day oxygen depletion test @ 20 °C (samples not diluted, no

additives, and no nitrification inhibitors)
Periphyton cover Visual assessment
Macroinvertebrate community
indices1

7 x 0.1 m2 Surber samples (0.3 mm mesh).

1  Macroinvertebrates are sampled at 66 of the 77 river sites.

Table 1List of water quality determinands collected in the NRWQN.



Shifts in the structure of the organization responsible for operation of the NRWQN have created
another set of challenges. In 1989, the NRWQN was under control of the Water Quality Centre of
the Department of Scientific and Industrial Research (DSIR), a public service institution with a
statutory obligation to provide information direct to government ministers. This obligation strongly
influenced the goal of the NRWQN, and was implicit in the defined objectives. In particular, the
second objective (improved management through better understanding) implicitly relied on a direct
link between operators of the NRWQN and managers. In 1992, operation of the NRWQN shifted
to the newly formed National Institute of Water & Atmospheric Research Ltd., a government-
owned company, with obligations to provide a scientific basis for the sustainable management and
development of aquatic resources, but also to achieve success in a commercial environment. As a
result of this shift there have been some difficulties ensuring the flow of information to end-users
(e.g. Ministry for the Environment), particularly with regard to intellectual property rights, and data
ownership.

We suggest that shifts in environmental and operational management led to a temporary break in
the monitoring cycle (sensu Timmerman et al. 2000). Data collection and analysis continued
unchanged, but the flow of information to, and utilization of information by managers and policy
makers has been sporadic. In turn, the information needs and information strategy required to
complete the information cycle have not been formally applied to evolution of the NRWQN.

A consequence of this break in the monitoring cycle is that scientists have had greater freedom to
utilize resources in the network to pursue questions of scientific interest. These questions have
contributed to the second objective of the NRWQN (i.e., “Develop better understandings of the
nature of the water resources and hence to better assist their management”), but the resources may
have been spent on different information needs if the monitoring cycle had been wholly intact. For
example, early in the network’s operation resources were focused on providing information on
state and trends in surface water quality determinands (e.g. Smith & Maasdam 1994; Smith et al.
1996; Scarsbrook et al. 2000), but more recently resources have been directed to questions of
more general scientific interest (e.g. Scarsbrook 2002; Scarsbrook et al. in review).

Recently, the Ministry for the Environment (MfE) has re-established processes to provide national
coordination of monitoring networks, with a strong focus on integrating regional and national
datasets. This process has been reasonably successful in producing information on state and trends
in the nation’s water resources to the appropriate management authorities (Snelder & Scarsbrook
2002; Larned et al. 2003). The flow of information back to the operators of the NRWQN has also
been reinstated through a recent workshop on the future of the NRWQN (see below).

An important issue for any long-term monitoring programme is the stability of funding. Funding for
the NRWQN is provided through fully contestable funding from the Foundation for Research
Science & Technology. This has meant that the NRWQN has competed for funding with other pure
and applied research proposals. However, the government now recognizes the value of long-term
databases and scientific collections, and the NRWQN, along with various climate and hydrologic
databases, has been designated as a Nationally Significant Database. This has provided guaranteed
funding, but this level of funding has remained static for many years. The New Zealand
government is now considering a review of its Nationally Significant Databases, with a view to
removing them from contestable funding pools altogether.

EFFECTS OF CHANGING ENVIRONMENTAL PRESSURES

Perhaps the greatest challenge to the relevance of the NRWQN has come from shifting
environmental issues in the last decade. In the 1980s the impacts on river water quality from point
source pollution were seen as a major issue in many New Zealand rivers (e.g. Suckling 1982). The
level of treatment of anthropogenic wastes was sometimes rudimentary, and use of water resources
in major rivers was often limited by these impacts (e.g. Quinn & McFarlane 1988). Such was the
environmental climate within which the NRWQN was designed and implemented, and the selection
of sites, and the list of determinands included in the programme reflected the major issues of those
times.

With the implementation of the Resource Management Act in 1991 there has been a greater
emphasis on environmental sustainability, as opposed to the avoidance of significant adverse effects
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and promotion of multiple water uses under the earlier Water & Soil Conservation Act. The RMA
has led to a greater level of accountability on the part of potential polluters, and permission to
discharge to waters now involves a more consultative process whereby stakeholders have the
opportunity to develop appropriate consent conditions. The resulting consent conditions outline the
compliance criteria for discharges and put in place measures that seek to avoid, remedy or mitigate
any adverse effects of discharges on the environment.

Since the implementation of the RMA in 1991 there have been significant infrastructure
developments, which have resulted in marked improvements in many point-source discharges. This
is particularly the case for sewage effluent discharge to rivers. As a consequence of the changes in
environmental management, we have observed significant negative trends in some indicators of
point source pollution (e.g. 5-day tests of Biochemical Oxygen Demand; BOD5). As an example,
data from the 77 river sites in the NRWQN show a statistically significant, and consistent decreasing
trend in median BOD5 levels (Fig. 1a).

In comparison to point source pollution, diffuse, or non-point source pollution is still seen as a
major issue in New Zealand (Taylor and Smith 1997), particularly in areas of intensive agriculture
and horticulture. In a keynote address at a recent national water resources conference,2 the Minister
for the Environment (the Right Honorable Marion Hobbs) indicated that the key issues now facing
New Zealand waterways are the intensification of agricultural land use, and the water allocation
and diffuse pollution issues associated with this. As an example of the scope of the issue, she noted
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Figure 1 a) Trends in annual mean BOD5 levels at 77 river sites around New Zealand; b)
trends in annual mean DRP concentrations at 77 river sites (R2 = 0.78; P< 0.001), and
phosphate fertilizer consumption in New Zealand (R2 = 0.82; P < 0.001; Data source:
United Nations Food and Agriculture FAOSTAT database).



in her speech that the area of irrigated land in New Zealand had doubled since 1985. In addition,
the use of fertilizers in New Zealand has increased markedly in the last decade, and over the same
period we have also seen a consistent increasing trend in concentrations of dissolved nutrients in
rivers of the NRWQN (Fig. 1b). The run-off of nutrients, sediments and faecal material from
agricultural lands are seen as a significant pressure on aquatic ecosystems, and this is only
beginning to be addressed through improved riparian management, and farming practices.

Faecal contamination of waterways through direct and indirect pathways is also seen as a major
issue affecting water quality in New Zealand (McBride et al. 2002). The NRWQN does not currently
include any microbiological indicators, and this is seen as a major limitation. When the network
was designed the costs and logistical constraints associated with microbiological analyses were seen
as prohibitive. However, sampling methods have evolved considerably, and the barriers to adoption
of microbial indicators have been greatly reduced.

THE FUTURE OF THE NRWQN

With 14 years of data acquired, and constantly evolving management systems for both the
environment and the operators of the network, the NRWQN faces several challenges in maintaining
its consistency, and value as a source of information relating to national-scale issues in freshwaters.
To address these challenges a review process has been initiated (Fig. 2). The first stage of this
process was an expert panel (in-house) assessment of the perceived strengths and weaknesses of
the NRWQN and a review of the list of determinands currently being reported. The lack of
microbiological indicators in the NRWQN was highlighted as a major gap.

The next step in the review process was a stakeholder workshop (14 November 2002), which
brought together invited national and international experts in the design of monitoring networks,
information end users (e.g. Regional Councils, MfE), and the funding agency (FRST). The water
quality monitoring community in New Zealand is small (about 50 people attended the workshop),
allowing effective workshopping of issues relating to the value, content, and future structure of the
NRWQN.
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is given to show the current stage of the review process. NIWA is the National Institute of
Water & Atmospheric Research (the network’s operator), MfE is the Ministry for the
Environment (resource management authority), and FRST is the Foundation for Research,
Science and Technology (the funding agency).



Several pre-circulated questions were discussed at the workshop:

1. What are the major issues currently facing managers of freshwater resources in New
Zealand?

2. Is the current structure of the NRWQN appropriate to these issues?
3. To what extent are regional datasets and the NRWQN complementary/redundant?
4. What are effective ways to transfer NRWQN information to end-users?
5. Who should fund the NRWQN?

The following key outcomes were produced:
I. The original objectives of the NRWQN are still relevant to the major issues facing water

resource managers at the national-scale (e.g. water quality degradation as a result of
land use intensification). However the list of determinands does need revision, and
microbial indicators are seen as a key addition. The addition of information on nutrient
loads, rather than simple concentrations is also given high priority.

II. The greatest value of the NRWQN is its long-term consistency. In keeping with
obligations under the RMA, all Regional Councils have established monitoring networks.
However, these are not always consistent in site location, list of determinands, or
sampling frequency. As a result, Regional Councils often rely on NRWQN to provide
consistent, long-term data against which to compare short-term regional patterns.

III. The NRWQN is independent of regional politics and is not required to “fight fires” in
the sense that regional monitoring networks are sometimes called on to do. However,
this does mean that information from the NRWQN may have limited relevance for key
issues in some regions (e.g. impacts of over allocation of water in small, lowland
streams, which are not well represented in the network).

IV. Information produced by the NRWQN must be more rapidly and effectively transferred
to those groups with statutory state of the environment monitoring and reporting
functions (i.e., MfE at national scale, and Regional Councils at local scale). For example,
end users present at the workshop considered that scientific papers are a relatively poor
medium for transfer of information on trends in water quality. This is due to the long
lag period between analysis and publication. Publication of results, and availability of
data, on the Internet is seen as a more appropriate means to meet current end user
needs.

The final phases of the review of the NRWQN will entail further consultation both nationally and
internationally. This will be followed by negotiations regarding the funding and level of information
transfer back to managers.

CONCLUSIONS

We believe that the NRWQN is continuing to meet the objectives for which it was designed,
although additional determinands may be appropriate to address specific issues (e.g. faecal
contamination). This conclusion is supported by comments from a diverse range of stakeholders.
The NRWQN has contributed to a greater understanding of anthropogenic effects on water
resources in New Zealand, and has provided managers with the potential means to assess the
effectiveness of changes in environmental policy. However, both gains in understanding, and
measures of effectiveness of policy change are focused on the past.

The ultimate goal of monitoring is to provide reliable, timely and appropriate information for
decision-making. This decision-making will affect the future of water resources. The two-way flow
of information from the NRWQN to managers has not always been optimal, and the means for
transferring information has been strongly biased towards the scientist’s desire to publish in peer-
reviewed journals. In future, we must ensure that the information cycle between scientists and
managers is maintained, and makes use of appropriate mechanisms for information transfer, so that
decision-making is based on the most rigorous and up-to-date information available.
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In policy support studies for water management usually multiple objectives are present. The stakeholders
involved in policy support studies often have different interests and therefore different objectives. They try
to use information in a way that contributes best to their own interests. Based on these different objectives
different scale choices can be made which may be conflicting. Scale choices (in space and time) are
important for the analysis of many problems because scale determines the problems to be addressed and
the solutions to be found. Consequently scale is not politically neutral and has a strategic value: the
selection of scale may intentionally or unintentionally privilege certain stakeholders. In this paper the role
of scale choices in policy support is discussed. Factors and dilemmas that play a role in making scale
choices and the consequences of scale choices for the study and for the process after the study are
discussed. The Long Term Vision of the Scheldt Estuary is a policy support study that is used to illustrate
findings of this research.

Keywords: scale choices, policy support, Scheldt Estuary

INTRODUCTION

Scales in integrated water management

Integrated water management necessitates consideration of both the social and the physical system.
Water management issues vary in scale from broad (inter) national for strategic issues to local
detailed for operational issues. Scale is increasingly recognised as an important research object by
many researchers from different disciplines. The disciplines have different perspectives on scale. The
increased attention for scale issues has become reinforced by the introduction of the European
Water Framework Directive (2000/60/EC). 

Nowadays the river basin is increasingly recognised as an important management unit. The EU
Water Framework Directive prescribes river basin management planning for all river basins in the
EU, and includes all waters such as polder areas, estuaries, coastal waters and groundwater. The
questions that need to be addressed include which management issues should be handled at which
hydrological scales (basin, subbasin, sub-subbasin, river corridor, etc) and which administrative
scales (national, regional or municipal). Linked to the geographical scales are temporal scales.
Temporal scales that need to be used in river basin planning may be quite long, for example to
evaluate effects of decisions on ecology or morphology. If we turn to decision-making, time scales
tend to be quite short, owing to the dynamics of political processes.

A major challenge of river basin management is to clarify these linkages at different scales and to
produce relevant information for the different stakeholders involved in the different sectors on the
appropriate scales. Important scale choices in policy making involve decisions on what institutional,
spatial and temporal scale the water management issues are to be handled. In policy support
important questions are: at what scale are the problems to be studied? At what scale are policy
options to be designed, effects assessed and results presented? What levels of aggregation (amount
of detail) are to be used?  

Importance of scale choices

The selection of scale depends on the problem that is formulated, stakeholders that are involved
and preliminary solution directions taken into account. Different points of view can be chosen in
the selection of scale. For each selection sound arguments from that point of view can be made.
However, this selection of scale has to be made in a very careful way, because scale is not
politically neutral. 
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Scale has a strategic value: the selection of scale may intentionally or unintentionally privilege
certain stakeholders. The adoption of a particular scale in a study for example sets boundaries on
the types of problems that are addressed and the kind of solutions that may be found. This can be
illustrated by the example of flooding. Looking at the Rhine flooding problems in the Netherlands
and only take into account solution directions in the Netherlands we ignore possible (maybe more
effective) solutions in Germany. This limited scale selection has the advantage that the possibilities
to implement measures are within the authority of the Dutch government, but the measures itself
might be less effective.
It is considered to be important to gain insight in the interests of the stakeholders at different scales
and in the multi-stakeholder perspectives on that scale. 

Research approach

For this research a distinction is made between three types of scale choices:
• Selection of spatial scale: large scale (river basin, national) or small scale (channel, local) 
• Selection of temporal scale: long term or short term
• Selection of level of aggregation: the amount of detail to be taken into account

In this paper two questions are addressed: 
• How are scale choices currently made in policy support studies on water management? What

factors and dilemmas play a role? 
• What are the consequences of scale choices for the outcomes of interest of the policy support

study?

To be able to answer these questions a general framework of policy support is constructed. This
framework explains the different objectives of policy support. Also the relation between objectives
of policy support and scale choices is highlighted. A case study illustrates the framework and the
reasoning behind scale choices and the consequences that can be identified related to scale choices.
The Long Term Vision of the Scheldt (LTV) is a policy support study that is used as a case study in
this research. The LTV-study was executed a few years ago (1998-2001). This paper is based on
analysis of documents produced by LTV-study participants and documents related to the LTV-study.
Different analysts involved in the LTV-study were also interviewed. The case study is described and
an analysis of scale choices is provided.  It is stressed that the analysis presented is an exploratory
effort. It is by no means a complete analysis; only a selection of issues that demonstrate scale
choices are highlighted. 

POLICY SUPPORT FOR INTEGRATED WATER MANAGEMENT

Different objectives of policy support

Information to support water management policy processes can have many different functions. It is
possible to support the policy making process by gathering, integrating and structuring information.
In this way insight can be provided in complex problems, causes and consequences. 
Another possibility is to support the policy making process by designing different policy options
and give insight in their advantages and disadvantages. Information can also be used to facilitate a
multi-stakeholder communicative debate. Stakeholders with different interests have different
objectives in the process. They can use information in a strategic way. Table 1 gives an overview of
different objectives of policy support studies together with a short explanation. Different objectives
may be present in one study which may cause complications.

Scale choices in policy support

Based on the different objectives mentioned in table 1 different scale choices can be made. For
example if you want to structure a problem (from an analytic objective) the characteristics of the
problem play an important role in the selection of scale. If you want to use the information to be
able to mediate in order to reach an agreement between a lot of stakeholders it is more important
that a scale is selected that includes the stakeholders to be involved and that appeals to all the
stakeholders (for example they should have interests on that scale). More examples of the relation
between objectives and scale choices are provided in table 2.  
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Dilemmas in scale choices

It is important to realise that the selection of scale always involves a trade-off. There is no perfect
scale. Some examples of dilemmas that may play a role in making scale choices:

• Long term versus short term interests: Long term and short term interests may be conflicting. For
example, economic considerations are primarily based on short term objectives whereas
ecological concerns have a long term scope (Grijns et al., 1992).  

• Context versus detail (level of aggregation): When working on a large scale usually a fairly
aggregated level will be used for efficiency reasons. An advantage is that the context of the
problem is clear. When working on a small scale however a very detailed analysis can be
performed. 

• Small scale versus large scale (system boundaries): A fundamental and broad approach can be
chosen by enlarging the system boundaries. This broadens the scope of solution directions but
also involves more complexity. Initial problem formulations that are too narrowly focussed and
oriented to one specific solution type may lead to the ignorance of more fundamental
approaches that may provide far better solutions (Thissen, 2000). 

• Think globally, act locally: It is difficult to implement solutions at a large scale, often at a large
scale institutional solutions present.
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Objective Explanation
Analytic
Structure the
problem

Provide insight to complex problems, causes and consequences

Design and
recommend

Translating existing data and information into new policy, either by providing advice or by producing
one or more policy designs

Managerial Stay within allocated time and budget
Interactive
Mediate Negotiation between different stakeholders, consensus building
Democratise When the contributions of the stakeholders are unequally distributed, correct this inequality by calling

for attention to views and opinions typically overlooked
Strategic Advise the client on the most effective strategy for achieving certain goals
Rationalisation Find arguments and justify policy plans, upon which already has been decided. In this case this could be

done by putting emphasis on the positive side of a solution while underplaying the negative effects
Shelving Delaying the policy process
Speeding Interest is at stake therefore trying to accelerate the policy process
Agendising Getting particular issues on the political agenda or removing particular issues from the agenda

j
Scale choice is… Objective Guidelines (to make scale choices in line with the objectives)

Analytic
Optimal for understanding and
gaining knowledge of the
system (validity oriented)

Structure the
problem

Characteristics of the system under investigation play an important
role in the selection of scale

Policy relevant (action oriented) Design and
recommend

Take into account the level of influence
Scale for designing policy options broad and long term to prevent
premature closure

Efficient Managerial Limit the scale in space and time; Use available models
Interactive

Not obstructive for reaching
consensus

Mediate High level of aggregation (details can be worked out later); The
stakeholders you want to involve are included and have interests on
that scale

Providing openness and
transparency, no strategic
choices

Democratise Contributing to the openness of the process: all relevant information
for all stakeholders should be visible and understandable, e.g. not too
many technical details, not hiding essential information.

Serving the clients political
interests

Strategic

Rationalisation High level of aggregation to underplay essential information; (Large)
scale where the effects of measures will be averaged; Spatial or
temporal scale on which negative consequences are not immediately
visible

Shelving Scale on which many stakeholders are involved; Large scale in
combination with low level of aggregation; piecemeal/ phased
approach

Speeding Limited time scale for information support; Small scale and a high
level of aggregation

Agendising Spatial and temporal scale on which the problem you want to be
addressed is dominant

Table 2: The relation between objectives and scale choices

Table 1 Different objectives of support for policy making (After Mayer et al., 2001; Twist et
al., 1997)



Scale choices do matter and it appears to be difficult to make them. Often tensions are present
which are related to the available time and budget of the study. A lot of dilemmas play a role, the
choices that are made in these dilemmas are depending on the kind of objectives that are present
and the priorities set in the objectives.

CASE STUDY: LONG TERM VISION OF THE SCHELDT ESTUARY

Issue context and problem definition 

The river basin of the Scheldt is located in Northern Europe and stretches over three countries: the
Netherlands, Belgium and France, with a total length of 350 kilometres. The Scheldt basin is
exploited intensively by the riparian states, which have assigned several user functions to the river.
An important function of the Scheldt is navigation. The Scheldt Estuary is the maritime access to
the port of Antwerp, which is one of the biggest ports in the world. In spite of the intensive human
exploitation of the Scheldt, the basin still has high ecological values. Especially the estuary is a
unique tidal system with high ecological value and potential. The brackish tidal water areas and
marshlands, such as the Verdronken Land van Saefthinge, and the fresh tidal water areas in the
upper estuary are unique (Meijerink, 1998). 

Problem situation
Because different functions are present, conflict
situations between the different interests are
likely to happen. The biggest issue at the
moment is the possible deepening of the
waterway. This is considered necessary to keep
the harbour of Antwerp accessible for
enlarging container vessels. It is expected that
the actual tide dependent depth in the (near)
future will hinder the economic development
of the region. Belgium, which is situated
upstream from the Netherlands (see figure 1).
This depends on the Netherlands as regards to
the permits for captive and maintenance
dredging and improvement of maritime access
to the port of Antwerp. 

In 1839 when Belgium separated from the Netherlands different agreements were signed for the
large joint infrastructures. Far-sighted as the Belgians were, they made sure that a clause was
included to guarantee the free access of the ships to the port of Antwerp. In 1925 the agreement
was added that if necessary the Scheldt would be deepened. The Belgians are now referring to this
clause to proceed with the deepening. A treaty for deepening the waterway to 11.6 meters was
signed in 1995. The works were carried out in 1997 and 1998. Some parts of the Treaty (for
example nature compensation) are still in progress. At the moment it is not clear what the impacts
of the recent deepening on the ecosystem of the estuary are, becase more time is needed to assess
these long term effects. Therefore some stakeholders doubt whether a further deepening of the
waterway should be allowed. 

Different perceptions

Both the Netherlands and Belgium recognize the importance of access to the Scheldt harbours, the
value of a dynamic ecological functioning of the estuary and the concern for flooding. In the
discussion the Netherlands seem to emphasise the ecological value of the Scheldt and the risks of
transportation of dangerous substances, while Belgium seem to emphasise its economic function.
The Scheldt is the most important economic transport medium of Belgium, because it connects the
port of Antwerp to the sea. In the Netherlands the Scheldt is only one of the many transport
media. In the Netherlands the most important ports are Rotterdam and Amsterdam. Some small
ports are located along the Western Scheldt, such as Flushing and Terneuzen, but these are of less
importance for the national economy. According to the Netherlands, the Western Scheldt contains
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Figure 1: Map of the Schelde Estuary 
(Source: www.proses.nl)



important habitats. These habitats are lacking in the access channels to Rotterdam and Amsterdam.
This may be another reason why the Netherlands emphasises the ecology in the Western Scheldt
more than the economy (Santbergen et al., 1998).

Policy support study

Because of all the drawn-out discussions and negotiations on the previous deepening and the fact
that the deepening program has to be carried out on Dutch territory for a Belgian port, it was
decided to work on a joint bilateral vision for the long-term future of the Scheldt estuary. This was
called the Long Term Vision for the Scheldt Estuary. A comprehensive study was organised which
was undertaken from June 1998 until January 2001. The policy support study was initiated by the
Dutch Ministry of Transport and Water Management. The Dutch Ministry of Transport and Water
Management and the Ministry of the Flemish Community decided to delegate the study to the
Technical Scheldt Commission (TSC). In this way the TSC became the client for the study. The TSC
was founded as a commission that prepares decision making on joint issues related to the Scheldt
between Flanders and the Netherlands. The study was executed by a Dutch and Belgium
consortium of policy analysts (Resource Analysis and Technum).

The objectives of the policy support study were stated as follows:
• Create an integrated joint Long Term Vision for the Scheldt Estuary. The starting point for the

development of the joint vision is “the development of a healthy and multi-functional estuarine
system that is used for human needs in a sustainable way”. The objective for 2030 was
formulated as follows: “The Scheldt Estuary is in 2030 a healthy and multi-functional estuarine
water system. The system is used for human needs in a sustainable way.” 

• Stimulate joint co-operation between the Netherlands and Flanders by conducting this study
together.

• Work out different policy options to implement this vision
(Ministerie van Verkeer en Waterstaat et al., 2001a)

The following aspects were considered in the study:
• Economic aspects; the accessibility and economic future of the ports along the Scheldt 
• Environmental aspects in the unique ecosystem
• Safety aspects; flooding and dangerous goods transports
• Morphological aspects; consequences of deepening on the morphology of the river
(Ministerie van Verkeer en Waterstaat et al., 2001a)

Working groups were installed that operated on these aspects. Several scientific advisors provided
support in these working groups that consisted primarily of governmental officials.

Classifcation of objectives

In the LTV-study in addition to the objectives mentioned above also some other objectives play a
role that are not explicated in the report of the study. The objectives of the LTV-study that are
mentioned in the previous section will be reflected upon and classified into the objectives listed in
table 3. This classification is based on additional information gathered in interviews.

It is clear that the study is executed in a complex policy environment in which despite surface
agreement on the objectives underlying tensions exist. Therefore it can be considered to be a great
accomplishment that this study was finished in time and to the satisfaction of all stakeholders
involved in the project.
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Objective Specific objective Long Term Vision study
Analytic Structure the problem Create a long term vision

Design and recommend Formulate options to be able to reach the long term vision
Interactive Mediate Consensus building between the Netherlands and Flanders on the controversial

issue of the deepening
Democratise Non applicable

Managerial Staying within time is a very important objective in this study, especially for the
Flemish who have an issue at stake

Strategic Different strategic objectives can be recognised on both sides
Rationalisation The Flemish want to use this study to rationalise the proposed deepening
Shelving The Dutch are accused of starting the LTV-study to delay the deepening
Speeding Because the Flemish have an interest at stake they try to accelerate the policy

process by limiting the time available for the study as much as possible (2 years)
Agendising Get the issue of the deepening prominently on the agenda

Table 3: Classification of objectives of the LTV-study



ANALYSIS OF SCALE CHOICES IN THE LONG TERM VISION STUDY

Spatial scale

The selected scale of study is the Scheldt estuary from Gent to North Sea, including the banks,
excluding the tributary rivers and channels. An important criterion to limit the spatial scale of the
study was the ability to formulate a coherent integrated vision for the Scheldt Estuary (Ministerie
van Verkeer en Waterstaat et al., 2001a). In the additional explanation report of the LTV-study a lot
of attention has been paid to the argumentation that led to this selection of scale. The choice not
to include the tributary rivers and channels was to limit the number of governments involved in the
process. Reason to include Gent (and not to set the boundary at Antwerp, which is located
downstream) is that in this way the entire tidal area is taken into account; the projectteam
considered these boundaries to be accurate from the point of view of the physical system. From a
morphological perspective it makes perfect sense to set the spatial boundaries around the estuary
system, although the choice not to include the tributary channels is not completely in line with that
perspective. However morphology is only one of the aspects under study; other aspects that were
identified were economy and ecology. From these perspectives other selections of scale could have
been made.

Economic perspective

The scale of the economic system does not coincide with the scale of the water system but extends
into international systems for industrial production and trade (Verhallen et al., 2000). In these
international systems a lot of other ports are involved like Hamburg, Rotterdam, London and
LeHavre. Deepening the navigation channel will have economic effects on a larger scale than the
Scheldt itself (for example on the port of Rotterdam and the port of Zeebrugge). In different
background studies it is stressed that from an economic perspective it is important to consider a
larger scale. In a second opinion study it was concluded that from a transport- economic point of
view it would be good to include the ports of Zeebrugge and Oostende in the design of policy
options (Roos et al., 2000) because of the future advantages of sea ports. A second plea for sea
ports was made in the consultation study in which interviewed stakeholders emphasised that from
a safety point of view the trans-shipment of dangerous substances preferably takes place near the
sea. (Leemhuis-Stout, 2001). This also pleas for scaling up and involving the sea ports in the
solution.

Ecological perspective

Ecology is one of the aspects that were studied in the long-term vision project. Water quality issues,
however, do not fit the selected scale, but play out over the entire river basin. Many pollution
sources are located in upstream parts of the Scheldt. In the LTV-study water quality was taken into
account as an exogenous factor, because otherwise many more stakeholders from the entire basin
would have been involved in the process. Another reason that was stated was that water quality
issues are already addressed in other arenas like the International Commission for the Protection of
the Scheldt.  

Pragmatic considerations

Clearly a lot of options exist for the selection of spatial scale. These options are related to different
disciplinary perspectives but can also differ within a discipline. The question rises why scale choices are
made in this way. Pragmatic considerations appear to play an important role in making scale choices.
The selection of spatial scale in a study is always related to the level of authority of the client of the
study. This can also be recognised in the LTV-study. The Ministries made an explicit choice to delegate 
the study to the Technical Scheldt Commission, which also led to a limitation of the spatial scale. By
delegating the study to the TSC the estuary became almost automatically the object of study because the
authority of the TSC was limited to the estuary. In this way the deepening would be the key issue on the
agenda. The authority of the TSC does not involve water quality as water quality issues are addressed by
the International Committee for the Protection of the Scheldt. This selection of scale was thought to be
essential to be able to involve all relevant stakeholders in the study: the willingness to co-operate was
dependent on the selection of scale. The only way to get the Port of Antwerp to co-operate was to
exclude the other ports like Zeebrugge, Oostende and Rotterdam from the process. So it appears that not
only rational arguments played a role in the selection of scale but also political reasons were present.
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Selection of time scale

A clear differentiation has to be made here between time scale of the study and the time scale
within the study. The time scale of the study can be regarded as a constraint for the project and is
therefore of a completely different nature then the selection of time scale within the study. These
two issues will therefore be handled separately in this section.

Selection of time scale of the study: dominant time scale leads to limited spatial scale

The time scale of the project played a role in the selection of the limited spatial scale. Different
perspectives also exist on the objectives of the LTV study. In Flanders the feeling exists that the
Dutch are trying to delay the deepening process by starting the LTV study. “Many people feel that
the LTV study is being started and abused to postpone the next deepening phase” (Blomme, 2001).
Reason for this according to the Flemish is that the Netherlands are afraid for the competition
position of Rotterdam (Blomme, 2001). The Flemish had an urgent interest at stake here: it was in
their interest that this study would be finished as soon as possible to be able to take a fast decision
on the deepening. This was one of the reasons to limit the time frame of the study. Before the
project started it was decided that the project had to be finished within two years time. For such an
extensive project this was an extremely difficult task. 

Pragmatic considerations

The limited time scale available for the study was an important constraint that influenced a lot of
other choices. The limited time scale of the study was one of the reasons that led to a limited
spatial scale. Also the wish not to involve too many stakeholders led to a limited spatial scale. A
larger scale might have led to a hold-up in the process, because a large number of stakeholders
would hinder the desired relatively fast process.

Selection of time scale within the study: what is long term?

At the start of the LTV-study a discussion took place on the time scale to be considered in the
vision. Long term is of course quite a vague and broad notion. The advisors suggested 2050 as the
end of the Long Term Vision. The clients of the study suggested 2015 or even 2010. In this
discussion you can recognise the difference in attitude between politicians and analysts: for
politicians ten to fifteen years is already long term, because they usually think less far ahead while
analysts have a longer time perspective in mind. Finally it was decided to work on a Long Term
Vision for 2030 based on a short term situation sketch of 2005. Backcasting could be used to
develop policy options for the middle to long term. Four development sketches are created which
containing policy options to reach the long term vision.

Pragmatic considerations
The selection of this particular time scale had several reasons:
• The Dutch politicians had noticed that previous deepenings led to long troublesome procedures

that cost a great deal of effort on the part of the civil servants. Therefore, it was considered
necessary to resolve this issue once and for all. 
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Figure 2: Short term and long term (Source: Ministerie van Verkeer en Waterstaat, 2001a)



• On the other side the long term was somewhat limited by climate change. If a longer time scale
had been selected the effects of climate changes were expected to be considerably larger. Climate
change would be a complicating issue in this situation and should not necessarily be the focus
issue. 

Selection of level of aggregation

A high level of aggregation was selected in this study. The main reason for this was the thought that
the details could be worked out in a later stage in the Strategic Impact Assessment study.
Also the limited time scale of the study made it impossible to study all the aspects into great detail.

Consequences 

After having gained insight in how scale choices are made the next step is to gain insight in the
consequences of these scale choices. This question is handled in this section with a distinction in
two terms: consequences for the study itself (short term) and for the process after the study (long
term). 

Consequences of the selection of scale for the study

A consequence of this selection of scale is that the deepening of the navigation channel was placed
prominently on the agenda. That was exactly the intention because the deepening was one of the
most important reasons to start this study. Another consequence is that other issues became less
important or were not taken into account at all (for example water quality). The Dutch however
did succeed to make ecology a joint issue on the agenda beside the deepening issue. 
The selection for this spatial scale can be seen as rather solution oriented because it makes the
space for other solutions than deepening extremely limited. If only the port Zeebrugge was
incorporated in the study many more options would have been present. Additional policy options
for accessibility by enlarging the boundaries would be possible. Examples of these options
mentioned in the study “Analysis of exogenous factors” (Resource Analysis, 2000) are the
improvement of the existing channel connection between Zeebrugge and Antwerp (Pas van ’t Zand)
and the construction of a new channel between Zeebrugge and the Channel Gent-Terneuzen. These
solutions would lead to less shipment in the Mouth of the Scheldt. These options did not appear in
the report of the Long-Term Vision study. The choice not to include the port of Zeebrugge clarifies
that one of the constraints set beforehand is the development of the Port of Antwerp. It is however
clear from the analysis of exogenous factors that the analysts wanted to clarify the context of the
study and the limitations. Another important consequence of this selection of scale is that the
deepening of the navigation channel was placed prominently on the agenda.

Consequences for the outcome: aftermath 

This selection of scale led to a limitation of possibilities for internal issue trade-offs. At a larger scale
more possibilities for issue trade-offs within the project would have been present (for example
water quality and deepening). Nevertheless issue trade-offs took place, but this time outside the
project. In interviews it became clear that Flanders wishes a further deepening of the Scheldt to
take place, but wants to take into account the opinions of the Dutch in this matter. The Flemish
people state clearly that Flanders accepted the track of the High Speed Train (HST) to please the
Dutch wishes. They feel that the current track was not needed at all in Belgium. The Flemish
conclude that there should be a balance in giving and taking between the different dossiers (HST
and deepening the Scheldt) (Leemhuis-Stout, 2001). 
If the Dutch would have had a larger interest at stake in this study they would have had more
interest in the progress of the project. Although these “package deals” exist outside the project this
is not stimulating the Dutch to take action inside this project. The Dutch national government does
not have an interest in the deepening issue that is on the agenda, they only have an interest in the
flooding issue and in maintaining a good relationship with the Flemish government. The flooding
risks might become larger in case of deepening so that is another reason for the Dutch not to be in
favour of the deepening. By limiting the study to the deepening issue the Dutch do not have a high
priority in the progress of the project. If package deals would have been available within this
project then the Dutch might have had more interest in the progress of this project.
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Objectives revisited

Scale choices can be made from many perspectives but will often be made in a pragmatic way. In
this study many different objectives can be recognised which complicated the making of scale
choices. For example the choice to limit the spatial boundaries to the estuary was beneficial to
quite a number of objectives (consensus building, agendising, managerial) but in some way
harmful to the analytic objective, because good alternative solutions fell outside the scope of the
study. Apparently the importance of the other objectives outweighed the importance of the analytic
objective in this study. The question can be raised whether this pragmatic approach will bring us to
a sustainable solution which is one of the aims of integrated water management. From a
managerial objective this project was very successful. The study was finished in time and within
budget. From a mediation objective the project was considered to be successful. After the project
there have been some accusations from the Flemish government that the Dutch are trying to delay
the study but in general the feeling exists the study has brought the different parties closer together.
The choice for a high level of aggregation was beneficial to the consensus building in the short term
but can also be regarded as shelving in the long term because the difficult details will have to be
worked out later. From a strategic objective it is more complicated to commend on the results. In
the beginning it appeared that the Flemish were very successful in agendising their issue of the
deepening. By excluding Zeebrugge from the study no alternatives were possible besides
deepening. Further they made sure that the study would be finished rather quickly (speeding
because they had an interest at stake). The Dutch would have had a benefit from a larger selection
of scale because then also other policy options would have been feasible, in this way the ecological
value of the Scheldt estuary could be preserved. After the project was finished the Dutch did not
have a large interest at stake in the progress of the project. A lot of new research was initiated
which from a Flemish perspective could be considered to be shelving. 

DISCUSSION

Policy support studies can have many different objectives, which may or may not be present at the
same time. According to these different objectives different scale choices have to be made that can
be conflicting. It is important to recognise the dilemmas related to scale choices in the design of
policy support studies and to deal with these dilemmas in a conscious way. Also it must be realised
that scale choices are often made in a pragmatic and political way. Objectives have to be prioritised
and the scale choices have to be made in line with the most important objective(s). The objectives
of a study may shift during the study, but the dilemmas will remain the same. The weighing of the
dilemmas and the considerations that play a role may lead to different scale choices.  
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To manage and protect the Wadden Sea, trilateral cooperation on government level is 
indispensable. The common Wadden Sea Plan fulfils that requirement. Part of the plan is the Trilateral
Monitoring and Assessment Program (TMAP). This paper focuses on the effort needed to find common
guidelines to monitor one of the parameters in the common package of TMAP, the salt marshes, and in
particular the vegetation. Based on the methodology of the Dutch monitoring program (VEGWAD) a new
legend was agreed by the experts of the three contributing countries Denmark, Germany and the
Netherlands. 32 vegetation types are identified, that can be aggregated into 7 salt marsh-morphological
zones. The proposed method can be easily executed by the different institutions commissioned to carry
out the monitoring. The vegetation types are practical to be used for future monitoring, while the zone
system can be used to harmonize existing data from previous years.

INTRODUCTION

The Wadden Sea is the largest European wetland area and its tidal flats form the largest unbroken
stretch of intertidal flats worldwide. From the 1970s on environmental scientists have stated that
the ecosystem of the Wadden Sea is, from an ecological point of view, one system. This implies,
that management issues too should be considered regardless of the national borders of Denmark,
the Federal Republic of Germany and the Netherlands. The Wadden Sea (or parts of it) have been
designated as ‘Wetlands of International Importance’ (so called Ramsar Areas), appointed as 
important areas in the European Bird and the European Habitat Directive and as ‘Man and
Biosphere Reserves’ (MAB). This urged politicians of the three countries to start trilateral 
cooperation in the protection and the management of the area.
A first Governmental Wadden Sea Conference was organized in 1978 in The Hague and repeated
every three year, hosted in turn by the three countries. The most recent one was held in 2001, in
Esbjerg. At the governmental level, the ministers for nature conservation and the environment of
the participating countries attend the conferences. On the 1982 conference in the German town of
Stade, a landmark was reached with the “Joint Declaration on the Protection of the Wadden Sea”
(Citation, 1982). 

The most important issues the parties agreed upon in this declaration are: 
• “to consult each other in order to coordinate their activities and measures to implement the

above mentioned legal instruments with regard to the comprehensive protection of the Wadden
Sea region as a whole including its fauna (marine, terrestrial and avian) and flora with special
emphasis on
- resting and breeding areas for seals,
- areas being important as resting, feeding, breeding, or moulting grounds for waterfowl, both in
themselves and in their interdependencies;”

• “to this end to intensify and broaden the contacts between their responsible administrations. The
results of these consultations will be examined and, as appropriate, decided upon at Dutch-
German-Danish meetings on governmental level about the Wadden Sea.”

In 1997 the ministers took the most important step thus far: the signing of a joined Wadden Sea
Plan. This was the start of the implementation of the cooperation on the protection and
management of the international Wadden Sea (8th Wadden Sea Conference, 1997). This plan is the 
framework for the present paper. 
The highest decision making body is the trilateral governmental conference (figure 1). This body is
advised by the trilateral working group (TWG), the permanent coordinating body. This working
group directs three other groups: one for the implementation of actual projects, developed within
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the plan, one group for the implementation of the seal management program, and the last group,
TMAG, is responsible for the implementation of the monitoring of many different parameters or
indicators in the Wadden Sea. The trilateral monitoring and assessment program (TMAP) aims at
(TMAG, 1997):
• Providing a scientific assessment of the status and development of the Wadden Sea ecosystem 
• Assessment of the status of implementation of the trilateral Targets of the Wadden Sea Plan. 

The TMAG coordinates the TMAP and directs a number of expert groups, focusing on each of the
parameters. The common package of TMAP (table 1) includes three parts: 
• The monitoring of various physical, chemical, biological, human exploitation, habitat and general
parameters
• Data storage and handling, by three different data handling units in the Netherlands, Germany
and Denmark
• Periodic assessment, reported in Quality Status reports and thematic reports 

In this paper we will focus on one specific expert group: the one concerning the monitoring and
assessment of the salt marshes. Salt marshes are typical Wadden Sea habitats, of great importance
for many unique animal and plant species. At the same time salt marshes are landscapes of great
beauty, diversity and attractiveness to visitors of the Wadden Sea area. 

The salt-marsh habitat type includes all mainland and island salt marshes, including the pioneer
zone. The brackish marshes in the estuaries are also considered part of this habitat type. By their
genesis, the salt marshes can be divided into three types:
• Natural developed salt marshes feature geomorphologic conditions that are not affected by

humans. They show a natural drainage system with meandering creeks and levees with higher
elevation than the adjacent depressions. Natural landscapes occur in sandy back-barrier 
conditions or in parts of former Wadden Sea bays along the coast. In the course of time a 
formation of salt marsh cliffs is possible. 

• Artificial salt marshes are affected in their geomorphologic conditions either by artificial drainage
and/or by measures to enhance cattle grazing or cutting and which have developed through
active human interference, such as shelter, by means of brush wood groynes. They are mainly
situated in places along the mainland coast where natural developments would not have led to
salt-marsh formation. 
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• Summer polders: these are embanked parts of the salt marshes with summer dikes that are high
enough to prevent flooding during the growing season. The frequency of inundation varies
between only once per 2 or 3 years to several times per year, depending on the height of the
summer dikes. Remains of natural gullies and salt marsh cliffs can sometimes be found. When
inundation takes place during winter, the influence of the seawater on the vegetation is often
negligible. The soil is saturated with fresh water and the seawater is drained off very rapidly
within a few days after flooding. 

On account of the salt marshes, the trilateral targets for the international Wadden Sea include:
• An increased area of natural salt marshes
• An increased natural geomorphology and dynamics, including natural drainage patterns of

artificial salt marshes, under the condition that the present area is not reduced
• An improved natural vegetation structure of artificial salt marshes, including the pioneer zone
• Favourable conditions for migrating and breeding birds

The three indicators for monitoring of salt marshes relevant for conservation and management are: 
• Grazing (ungrazed marshes show a natural succession (aging), whereas grazed marshes show a

management based vegetation, not reflecting the geomorphologic conditions of the habitat)
• Drainage (natural or artificial)
• Vegetation (assessment of the quality and quantity of the vegetation is an adequate indicator for

the overall condition of the salt marsh)

In the present paper we will zoom in on how common guidelines for the monitoring of the salt
marshes were agreed upon in annual workshops by salt-marsh experts from Denmark, the
Netherlands and the German federal states of Schleswig-Holstein and Lower Saxony.

METHODS

Salt-marsh workshops were held in Haren, the Netherlands in 1999, on the island of Mandø in
Denmark in 2002 and on the German islands of Spiekeroog and Neuwerk in 2003. In 2003
agreement was reached on classification of land use (classes: intensive grazing and/or cutting,
extensive grazing, and no land use) and of drainage systems (classes: no artificial drainage, regular
ongoing artificial drainage measures and no artificial drainage on a regular basis in the last 10
years). The search for a harmonized vegetation monitoring method that suited the capacities and
the capabilities of the organizations committed to carry out the actual monitoring work, started in
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Table 1: COMMON PACKAGE OF TMAP PARAMETERS 

 

Chemical Parameters  
•Nutrients 

•Metals in sediment 

•Contaminants in Blue 

Mussels, Flounders and 

birds eggs 

 

Habitat Parameters 

•Blue Mussel beds 

•Beaches and Dunes 

•Salt marshes 

 

 

Biological parameters 

•Phytoplankton  

•Macro algae  

•Eelgrass  

•Macrozoobenthos  

•Breeding birds  

•Migratory birds  

•Beached Birds Survey  

•Common Seals  

 

 

 

Human use Parameters 

•Fishery  

•Recreational activities  

•Agriculture  

•Coastal protection  

 

General Parameters  

•Geomorphology  

•Flooding  

•Land use  

•Weather conditions  

•Hydrology 

 

DATA HANDLING 

Data Unit The Netherlands Data Units Niedersachsen and  

Schleswig-Holstein/Hamburg 

 

Data Unit Denmark 

ASSESSMENT 

Thematic Reports, Quality Status Reports (QSR) 

 

Table 1: Common Package of TMAP Parameters



the Netherlands, because here from the 1980s on a program, called VEGWAD, is running to
monitor the salt marshes on the Dutch part of the Wadden Sea and those in the estuaries of Rhine
and Meuse in the South-West of the country. 

The VEGWAD method can be subdivided into the following steps (Janssen, 2001):
1 Aerial photographs:

In the first summer false colour aerial photographs are taken with a 60 % overlap, scale 1:5000,
or 1:10000 for large areas

2 Preliminary interpretation:
By stereoscopic interpretation of the colour slides polygons with uniform colour, texture,
horizontal and vertical structure are mapped on transparencies. In case of a repeated mapping
the so-called “previous border method” is used (only the truly changed borders are indicated on
the transparency, as well as the borders that have disappeared. This method reduces the
interpreter-related inaccuracies to a minimum (Janssen and van Gennip, 2000)).

3 Digitising:
The lines are then digitised by scanning and vectorizing and geo-referenced by affined
transformation. Next, topology is built, making it a GIS dataset. 

4 Field survey:
In the next summer a ground truth field survey is made to assess on the composition of the
vegetation mapped, by means of vegetation relevés in the different photo-elements of similar
colour, texture and structure (min. 5 per element). In an alternative method additional field
information is sampled by making vegetation description of each polygon in the preliminary
map. This way the fieldwork will be more elaborate, but the final interpretation phase (7) will
take less time 

5 Classification:
The relevés are imported to the SALT97 classification program (de Jong et al., 1998) that
classifies the relevés into standardized vegetation types of the Dutch salt marshes

6 Final interpretation: 
Coupling the ground truth (the standardized SALT97 vegetation type) to the polygons by adding
attributes for each vegetation type to the attribute table, filled with an estimate of the percentage
of cover of the type in the polygon. This is necessary because the scale of the photograph and
the width of the pencil of the interpreter restrict the smallest polygon that can be mapped. In
case of 1:5000 photographs this will be 10x10 m. Therefore, a polygon will often not be
homogeneous. More detailed patterns are described as vegetation complexes and can be
described by estimating the percentage of cover of the contributing vegetation types.

7 Map:
The final product is a digital map that can be presented both analogous and digitally.

This workflow has been the starting point in finding a common guideline in monitoring the
vegetation of the salt marshes in the entire Wadden Sea. However, until recently, the common
practice in the different organizations occupied with the monitoring in Germany and Denmark
shows a lot of differences in objectives, priorities and budgets (table 2. It shows that in the
Netherlands, monitoring projects are the responsibility of a national governmental service, Public
Works and Water Management (Rijkswaterstaat). In Germany it is carried out by the three National
Parks Agencies covering the larger part of the German Wadden Sea, and financed by state
authorities of Schleswig-Holstein, Hamburg and Lower Saxony. In Denmark the National
Environmental Research Institute (NERI) has been assigned the implementation of the monitoring
program, but the actual work has been delegated to the biologists working at the county
administrations of Ribe and South Jutland. 
Methods are even more variable. The Danish have until now mapped their part of the Wadden Sea
to fulfil the demands of the European Bird Directive. The approach of the Germans in Schleswig-
Holstein and Hamburg differs from their colleges in Lower Saxony: the latter mapped biotope
types, while the first have an approach comparable to the Dutch, mapping vegetation types. In
Schleswig-Holstein monitoring biologists do describe vegetation complexes, but only in a
qualitative way, not in the quantitative way as described in the Dutch VEGWAD method. 

With the VEGWAD method in mind, a guideline had to be found, that could only be feasible if the
following conditions were met:
• Since there are no resources allocated specifically for the TMAP monitoring work in either of the

countries, financing is often a problem, since national and local authorities in charge have lots of
other priorities. Therefore, the monitoring actions have to fit in with the ongoing workflow of
regional and national biological research and monitoring programs. 
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• The experience and skills of the staff at the institutions for monitoring puts limits to the
techniques used in the monitoring program. 

• The number of staff at the institutions is a limit. Especially the field survey is very time
consuming in such a large area as the Wadden Sea. 

• Since the guidelines are composed for future monitoring, and the upcoming status report must be
based on data at hand over the last five years, the most important requirement is that the legend
agreed upon is applicable not only to the new data, but also to the rather varying already
existing data of the five parties. 

RESULTS AND DISCUSSION 

The initial common guideline for salt-marsh vegetation monitoring was: 
• In general, survey frequency 5 – 6 years (lower frequency possible in some regions)
• Mapping scale 1:5.000 or 1:10.000
• Surveys should be tuned between countries as far as possible
• Interpretation of aerial photographs and fieldwork should be documented

Vegetation monitoring serves the purposes: 
1 To get basic information about changes in salt-marsh development due to changes in sea-level

rise, coastal protection and agricultural exploitation (land use)
2 To assess the progress made in implementation of the trilateral targets. 

In the workshop on Neuwerk in October 2003, chaired by J.P. Bakker of the University of
Groningen, the salt-marsh experts present agreed on a harmonized typology that consists of 32
different vegetation types, each characterized by dominant plant species, that in turn can be
aggregated into seven morphologic zones (table 3). The zone system should be used for conversion
and harmonization of all the existing vegetation data of the different countries, while the
vegetation typology should be applied to future salt-marsh monitoring in the entire Wadden Sea.
An important advantage of the agreed typology is that the vegetation types listed in table 3 have a
reference not only to the Salt97 classification (de Jong et al, 1998), but also to the Dutch
handbook on plant communities (Schaminée et al., 1998), giving it a sound scientific base. The
descriptions of the vegetation associations and sub-associations (synoptic tables) in the handbook
are based on statistics of thousands of relevés. In case of vegetation complexes, only one zone will
be assigned to the map object. By sequential mapping of the vegetation in the entire Wadden Sea
area a good and sound foundation for the assessment of the quality of the habitat and its
vegetation can be given.
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g
Country Organizations Present monitoring activities Method 

Denmark NERI Focus on Habitat Directive Data 
compilation 

 Ribe Amt Location and size, vegetation structure, 
grazing, drainage  

Aerial survey 

 Sønderjyllands Amt   
Germany    
Schleswig-

Holstein 

Landesamt für den Nationalpark 
Schleswig-Holsteinisches Wattenmeer 
Amt für ländliche Räume 

Vegetation types, qualitative 
complexes, 
permanent plots, drainage 

Aerial survey 

Nieder-

Sachsen 

Nationalparkverwaltung 
Niedersächsisches Wattenmeer 

Biotope types Aerial survey 

 Nieders. Landesamt für Ökologie Vegetation types Aerial survey 
Hamburg Nationalparkverwaltung Hamburg Vegetation types Aerial survey 
Netherlands Rijkswaterstaat (RIKZ and AGI) Vegetation types, quantified 

complexes, typology: Salt 97 
Aerial survey 

 Alterra Grazing , drainage, sedimentation  
 University of Groningen Various research projects, permanent 

plots, vegetation mapping 
 

Table 2: Salt-marsh monitoring until 2003
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Table 3: TMAP salt-marsh typology 

TMAP-Code     Name

0 Salt marsh, unspecific

1 Pioneer salt marsh 

1.0 Pioneer salt marsh, unspecific 
1.1 Spartina anglica type
1.2 Salicornia spp. / Suaeda maritima type

2 Low Marsh 

2.0 Low Marsh, unspecific
2.1 Puccinellia maritima type
2.2 Limonium vulgare / Puccinellia maritima type
2.3 Aster tripolium / Puccinellia maritima type
2.4 Atriplex portulacoides / Puccinellia maritima type

3 High marsh

3.0 High Marsh, unspecific
3.1 Limonium vulgare / Juncus gerardi type
3.2 Juncus gerardi / Glaux maritima type
3.3 Festuca rubra type
3.4 Atriplex portulacoides / Artemisia maritima type
3.5 Artemisia maritima / Festuca rubra type
3.6 Juncus maritimus / Festuca rubra / Juncus gerardi type
3.7 Elymus athericus type
3.8 Carex extensa type
3.9 Atriplex prostrata / Atriplex littoralis type
3.10 Agrostis stolonifera / Trifolium fragiferum type
3.11 Plantago coronopus / Centaurium littorale type
3.12 Ononis spinosa / Carex distans type
3.13 Elymus repens type

4 Sandy, green beach 

4.0 Sandy, green Beach, unspecific
4.1 Elymus farctus type 

5 Brackish marsh

5.0 Brackish marsh, unspecific
5.1 Bolboschoenus + Schoenoplectus type
5.2 Phragmites australis type
5.3 Brackish flooded grasslands type
5.4 Juncus maritimus / Oenanthe lachenalii type

6 Fresh (anthropogenic) grassland

6.0 Fresh (anthropogenic) vegetation, unspecific



CONCLUSIONS

The vegetation on salt marshes continuously changes as a result of natural succession and aging,
changes in drainage and sedimentation, and in land use such as abandoning, grazing, cutting. The
changes will occur at various time scales. Changes in geomorphology such as levees/depressions
and meandering creeks will take at least decades. Some changes in the vegetation, however, can
occur in a relatively short period of time, i.e. within a few years, often caused by changes in
management. Speed of change may be variable: once a threshold has surpassed after for instance
20 years, rapid changes have been recorded. 
The long-term changes will affect both the total area of the habitats and the area of the different
zones. Only annual recording of permanent plots can monitor short-term changes and year-to-year
variation within the different vegetation types, as well as and abiotic conditions. Therefore, in
addition to the vegetation monitoring based on aerial photographs, there is a need for long-term
small-scale studies at selected salt-marsh sites, to document the effects of management practices
(e.g. cessation of grazing, revitalization of salt marshes, de-embankments), natural succession,
aging, coastal protection and sea-level rise (sedimentation processes). 
Numerous experiments of this kind are running covering the whole Wadden Sea area. An inventory
will be published in the next Quality Status Report (Bakker et al., in prep.) as well as an assessment
of the effects of the short-term processes: natural development, aging, agricultural use/management
and sea-level rise/coastal protection. The next Quality Status Report will be an update of the 1999
Quality Status Report. (van Duin et al., 1999), and will present harmonized recent vegetation
mapping data of the salt marshes of the entire Wadden Sea area, aggregated in tables and maps,
and serve as input for the long-term effect assessment of area development, vegetation
development, effects of grazing and cutting practices and drainage. Evaluation of targets set can
only be carried out once a sound monitoring programme has been established.
Hopefully, this great trilateral effort may help to formulate a sound trilateral policy to protect the
Wadden Sea by the three governments of Denmark, Germany and the Netherlands. 
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HARMONI-CA: HARMONISED MODELLING TOOLS FOR INTEGRATED
RIVER BASIN MANAGEMENT (AND THE IMPLEMENTATION OF THE WFD)

G.E. Arnold

Institute for Inland Water Management and Waster Water Treatment / RIZA, P.O. Box 17, 8200 AA
Lelystad, The Netherlands

The Water Framework Directive (WFD) provides a European policy basis for water management and the
elaboration of policies for river basins. It prescribes the development of river basin management plans
focusing on clearly defined objectives. The preparation of such plans is a difficult and complex task, since
it involves various types of integration and collaboration:
• The integration of different physical domains in water management such as hydraulics and ecology;
• The integration of socio-economics and physics such as economic water demand and water availability;
• Collaboration with various stakeholders, policy development and the public, etc.
Furthermore, the variety in physical properties, socio-economics, management etc. throughout Europe
results that each basin has its own unique characteristics and makes the development of basin 
management plans all but straightforward.
Due to these factors an increasing need is felt for guided use and methodologies of harmonized high 
quality computer based tools, so-called ICT-tools, supporting the design or river basin management plans
and implementation of the WFD. Current water management systems often lack possibilities for integrated
sensitivity and uncertainty analysis, an important necessity when comparing scenarios for management
strategies and identifying factors leading to the success or failure of alternative policy measures. The 
consequence is that an integrative water management, focused on whole river basins and considering 
simultaneously all water users and natural, socio-economic and legal-political conditions in such basins, is
not common and consistent throughout the EU.

The large- scale concerted action ‘Harmoni-CA’ has the objective to create a forum for unambiguous
communication, information exchange and harmonization of the use and development of ICT-tools
relevant to integrated river basin management and the implementation of the WFD.
Harmoni-CA is a concerted action, meaning the project’s innovation is based on reviewing, elaborating
and synthesizing available knowledge, resulting in new insights, achieving a common understanding of
problems, methods and solutions. Though much of the work involves ICT-tools, Harmoni-CA is not about
ICT-tools as such. Harmoni-CA deals with harmonization and guidance on proper development and the
use of ICT-tools in the light of effective and efficient development of integrated river basin management
plans and the implementation of the WFD.   

INTRODUCTION

Harmoni-CA is a concerted action supported in the 5th framework of the European research 
activities in the field of water (Water Key Action, Environment and Sustainable Development
Programme). The objective of Harmoni-CA is to create a forum for communication, information
exchange and harmonizing the use and development of Information, Communication and
Technology (ICT)-tools relevant to Integrated River Basin Management Plans (IRBMP’s), and the
implementation of the European Water Framework Directive (WFD).
In order to support the implementation of the WFD, the European Commission has established a
cluster on Integrated Catchment Water Modelling (CatchMod) (figure 1). The objective of this 
cluster is the development of common harmonized modeling tools and methodologies for the 
integrated management of water at river basin or sub-basin scales, including the interface to the
coastal zone.
This requires a close cooperation and synergy between different ongoing EC projects funded under
the Key Action “Sustainable Management and Quality of Water” that addresses comparable and
complementary issues and research questions.
The primary aim of the CatchMod cluster is to enhance the complementariness and synergy
between the above mentioned projects, to avoid unnecessary overlaps in project activities and 
to help the co-ordination and dissemination of research results. The secondary aim is to provide
support to EU policy in the area of developing strategies facilitating the implementation of the
Water Framework Directive in the field of basin management plans.
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The specific clustering activities (identification of complementarities and potential overlaps, 
common workshops and dissemination activities, etc.) will be discussed in the context of the
Harmoni-CA concerted action.
As indicated in figure 1, CatchMod is not a closed cluster. The CatchMod projects are very aware
that many other projects are ongoing, that can provide valuable information to the cluster, but it
may also profit from it. Therefore CatchMod is an open cluster, of which the core projects have
contractual obligations to clustering. However, involvement from other projects is highly
appreciated.  

TASKS, OBJECTIVES AND ORGANIZATION OF HARMONI-CA

The organization of Harmoni-CA has been structured around six identified specific tasks. So,
Harmoni-CA consists of six work packages (WP’s) (figure 2).
The objective of task 1 (WP1) “Establishing a communication forum and Harmoni-CA
management” is to set up an open and “demand driven” communication forum with respect to
European harmonized ICT-tools and related know-how within the scope of the Water Framework
Directive (WFD). This task also includes the organization of conferences and workshops. Emphasis
will lay on a “demand driven” structure with inputs from -, and outputs to - all different
stakeholders (political decision-makers, end users, and scientific community related to integrated
basin management and the implementation of the WFD). In the final stage this European forum
should develop towards a fully recognized, professional and open ‘communication’ gateway
between all different actors in the field of ICT-tools for integrated water management. 
Work package 2 “Toolbox” has the objective to provide easy and guided access to approved
(benchmarked) ICT-tools necessary for the development of River Basin Management Plans. 
The result will be an open, flexible, “scientific sound” toolbox for present and future integrated,
harmonized ICT-tools. Easy access is not limited to technical access to resources, but it also includes
access to training material, demo’s of case studies, protocols dealing with conditions for utilization,
rights of ownership, intellectual property rights and finance. Access to tools will be provided
through a website that contains (references to) ICT-tools, benchmarking reports, and a tools 
selection tool, which guides the user to the tools based on the issue at hand, the characteristics of
the river basin, the data availability etc. 
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The third activity “General Methodology and Guidance Documents” (WP3) delivers science based
guidance documents for the harmonized application of this methodology and available ICT-tools, 
at all relevant spatial scales in Europe (and beyond). This task will serve the development of a 
harmonized methodology for integrated river basin water management along the lines of the Water
Framework Directive (WFD) under different circumstances across Europe with the involvement of
stakeholders and other interest groups, to achieve further harmonization of the mostly fragmented
approaches.
The task of WP 4 “Joint use of monitoring and modeling” aims at to help bridging the gap between
the monitoring community and the modeling community. Emphasis is put on the need for data
(both quantity and quality) for modeling in relation to the WFD and its availability and
accessibility. Also, data uncertainty and the applicability of data assimilation techniques will be
assessed. 
In this way a better use of standard datasets from river basins for WFD related research studies 
will be facilitated. Finally, guidelines for good practice in combining monitoring and modeling will
be prepared.
The activity  “Integrated Assessment and the science-policy interface” (WP5) aims to develop and
strengthen the science-policy interface across sectors and spatial boundaries to establish a dialogue
on the requirements for modeling tools and participatory approaches to implement the WFD. 
This task will give an account of the state of the art in the presentation of the human dimension in
catchment modeling and river basin management planning as well as in combining stakeholder 
and public participation and modeling/formal approaches in river basin management. Links with
established expertise in the field of Integrated Assessment will be provided in order to support 
the establishment of a peer review research community in the field of integrated water resources
management.
Finally, work package 6 “Co-ordination of ongoing & future RTD-activities” increases the output
and benefit of ongoing research. It speeds-up the re-use of developed products, avoids large 
overlaps between projects and reduces the change of duplicating activities. This will be achieved 
by applying a variety of activities leading to a closer coordinating and synchronizing of ongoing
and planned research. This task will consider ongoing and future projects dealing with issues 
relevant to the implementation of the WFD.
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A final (long-term) objective of Harmoni-CA (activity of WP1) is the formulation of a set of 
specifications for the continuation and extension of the communication forum. A necessity of the
Harmoni-CA forum is that the forum for unambiguous communication, information exchange and
harmonization of the use and development of ICT-tools does not perish with the end date of this
concerted action.      

METHODS / METHODOLOGY

As described in the introduction, Harmoni-CA is a concerted action. That means the project’s 
innovation is based on reviewing, elaborating and synthesizing available knowledge, resulting 
in new insights, achieving a common understanding of problems, methods and solutions.  
The communication, information exchange and harmonization is geared towards the development
of a widely accepted, flexible, harmonized modeling toolbox, including ICT-tools, guidance and
methodologies, which can be applied by the various stakeholders in river basins. Harmoni-CA will
deliver a framework for harmonizing ICT-tools and guidelines for integrated river basin
management. Harmoni-CA’s strategy is first of all based on the fact that much expertise relevant to
the objectives of Harmoni-CA is already available or will be developed in ongoing projects. To
achieve the main objectives this expertise needs to be elaborated and harmonized. However, this
harmonization is not straightforward and it is essential that it will be broadly supported. As a result
much emphasis is placed on unambiguous communication and stimulating the scientific and policy
worlds to be involved and contribute to Harmoni-CA.  

Though in- and external communication is mainly focused in WP1, all work packages have a
responsibility in getting the stakeholders involved in the harmonization activities within their work
packages. To achieve the broad participation and the involvement of the scientific and policy
worlds, users and other stakeholders in integrated basin management, a variety of methods are
applied. Methods that will be applied are workshops, forums and conferences, newsletters, web-
publishing and web-based discussion forums. The communication within the Harmoni-CA project
will be arranged with the aid of a website. A sophisticated information exchange and discussion
facility will be provided via the Internet. Harmoni-CA will provide this facility for communication
within the project, but related RTD-projects will use the same tool and will stimulate to feed their
communication. Mutual use of the same tools and information resources will improve the 
effectiveness and synergy of the set of projects. Involvement will be stimulated by this information
system, not at least since it will be continuously updated and amongst others also include clear
information on case studies, (references to) tools and training material.
Furthermore, involvement is stimulated through the organizations throughout Europe that are
already involved in the elaboration of this proposal. These organizations bring together a large
amount of expertise on the various issues in integrated river basin planning and the use of ICT-
tools. Many organizations are actively participating in networks of relevant (thematic) organizations
and as such advance involvement of additional organizations.

For a successful implementation of this communication platform a Communication Service Center
will be set up that will serve as a pivot point. Figure 3 gives an overview of the functioning of 
the Communication Service Center within the field of related activities. This center is not only for
internal communication purposes, but will also act as an ‘external demand driven’ structure, 
sensitive and open to all relevant actors in the field of Integrated Basin Water Management. In
order to achieve an external driven and user-oriented momentum, the communication service 
center will be fully supported through three interacting branches. These branches consist of (a) an
offer and demand assessment group, (b) an on-line information system and (c) a training and staff
assessment activity (see figure 3). Through these branches a demand driven environment will be
generated.  
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RESULTS AND DISCUSSION

During the first year of the project Harmoni-CA a lot of effort has been taken into the internal
organization of Harmoni-CA and to start the contacts with the different projects in the CatchMod
cluster. A second step was to link the activities of Harmoni-CA and CatchMod to the activities of the
Water Framework Directive working groups. 
After several contacts with the project leaders of the CathMod cluster and presentations of
Harmoni-CA in the different meetings of the CatchMod projects, a first workshops meeting was
held with the aim to improve collaboration on a specialist level. The main objectives of these 
workshops were to create informal networks of specialists, to discuss technical issues, relevant to
many projects both within and beyond the CatchMod cluster, to exchange products and 
information, to make arrangements for future co-operation and finally, to demonstrate and 
test (intermediate) products.

Conclusions of these workshops are:
• There is a need for collaboration to meet the demands of the WFD;
• The most important position of models and tools to support implementing the WFD is in the

phase “Development of River Basin Management Plans and the Programs of Measures”;
• The research community should put more effort in adopting the terminology used in the Water

Framework Directive, such that a better understanding back and forth is established;
• There is a need for guidance on the model and tools support when developing Integrated River

Basin Plans and select appropriate programmes of measures. This guidance’s should facilitate
proper use of models at different stages in the WFD planning process (figure 4);

• There is a need for a modular approach to models and tools, such that local needs can be met;
• Much research is going on in the EU on catchment modeling. Linkages between ongoing work,

past projects, the Citynet and the ARID cluster should be established.
As described before, an important task of Harmoni-CA is to create a forum for communication,
information exchange and harmonization of the use and development of ICT-tools that are relevant
to integrated river basin management and the implementation of the WFD. For the period
2003/2004 a new organizational structure of the working groups under the WFD Common
Implementation Strategy (CIS) has been drafted (see figure 5) and for each working group the new
activities have been defined. 
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Since March 2003 Harmoni-CA approached the different working groups for further co-operation.
Although all the working groups are relevant for the activities of Harmoni-CA, it was decided to
focus the activities firstly on Working Group 2B: “Integrated River Basin Management”. The reasons
for this preference were mainly caused by the time schedule and the objectives and activities of this
working group.        

The three main objectives of Working Group 2B are:
• To define gaps and to ensure coherence between guidance documents;
• To define possible sets of methodologies to assist the development of River Basin Management

Plans (RPBM) and the Program of Measures (PM);
• To share experience and build capacity (to elaborate and disseminate training technical products

as well as to provide new inputs in unexplored fields, for example environmental costs and 
pricing).

Especially, two of the five key activities defined in the Working Group 2B working program are of
particular interest, namely: ‘integrated Pilot River basin Testing’ and ‘define methodologies for the
development of RBMP and PM’. For these activities in particular Harmoni-CA offers its support and
assistance.
Apart from co-operation with the international working groups, Harmoni-CA aims at getting direct
contact with national groups, amongst others groups that are discussing model and tool needs. 
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In February 2004 the first Harmoni-CA Forum and Conference will be organized. The aim of the
Conference is to provide a forum for discussing reality and expectations in respect to available
knowledge and tools on integrated River Basin Management Plans (RBMP) for efficient
implementation of the Water framework Directive. Policy makers, operational managers,
technology providers and methodology providers are invited to exchange opinions in order to
improve the conditions for efficient practical of existing methodologies, tools to clarify the needs
for further development.   
This first Conference will serve both short-term aspects (until 2004), goals for the intermediate term
(2004-2006) and for the long-term (2006 and later). These three periods are important for the
implementation of the WFD. An important objective of the Conference is to bring researchers and
people responsible for the implementation of the WFD together and to organize open discussions
focused on relevant subjects. The result of the Conference will be an action list on matchmaking
demands and offers, including a timeframe.  

RECOMMENDATIONS

DG-Research considers this concerted action Harmoni-CA, being in the center of CatchMod projects,
as a pilot for the new organizational structures to be used in the 6th Framework Program (FP6).
During the first Harmoni-CA & CatchMod workshops organized in 2003 it proved that:
• There is a real need for collaboration to meet the demands of the WFD; 
• The most important position of models and tools to support implementing the WFD is in the

phase “Development of River Basin Management Plans (RBMP) and Programs of Measures
(PoM)”; 

• There is a need for guidance on the model and tools support when developing RBMP’s and
selecting appropriate PoM’s. These guidance’s should facilitate proper use of models at different
stages in the WFD;  

• The research community should put more effort in adopting the terminology used in the WFD,
such that a better understanding is established;

• There is a need for a modular approach to models and tools, such that local needs can be met;
• Much research is going on in the EU on catchment modeling. Linkages between ongoing work,

past projects, the Citynet and the ARID cluster should be established.

REFERENCES

Lange, W.J. de, et al. (2002)
Description of Work of HarmoniCA (Harmonised Modelling Tools for Integrated Basin
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Harmoni-CA website: www.harmoni-ca.info (for further information)
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DEVELOPING TRANSBOUNDARY MONITORING STRATEGY FOR THE BUG
RIVER (ACHIEVEMENTS UNDER THE UNECE BUG PILOT PROJECT)

Malgorzata Landsberg-Uczciwek1 and Teresa Zan2.

1 Voivodeship Inspectorate of Environmental Protection in Szczecin, Poland.
2 Regional Water Management Board in Warsaw, Inspectorate in Lublin, Poland 

The Bug Pilot Project on the implementation of the UNECE Guidelines on Monitoring and Assessment of
Transboundary Rivers is completed. The project was initiated in 1997 and its final stage was closed by
Report No. 3: Recommendation for Improvement of the Monitoring and Assessment in the Bug River
Basin. The article includes the assessment of the project in the aspect of meeting the set objectives. The
initiation of trilateral co-operation, the immensity of jointly collected and processed information necessary
for river basin management, acceptation of EU standards and practical co-operation are the four most
positive aspects of the Project.
Not all objectives have been fully met. Among the reasons for this the following should be listed: lack of
adequate agreements between the countries executing the project, different time of project initiation and
execution in particular countries, due mainly to the unavailability of financial backup.

INTRODUCTION

General characteristic of the Bug Basin

The Bug River basin is situated in the north-west part of Ukraine, south-western Belarus and the
central-eastern part of Poland and is within the Baltic Sea catchment area (Map 1). The total area

of the Bug basin is 39.4 thousand sq. km, which is
19.3% of the Vistula River basin.
The area of the Bug River basin is covered by three
riparian countries belonging to different political and
economic systems. 
Poland is undergoing the process of the accession to the
European Union with expected date of accession set at 1
June 2004, Ukraine adapts its legislation to the law of
European Council, while Belarus uses a separate
legislative system. 
The area of the basin belongs to different administrative
regions in each country, two in Ukraine – Volyn and L’viv
Oblast, one in Belarus – Brest Oblast and three in Poland
– Lublin, Podlaskie and Mazowieckie Voivodeships.
Thus the water management and performance of
monitoring systems differ not only between but also
inside the countries.

Pilot Project
The Bug Pilot Project is one of the series of pilot projects on the implementation of the UNECE
Guidelines on Monitoring and Assessment of Transboundary Rivers created under the UN
Convention on the Protection and Use of Transboundary Watercourses and International Lakes.

The objectives of the pilot projects are:
• to demonstrate the workability of the guidelines for a number of transboundary river basins,
• to assist countries in the implementation of the guidelines,
• to identify gaps and incompleteness of the guidelines with the use of the findings of the pilot

projects, in order to suggest improvements.
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Map 1. Location of the Bug Basin



Wider objectives of the pilot projects programme are as follows:
• to initiate and/or improve bilateral and multilateral co-operation, leading to institutional

strengthening and capacity building under the Convention,
• to prepare effective and efficient monitoring and assessment which are sustainable in the specific

economic context of the countries concerned,
• to support approximation to EU environmental legislation in CEEC-countries. 

The project was initiated in January 1997. The realization of the project in Poland and Ukraine
started in 1999. In Belarus, the project was launched in September 2000. Ukraine completed the
project in 2001, Poland and Belarus by 2002. The Pilot Project was supported by two EU/TACIS
projects in Ukraine and Belarus and by the National Fund of Environmental Protection and Water
Management in Poland.

It was assumed that the projects will consist of Preparatory and Implementation Phase. Only
Preparatory Phase was the included in the pilot projects.

The first part of the Preparatory phase - the inception - consisted of the following activities:
• Preparation of the project proposal and funding of the project;
• Establishment of the project organization;
• Preparation of the inception report, including a description of the river basin, current monitoring

and assessment practices, responsible institutions, project organization; resulting in a project plan
for the pilot project;

• Conclusion of the overall project plan for the pilot projects programme.

The results of the first part of the Preparatory Phase – inception – were published in Report No. 1
Inception Report, in 1998. 

The second part of the Preparatory Phase – monitoring and assessment needs analysis, consisted of
the following activities:
• Inventory of available information concerning water quality issues, and current practices for

monitoring and assessment, including results of previous investigations;
• Evaluation of legislation and legal regulations;
• Preliminary surveys to obtain an insight into the omission of information;
• Specification of information needs, development of strategies for the monitoring and assessment

and evaluation of current practices;
• Recommendations for improvement and an estimate of improvement costs.

The results were published in Report No. 2 Identification and Review of Water Management Issues
(in 2002) and presented in Report No. 3 Recommendations for Improvement of the Monitoring
and Assessment.

Report No. 2 Identification and Review of Water Management Issues described the functions and
uses of the river and its tributaries, the actual quality status compared to the requirements of the
functions and the main problems and causes identified from this comparison. Report No. 3
Recommendations for Improvement deals with information needs, selection of indicative
parameters and a critical evaluation of the existing monitoring programmes in view of their
suitability for objectives set. 

TECHNICAL RESULTS OF THE PROJECT

According to the Guidelines the Pilot Project follows the ideas that the results of monitoring
programmes should support the development of an environmental protection strategy at various
levels of management, the assessment of compliance with environmental quality standards,
observation of progress in the policy, plans and programmes in the basin, assessment of the
performance of legal instruments (i.e. permits), assessment of the influences on the environment
and supply of information to society. 

To satisfy these requirements, a monitoring strategy was developed based on the relevant
information needs. This step is a most important one in “the monitoring cycle” of the guidelines. 
To be able to specify adequately the information needs, analyses of existing policy, water and land
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use, problems, functions and uses of water in the basin were undertaken. Institutions responsible
for management and monitoring, and the potential users of the information were identified. 
According to the identified functions/uses and problems, information relevant for water
management in the basin were delivered. For each problem, indicators were derived which
characterize the respective cause-effect relationships (driving forces, pressures, state, impacts and
responses). Thus, the required information were specified in different categories (monitoring,
survey programmes, methods for estimation/calculation, inventories and data from statistical
offices). 

Water uses and issues

A comprehensive overview of water uses, functions and problems in the Bug river basin leads to
the conclusion that the water quality of the Bug basin should be sufficient for good ecological
functioning, supply of drinking water, supplies for agriculture, recreation and angling and also high
enough to minimize the impact on Lake Zegrzynskie (the main source of drinking water for
Warsaw) . Its function as a medium of sewage transport is also very important. 
The most significant problems that disturb the functioning and use of the river are pollution by
nutrients causing eutrophication, the bad sanitary state of water and organic pollution.

Monitoring objectives

The basic role of monitoring is to help control water quality and sewage discharges in accordance
with policy objectives in the field of water management for the countries in the basin and with
respect to functions and uses, problems and measures.  

Thus the monitoring of the Bug River is required for:
• assessment of whether the current water conditions are adequate for the various function and

uses;
• assessment of conformity with environmental quality standards and classification of water quality;
• assessment of the pollution load crossing the borders and discharging into Lake Zegrzynskie;
• assessment of changes in water quality in response to remedial activities in the basin and natural

variations;
• long term assessment of the ecosystem; 
• quantitative assessment of the interaction between groundwater and surface water;
• determination of the possibility for introducing changes in the monitoring system and to design

an innovative monitoring system;
• qualitative specification of the reference conditions (undisturbed waters or almost undisturbed by

anthropogenic effects) of surface waters for assessment of susceptibility to anthropogenic effects.

Evaluation of present monitoring and assessment practices

The main features of the existing monitoring and assessment arrangements in the Bug river basin
can be summarized as:
• The water monitoring systems in Belarus, Ukraine and Poland are significantly different in each

country with respect to sampling location, frequency of sampling, list of parameters, assessment
methodology and standards used and methods of laboratory analyses. These major variations
lead to different interpretations of water quality.

• International monitoring and assessment and the exchange of information in the Bug basin is
limited and has the character of direct co-operation between administrative units in each country.

• Taking into account the size of the Bug basin, the total number of sampling points is very high,
281 of which 81 are on the course of the Bug and 200 on its tributaries, and national networks
in the three countries consist of 53 sampling points.

• The location of sampling points and the range of measured parameters are not in line with the
water uses, problems and issues identified in the basin.

• The correlation of water quality sampling with hydrological observation is rather weak, and in
general existing hydrological measurement locations should be adjusted to conform with the
water quality observation network.

• The results of the surveys undertaken in the basin in 1999 – 2001 indicated that inter-laboratory
and inter-country correlations between the results of analyses for even the basic parameters were
not always good and the reasons for this were not always clear. The large number of laboratories
involved in routine monitoring activities in the basin makes it difficult to resolve this.
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• The analytical detection limits, especially for metals and micropollutants are variable, even
between laboratories taking part in the monitoring activities in a particular country, and are not
adequate for international standards. This situation is only partially related to the economic
difficulties of the countries, which limit the introduction of “state of the art” technique into the
laboratories. 

Missing information

From the inventory of accessible information and the surveys undertaken in 1999-2001 the
following conclusions about missing information can be made:
• further recognition of the toxicological effects of sediments, effluents, water and hazardous solid

waste disposal is necessary;
• deeper knowledge about the concentrations of specific parameters, such as heavy metals,

pesticides and oil derivatives in water and sediments is required;
• assessment of the impact of priority solid waste disposal sites and sludge storage sites is needed;
• assessment of the stored amount of unused pesticides and the amount of applied fertilizers is

needed; 
• more insight and knowledge is necessary about the relationship between groundwater and

surface water in the river basin, and a monitoring programme for groundwater (both quality and
quantity) including the interaction between surface water and groundwater should be developed
in the basin;

• for assessment of cause-effect relationships, indicators relevant to the information in the basin
should be developed and be accessible;

• additional information on the use and storage of toxic substances in the basin is essential;
• risk assessments should be performed for the whole basin;
• the pollution loads causing major problems from point sources need to be measured;
• reliable information on the effectiveness of sewage treatment plants is required;
• a common method of diffuse pollution assessment should be applied for the basin and

verification of emission factors in the computational method for diffuse pollution is essential.
The main indicators need to be defined;

• hydromorphological information is required;
• development of a methodology for ecological assessment (in accordance with the WFD) including

typological diversity of the basin is needed.

Strategy for monitoring and assessment

The framework strategy for monitoring and assessment in the Bug basin was aimed at:
• redesigning the monitoring network to ensure continuity of measurements but at the same time

allowing incorporation of requirements and changes to meet the demands of recent
developments in water policy and management;

• from a cost-efficiency point of view, a reduction in the existing sampling points would be
desirable;

• finding a proper balance between continuity of the measurements of certain parameters,
reduction of the total number of parameters and inclusion of new parameters and new sampling
media; 

• possible implementation of Water Framework Directive requirements;
• including water quality and quantity elements, all components needed for ecosystem assessment

(biology, hydromorphology and chemistry), screening of hazardous substances;
• developing propositions for assessment tools and information exchange.

Selection of media and parameters for monitoring programme

The selection of parameters and media for the monitoring programme in the Bug basin was made
in accordance with the main problems identified for the Bug River basin and the results of the
surveys of 1999-2001. The few options of the list of the parameters and the frequency of sampling
were prepared to be ready for reduction of monitoring promme. The basic set of agreed
parameters is listed below.
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Proposed basic chemical, physical, biological and hydromorphological parameters for the
monitoring system in the Bug basin. 

The proposed minimum frequency of the sampling for the general parameters, pollution by
nutrients, ethrophication, organic pollution and total coliforms is one/per month. The sampling
frequency of 6 months (2 times/year) for metals and PAH in water is regarded as an absolute
minimum requirement, for sediments once per year within the first 3 years, and then possible
reduction to once per 2 years. Thee minimum frequency for hydrobiology was recommended once
per year for benthic invertebrates and two times per year for phytoplankton. The quantity and
dynamics of water flow should be measured in real time, in situ for each sampling point.
It was agreed that the three countries should select international methods for sampling and
analysis. However, it is not always possible to have international standards either for economic
reasons or simply because they do not exist. In such cases, national methods can be applied.

Surveys

In spite of the three years’ activities under the Pilot Project, including inventory and surveys, a lot
of information is still needed to further develop the monitoring and assessment strategy, to fulfill
information needs and to be “in line“ with the latest developments in European Policy (WFD).
Further work and research in the field of common monitoring for the Bug river basin should aim
towards fulfilling the requirements of the Directive. To these ends, the most important activities are
listed below:
• The concentration of heavy metals in water and sediments should be further investigated.

Especially for cadmium and mercury, suitable methods should be selected in accordance with the
content of these metals in the water phase.

• Chlorinated pesticides and WFD priority hazardous substances should be analyzed in an
investigative monitoring programme (screening). The relevant compartment for measurement –
water and/or sediment – will be selected according to the proposals for Environmental Quality
Standards (EQS).

• Continuing ecotoxicological investigations are important to develop common standards for
assessment and to clarify any discrepancies between chemical investigation results and
ecotoxicological assessment.

• Knowledge of the relationship between groundwater and surface water in the river basin is
needed, and a proper survey of this relationship will support the hydrological monitoring
programme by identifying adequate sampling or measurement locations.

• Assessment of the influence on the environment of harmful solid waste disposal sites and sludge
storage sites should be undertaken by surveys.

• Additional information on the use and storage of toxic substances in the basin and their impact
on water quality can be collected by surveys and inventories.
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Water Sediments
General parameters Organic pollution General parameters
Water temperature • Dissolved oxygen Grain size distribution

Total suspended matter • BOD5 Kjeldahl Nitrogen

pH Hydrobiology Total Organic Carbon
Conductivity at 20 °C Benthic invertebrates – abundance and

diversity
Total Phosphorus

Pollution by nutrients Phytoplankton (biomass) Pollution by metals and toxic
substances

Ammonia as N–NH4 Hydromorphology Copper
Kjeldahl Nitrogen Quantity and dynamics of water flow Zinc  

Nitrates as N–NO3 Pollution by metals and toxic
substances

Lead

Nitrites as N–NO2 Chromium Chromium
Total Nitrogen Copper Cadmium
Orthophosphates Zinc Mercury
Total phosphor Cadmium PAH  (Annex X WFD, numbers 15 and

28)
Eutrophication of waters Mercury Chlorinated pesticides and other

hazardous substances
Chlorophyll "a" Lead
Bacteriological Pollution Dissolved or emulsified hydrocarbons

(after extraction by petroleum ether)
Total coliforms Chlorinated pesticides and other

hazardous substances



• Developing common approaches for ecological assessment for water quality and identification of
reference conditions for very good ecological status in the basin are recommended to be part of
the survey programme.

Identification of monitoring locations 

The recommended sampling points were identified on the basis of the survey conducted in the
years 2000 – 2001 and during the joint field visit to the Bug catchment. This field visit included
inspection of the selected stations on the Bug River and its tributaries. The criteria used for
selection of monitoring points are listed below: 
• adequate to assess the pollution distribution in the Bug River itself and the basin,
• representative of the various water uses,
• adequate for assessment of the pollution loads discharged by the main Bug tributaries,
• adequate for assessment of the pollution load discharged to Zegrzynskie Lake,
• adequate for the calculation of the pollution load from particular countries,
• adequate for assessment of the influence of the main sources of pollution,
• accessibility of the sampling points,
• possibility to perform common sampling,
• hydrological unification (stable river flow),
• representative for the dominant potential anthropogenic impacts along the joint stretches of the

river.

Taking these criteria into account, within the system of monitoring in the Bug basin it is
recommended to consider seven First Order sampling locations on the Bug River. These should not
be restricted to the boundary section of the Bug River, but also located downstream of the basin.
These seven sampling points will create the basic monitoring network for the assessment of water
quality and pollution load in the Bug River. 

Second Order sampling points (16) are located at the mouths of significant tributaries, taking into
account the size of the sub-basin and the amount of discharged pollution, and Third Order (5)
sampling points can be used to assess the pollution load and quality of water carried by the small
transboundary tributaries which are generally not very polluted, or to find undisturbed ecological
conditions.

Thus the proposed reduction of the sampling points in the basin is enormous - from total number
of 281(or 51 of national networks) to 28 in the basin.
The monitoring requirements for each sampling point are different and for the Second and Third
Order points can be significantly reduced in terms of parameters, frequency and sampling media.

Water quality assessment

Chemical status

For the assessment of chemical water quality, a set of target/limit values were developed by the
project team and published in the Bug Report No. 2 and 3 [3]. The target values are based on the
strictest concentrations for the “bathing”, “drinking water production” and “fish” directives. It
should be noted that the target values for metals differed significantly in some cases compared with
those used in other basins. One of the most important recommendations for future cooperation is
to develop target values for metals in the Bug basin water.

Biological assessment

Ecosystems containing waters of good quality are those with balanced and abundant species. Water
organisms can therefore be used for water quality assessment, and complexes or associations of
benthic macro-invertebrates are particularly useful for biological assessment of flowing water. The
advantage of using the macrozoobenthos is that it consists mostly of long life-cycle organisms,
which reflect well any long-term changes in the environment. For hydrobiological assessment of
waters based on macrozoobenthos, it is recommended to use two index types: the biotic index and
saprobity index.
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Phytoplankton is an important biological group in water ecosystems which also gives an indication
of long-term changes. The assessment of phytoplankton should be based, just as in case of benthic
invertebrates, on Pantle-Buck’s saprobity index and Shannon’s biodiversity index. Quantitative and
qualitative analysis of the phytoplankton species composition, as well as biomass measurements
should be performed. 

Monitoring costs 

Using an estimation of monitoring costs which was prepared during the project, it is possible to
plan the costs and adjust the programme to the available finances.
The estimate of sampling and analytical costs prepared for one sampling point showed that these
costs could be reduced significantly (by up to 50%) for a minimum programme compared to the
full programme of investigations. The cost of the full programme of investigation in the Bug basin
which was assess up to 360 000 Euro can be reduced to the amount of 74 000 Euro of carrying
out the minimum programme. 

MEANING OF THE PROJECT FOR INTRODUCING RIVER BASIN MANAGEMENT

It is impossible to underestimate the meaning of this project for all three countries involved, and
particularly for Poland, which will soon become an EU Member and will have to carry out the tasks
connected with the execution of water protection policy formulated in the Water Framework
Directive. Moreover, Poland is the country in which the lower part of the Bug river basin is located,
the part which receives the pollution from the whole area of the basin. The initiation of trilateral
co-operation is the key issue of water management in the river basin.

Initiation of trilateral co-operation

The objective of initiating trilateral co-operation in the Bug River basin has been met. The project
created the base for trilateral co-operation not only in the field of monitoring, but also in water
resources management in the Bug River basin. 

A prerequisite to initiate the project was to conclude an adequate trilateral document in this matter.
In 1997 the Memorandum of Understanding was signed between the Ministry of Environmental
Protection and Nuclear Safety of Ukraine, the Ministry of Nature Resources and Environmental
Protection of Belarus and the Ministry of Environmental Protection, Nature Resources and Forestry
of the Republic of Poland. The Memorandum confirmed that the countries are ready to harmonize
the monitoring and water quality assessment of the Bug River basin, by means of the Pilot Project
on the implementation of the UNECE Guidelines on Monitoring and Assessment of Transboundary
Rivers.

It was the first – and so far the only– document confirming the readiness of co-operation of Poland,
Ukraine and Belarus in the field of monitoring in the Bug River basin.

The recommendations of the project outline the prospects of the future trilateral co-operation in
the field of monitoring, information exchange and water management. The Parties have agreed to
join the Pilot Project of groundwater monitoring in the Bug River basin. Poland has initiated the
drafting of the project of a Letter of Intention for this issue. It has been accepted by Belarus, and
the response from the Ukrainian side is expected to come soon. The final recommendations for the
Belarussian part of the project included a proposal of establishing a Transboundary Information
Exchange System and a proposal of an agreement between the governments of Poland, Ukraine
and Belarus on co-operation in the field of water resources protection in the Bug River basin.

Report No. 3 – Recommendation for Improvement of the Monitoring and Assessment for the Bug
River Basin was accepted in September 2003 by the Polish-Ukrainian Committee for Co-operation
in the Field of Boundary Waters and recommended for use by the five Working Groups.
In accordance with the agreement of the representatives of Poland, Ukraine and Belarus made
during the workshop closing the TACIS project for Belarus, in Minsk in 2002, it was recommended
to create a Polish-Ukrainian-Belarussian Working Group on the Implementation of the Pilot Project.
The suggested composition of the Working Group is: two representatives both from Belarus and
Ukraine and three from Poland, representing institutions responsible for monitoring activities in the
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Bug River basin, as well as two representatives of the Polish-Ukrainian Commission for Cooperation
on Transboundary Waters, one from the Polish side and one from the Ukrainian side. The Working
Group will develop the monitoring programme for the Bug River basin basing on the
recommendations for monitoring strategy resulting from the Pilot Project (Report No. 3).  

Organization of the project – an example for future co-operation

The practical organization of the project and the supervision over its execution resembled the
routine tasks performed within the framework of the existing river commissions. Therefore the
project was a very useful experience for the three countries.

Fig. 1. shows the organization chart of the Project. The structure was approved at the preliminary
phase and it remained unchanged until the completion of the project.
The Pilot Project was steered and watched by the international Steering Committee, which
consisted of the representatives of the Ministries-signatories of MoU and the units responsible for
monitoring and water management in Poland, Belarus and Ukraine. At the meetings of the
Committee the problems arising during the execution of the project having a significant meaning
for its continuation were solved. The commission was in charge of substantial and organizational
supervision, so that the execution of the project was in accordance with the undertaken
commitments, agreements and declarations at international and national level, and so that it met
the schedule. The Project Leaders participated in the meetings, as well as the representatives of
UNECE who acted as observers: from the Secretariat of the Water Convention and from the
Working Group on Monitoring and Assessment. During the execution of the project five Meetings of
the International Steering Committee took place altogether.

The Executive Secretary of the Committee was responsible for the co-ordination of its works,
organization of the meetings and running the documentation connected with the works of the
Committee. Their task was also to inform the members of the Committee on the progress of works
on the project.

In Ukraine the Project was led by the Ministry of Environment and Natural Resources, in Belarus by
the Ministry of Natural Resources and Environment Protection, while in Poland the project was led
by Regional Water Management Board in Warsaw. 

The Project Leaders were responsible for adequate realization, being in conformity with the
guidelines and for introducing in the project the developments worked out during the workshops of
the Core Group on the Pilot Project and the workshops directly related with a given Project. The
Project Leader from each country took care of the co-ordination of works of their Working Group
with the companies which executed the Project in this country.
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Project teams were formed in three countries, in which experts of the following institutes
participated:
• For Ukraine: the Ministry of Environment and Natural Resources and experts from the EU/Tacis

projects for Ukraine and Belarus.
• For Belarus: the Ministry of Natural Resources and Environmental Protection and the State

Institute for Complex Water Resources.
• For Poland: the Ministry for Environment, the Voivodeship Inspectorate of Environmental

Protection in Szczecin, the Regional Water Management Board in Warsaw, the Institute of
Meteorology and Water Management (IMGW) in Wroclaw and the Institute of Environmental
Protection.

The teams agreed upon the form, the substance and the contents of the reports, which took place
during workshops organized specially for this purpose. Eight such meetings were organized
altogether.
The project has been co-ordinated and supported since 1997 by the Core Group on Pilot projects
under the UNECE Water Convention. This group consisted of the leaders of 8 pilot projects, experts
from the participating countries and experts of the RIZA institute, which from the side of the
Convention is responsible for the execution of the pilot projects. During regular meetings, activities
were prepared and the results discussed.

Support for the approximation processes of the Polish, Ukrainian and Belarussian legislation
in the field of environmental protection with the legislation of the European Union

The assessment of the state of legal regulations in Belarus, Ukraine, Poland and the European Union
and the necessity to set common standards for water quality assessment and common examination
methods have led to a situation, in which it was necessary to conduct a critical analysis of the
practices applied to date in particular countries. Most of the methods and standards used in the
Pilot Project and set in the “Recommendation Report” are based on the regulations of the European
Union. There is a great chance then to initiate or accelerate the implementation of legal
regulations, approximating Ukraine and Belarus to the European legislation.
The substantial and organizational experiences gained during the execution of the project are a
good foundation for implementing the strategic guidelines of the Water Framework Directive in the
international basin of the Bug River.

Report No. 2 Identification and Review of Water Management Issues can be seen as the first step
towards the development of the Water Basin Management Plan. It describes the river basin, its
functions and the uses of water resources, the present state of quality in comparison with the
requirements of particular functions, main issues and their causes. The point of departure for the
Report No. 3 Recommendations for Improvement is the definition of monitoring information needs
for water management, selection of indicative parameters and recommendations of changes in the
existing monitoring aiming to fulfil these needs.

In the recommendations for changes in the monitoring and assessment system for the Bug River, it
was agreed that it is necessary to be “in line” with the latest developments of the European Policy
(WFD), such as working out of a common method for the ecological and hydromorphological water
quality assessment, as well as the identification of reference conditions for very good ecological
state in the Bug River basin.  

Acquiring information on a river basin scale

For the first time in the history of co-operation on the boundary waters of the Bug River, necessary
information for water management on a basin scale has been acquired. This information is also of
key meaning for the performance of the monitoring system and water quality assessment. The
information has been processed to a state enabling to determine the water uses, functions
performed by the river, significant threats, directions of water protection policy, review of repair
activities and repair activities needed in the future. The information has also helped to articulate
the monitoring information needs and to agree upon a set of indicators which will enable to review
the effectiveness of the policy and repair activities in the Bug River basin.

Acquiring of this information required to integrate the activities between the institutions involved in
monitoring and management in Belarus, Ukraine and Poland. Such integration and harmonization
of activities is also necessary within neighbouring countries.
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Raising the awareness of the meaning of information

Raising of the awareness of the meaning of information is without doubt a valuable achievement of
the Pilot Project. The execution of the inventory stage has made aware the people responsible for
water policy and water management, including the institutions responsible for water quality
assessment, that getting information is one of the weakest points of the management process. Lack
of clearly formulated rules for reporting, data storage and data exchange has been observed. The
dispersion of the data needed for proper water management, its quality and storage – in most
cases on paper – has proved in many cases to be an obstacle which could not be overcome.
The necessity to collect and process data from different sectors of economy by river basins has
arisen. The Recommendation Report included a set of indicators necessary for water protection
policy in the river basin, including socio-economic indicators.

The project also has helped to realize the necessity of collecting data which had not been
associated with water management before and to process it into information.
During the process of collecting and exchanging data and information, legal gaps were made
visible. The habits inherited from the former political systems led to a situation which can be
described as lack of information exchange culture.

The situation is different in Poland, which introduced in its legal regulations the obligations of
collecting, processing and performing information in many spheres of management. However, there
are still many gaps which need to be bridged soon, by means of issuing adequate executive
regulations for the basic law. Therefore, as a result of the execution of the Pilot Project, it has been
agreed that the system of information collection, processing and exchange must be the subject of a
separate project.

Practical co-operation under survey and study trips

Joint study trips, samplings, workshops and discussions bring the co-operating people closer
together within the countries as well as internationally. This undoubtedly enhances the quality of
co-operation. 
Common samplings have marked the beginning of practical co-operation in the basin on an
international and regional level.
All the laboratories conducting routine monitoring in the whole Bug basin took part in common
samplings. The sampling showed that the common assessment of water quality in the Bug basin
can only be done when problems which revealed differences in the results of analysis are solved,
and criteria for water quality agreed.

Results of laboratory analysis performed during the common samplings were collected in a
database, which is the first one to include data from all the laboratories taking part in the
monitoring of the Bug River. This is also the first data exchange between Poland, Ukraine and
Belarus conducted on such a large scale which also includes data relevant for water management
analysis. This data was used in Report No. 2 on the realization of the Pilot Project. Thus the first
step in data exchange and the common use of data has already been made. 

Common samplings and study trips also provided a lesson of international co-operation for experts
from Poland, Belarus and Ukraine, as well as experts from Western European countries. Growing
mutual trust and the interest of experts from different countries were noticeable when working
together.

The workshops enabled the ideas of the project to be presented to a wide audience, and the
importance of the surveys and common sampling campaigns to be emphasised. 
The workshops also provided an opportunity for the participants to get to know each other through
conversations and an exchange of experiences. It was an opportunity for “being together”, and
finding similarities and differences in mentalities. In the light of significant political, economic and
social differences, all that is necessary to build up international co-operation is frankness, trust and
consistency in achieving the common aim; which is effective water management in the Bug basin.
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WHICH TASKS HAVE NOT BEEN COMPLETED DURING THE PILOT PROJECT

Unfortunately not all components of the projects have been executed, as it had been foreseen. The
reasons for that are as follows:
1. The period of preparation (inception phase) was longer than it had been expected, particularly

when it comes to signing MoU and also for financial reasons, which as a result shortened the
substantial part of the project,

2. Lack of a trilateral agreement between Ukraine, Belarus and Poland, forming the legal basis of
the Early Warning System (including flood hazard), and to develop the emergency procedure
and network caused that only basic propositions were developed for the system.

3. For the same reason, and also because immense gaps were discovered in the system of
information collection and exchange, the development of a database for data storage and
exchange for the needs of the water management in the Bug River basin should become a
separate project. 

4. The projects had different execution times in particular countries. It was caused by the fact that
the availability of financial means was diverse. As a result of this situation, not all tasks expected
to be carried out within the trilateral project have been completed or they were performed in a
much different way than it had been expected. It refers to the assessment of diffuse pollution,
risk assessment and toxicological examinations.

SUMMARY

The are few reasons why not all the objectives have been fully met. Some of them have rather
political or technical character as it is written in the chapter above. Detailed evaluation of the rivers
pilot projects; recommendation for future projects and lessons learnt for monitoring and assessment
was introduced during the MTM-IV conference by John Chilton (this volume).
Taking into account the wider objectives of the project it is important to say that the project for the
Bug River basin opens a new chapter in the transboundary co-operation between Poland, Ukraine
and Belarus. This co-operation covers the whole river basin and its basic assumption is the close
relationship between monitoring and assessment and water management. 

The execution of the project has contributed to gaining trilateral experience in the field of: 
• organization and conducting of common projects;
• acquiring financial means for the co-operation;
• organization of common samplings, study trips and inventories;
• assessment of the state of legal regulations in the field of water management;
• agreeing upon the scope and frequency of examinations;
• developing and agreeing upon common reports.

It is crucial that the Pilot Project will be implemented immediately after its completion. This will
ensure that recent experiences are used in routine monitoring. However the full implementation of
the proposed changes can be difficult because of financial constraints, therefore this
implementation should be gradual but constant. The planned continuity of activities adequate to
the financial condition of Poland, Belarus and Ukraine provides the chance to strengthen the
transboundary co-operation in the Bug River basin, and to build up a new model of co-operation
on the basis of mutual trust and readiness for improvement. 

REFERENCES 

Task Force on Monitoring and Assessment under the UNECE Water Convention, Pilot Project 
Programme Transboundary Rivers, 1998. Bug Report No. 1, Inception Report, Lelystad,
Netherlands.

Task Force on Monitoring and Assessment under the UNECE Water Convention, Pilot Project 
Programme Transboundary Rivers, 2002. Bug Report No. 2, Identification and Review of
Water Management Issues, Lelystad, Netherlands.

Guidelines on monitoring and assessment of transboundary rivers. UNECE Task Force on Monitoring
and Assessment, Lelystad, Netherlands, 2000.

251

PROCEEDINGS MTM-IV - TRANSBOUNDARY MONITORING STRATEGY FOR THE BUG RIVER



Bug Report No. 3, Recommendation for Improvement of the Monitoring and Assessment in 
the Bug River Basin. Working Group on Monitoring and Assessment under UNECE Water
Convention, Pilot Project Programme Transboundary Rivers, Netherlands, 2003.

Transboundary Water Quality Monitoring and Assessment. Summary Report and Recommendation 
of the project. 1997 TACIS CBC Progamme: Bug and Latorica/Ush, Kiev 2001

The TACIS CBC Bug River Project Belarus. Project Completion Report. TACIS, 2002.w

252

PROCEEDINGS MTM-IV - TRANSBOUNDARY MONITORING STRATEGY FOR THE BUG RIVER



MONITORING FOR SUSTAINABLE SAFETY AND SPATIAL QUALITY IN THE
DUTCH COASTAL ZONE

Kees van Ruiten 

(National Institute for Coastal and Marine Management (RIKZ)) PO-box 20907, 
2500 EX Den Haag, The Netherlands

The coastal zone in the Netherlands is a vulnerable sandy coastline where the national policy on safety has
to deal with the dynamics of the morphological processes. Due to continuous erosion process the dynamic
coastline is maintained on its position by yearly sand nourishment. This short-term solution is a balance
between risk assessment against flooding and a guarantee for spatial planning activities like sufficient
beach space for recreation. For the long-term effects of i.e. climate change new policies has to be
developed.
Combining the various policy objectives related to the different use functions in the coastal zone has
resulted in a wide spread of information needs to be covered mostly by monitoring water depth and
topography of the coastal zone.
The paper will focus on monitoring and information gathering serving needs from scientists, policy makers
and local coastal zone managers.
Integral coastal zone management is strongly depending on political decisions related to social economical
needs and wishes for the coastal zone. Long term statistics and lessons from the past i.e. failing measures
in coastline protection have shown that the resilience of the coastal system is limited. 
The Global community has to rely on high quality observations supported by numerical models and on a
common regional strategy for coastal protection. This awareness has resulted in a focus from the EU-
Commission to develop a European coastal zone policy. (Eurosion 2003)

INTRODUCTION

Fighting against the sea and protecting against flooding has got a long history in the Netherlands.
However the coastal zone is more than a flood defence system. The coast is an attractive living,
working and recreational environment, with substantial economic and environmental value. In the
future, however, coastal defences will face a heavy battering from rising sea levels and an expected
higher frequency of storms. The ability to combat these challenges requires space in the coastal
zone, which space is being claimed by other functions. Moreover, the national government is
undertaking the duty to guarantee the safety of the hinterland and maintain – and where necessary
enhance – the spatial quality of the coastal zone.  
This paper will focus on the information needs and ends with consequences for the monitoring
programmes.
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Figure 1:  Photographs of various aspects (near shore transport routes, recreation) and
appearances of the Dutch coast (soft and hard structures).



INTRODUCTION TO THE DUTCH COASTAL SYSTEM

The Dutch coast is unique. The Holland coast consists of sandy, multi-barred beaches and can be
characterised as a wave dominated coast. Approximately 290km of the coast consists of dunes and
60km is protected by structures such as dikes and dams. The dunes, together with the beach and
the shore face, offer a natural, sandy defence to the sea. About 30% of the Netherlands lies below
sea level. This area – where land and water meet – attracts people, plants and animals. The area
serves a key economic function, encompassing tourism, port industries, bulb growing, water
abstraction activities and fisheries. Several nature areas of international importance are located in
this area, for instance, the Delta of the province of Zeeland, Wadden Sea coast and the dunes along
the entire Dutch coast. As the hinterland lies so low, the dunes and dikes along the coast serve an
important flood prevention function. As already stated, we will face a number of safety and risk
problems in the near future. Topping the policy agenda are the weak links in the coastal defences,
which must be mitigated in time to continue to guarantee the safety of the hinterland.

Also as a follow-up to the Fifth National Policy Document on Spatial Planning, the coastal
foundation zone concept will be further elaborated. This concept is based on the philosophy that
sand is the basis of Dutch coastal defences and other functions in the coastal zone. This policy
agenda proposes a three-pronged strategy to manage the coastal foundation zone. Sand must be
moved by natural processes. If necessary, a temporary sand buffer will be placed to mitigate the
weak areas of the coastal foundation zone. If this proves ineffective, artificial constructions will be
built to retain sand on a local scale. 
To fulfil its role of protecting the low-lying areas of the Netherlands, the sand balance in the coastal
foundation zone must be maintained.  

DUTCH SAFETY POLICY

The coast is subjected to pressures from both land and, in particular, the sea. Sea defence structures
must bear an increasingly heavy burden due to the impact of climate change. The impact of inland
pressures, too, on the coast is growing. After all, the number of people living behind sea defence
structures is increasing, involving higher levels of capital investments.
Rising sea levels lead to higher average water levels and more frequent (storm force) winds result in
higher waves.
Furthermore, storm surge levels and the difference between high and low tide continue to increase.
Consequently, the pressure placed on sea defence structures, which protect the hinterland from
flooding, is increasing.

Due to hydro-morphological impact of the coastal river with continues erosion at some places and
sedimentation at the others (a river of sand is transporting sediments to the North) and narrow
dunes as sand buffers the flood protection is a vulnerable coastline. Lessons learned from the past
showed that hard structures in the coastal zone as harbour breakwaters, groins and hard substrate
dikes have negative effect on the natural resilience with local increased erosion. This has resulted in
a policy for the sandy coastline to keep it on a fixed position. Dynamic preservation of the coastline
is a deliberate policy to achieve both enduring protection against flooding and sustainable
preservation of functions in the dunes. In order to achieve both aims, a decision has been taken not
to allow the coastline to move further landwards than its position of 1990. This basal coastline is
the key element of the assessment of the position of the coastline.  The actual position is obtained
from information as the vertical cross sections at equidistant distances along the coastline resulting
from yearly monitoring programmes. The balanced decision making process results in yearly sand
nourishment. 

As a reaction on the flood awareness concept maintained in the river area, after extreme flooding
in the nineties- the coastal policy agenda introduces the storm surge awareness concept. Insufficient
knowledge of the safety and risk aspects among lower tiers of government and individuals often
facilitates undesirable spatial developments. These aspects stimulate the development of the
national government’s vision of the coastal zone.
Safety standards apply to areas behind flood defence structures to minimise the risk of flooding.
The government sees to it that these safety standards are maintained. 
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However, people live, work and play in areas located in front of the flood defence structures, viz.
on the beaches and in the dunes. This all takes place in what is known as the erosion zone – the
area that erodes during storm surges (see figure 2). 

INTEGRATED COASTAL ZONE MANAGEMENT

The title of this paper is ‘sustainable safety and spatial quality’. It embodies a future policy, which
places great importance on shaping integrated coastal zone policy. This policy has been
communicated by a document as a policy agenda (RIKZ 2002). Despite its focus on safety, it
expressly takes other functions into consideration, including nature, recreation, living and working.
It represents a step towards integrated coastal zone policy, not the final destination. After all, the
integrated Dutch coastal zone policy of the future will focus on ‘spatial quality and sustainable
safety’. Policymakers and other parties involved will do well to strive towards realising the goals
represented by this motto. More attention at European level, too, is being paid to the various
qualities of coastal areas. This involves increased recognition of the fact that every coastal area has
its own specific and frequently complex problems. For example, the crucial role the Dutch coast
plays in safety is unique given the low elevation – below sea level – of the western part of the
Netherlands. To address the problems and developments in coastal areas in a cohesive manner, the
European Commission recommends integrated management and policy for the coastal areas.

In this regard, the recommendations of the European Union serve as a good guideline. The policy
line for the coast that has already been announced is seen as a step towards the continued
integration of the inland and offshore areas of the coast, various policy fields and different
functions of the coastal zone. The policy agenda stimulates the development of the national
government’s vision of the coastal zone, which is based on the basic qualities of the coast, viz.
resilience, cohesion and horizon. The discussion with regard to the vision can serve as a key
contribution to the further development of integrated coastal zone policy.
One of the recommendations is that every coastal engineering project, plan or programme should
have a Environmental Impact Assessment (EIA) report that addresses coastal sediment transport
processes as a serious environmental impact. 
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Figure 2:
The basic coastline is currently maintained
using sand replenishments. However, the
erosion line is shifting landward due to ris-
ing sea levels (1). This is undesirable in
built-up areas. By applying more sand
replenishments, the seabed and dunes will
keep pace with rising sea levels and the ero-
sion line will not shift (2). If still more sand
replenishments are applied, the erosion line
will move seaward (3).



ENVIRONMENTAL REGULATIONS

Despite the economical value of the coastal zone, these areas have also natural gradients, which are
of high ecological value. By example the international Wadden Sea serves as an important nature
area, encompassing some of the most valuable habitats in Europe. The Bird and Habitat Directive
and regulations resulting from the Water Framework Directive have to protect specified areas by
restriction of anthropogenic activities. Focussing on catchments areas with water as a natural
element, dredging for the entrance of large ships to inland harbours should be limited to preserve
a good ecological quality.
All these directives leads to reporting on the status and trends related to measures, which have to
give improvement to ecological quality objectives. 

INFORMATION REQUIREMENTS

Following the periodical policy cycle, we can make shoreline management policy countable by
assessing its strengths and weaknesses, and provide if needed corrective arrangements. Information
is needed for each phase where decisions have to be made. Here we will limit ourselves to the
erosion issue. 
The coastal system as flood defences system and habitat with high natural values is vulnerable to
coastal erosion induced by the local characteristics expressed in:
• Bathymetry,
• Morphology resulting in transport of sediments and the position of the coastline
• Hydrodynamics and climatologically conditions
• Extreme water values, etc.
How these characteristics are influenced by anthropogenic activities as for example dredging and
offshore construction activities or by natural changes related to sea level rise has to be assessed
from monitoring. Analysis of these pressures should lead to trends in the defined indicators relevant
for safety or/and for ecological values. The assessment of the defined policy to limit the impact of
erosion will be depending on the dynamics of the coastal systems and the policy objective
(flooding less than once in 2000 years).  
As explained previously a number of indicators have been defined to assess the state of the flood
defence or coastline recession:
• Position of coastline
• Hydro dynamics boundary conditions as criteria for design of flood protection
• Sand balance along the coastal zone or the net sand transports
• Ecological quality elements

These indicators are extracted from the information resulting from observation, statistics and
modelling of the relevant parameters. The design of a monitoring program is a complex process
due to the different spatial and temporal scale of the coastal system (see figure 3). 

Relatively high frequent storms with local impact of erosion (loss of dunes) have to be measured
less accurate than impacts (steeper foreshore) from long term and large scale climate changes. The
requirements have to deal with information on the status of areas at risk and trends resulting from
anthropogenic activities and natural variability. These various requirements are the basis of a
monitoring program.
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Figure 3: The dynamics of the hydro morphological system described in the time and
spatial domains. 



MONITORING PROGRAM

The monitoring program is targeted to information for decision-making. The periodical assessment
of the legal defined policy objectives (position of the coastline, integrity of the defence system, ..)
can result is very expensive measures like sand nourishment and increase the height of dikes.
However to support the analysis during assessments (relate trends to driving forces or pressures)
and for the definition of new policies a reference network for basic monitoring should be
guaranteed: 
• coastline monitoring (see fig.5)
• full spatial coverage monitoring 
• additional monitoring ( research, evaluations)
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Future scenario for 2100
A sea level rise in the maximum scenario is 0,85 cm per century, in combination with an increase
of 10% in the intensity of the storms and also does these storms appear at a higher frequency.
The increase of chance on a storm with serious flooding can only be dealt with by reservation of
space in the coastal zone where losses are allowable. (RIKZ 2002)

Figure 4: Monitoring activities along the coastal profile from land to sea.
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These monitoring networks have to be designed for a required accuracy in specified variables in
combination with selection of locations, frequency and used technology and methods of
information processing. A priori knowledge used in numerical models can help to reduce the
expensive monitoring. The models are used to interpolate in space and time domain between
sparse in situ measurements. 

The profile of the Dutch coastline in measured yearly along a line from –20 m depth up to +5 m
above mean sea level. These lines have a spatial distance between 250 meter and 500 m
depending on local dynamics. Figure 5 is showing the compliance checking for the position of the
coastline. The yearly monitoring is needed to be able to decide on the locations for sand
nourishment where the situation as been decreased in terms of safety.

METHODS AND STRATEGIES

An operational monitoring method can be best practise for a given technology and knowledge of
hydro-morphological processes at that time. New observation technology and information
processing methods will lead to opportunities for optimisation of monitoring programmes and
better quality information products. A broad community of users can find efficiency also in multiple
use of information. Observations are expensive which means that good accessibility to valuable
information can be a way to reduce costs.

Reliable statistics are based on the availability of large amounts of observations over long periods.
Earth observations are offering large amounts of data from daily passages of satellites, resulting in
good quality and certified information products (see www.coastwatch.info). Having their limitations
in the range of parameters to bee detected by remote sensing, this information source can still offer
data with full spatial coverage for validation and integration with numerical modelling of complex
processes. Decision makers have to rely on these models for predicting trends, effect of measures or
evaluation of policies.

Meteorology has shown that predictions of weather conditions from large-scale processes can only
be produced if co-production in information gathering from observations and from various models
is well organized. For coastal waters the scale is ranging from continental shelf up to estuary
models. Remote sensing has shown to be an useful and harmonized source for information services
relevant for large scale observations (wind fields, elevation,..).

CONCLUSIONS

Following the EU-recommendations for ICZM an information service should be based on a
reference network of observations, which has to be organised on a regional- scale (i.e. North Sea)
for hydrodynamics or global scale for climate change. Environmental impacts of national coastline
management policy, local coastal engineering projects and the long-term variability due to climate
change must be referred to a harmonised EU-ICZM-reference information service (see
www.eurosion.org). 
The scientist, policy maker, coastal zone manager should all have assess to information on the
various aggregation levels however resulting from the same origin of data with classified methods
for statistics, observation and modelling. Persistent communications should keep end users with the
information demands (indicators) and the monitoring and information providers together to have
actual and optimised information products. Mutual understanding by the different stakeholders of
the main factors impacting coastal processes and human responses can only be achieved through
an increased sharing of information at all levels of administrations

Finally shared knowledge of the coastal or estuarine system, local field knowledge and knowledge
of the social ecological processes are needed for effective policies in safeguarding the lives behind
the dikes and ecological values before the natural flood protection.
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TRANSBOUNDARY MANAGEMENT OF THE GUARANI AQUIFER SYSTEM /
INFORMATION TO SUPPORT SUSTAINABLE WATER MANAGEMENT. FROM
LOCAL TO GLOBAL LEVELS.

Luiz Amore 

Guarani Aquifer Project, Calle Luis P. Pierra, 1922, 11200 Montevideo, URUGUAY

The Guarani Aquifer System (GAS), named in honor of the Guarani Indigenous Nation, is an important
transboundary groundwater body located under Argentina, Brazil, Paraguay and Uruguay in South
America. It is an important groundwater reservoir consisted of sandstones covered by a thick basalt 
fractured layer protecting the aquifer system. The GAS represents a key factor for the socio-economical
development of the region because of its enormous potential in terms of volumes of water, water quality
and estimated thermal properties. The main threats faced by the GAS are the uncontrolled extraction and
the high contamination risks at the recharge and extraction areas due to agriculture practices and lack of
sanitation.

In order to implement measures addressing its protection and sustainable development the four countries
that shared the GAS, with the support of the World Bank and the Organization of American States, joined
together to prepare effort the GAS project.

The project was given a Global Environment Facility (GEF) grant, through it’s operational program for
international waters, in the amount of US$13.4 million. Counterpart funds from beneficiary countries and
other donors such as, AIEA (International Organization for Atomic Energy), BGR (Bundesanstalt für
Geowissenschaften und Rohstoffe-German Geological Survey) and BNWPP (Bank Netherlands Water
Partnership Program) brought the total amount of US$27.4 million. 

The preparation of the project, since January 2000, has been a rich process, whereby not only some
important institutional improvements were achieved but also groundwater issues have been incorporated
in the governments’ agendas. The strong public participation during preparation and the awareness
already achieved among citizens of the four countries are considered to be of valuable merit. In addition,
the effective participation of the countries in the process allowed the addition of important transboundary
topics for discussion. The implementation phase was launched on May the 22nd, 2003.

The project includes different information systems to support the sustainable water management: data,
communication, decision and management system. During the four years of the implementation phase of
the project, the information flux will be developed and those that already exist will be reinforced.
Indicators on stress reduction environment and process indicators were defined in order to monitor the
execution phase .

There are four Pilot Projects in the Guarani Project: Ciudad  del Este- Caaguazú – Encarnación (Paraguay),
Concordia (Argentina) – Salto (Uruguay), Ribeirão Preto (Brazil), Rivera (Uruguay) – Santana (Brazil).
Each of these areas have a different existing or potential problem that have to be considered for the 
management. Another characteristic is that the experience reached could be replied to other areas.

THE GAS GROUNDWATER BODY AND ITS CHARACTERISTICS 

The GAS is an important groundwater reservoir located in South America, between parallels 14°
03’ and 33° 53’ South and 43° 59’ and 64° 39’ West, as shown in Figure 1. The surface area 
covered by the aquifer is estimated to be 1.2 million square kilometers. Of this area 225,500 km2

fall in Argentina; 839,800 km2 in Brazil; 71,700 km2 in Paraguay and 45,000 km2 in Uruguay,
(Araujo et al, 1999). See Figure 1.
The geological framework of the GAS consists mainly of Triassic-Jurassic eolian-fluvial lacustrine
sandstones covered by Upper Jurassic-Late Cretaceous toleytic volcanic flows (basalt, andesite, 
ryolite), both stratigraphic units representing final filling stages of the Intracratonic Paraná Basin.
Bearing high transmissivity and storage capacity values, the thicker sandstones (average thickness of
250m, varying from lenses to about 600m) constitute an extraordinary aquifer with large
geographical distribution from its outcropping areas in the borders of the basin to its central
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confined areas (reaching up to 1500m depth), due to its concave shape.
Water catchments and recharge areas are located at the border of the system, while discharge areas
are concentrated in the center and Southern region. In the potential discharge areas, wells are 
artesian and a direct hydraulic connection to the rivers in the area, such as the Paraná River, has
been identified (Amore et al, 2001).

Besides the excellent quality of the water (which is suitable for consumption), another important
characteristic of the GAS is its thermal potential. In a number of regions, the water emerges 
naturally at temperatures of between 33 and 60 °C, at very high flow rates.

The primary water uses of the aquifer are irrigation, drinking, water supply, recreation, poultry
industry and heating. Irrigation has become intensive in the Northeastern part and some limited
problems related to the application of fertilizers and pesticides have been investigated. More than
500 medium size cities about 100.000 inhabitants particulary in Brazil are partially or totally 
supplied by the aquifer but in some places water level has been reduced. Others important uses of
the aquifer such as recreation, poultry industry and heating in the Southern sub-tropical areas are 
related to the thermal gradient. Also groundwater resources contribute to base flow of rivers, to
wetland water balance and to ecosystems maintenance. 

Despite the availability of surface water supply, the use of the aquifer resources is increasing. 
This is explained by the fact that main part of effluents is discharged into rivers, the groundwater
characteristics and good quality and relatively low costs of exploitation. In this scenario, more and
more conflicts such as interferences between wells exploitation, pollution risk of the aquifer, risk of
over drilling, loose of pressure and temperature are becoming evident and have the potential to be
increased. The major policy considerations that emerged from the examination of GAS countries are
that groundwater uses should be managed both from sustainable use of the resources and from the
environmental point of view by safeguarding water potential and quality. Table 1 summarizes GAS
features in the four countries.

THE IMPORTANCE OF THE PROJECT

Aquifers are not well known by policies makers, in the involved countries. In case of regional 
transboundary aquifers agreements on spatial flows, environment and interaction with surface
waters have also to be considered more adequately between neighbouring countries. A programme
developed  through a co-ordination committee drawn from UNESCo, FAO, UNECE and the
International Association of Hydrogeologists (IAH) named ISARM ( Internationally Shared
(Transboundary) Aquifer Resources Management) was established to improve understanding of 
scientific, socio-economic, legal, institutional and environmental issues surrounding the 
management of transboundary aquifers.
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Figure 1: Location of the Guarani Aquifer System



In the Guarani Aquifer System case, a transboundary project is needed to consider the natural
ground water flows that intersect national boundaries (recharge in one country and discharge wells
in another). There is also a lack of legal and institutional framework for transboundary aquifer
management in each involved country.

The institutional background is different in each country : in Argentina, decision making authority
on waters lies with the provinces, there is a lack of national water resources law and there is limited
information available: 9 deep wells, undefined GAS western border; in Brazil, decision making
authority on groundwater lies with the states. Also mineral, thermal and bottled water is under 
federal concession regime, exists federal and state laws on water resources and considerable info is
available but dispersed: 500 cities are partially or entirely supplied by the GAS; in Paraguay, an
unitary country, there is a lack of water resources law and limited information available: 200 wells
mainly for domestic water supply; in Uruguay, an unitary country too, exists a water law and
decrees related to the GAS and a considerable info available: 135 wells for public water supply, 
irrigation and thermal tourism.

In the four countries, transboundary issues are under responsibility of National Gov. There is a 
previous experience of coordination between them related to the Plata Basin Agreement, since the
1960ies, and to MERCOSUR (South American Common Market), since 1980ies.

This situation requires a coordination effort in technical, legal and institutional aspects to elaborate
a management framework for the four countries, in order to prevent exploitation and pollution
problems in the Guarani Aquifer System.
In the international level, the lessons learned on Guarani transboundary aquifer can support
aquifers studies that are currently under development by national, regional and international
organizations as the Nubian Sandstone Aquifers in Northern Africa, the Karoo Aquifers in Southern
Africa, the Vechte Aquifer in Western Europe and the Slovak Karst-Aggtelek aquifer and the Praded
aquifer in Central Europe and others.

THE GUARANI AQUIFER PROJECT

The Governments of Argentina, Brazil, Paraguay and Uruguay, with support of the Global
Environmental Fund (GEF), the World Bank, as implementation Agency, and the Organization of
American States (OAS), as executing Agency, have agreed to implement the Environmental
Protection and Sustainable Development of the GAS Project. The main objective of this project is to
support the four countries to jointly elaborate and implement a coordinated institutional 
framework for managing and preserving the transboundary aquifer (GAS) for current and future
generations.
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Issues / Countries Argentina Brazil Paraguay Uruguay
Approximate extent of
the Guarani Aquifer
(km2 )

225,500 839,800 71,700 45,000

Percent of Territory
occupied

6 10 18 25

Characteristics of the
Aquifer

Supply source Recharge and supply
area

Recharge and supply
area

Recharge and supply
area

Extent of exploitation 9 deep wells for
thermal use; about 100
wells for drinking and
irrigation

Almost 500 cities
partially or entirely
supplied by the
Guarani Aquifer
System

About 200 wells mainly
for domestic water
supply

135 wells for public
water supply,
irrigation and thermal
tourism (7).

Principal
Environmental Issue

1. Potentially
uncontrolled drilling
and extraction
2. Subject to pollution
effects from other
countries

1. Point and non-point
source pollution
2. Uncontrolled
drilling and extraction

1. Point and non-point
source pollution
2. Uncontrolled
drilling and extraction
3. Subject to pollution
impact from other
countries

1. Point and non-point
source pollution
2. Uncontrolled
drilling and extraction
3. Subject to pollution
impact from other
countries

Level of information
available

Limited information
available, especially
about the western
extent of the Guarani
Aquifer System

Considerable
information available
but dispersed in
different states and
institutions

Limited structured
information available

Considerable
information available

Table 1: Summary of GAS features



The operational institutional arrangements have been agreed on a consensual basis, next Figure2.
According to this structure, the Steering Committee is composed by governmental representatives
from water resources, environment and international affairs. The national project coordinators,
whose forum is called the Coordination Group, support the Project General Secretariat, which is 
situated in Montevideo, Uruguay.

To achieve the main project objective, seven components were established: (i) expansion and 
consolidation of the current knowledge base of the GAS, (ii) jointly development and 
implementation of the Guarani management framework based on an agreed Strategic Action Plan,
(iii) public participation, education and communication, (iv) monitoring and dissemination of the
results, (v) implementation of pilot projects in four identified critical areas (hot spots), 
(vi) assessment of geothermal energy, and (vii) project coordination. 

Those components are connected by the following information channels that will be developed and
strengthened during the implementation phase of the Project: 

• the Information System of the Guarani Aquifer System, SISAG, is a structured data net where all
resource information will be included, organized and checked. The main objective is to 
strengthen the management framework by having all the data available. The data net will be
supported by nodes in the Institutions responsible for the water management in each country
and one in the General Secretariat;

• the communication System allows to involve all interested groups by sharing Project information
available by web page, workshops, committees and other ways. Public participation has been
promoted and actors becomes involved in the management building process, what is an essential
aspect for the sustainable development and exploitation of the water resources;

• a groundwater monitoring system will be established in order to support the implementation of
strategic actions according to a plan. In order to achieve the main objective of the project this is
an essential aspect;

• a Project management information system will be structured to check the development and 
interconnections between different components. It will be able to adjust the Project at any time,
following the defined indicators. 
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Figure 2: Institutional arrangements for the Project execution



Key performance indicators with regard to this overall framework will include (I) process indicators
(II) stress reduction indicators, and (III) environmental status indicators . 

I Process Indicators; defined as the expected products achieved by Project execution phase
and its impacts in the region:

• A multi-country agreement on the institutional and technical framework for the 
management of the Guarani Aquifer System;

• A Transboundary Diagnostic Analysis identifying the primary threats to the structure,
function, and sustainable use of the Guarani Aquifer System, including the location of
areas under current threat and in need of immediate attention (i.e., “hot spots”);

• Completion of the Strategic Action Program for the sustainable management of the
aquifer, including programs for:

• The operation and maintenance of the data acquisition and monitoring system
• The implementation and sustainable operation of the legal-institutional framework once

it is approved and adopted by the countries
• Investments in pollution prevention and mitigation measures
• Investments in geothermal energy use
• The resolution or mitigation of existing and potential conflicts
• A consensus proposal for a joint legal framework for the management of the Guarani

Aquifer System
• A functioning monitoring network

II Stress Reduction Indicators; to quantify specifics actions that can be done to reduce 
pollution and damage aquifer risk:

• An operational communications campaign reaching a defined percentage of the target 
population in order to ensure the environmental education required for the aquifer 
management

• Identified and quantified threats to water quality and depletion of ground water, and
their evolution

• Existence of standards for well design, construction and maintenance at a regional scale,
taking into account sub regional variations

• Identified and documented pollution mitigation management measures implemented
and monitored in specific “hot spots”

Environmental Status Indicators; defined as the understanding of aquifer behaviour and
its exploitation planning between the four involved countries: 

• Agreed goals, criteria and standards for the transboundary diagnostic analysis and 
sustainable management of the System, including quantitative and qualitative indicators
with which priority actions can be identified and implemented;

• Defined western and southern boundaries of the aquifer system, and defined recharge
and discharge areas, resurgence zones, and vulnerable areas, including those with higher
degrees of environmental risk; 

• Completed conceptual and mathematical models of the System, including its water 
quality, quantity, and hydrodynamic behavior;

• Implementation of an up-to-date, functioning GIS, shared among the four countries, as a
mechanism for transboundary dissemination of information, decision-making support,
and management of the Guarani Aquifer System

The discussion of those indicators involved participants of each country in the preparation phase.
Due to the lack of experience in jointly management of aquifers in the region, the defined 
indicators have to be adjusted based on up to dated knowledge, management experience and
transboundary aquifer exploitation. Those indicators are complementary and let follow up the 
institutional and public involvement and Project effectiveness.

The experience from local levels should be transmitted to global levels. Emphasis should be given
to practical mechanisms and measures for the mitigation of current problems already identified in
the four priority pilot areas. Two of them, Concordia – Salto (Argentina/Uruguay) and Santana –
Rivera (Brazil/Uruguay), are essentially transboundary projects (see Figure 3). The first is dealing
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Figure 3: Location of the Pilot Areas.

with the sustainable thermal use rate definition and the second with pollution mitigation in a water
recharge urbanized area. The third is located in a large recharge/discharge area of the GAS,
Caaguazú – Encarnación - Ciudad del Este (Paraguay). Finally, the fourth one is in Ribeirão Preto
(Brazil), a heavily exploited area where important previous studies already exist and ongoing
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supporting mitigation and protection measures are being undertaken by local governments. There is 
an important interaction between the pilot projects and the regional activities during the 
implementation period of the project, allowing in both directions a better definition on the Project
management objectives. Considering the regional and municipal scales of interventions, efficient
management tools are expected to be tested in the pilot areas, validating actions to be undertaken
in the region and other specific areas.

The Guarani Aquifer System Project has been innovative. The project is the first GEF program 
dealing with groundwater. The World Bank does not have a specific policy on groundwater
resources and this issue is being addressed by the ongoing evaluation of the World Bank Water
Resources Policy Paper of 1993 (World Bank, 2002). Additionally, it might be noted that it is the
first World Bank project that is being undertaken with four different countries simultaneously. 
Also, this is the first project by the Organization of American States specifically dealing with 
groundwater.

CHALLENGES

The extent of available technical information, legal instruments, and institutional planning are very
uneven within the four countries. Each involved country considers transboundary issues a matter of
national responsibility and sovereignty. However, each has different approaches in its legal and
institutional frameworks. 
Considering the legal evolution of the project, some questions may arise: Should the project 
develop a treaty at all after its completion? Due to the singularities of the groundwater behavior it
has to be considered the necessity of decentralized management schemes and at the same time pay 
attention to transboundary issues? Some other questions dealing with groundwater rights, 
allocation rules and how to obtain commitment among different stakeholders towards the long
term sustainability of the project have to be resolved. These challenges will be addressed during the
implementation process of the project.

The project might be viewed not only within the context of the previously agreements on surface
water resources, but also based on future sustainability of the aquifer. Early actions to address
issues such as water use and pollution, conflict management, water allocation, and groundwater
education among others, are priorities in the context of the GAS. These preventive actions will take
advantage of the joint water resources agreements and treaties that currently exist, while adding
the groundwater perspective. A consequent flexible but effective beneficiary joint management
framework will provide a basis for enhancing transboundary collaboration between the countries.

CONCLUSIONS

The GAS Project is undertaking the initial steps of its implementation phase but already has 
generated multiple outcomes. These outcomes have contributed to incorporate groundwater issues
into national water policies and to implement groundwater management framework in each of the
participating countries. Bilateral agreements were signed between each participant country and the
executing agency (OAS), between OAS and the World Bank, implementation agency. The 
institutional arrangements for project preparation proved to be adequate for stakeholder 
integration in the policy formulation, but expectation of engagement is still growing. The nature of
the groundwater resource, diplomatic complexity, legal weaknesses, institutional dispersion and the
need for systematic technical knowledge make the GAS a very complex project. 
Although the Guarani aquifer is “invisible”; the importance of groundwater protection and 
sustainable development has become evident in a growing pollution and intensification of water
uses scenario that can be observed in the region. The project has been a substantive start and 
effective contribution to the Guarani aquifer resources management.
It is expected the information society level related to the Guarani Aquifer will fastly grow. 
The managerial solutions to be proposed and implemented by the involved countries are key factor
to face the environment protection and sustainability of its exploitation for the current and future
generations.
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International Water Management Institute (IWMI) Africa Regional Office
Private Bag X813, 0127 Silverton, Pretoria, South Africa
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This paper examines the weaknesses in the current understanding of Integrated Water Resources
Management (IWRM) from a livelihoods perspective. Empowering poor people, reducing poverty,
improving livelihoods, and promoting economic growth ought to be the basic objectives of IWRM. But as
currently understood and used, IWRM often tends to focus on second generation issues such as cost
recovery, reallocation of water to “higher value” uses, and environmental conservation. This paper argues
that IWRM needs to be placed in the broader context of both modern Integrated Natural Resource
Management (INRM) and the livelihoods approach, which together take a holistic and people-centered
approach. The paper concludes with an alternative definition of IWRM as involving the promotion of
human welfare, especially the reduction of poverty, encouragement of better livelihoods and balanced
economic growth through effective democratic development and management of water and other natural
resources in an integrated multi-level framework that is as equitable, sustainable and transparent as
possible, and conserves vital ecosystems. Transparent user-friendly information and models for assisting
decision-making are essential features of livelihood-oriented IWRM.

INTRODUCTION

This paper starts from the premise that poverty reduction, empowering poor people to improve
their livelihoods, and achieving long term equitable economic growth are the most important
objectives of efforts to improve natural resources management in developing countries. Poverty has
many dimensions, but lack of access to a reliable water supply for household as well as for
productive purposes is one central feature of poverty in developing countries and must be reduced
drastically if the Millennium Development Goals are to be met. More than a billion people in the
world’s poor rural areas lack access to safe drinking water and sanitation; and a similar number
lack access to affordable irrigation (Polak et al. 2002). Making water available for agricultural
production (including livestock, fish, as well as crops) where rainfall is unreliable or insufficient can
make a huge difference to peoples’ lives, as the vast majority of rural poor (and even peri-urban
poor) depends on agriculture. There is considerable evidence that making even relatively small
amounts of water available for personal and productive uses to poor people can transform their
lives (e.g., Polak et al. 2002; Lipton and Litchfield 2003).

“Integrated Water Resources Management” (IWRM) is now the dominant paradigm for water
management in both rich and poor countries. IWRM is defined as a process that promotes the
coordinated development and management of water, land and related resources, in order to
maximize the resultant economic and social welfare in an equitable manner without compromising
the sustainability of vital ecosystems (GWP 2000). The World Bank, regional development banks,
most bilateral donors, and many national governments have adopted IWRM policies, following
similar definitions.

While taking a more integrated approach to developing and managing water resources is
unquestionably important, we believe that the current IWRM discourse is too narrow in two senses.
First, it does not put improving livelihoods of people at the center. Second, it does not take a truly
holistic ‘natural resources’ view (for example land is sometimes included rhetorically as in the
Global Water Partnership (GWP) definition, but forest resources and biodiversity are rarely
included). These two weaknesses lead to an unintentionally narrow perspective, making IWRM
counter-productive as an analytical framework from the perspective of poor people. There is
considerable evidence available to support this assertion (e.g., Moench et al. 2003). 
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This paper proposes a paradigm that puts improved livelihoods of poor people at the center of
IWRM, and IWRM in the broader context of “Integrated Natural Resources Management” (INRM).
Recent formulations of INRM take a systems perspective and develop indispensable inter-
disciplinary models based on the integration of information on physical as well as social variables.

WATER AND POVERTY NEXUS

We are confronted every day through the news media with the devastating impacts on poor people
of either too much or too little or too polluted water. Whether it is droughts in eastern and
southern Africa, or floods in Asia, the stark images on our TV screens shock us. In 2003, around 14
million people were said to risk starvation in Ethiopia alone because drought has devastated
peoples’ crops. But these dramatic events, as terrible and devastating as they are, tell only a part of
the story of how water is related to poverty. Every day millions of women and children must carry
buckets many kilometers to fetch household water. Further, millions of families in rural Africa, Asia
and Latin America are unable to produce enough on their small farms or household gardens (if
indeed they have access to land) to meet their basic needs, let alone lift themselves out of poverty.
Many factors underlay this low productivity, but inadequate and unreliable supply of water is the
most important single factor in many cases, and certainly a significant factor in nearly all cases. In
sub-Saharan Africa there is considerable evidence of declining soil fertility, leading to a vicious cycle
of declining yields and further impoverishment. This too has many complex causes, but lack of
reliable and adequate water that would make investments in fertilizer productive is a major issue.
A recent Global Water Partnership (GWP) paper addresses the issue of poverty reduction and IWRM
(GWP 2003). The paper was commissioned precisely because the GWP recognized that recent
formulations and applications of IWRM are not sufficiently focused on poverty.  As the paper notes,
there is a vast analytical literature on poverty—its definition, dimensions, causes and cures—but
there is still “no coherent analysis of the relationship between poverty and water access and use”
(GWP 2003:7). The international community has begun to recognize the relationship, for example
in the Millennium Development Goals for 2015 to halve the number of people without access to
safe drinking water and sanitation, and in the World Summit on Sustainable Development (WSSD)
Plan of Implementation (cited in GWP 2003). But these remain focused largely on drinking water
and sanitation, i.e., they do not take a sufficiently broad perspective, for example by addressing
water for productive uses. Few governments have highlighted access to water in their Poverty
Reduction Strategy Papers. As the GWP paper notes, “to give water its due emphasis in poverty
analysis, nothing less than a paradigm shift in poverty perspectives is called for” (GWP 2003:9).
Achieving this paradigm shift calls for broadening our concept of IWRM—placing it into a broader
INRM perspective and integrating livelihoods analysis as a central feature.

IWRM IN INRM PERSPECTIVE

Integrated scientific approaches are currently being emphasized because we think that rural
development can be accelerated if we understand farmers’ decision-making from different
perspectives. This is actually quite optimistic, since for centuries much progress in farming methods
has been made without such full scientific understanding and integrated approaches. A significant
result of the increased intensity of use of natural resources is that using more of a resource for one
purpose means there is less available for another. Such connectedness requires a systems approach. 
For decades, holistic and multidisciplinary approaches to natural resource management have been
accepted in principle in scientific research, such as Farming Systems Research, Eco-regional Research
(Teng et al.1995), Integrated Water Management, Integrated Natural Resources Management
(INRM), Integrated Soil Fertility Management (ISFM), Integrated Pest Management (IPM), and
Community-Based Natural Resource Management (CBNRM). Over time, these approaches evolved
from being ‘descriptive’ (stating how the main state variables change in time and in response to
key environmental drivers) to being more ‘explanatory’ (showing the underlying relations between
variables and the environment of the system, and hence explaining why processes proceed as they
do). Exploratory modeling (‘what if?’) then becomes feasible at least in confined geographical
areas. During the same period, participatory approaches have gained significant momentum and it
is now recognized that farmers’ socioeconomic context is at least as diverse as their biophysical
environment. This does not ease the development of models, which combine socioeconomic and
biophysical data and makes clear that any related upscaling is only possible with significant loss of
information. 
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However, the integration of different scales remains important at least from the biophysical
perspective (e.g., for the analysis of off-site effects, groundwater depletion, etc), while interventions
have to be client, location and scale specific. 

INRM recently found scientific recognition in a concise and much more operational description of
issues and elements (Sayer and Campbell 2001). They argue, 

“to meet the challenges of poverty and environmental sustainability, a different kind of
research will be needed. This research will need to embrace the complexity of these
systems by redirecting the objectives of research toward enhancing adaptive capacity, by
incorporating more participatory approaches, by embracing key principles such as multi-
scale analysis and intervention, and by the use of a variety of tools (e.g., systems analysis,
information management tools, and impact assessment tools). Integration will be the key
concept in the new approach: integration across scales, components, stakeholders, and
disciplines.” 

The authors bring clarity to the approaches needed to understand and manage natural resources.
Basically, INRM is not a focus in any particular direction towards any particular goal, because
neither can that goal be simple and clear, nor will the conditions be constant under which it should
be reached. Continuous adjustments are called for. This necessitates a different approach to the
research and management program (less static), the scientists and managers involved (more holistic,
interactive, participatory), the institutions that manage and implement research or natural resources
management (more flexibility and collaboration). In short, the authors advocate ‘learning together
for change’. This is captured in Figure 1. They also emphasize that many of the successful cases of
INRM have had development of ‘social capital among stakeholders’ as the entry point. This is
clearly a process for which the majority of scientists or water managers are not trained at all.

Principles in operationalizing INRM recognized by Sayer and Campbell (2001) and Campbell
(2003) are:
1. Multiple scales of analysis, both temporal and spatial. Not a single set of analysis, but cycles of

research and learning. It is crucial to consider the slow-changing variables (e.g., soil fertility,
groundwater).

2. Decision-making processes – “management.” The ‘M’ of INRM. In much of INRM the household
is characterized as the decision-making unit and understanding household priorities with respect
to use of assets is most important.

3. Plausible promises. INRM should be a problem-solving approach with results that are tangible.
Successful cases are always built around very specific interventions. Use of ‘best bet options’ and
‘best practices’ is gaining appreciation (Maglinao 2001), though actual best practices are so
context-specific that we question the rather universal use of this concept.

4. Scaling. Even though success in specific cases is important, INRM should allow transfer of
knowledge to other situations: to scale up (larger) and scale out (more of the same); and to
learn from errors. This is especially constrained by socioeconomic system complexity. However, it
has been argued that system complexity is not boundless and can often be reduced to key
drivers, responses and intervention points (Campbell 2003). This is certainly a challenge for our
search but also a warning against flawed scaling-up and scaling-out.
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Figure 1: Key concepts in Integrated Natural Resources Management (Sayer & Campbell,
2001)



Tools for operationalizing INRM include, among others, the following (see Campbell 2003):
1. Systems modeling. It enables users to understand and predict the behavior of complex systems

that are characterized by non-linearities, time delays and feedbacks; it also allows stakeholders
from ‘different sides of the fence’ to start building common concepts and language.

2. Participatory action research with stakeholders. Crucial adaptations of general methods cannot
be achieved without feedback from our clients.

3. Decision and negotiation support tools. These are practical forms of system models.
4. Multi-scale databases. Theory can only be applied with success if site and situation specific data

are available; this is crucial for up- and out-scaling.
5. Impact assessment. This is a key feature since it helps in adaptation, performance enhancement,

negotiation, and allocation decisions.
6. Geographical information systems (GIS).
In an environment where natural resources and the way people use them are relatively stable, the
INRM approach gives a good handle on how to improve management. However, as more and
more elements of people-natural resources systems become connected through new infrastructure,
increased intensity of interventions causing downstream effects on water quality and quantity that
did not exist before, and increased knowledge such as observations from space about illegal land
use, it is not easy to translate INRM and other systems approaches into practical management
tools. 

Putting the persons managing agricultural and natural resources, including water, at the center of
attention and underlining the means they need to have at their disposal for improved
management, emphasizes ‘livelihoods’ of individuals and communities (e.g., Campbell et al. 2001).
The ‘livelihoods approach’ can be seen as a way of viewing scientific problems through the eyes of
the target group. This approach is particularly important in research for and with smallholder
farmers. In this approach, one thinks about the five types of assets that individuals and
communities need in order to be productive in agriculture: natural resources (land, water, crops),
physical assets (infrastructure, machinery), financial assets (income, money transfer, loan), human
assets (knowledge, skills, gender and labour) and social assets (organization in the community, rules
and laws) (Campbell 2003). 
Penning de Vries et al. (2002) link these concepts to the five dimensions of sustainable agriculture:
increased productivity, reduced risk, increased resource protection, economic viability and social
acceptability. They discuss these interactions with the help of a hypothetical example that compares
two technologies (Figure 2). The “standard” technology (inner line) represents cultivation of a
traditional crop variety, the “new practice” refers to growing a new variety with higher and more
stable yields, but which also puts more strain on farmers’ working hours and increases water
pollution. 

Even though INRM and livelihood approaches contain elements that are not easy to measure
scientifically, let alone compare and rank, these research approaches do not shun the use of solid
science. On the contrary, they allow discussions of (a) scientific aspects of integration at different
scales in INRM-activities, (b) decision-making process of managers, and (c) negotiations among
stakeholders as an essential mechanism for conflict resolution. The role of reductionism in these
approaches is secondary (not in quality, but in sequence of call), but there is always a strong role
for integrative science. This includes: how to abstract from the complex systems models
characterizing only the main issues (as not all processes are equally important), their main inter-
relationships including those with environmental conditions (there are always a limited number of
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Figure 2: The impacts of introducing new technology on the sustainability dimensions



interactions more important than all others); and how to determine the dynamics of these systems,
their equilibrium and resilience with respect to external influences and minimum levels of assets
(below which the agro-ecosystems processes no longer interact and system behavior breaks down).
And also: how to do proper INRM and INRM-research with very limited ‘hard data’, and how to
incorporate farmers’ knowledge into these frameworks. 

It seems a logical development to pursue a livelihood-centered INRM approach as our next way of
getting a grip on improving the management by farmers of natural resources and of the other
assets they have at their disposal, and to re-focus IWRM more firmly on livelihoods. It basically
means more emphasis in IWRM on management and relaxing management constraints and on the
‘capital’ that farm households have at their disposal to overcome these.

IWRM FOR LIVELIHOODS

Many countries, often with support from development banks and bilateral donors, are in the
process of adopting IWRM policies and reforming their laws and institutions accordingly. In
principle this is a very positive development, as narrowly sectoral approaches to water
development have led to serious problems in many river basins. However, examination of the
actual implementation of the new IWRM policies shows that it is unusual to find water for peoples’
use as a central objective. Considerable attention is paid to demand management, cost recovery,
reallocation of water to “higher value” uses, and environmental conservation. As this process
proceeds, agriculture is often identified as “the problem”— i.e., as the villain whose ‘wasteful’ use
of water is the root of all water evils. Conflicting views between environmentalists and specialists in
agricultural water emerged as a major theme of the Second World Water Forum in The Netherlands
in March 2000 (Cosgrove and Rijsberman 2000).

Further, the application of IWRM should take into account the stage of development of river basins,
and which “hydronomic zone” of a basin is being considered (Molden et al. 2001). In basins whose
water supply is over-allocated (“closed basins”) a policy of demand management and encouraging
re-allocation to higher value uses is sensible. But when the same policies are applied to under-
developed basins in the name of “IWRM” then more harm than good may be done. In Sub-
Saharan Africa less than three percent of the available water resources has been developed; further
water resource development for agriculture and other purposes is urgently needed to promote
economic development and poverty reduction. But in too many cases IWRM reforms seem to be
acting as an impediment to development, directing attention to second generation problems
prematurely.

For example, in the Ruaha basin in Tanzania, the authorities assume that recent incidents of drying
up of wetlands and reduced levels in hydroelectric reservoirs are entirely due to ‘wastage’ of water
by irrigation and therefore seek to restrict the flows to agriculture during the dry season. Research
currently being carried out by Sokoine Agriculture University with the International Water
Management Institute (IWMI) and the University of East Anglia is throwing considerable doubt on
this premise (Lankford and van Koppen 2002). Further, irrigated rice production in the basin
contributes enormously to the livelihoods and incomes of farmers in the basin, and comprises a
significant proportion (14%) of the total rice consumed in Tanzania. Oversimplified perspectives on
agricultural water use in the context of river basin water management can lead to serious harm to
the productivity and well being of people.

There is no disagreement on the IWRM philosophy. But the broad concept needs further
elaboration and many practical questions remain. As Moench et al. (2003:5) note, major questions
exist over who does the integrating; whose interest should be reflected in the integrating process;
how to govern such an integrating process to ensure all stakeholders’ interests are equitably
reflected; how should disputes be resolved; and which issues should be addressed through
integrated approaches, since some could be dealt with separately. No effective institutional IWRM
solutions exist in developing countries—but there is wide agreement that “governance”—another
broad and nebulous concept—is the key to long-term success (e.g., GWP 2003; Moench et al.
2003). The contribution made by Moench et al. (2003) is to provide detailed case studies from
South Asia examining social responses to water issues and the implications for conventional IWRM
thinking. 
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Five “core insights” emerged from their work:
1. In economies where a large proportion of the population is directly dependent on agriculture for

their livelihoods, access to reliable sources of water is a fundamental factor influencing the level
of poverty;

2. Taking a broad integrated approach to solve many of the water-related problems faced by poor
people is unnecessary and in the current context of rapid social change and weak institutional
structures is not likely to be successful;

3. Hydrologic units such as river basins or aquifers are not always the most appropriate unit for
analysis or management—many problems are more localized and can be addressed at a more
local level: the key is to define boundaries at scales that enable effective action in relation to
target groups and clients. It has nowadays become fashionable to relate IWRM to the basin level.
This might be progress in comparison with earlier days but we should not forget that farmers’
perspectives are often at another scale.

4. Much greater effort is needed to devise management approaches that can adapt to hydrologic
variability (i.e., spatial and temporal variability in water availability), limited data and
knowledge, rapid social, technological, economic, and demographic change, and the dynamics
of politics; and

5. The fundamental importance of strengthening governance structures—a process that Moench et
al. (2003) found happening in some areas where they worked.

An IWRM framework at the level of the river basin or aquifer can provide an overall framework in
terms of understanding broad opportunities and limitations for water development. These can be
modeled and scenarios prepared to provide options for stakeholders’ consideration. But livelihoods-
based IWRM should focus on a) how local-level communities of interest can best use their available
water supply to meet needs they themselves identify and prioritize; and b) where necessary and
feasible how to bring additional water supplies to such communities to enable them to improve
their livelihoods. A strict livelihood approach acknowledges farmers’ priorities and time frames but
alone it cannot give similar attention to off-site or downstream effects, which might not affect the
livelihoods in the actual study area. This not only challenges the backbone of IWRM but also our
paradigm of sustainable land and water management. In fact, this challenge simply reflects
common reality where individuals give their own concerns the highest priority. Saying this, it
becomes obvious that a livelihood-centered INRM (or IWRM) approach has to be built on a broad
pillar of stakeholder capacity building to support farmers’ and other poor water users’ aims to
achieve sustainable livelihoods, while accepting social responsibility towards minimizing negative
downstream or off-sites effects. This process will need institutional support at different scales.

LIVELIHOOD-CENTERED IWRM AT LOCAL LEVEL

This subsection focuses on rural sub-Saharan Africa, although the same points are relevant for South
Asia and other poor regions. In sub-Saharan Africa, over 40% of the population lives on less than
$1 a day, and food production has failed to keep pace with population growth over the past
decade or more. The productivity and income security of the approximately 200 million persons in
sub-Saharan Africa who depend largely on agriculture (cropping, livestock, fisheries) can be
increased significantly through improved water and land management. At IWMI (2003) our basic
hypothesis is as follows:

Access to reliable and sufficient water is an essential, though not sufficient, condition for
sustainable improvements in agriculture, and can be created and sustained in many regions of sub-
Saharan Africa. This water can be used productively by smallholder farmers by making smart use of
the many technologies and practices that are already crafted but not truly field-tested, provided
that market development, information supply to farmers and adequate legislation go hand in hand
with it. Such access to water, and to markets in turn, will encourage sustainable management of the
natural resource base, including soils and land.

For much of rural Africa and indeed much of Asia and parts of Latin America, rainfall is either too
low or too erratic to support sustainable productive agriculture. But low-cost technologies such as
rainwater harvesting, soil and water conservation, and low-cost water lifting and application
technologies (e.g., treadle pumps, small power pumps, bucket and drip systems) can make a
difference for millions of farmers. These do not use large amounts of water by themselves, though
at a certain scale in watersheds, there can be positive or negative downstream impacts (e.g., see
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Moench et al. 2003). In these poor rural areas, IWRM should be focused on how to enable local
farmers to gain access to and use water for their personal and productive needs. Work in South
Africa, Tanzania, the Horn of Africa and elsewhere has demonstrated clearly that even basic low-
cost strategies to capture rainfall, concentrate and store it, and to reuse gray water on a relative
small household plot can reap tremendous benefits in terms of improved diets, nutrition and cash
incomes (de Lange and Penning de Vries 2003; Ngigi 2003). IWRM should not only include
attention to natural resources and water management institutions; it should also include attention
to land access and land management, market access, making information available for
smallholders, and provision of supporting infrastructure like roads and telephone networks. 

Livelihoods-based IWRM has yet another dimension. Both governments and NGOs tend to
approach communities with a single-dimension water supply development proposal: a water supply
system for domestic purposes; or an irrigation scheme. Donors reinforce this narrow approach with
their own single-minded perspectives. But communities have multiple needs: water for personal
uses, agriculture, livestock, fishing, laundry, small businesses like brick making. In irrigation schemes
there is evidence that the value of the myriad unplanned uses of water may be very significant and
may even change perceptions of the return on investment (Renwick 2001). Ironically, use of water
from domestic water supply systems for productive purposes is often regarded as illegal, a clear
example of a non-systems approach.

Recently interest has grown in examining the potential for multiple use or ‘hybrid’ water supply
systems (Polak et al. 2002; IRC et al. 2003). Rural domestic water supply schemes tend to be
expensive and to require external funding since they do not generate an income stream. Their
sustainability is often problematic for poor communities without sufficient income to pay even
minimal maintenance costs. But hybrid systems, enabling irrigation and therefore intensive
cultivation of small plots, can radically change the economics of water supply systems. They
become potentially commercial enterprises (Polak et al. 2002), build capital, and are a source of
food for improved nutrition and of cash income through the sale of produce; from an IWRM
perspective they are classically “integrated.” Rather than approach communities with pre-conceived
notions of what is on offer reflecting artificial bureaucratic boundaries between providers of
domestic and irrigation systems, communities should be assisted to evaluate the water and land
resources at their disposal and the various options for making use of these resources for their own
benefit. User-friendly models can be used to help stakeholders analyze tradeoffs among the various
options to arrive at an affordable hybrid water system. IWMI, International Development
Enterprises (IDE), International Water and Sanitation Centre (IRC) and other partners are currently
initiating a project to test the concept of hybrid water supply systems under different conditions.

LIVELIHOOD-CENTERED IWRM: GOVERNANCE

Governance is a part of management at the community as well as basin levels. Governance remains
the core issue in IWRM, with many rich as well as developing countries struggling to find
institutional mechanisms for its effective implementation. The problem of governance is as salient
at local as at river basin and national levels. “Participation” even at local levels is no guarantee of
equity and sustainability, especially in communities characterized by serious inequities (Meinzen-
Dick and Zwarteveen 1998). At the level of river basins, there are often very powerful vested
interests opposed to giving a real voice to poor smallholder farmers; in such a context, how to
design institutions that do provide an effective voice to poor stakeholders is an unresolved issue not
helped by idealistic rhetoric (Wester et al., 2003). Further, successful institutional models from rich
industrialized countries cannot be transferred to poor developing countries—the problems
addressed and the local conditions found in developing countries lead to “limits to leapfrogging”
(Shah et al. 2001). In South Africa, a management authority is being developed for the Olifants
River catchment, with explicit attention to the participation of the smallholders (Schreiner and Van
Koppen, 2002), many of whom were excluded from involvement in resource management before. 

The governance issue deserves a separate paper. We make only two points here that are directly
relevant to our argument for “livelihoods-IWRM.” The first point, also emerging from the studies by
Moench et al. (2003), is that we should focus our attention on working with local communities,
and seek ways to empower them to solve their own water problems locally. Such ‘empowerment’
includes encouraging stronger institutions based on local cultural principles leavened as necessary
by concerns for equity and fair play, integrating scientific knowledge with local wisdom to identify
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the feasible options available to the community, and helping them to identify any external
assistance they may need, for example sources of credit or technical assistance.

The second point is that durable and effective river basin level institutions can only be built on a
strong foundation of local institutions. But we cannot wait for the decades required to build strong
local institutions before embarking on basin level institutional development. Therefore, we suggest
establishing interim forums in which the diverse stakeholders’ interests would be represented, and
to use these forums for educating people on IWRM principles as applied to their circumstances.
User-friendly models that enable stakeholders to analyze scenarios and contribute to rational
decision-making can be used to good effect. Desirable features of such models include: a) the
integration of social, economic and technical data, so that the social implications of technical
decisions can be illuminated, and b) the ability of presenting several relevant options from which
the user can choose the one(s) that fits his/her situation best. Moench et al. (2003) advocate the
role of “social auditors” to promote gathering and using good social local data. 

An important function of such forums and tools is to make information widely available in a
transparent and useable format, as a means to discourage cosy backroom deals for water
development. In this scenario, if a community wishes to develop its water resource, it would be
feasible for all stakeholders to examine the likely impact downstream. If a major commercial
interest like a mine wishes to obtain a significant water right it would be possible to examine the
tradeoffs, and perhaps negotiate agreements that will be more beneficial to the basin stakeholders.
These are somewhat idealistic scenarios, not easily implemented, but they are feasible and should
be encouraged widely

Such user-friendly models both require and facilitate developing capacity for data gathering and
analysis. Models are only as good as the data used. But there are examples of developing simple
but useful models that use as inputs local knowledge, for example about rainfall, flooding, and
drought patterns (Sakthivadivel et al. 1997). We therefore urge far more effort to develop, validate
and apply user-friendly models based on multiple sources of data, with transparency being the key
word with regard to the data used and the underlying assumptions of the models.

CONCLUSION: TOWARD LIVELIHOOD-CENTERED IWRM

We propose an alternative formulation of IWRM, which is within the larger INRM framework, as
follows:

“IWRM is the promotion of human welfare, especially the reduction of poverty and encouragement
of better livelihoods and balanced economic growth, through effective, democratic development
and management of water and other natural resources at community and national levels, in a
framework that is equitable, sustainable, transparent, and as far as possible conserves vital
ecosystems.”

This formulation puts people and their well-being at the center of IWRM while retaining the
essential features of coordination, integration, equity, and sustainability. It also explicitly recognizes
that IWRM must be done at multiple levels—local, watershed, basin, etc. The term ‘transparent’ is
intended to capture the point that information must be shared in a useable form with stakeholders,
to empower them to contribute to decision-making effectively while accepting social responsibility.
Stakeholders can be an important source of information, and thus are creators as well as
consumers.
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PREPARING FOR MONITORING AND ASSESSMENT OF TRANS-BOUNDARY
RIVERS: THE UNECE RIVERS PILOTS PROJECTS

P J Chilton1, D J Nieuwenhuis2, and J G Timmerman3 (with contributions from pilot project teams)

1 British Geological Survey, Wallingford, OX 10 8BB, United Kingdom
2 ARCADIS Euroconsult, formerly at RIZA, P O Box 17, 8200 AA Lelystad, Netherlands
3 RIZA, P O Box 17, 8200 AA Lelystad, Netherlands

Under the 1996 UNECE Convention on the Protection and Use of Transboundary Watercourses and
International Lakes, guidelines for the monitoring and assessment of transboundary rivers, groundwaters
and lakes have been prepared. Following the adoption of the rivers guidelines, a series of pilot projects
was set up to test them and to support countries with their implementation. The work undertaken in the
pilot projects is briefly summarised. The pilot projects ended at the point of recommending improvements,
because implementation requires decisions about institutional responsibilities, and additional funding is
needed. These projects can thus be seen as preparing the way for transboundary monitoring and
assessment, and their ability to do this is discussed. Lessons from the pilot projects are drawn out with
respect to a) project preparation, b) project organisation, c) transboundary monitoring and assessment
and d) revision of the guidelines.  The European Union Water Framework Directive came into force during
the lifetime of the projects, and will have to be taken into account in revising the UNECE guidelines. The
experience gained will also be helpful for those undertaking similar pilot projects to test the guidelines for
monitoring and assessment of transboundary groundwaters and lakes. 

INTRODUCTION

Background

The UNECE Convention on the Protection and Use of Transboundary Watercourses and International
Lakes was established at Helsinki in 1992 and entered into force in October 1996. A Task Force on
Monitoring and Assessment was established at that time, and Guidelines on Water Quality
Monitoring and Assessment of Transboundary Rivers were prepared and published in 1996 as one
of the first outputs from the Task Force (UNECE, 1996). The Task Force became the Working Group
on Monitoring and Assessment in 2000, and the first revision of the guidelines was undertaken in
that year (UNECE, 2000). Equivalent guidelines for the monitoring of transboundary groundwaters
(UNECE, 2001) and lakes (UNECE, 2003) have also been prepared.

Following the adoption of the river guidelines in 1996, it was agreed by the Task Force to establish
a series of pilot projects on transboundary rivers in the UNECE region. Eight river basins were
proposed, and pilot projects under the Task Force were established in five of them. A Core Group
on River Pilots was set up by the Task Force to coordinate and undertake these pilot projects. The
locations of the eight rivers are shown in Figure 1 and the key features of the five UNECE pilot
project basins are summarised in Table 1. As the pilot projects drew to a close, the opportunity
presented itself to review and evaluate the experience of the Core Group and the project teams,
and this paper summarises the outcome with respect to the lessons learnt for project
implementation, for transboundary monitoring and assessment and for the next revision of the
guidelines.
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Table 1 Summary characteristics of the five pilot project basins
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Figure 1 Location of pilot project rivers

Objectives of the pilot projects

The three main objectives for the UNECE rivers pilot projects were to:
• demonstrate application of the guidelines on monitoring and assessment of transboundary rivers
• support countries in the application and implementation of the guidelines
• learn from the experience gained in the pilot projects to identify gaps or weaknesses in the

guidelines to be taken account of in their review. 

PROGRAMME OF WORK

The work programme for the pilot projects commenced in 1997, and the main phases and activities
that were originally anticipated for each pilot project were described by Roncak et al (1997) and
are shown in Table 2. In practice, the pilot projects have ended at the stage of recommending
improvements, because in order to implement the recommendations, important decisions about
institutional responsibilities and additional funding are required. Phases 1 and 2 in Table 2 can,
therefore, be considered together as preparatory steps before the actual implementation of
transboundary monitoring and assessment in Phase 3, which becomes a continuous process (the
monitoring cycle, Timmerman and Mulder, 1999), with regular feedback loops and evaluation and
design modification processes to keep abreast of changing functions, uses, issues, legislative
requirements and funding availability.  

Project activities are also shown in Figure 2, indicating that those in the first five open boxes would
contribute to Report No 2 and those in the final three shaded boxes to Report No 3. In practice
and to account for the varying rates of progress of the individual projects, specification of
information needs was moved into Report No 3 for the Bug, Morava and Mures/Maros and reports
2 and 3 have been combined for the Ipel/Ipoly and the Latorica/Uzh. The Mures/Maros, Morava
and Bug recommendations reports (No 3) have been completed and printed. The Ipel/Ipoly and
Latorica/Uhz reports are still in progress, but should be completed during 2004. The three
remaining pilot projects originally identified, the Tobol, Kura and Severski Donets have been
combined with a pilot project on the Pripyat in the EU TACIS Joint Rivers Management Project,
which were scheduled for completion by the end of 2003.
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EVALUATION 

The evaluation process

Some early lessons drawn from the experience of setting up and implementing the rivers pilot
projects have been reported by Adriaanse (2002). During the rivers pilots’ Core Group meeting in
October 2002, the participants agreed that when they had been meeting together during the
course of the project, they had always been under pressure to complete tasks and reports, and had
not had time to reflect properly on the lessons learnt. It was therefore agreed that there should be
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Table 2 Phases and activities of rivers pilot projects

Figure 2 Steps in the Preparatory Phase of the River Pilots



a workshop specifically for evaluation of the pilot projects and the experience gained in them, and
this took place in May 2003. The experiences of the TACIS projects were also reported and
discussed at the workshop and have contributed to this evaluation. This paper sets out the principal
findings of the workshop in the form of lessons learnt for future projects of this type and reflections
on the implications for transboundary monitoring and assessment and review of the guidelines.

Lessons learnt from project preparation

The first important lesson that can be drawn from the rivers pilot projects is that they have taken
much longer than originally envisaged; the proposed three year schedule extending to five or six
years. There are several reasons for this. Firstly, considerable time was required to obtain the
necessary political commitment at a high level in the relevant institutions of the participating
countries during a time of transition and change in central and eastern Europe. Within this general
situation of institutional change, the environmental sector has many interested organizations, and
identifying the stakeholders in transboundary monitoring and assessment at national, provincial or
district level was not easy and took time. Considerable time and effort was needed to explain the
concepts of transboundary monitoring and assessment set out in the guidelines, which were new
and challenging for those within the basins who would need to give the necessary support to the
projects. All of the project teams highlighted the need for strong formal commitment and the
evaluation concluded that:

• A Memorandum of Understanding between the partners is essential and should be formulated
and signed early in the inception phase of such a project

This can be facilitated by:
• Establishing and maintaining links between the project and existing bilateral or international river

basin commissions
• Informing and involving all stakeholders in the project from the beginning 
• One contributory factor to the delay in getting commitment was uncertainty amongst institutions

and stakeholders as to what was required from them. It is therefore concluded that:
• Projects of this type need achievable objectives and clear and realistic Terms of Reference, which

should nevertheless be sufficiently flexible to take account of the specific characteristics of the
basin

These characteristics include the number of partner countries and their proportions in the basin, the
political, social, institutional and economic situation of the partners and the physical nature of the
basin itself, and some are summarized in Table 1.

Lessons from project organisation

The original intention for the pilot projects to be supported by significant external funding proved
impossible to achieve. This led to some delays to project implementation because partners were
waiting for funding that did not come. More importantly, it meant that project activities were
largely or entirely undertaken by existing staff, all of whom already had many other tasks and
commitments within their own organizations, which were in any case often understaffed and
under-funded. This meant that allocation of time and resources to the pilot projects and continuity
of involvement of the designated team members was difficult. While this was an issue to a greater
or lesser extent for all countries participating in the pilot projects, the problem can be partly
addressed by good communication and support between partners and it is clear that:

• It is necessary but time consuming to create good project teams
• It is necessary to involve people with the right levels of responsibility and authority, although it

can be difficult to get them together if these are at different institutional and political levels in
the partner countries

• Regular meetings and workshops, both within and between projects, are essential to build
cooperation, mutual trust, communication of ideas and data, and common understanding of
project objectives and concepts, some of which may be new

281

PROCEEDINGS MTM-IV - THE UNECE RIVERS PILOTS PROJECTS



The regular meetings of the pilot project teams and Core Group advisers also helped to maintain
progress within the framework of the common project structure (Table 2 and Figure 2). To this end:

• A clear and agreed project structure, with defined phases, tasks and reports is essential
• Within this structure, an inception phase and report is necessary to establish project objectives,

structure and timescale, and project teams and their responsibilities 

The experienced advisers were able to help explain the new ideas and concepts in the guidelines,
such as focusing on information needs and the Drivers – Pressures – State – Impact - Response
(DPSIR) framework and taking a basin approach, and to put the projects in their broader
international context. Use of the DPSIR framework is also an important component of the guidance
on monitoring provided by the European Environment Agency to countries of the region
participating in EUROWATERNET (http://reports.eea.eu.int/; EEA, 1999).

While the reporting was a major task, the common report outlines, which were modified and
developed during the project, guided project teams towards the information required to meet their
objectives. The project teams gained valuable experience in report writing and in agreeing a
common language and terminology. However, while use of English for the major project reports
facilitated external distribution, it seriously restricted circulation within the participating countries,
especially at the political and institutional level. This is an important limitation with regard to take
up of the project recommendations towards implementation of improved transboundary
monitoring and assessment, and:

• English is an essential working language for communication within and between project teams,
but key project outputs need to be in national languages to obtain political commitment for
implementation

The final clear lesson from the experience of undertaking the projects is that some of the workshops
and meetings should be held within the basin. Joint surveys and field visits further facilitated
exchange of information and helped to identify missing information and, most importantly, began
to broaden thinking about monitoring and assessment:

• Joint field visits, surveys and common sampling by project teams are essential 

Moreover, joint field visits can have many social, institutional and technical benefits and greatly
improve communication, understanding and trust between the transboundary partners.   

Lessons from the pilot projects for transboundary monitoring and assessment

While many of the experiences and recommendations outlined above are not specific and are
broadly applicable to international projects, the pilots nevertheless identified some important
lessons for transboundary monitoring and assessment. These lessons are summarized below, and
many will in due course become recommendations for the next revision of the guidelines. 

At the beginning, expectations of the pilot projects differed greatly. Participants had not anticipated
the broad scope of the guidelines and: 

• Existing perceptions of the requirements of monitoring were often rather narrow, and the broader
process of water quality assessment was not well understood

The introduction of the information needs approach, consideration of functions and issues and the
concept of the monitoring cycle (which forms the framework for the UNECE guidelines) were new
to many participants in the pilot projects. The project teams found that:

• Deriving indicators from information needs within the DPSIR framework proved to be difficult,
and further guidance with practical examples is needed

Clearly, the analysis of functions, uses and issues within water management (Table 2 and Figure 2)
has required the project teams to consider the whole basin, and to assess the spatial distribution of
functions and issues in relation to the main river and its tributaries. Adoption of control measures
and monitoring and assessment of their impact requires knowledge of where the main polluting
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activities are located and what are the most likely pollutants originating from them. Therefore:

• A major benefit of the projects and the guidelines was that they introduced the river basin
approach where previous focus had been on the quality of water at the border 

One important consequence of taking a basin approach and giving due consideration to the
underlying geology and hydrology was that:

• The need to take account of groundwater-surface water interactions from both a quantity and
quality point of view was often overlooked, but both could have significant functions and issues

Given the broad range of characteristics of the pilot projects (Table 1), and the varying levels of
technical and institutional capacity and financial resources, the project teams felt that:

• There should be more emphasis on a “tailormade” approach and “step-by-step” implementation
of improved monitoring and assessment 

The EU Water Framework Directive (WFD, EC, 2000) became a dominant factor in monitoring and
assessment during the lifetime of the pilot projects, and many members of the various project
teams have become closely involved in work in their own countries in preparation for adopting the
WFD. In comparing the EU and UNECE approaches, the project teams suggested that in future
monitoring and assessment activities under the Convention there will need to be:

• still more emphasis on the basin-wide approach
• greater emphasis on the analysis of pressures and impacts
• adoption of the concept of modified water bodies
• significant efforts to develop better ecological assessments
• more emphasis on hydrobiological components
• clear linkages between parameter choices based on information needs and WFD priority

pollutants

Together with the lessons outlined above, these will need to be considered for incorporation in
subsequent revisions of the UNECE guidelines. 

CONCLUSIONS

While many of the experiences and lessons related to the preparation and organisation of the
projects are generic and would be broadly applicable to any international projects, the pilots
nevertheless identified some important lessons for transboundary monitoring and assessment.
These lessons have been summarized above, and many will in due course become
recommendations for the next revision of the guidelines. Thus, while the guidelines should be
considered as evolving to meet changing requirements over time, they have, nevertheless, provided
a sound basis for evaluating the existing transboundary monitoring and assessment programmes in
the five pilot projects and proposing improvements to these programmes.
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The border region of the United States and Mexico is a land of contrast, including severe poverty in the
midst of rapid economic growth, urban sprawl encroaching on croplands, and desert bisected by irrigated
croplands and burgeoning cities. Affecting economic prosperity and the quality of life is the limited
availability of water. Projections of future population growth portend increasing conflicts as water is
portioned among the competing needs and geographic areas. Along the border, water is and has not
been managed effectively. Consistent, long-term comparable data sets are necessary in order to formulate
ideas related to regional trends in water quantity and quality and comparable methods of analysis and
interpretation are necessary in order to provide water-quality information that has value and relevance.
Descriptions and assessments of the border’s transboundary water resources are best accomplished when
using shared watersheds as the primary basis for defining and delineating the extent of the border area
from a shared-water resources perspective. 

A blueprint for a watershed approach in the border region is described and recommendations in this
paper build upon the collective insights and recommendation of several national and international
organizations that are concerned with water resource issues. Thus the recommended blueprint is
envisioned as a matrix in which methodologies and actions by multiple organizations are identified and
characterized in order to provide opportunities for collaboration, cooperation, and agreement.

INTRODUCTIOIN

The border region of the United States and Mexico is a land of contrasts, including severe poverty
in the midst of rapid economic growth, urban sprawl encroaching on croplands, and desert bisected
by irrigated croplands and burgeoning cities. The removal of international trade barriers has quickly
transformed the region’s several small to mid-size cities into some of the fastest growing population
centers in both countries.

Affecting economic prosperity and the quality of life—plant, animal, and human—is the limited
availability of water in the border region. Projections of future population growth portend
increasing conflicts as water is portioned among competing geographic areas and waters uses.
Storage and diversion of surface water have drastically changed and in some cases eliminated
instream flows and associated riparian habitats. Throughout the arid border region, the visions,
dreams, and fates of people and economies are intricately linked with water. However, the people
residing on both sides of the border now face numerous complex social, political, economic,
infrastructure and public health, natural resource, and environmental-quality challenges. Along the
entire length of the international border, perhaps the greatest challenge is how to effectively
address the need for safe, sustainable supplies of good quality water for public, industrial, and
agricultural uses, while maintaining a delicate balance with the needs of a very fragile ecosystem.

Despite the historical and present-day importance of this region, there has been an historic neglect
by government policy makers and resource managers, which has resulted in a lack of critical basic
infrastructure and a paucity of information on natural resources. It is difficult to estimate the
potential effect of continued population growth and increased resource utilization in the border
region given our limited knowledge of its mineral wealth, hydrologic systems, and biological
diversity. We are only now beginning to develop and exchange binational, digital geospatial data
sets that will support depicting international watersheds, aquatic habitats, and associated land and
water uses. Along the U.S.-Mexico border, water is and has not been managed effectively.
Consistent, long-term, comparable data sets are necessary in order to formulate ideas related to
regional trends in water quantity and quality. Just as important, comparable methods of analysis
and interpretation are necessary in order to generate water-quality information that has value and
relevance.
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Each year, governmental agencies from both Mexico and the United States, academic institutions
from both countries, industry, and a wide variety of private organizations devote tremendous
resources to monitoring, protecting, and restoring the border regions water resources. However,
there is very little coordination or structured exchange of this monitoring information between
these entities, either on a national or binational scale. Institutional politics, treaties, fears, and
mistrust are major political hurdles that hinder cooperation and economic development; design
differences, sampling and analytical methods, data interpretation, and data management are major
technical hurdles, all to be overcome before the border region can begin to effectively protect it’s
natural resource and try to achieve economic sustainability. There is critical need for a coordinated
approach to water monitoring in the border region, a monitoring framework needs to be
established that is widely understood and accepted.

BLUEPRINT FOR A WATERSHED APPROACH

A Watershed Perspective
The 1983 La Paz Agreement defined the border region as a corridor extending 100 kilometers on
each side of the international boundary between the two nations. For some purposes this rather
pragmatic definition of the border region may have been reasonable, however for describing and
assessing the shared-water resources and associated habitats of the border region it is essential to
consider relevant topographic, hydrologic, and geologic criteria. Shared surface-water drainage
basins were thus used as the primary basis for defining and delineating the extent of the border
area from a shared-water resources perspective.

The rivers in the border region, as elsewhere in the world, are excellent environmental indicators of
ecosystem health, because the water in a river represents the cumulative impact of the entire
watershed. In the border region, where its shared rivers integrate multiple landscape effects, touch
on international and domestic political boundaries, and involve many decision makers, rivers
become potential sources of resource and political conflict. These conflicts can be diverse and
variable, and the watersheds become the focus for debate and litigation rather than the forum for
collaboration and cooperation. 

Within these shared watersheds, there are a variety of key data sets that require binational
consideration to ensure a high degree of comparability in natural resource characterization. Both
countries have recognized the critical need to exchange comparable land use, land characterization,
water resources, and ecological data sets to support wise natural resource utilization, management,
and protection. Implicit in this recognition, and reflected in international agreements, is the concept
to which each country must agree to adhere, the need for seamless understanding of
transboundary natural resources.

There are numerous difficulties in developing a binational, hydrologic database that is accessible for
all potential users. Technical difficulties that exist on both sides of the border and between the two
countries include: lack of consensus for investigative approaches; a lack of agreement on common
data collection protocols; variability in laboratory methodologies; no common data base
management documentation; and reporting systems; and a lack of agreement on methods to
interpret the data. The burdensome treaty requirements for the review and release of hydrologic
data, when coupled with the previously mentioned technical difficulties, result in extended delays
in the availability of information, usually rendering it of little use or relevance.

SUPPORT FOR A WATERSHED-BASED FRAMEWORK TO PROBLEM SOLVING

The watershed-based blueprint recommended in this paper builds upon the collective insights and
recommendations of several national and international organizations that are concerned with water
resource issues. The use of physical geologic and hydrologic boundaries, rather than political
boundaries, provides numerous benefits for planning and management of water resources.
Admittedly, different portions of the same watershed may be subject to very different laws,
policies, funding decisions, and management practices, but the underlying scientific and physical
facts revealed through a watershed analysis can shed objective light on deliberations and make
those management decisions more compatible.  

286

PROCEEDINGS MTM-IV - INTEGRATED APPROACHES IN THE US MEXICO BORDER REGION



The Good Neighbor Environmental Board (GNEB) is an independent Federal advisory committee
tasked with advising the President and the Congress on how the U.S. federal government can
effectively promote good neighbor practices in environmental and infrastructure projects in the
Border Region. This board recommends a holistic watershed approach as the optimal way to
address the wide range of complex issues being faced by border communities. This Board feels that
such an approach will provide the most appropriate framework for defining natural-resource
availability, processes, and potential threats, resulting in the compilation of comparable binational
information needed to support sound decisions concerning future water supplies. The Board further
contends that binational watersheds must be the arena in which forums and collaborations take
place to ensure common goals, and pathways, to achieve a preferred environmental state and
quality of life.

The Southwest Center for Environmental Research and Policy (SCERP) created the Border Institute
Series in 1998 as a binational forum to facilitate environmental policy discussions. In the collective
assemblage of these Institutes, binational watershed approaches are recognized as an approach in
which common indicators can be used. SCERP also has recognized that water-resource data
availability and comparability are serious issues that need to be overcome if collaboration on a
watershed basis is to succeed.

The National Water Quality Monitoring Council (NWQMC) and the Methods and Data
Comparability Board (Methods Board) are Federally-chartered organizations in the U.S. The
Council’s charge is to implement a nationwide strategy to improve water quality monitoring,
assessment, and reporting, and to oversee the activities of the Methods Board. This Council has
concluded that collaboration among various water-quality programs is possible if there is both the
technical and the institutional framework to promote data comparability and data of known quality
(Intergovernmental Task Force on Monitoring Water Quality, 1995). The business of the Council
provides a valuable forum to discuss and formulate consistent and scientifically defensible water-
quality monitoring methods and strategies. The NWQMC also promotes an integrated watershed
approach to address water data collection, and interpretation issues, and related natural resource
concerns. The Council recognizes, as within the Border Region, that in many cases existing
watershed management and monitoring strategies are not systematic and conducted in an
integrated fashion, and thus are not capable of addressing water quality impairments and related
natural resource threats that originate from diverse watershed activities.

On an international scale, the European Union (EU) Water Framework Directive is a very relevant
process with a long list of processes and procedures, which can assist in the harmonious
implementation of a common transboundary strategy for the Border Region. The EU guidance
document contains a series of articles that were initially developed by those member countries that
share transboundary water resources. By design, the guidance is a living document that will be
continuously updated as the specified processes are tested under the Directive and refined. These
articles cover the following: common understanding of concepts and terms, guidance on the
selection of quality elements, best practices and a tool box, and best practice examples of current
national monitoring.

The Internationally Shared Aquifer Resources Management (ISARM) program is a multi-annual work
program that responds to the challenges of shared water resources as set out in the Declaration of
the Hague Ministerial Conference in March, 2000. The ISARM is a coordinated by the United
Nations Educational, Scientific and Cultural Organization (UNESCO), the Food and Agricultural
Organization (FAO), the United Nations Economic Commission for Europe (UNECE), and the
International Association of Hydrologist. The intent of ISARM is to focus on the current
understanding of transboundary aquifers, to demonstrate their significance in binational water
resource management, and to highlight the fact that there is very little international experience in
the approaches needed for the management of these shared resources. The transboundary aquifers
that exist in the U.S.-Mexico border region are not unlike those in Europe, South America and
Africa. The ISARM program can help focus the international community on the need to work with
interested parties from the United States and Mexico to support cooperation, to develop the
necessary scientific knowledge, and eliminate the potential for conflict.

As evidenced by the national and international consensus on the value of transboundary
watershed-based approaches for the use, management and protection of transboundary water
resources, application of such an approach within the Border Region makes sense financially,
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environmentally, and for community-based participation reasons.  Coordination efforts across
traditional boundaries of responsibilities mean that programs based in different organizations and
even within each of the two countries can pool their expertise and resources. Decision makers will
be more informed as they consider and develop plans to address the multitude of the issues
affecting water use, management, and protection in the Border Region.

THE BLUEPRINT

The Blueprint being proposed for the Border Region is to establish voluntary, watershed-based
forums consisting of representatives from governmental and non-governmental organizations from
the Border States from both countries. The charge to these organizations is to collaboratively
identify, discuss, and plan for resolving complex bi-national water use, management, and
protection issues within the Border Region. The use of integrated, natural-resource information for
defining the Border Region, incorporating topographic, hydrologic, and, geologic boundaries,
rather than political boundaries, provides numerous benefits. The history of the Border Region has
laid a foundation for using transboundary watersheds to manage the area’s water resources since
the existing International treaties establish rights and obligations concerning ownership of the
stream flows within the region’s principal watersheds, the Colorado River and the Rio Grande/Rio
Bravo. Treaty management has been entrusted to the International Boundary and Water
Commission, an international body composed of a United States Section and a Mexican Section. 

The recommended Blueprint can be thought of as a matrix in which methodologies and actions by
multiple organizations such as those previously mentioned are identified and characterized. The
recommendations of the GNEB, SCERP, previous Monitoring Tailor Made (MTM) conferences and
proceedings, and the NWQMC all have significant relevance to the issues within the Border Region.
It is evident that the U.S. and Mexico can no longer afford to separately plan for water
development, allocation, distribution, use, and protection, and execute those plans solely within
their respective sub-watersheds. Since the citizens in the neighboring country feel the consequences
of the other country’s actions strong binational cooperation and trust is necessary to forge the
development of joint water management and resource protection in the Border Region. At the local
level, the forums called for by this Blueprint will provide opportunities for collaboration,
cooperation, and agreement.

Within this matrix, there is no single solution or set of indicators to assure consistent and
comparable information/policy formulation. But, there are numerous methods to combine and
integrate within these forums in order to foster collaborative partnerships. The process is dynamic
and the binational framework for cooperative water use, management, and protection will evolve
into a set of binational treaties, agreements, protocols, and practices as cooperation evolves. 

WATER DATA COMPARABILITY

There will however exist a critical need to obtain binational consensus on a process for water data
comparability.  To be effective, this process must involve the best of existing monitoring programs
and be specific to the issues and environment in which water information is needed. In the
development of the forums by which the collective debates about water data can constructively
take place, it is necessary to provide some basic concepts of the processes that will be discussed
and debated. Because shared watersheds have been previously described, as a physical basis in
which to consider the Border Region, it follows that water data generation should be based within
this same physical context. Within the shared watersheds of the Border Region there are a variety
of key data sets that require binational consideration to ensure a high degree of comparability in
natural resource characterization. If we can establish the framework within which future data
collection processes are designed, then comparability tests will exist to ascertain the utility of the
data by all parties that have a stake or interest in the use, management, and protection of the
region’s finite water resources.

Monitoring communities worldwide have historically been frustrated by the elusive, goal of a
monitoring framework that is universally understood and widely accepted. Now, however there
appears to have been considerable thought and time put into the development of a variety of
frameworks, such that now one can turn to the literature in order to design a optimum water-
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quality monitoring program that is tailored to meet any given set data objectives while achieving
data comparability for use by others.

The framework (fig. 1) recommended by the NWQMC is highly transferable to the Border Region
since it provides a coordinated, collaborative approach to achieving hydrologic data comparability.
This framework was developed to facilitate ease of communication and provide a mechanism to
rapidly convey the extent and interconnectivity of the major components involved in a larger
systems view of hydrologic monitoring. The framework can be seen as flow of information through
a series of sequential activities, each of which carefully builds upon the earlier steps to ultimately
produce and convey water information (Peters and Ward, 2003). This framework has relevance in
the Border Region to assist in developing binational monitoring designs that are organized, and
information-goal oriented. The design and approach takes into consideration procedural proposals
that include those offered by Snider and Shapiro (1976), Rickert and Hines (1975), Ward (1978),
Intergovernmental Task Force on Monitoring Water Quality (1995), and Timmerman, Ottens, and
Ward (2000). 

CONCLUSIONS 

The availability of monitoring frameworks from a wide variety of international settings can provide
watershed resource managers in the Border Region the option of a selection of appropriate
techniques and approaches to resolving common water resource issues. In addition, by using the
framework (figure 1) suggested by the NWQMC, data comparability issues can be resolved, and
discussions can thus be centered on relevant management issues, unencumbered by concerns over
data disparities. It is hoped that future steps between the United States and Mexico consider the
information sources outlined in the Blueprint.
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The Joint Danube Survey (JDS) was organised by the International Commission for the Protection of the
Danube River (ICPDR) and was performed during August/September 2001. The scientific survey
represents the overall objective to gain a sound view on the status of the Danube River taking both
chemical and biological parameters into account. The JDS was a first time chance to collect comparable
and reliable data for the entire Danube course by applying uniform, standardised methodologies. This
article summarises exclusively the elaborated biological results of JDS which aimed for assessing the
Danube’s ecological quality for nine defined Danube reaches. On board of the German laboratory ship
Argus and the Hungarian ship Szechenyi, a scientific interdisciplinary team, consisting of international
experts, investigated overall 98 sampling sites (74 within the main river, 24 within the main tributaries)
between Neu Ulm and the Danube Delta (Annex 1). Altogether 2.581 river kilometres of the Danube
River were covered by the investigations of this survey. Investigations at each of the 98 sites included five
different sampling types. For chemical assessments, water, river bottom sediments, suspended solids and
mussels were analysed concerning several parameters (e.g. nutrients, heavy metals, organic components
etc.). Benthic invertebrates, phytobenthos, phytoplankton, zooplankton and macrophytes samples were
investigated in order to assess the Danube’s ecological quality. Further, microbiological water analyses
provided information on the current, local hygienic condition on Europe’s second largest river.

INTRODUCTION

The Danube River is the second largest river in Europe spanning between its source and its mouth
in the Black Sea a total of 2,875 km and covering an overall catchment area of 817,000 km2. 13
countries are connected by the Danube being responsible for the protection of the river’s and its
catchment’s quality.

Along the river Danube and its connected, adjacent ecosystems a broad spectrum of abiotic and
biotic diversity can be found. Chemical parameters as well as aquatic Danubian fauna and flora
adapt and change dynamically in a close interaction with its connected environment. The
qualitative status of rivers including the composition of biological communities is characterised by
both natural factors (river morphology, geology, climatic contitions etc.) and anthropogenic
impacts. Impacts caused by human activities are environmental effects which stem from certain
pressures covering physico-chemical point and diffuse sources as well as modifications of a river’s
natural morphological structure.

The Bucharest Declaration, developed in the 1980s, is the first institutional framework for joint
measures designed to protect the Danube water environment. In 1998 the Danube River Protection
Convention (DRPC) came into force and represents the overarching legal instrument for
transboundary water management in the Danube River Basin. The DPRC focuses on the protection
and sustainable use of ground and surface waters and riverine ecology, directed at cooperation in
the entire catchment. Declared implementation objectives of DPRC cover qualitative/quantitative
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protection/enhancement of water resources’ status. Further, the improvement of aquatic ecosystems
and their biodiversity is being aimed for. Water pollution including accidental pollution should be
prevented, reduced and controlled. The DPRC additionally contributes to the protection of the
Black Sea form land-based sources of pollution.

In the frame of the enforcement of the DPRC, the International Commission for the Protection of
the Danube River (ICPDR) was founded as a common platform and main decision making body.
The ICPDR is currently strongly involved with the implementation of the EU Water Framework
Directive (2000/60/EC) and plays an important role concerning the related co-ordination between
all involved Danube countries.

The MLIM (Monitoring, Laboratory and Information Management) expert group of the ICPDR was
established in 1992 and since then is responsible for the management of the Danube’s monitoring
network. The MLIM expert group aims for a co-ordinated strategic approach concerning
monitoring, laboratory and information management. To achieve these objectives and to provide
the ICPDR information system with data sets, the MLIM expert group launched a Transnational
Monitoring Network (TNMN) in 1996. 61 locations are sampled monthly for physico-chemical and
saprobiological assessment whereas load estimations are performed 24 times a year. The operation
of the TNMN is supported by a basin wide network of national reference laboratories that
supervise all water quality measuring activities under the ICPDR. Despite big efforts, the necessity
to achieve full comparability between riparian Danube countries is still given. Therefore, based on
this demand the Joint Danube Survey was organised.

The Joint Danube Survey (JDS) was initially suggested and prepared by the MLIM expert group and
financed by Germany and Austria. The following will summarise the planning, the objectives, the
performance and included sampling sites of JDS.

The strategic planning in the preparatory phase follows in principle a basic monitoring approach
which can be visualised in Figure 1 by the quality spiral for monitoring processes by Cofino (1994).
The design of JDS was based on a profound analysis of information needs. Investigations were
based on current TNMN parameters and on eventual data lacks regarding upcoming tasks like
quality parameters which are required by the EU Water Framework Directive. Therefore, the design
of the JDS monitoring programme aimed for filling existing data lacks and for achieving a first
rough overview on the relevance of specific additional parameters within the Danube River Basin.
The strategic concept includes repeated evaluation, and optimisation regarding remaining
information needs which are the basis for redesign of monitoring programmes (TNMN, JDS).

As indicated above, during JDS special attention was paid to the adaptation of TNMN in the light
of upcoming tasks. Therefore, persistent (in)organic micropollutants as well as priority substances of
the WFD list were analysed. Further, all required biological quality parameters of the WFD which
are used for the assessment of ecological status have been sampled and analysed. This contribution
will exclusively focus on important results of biological investigations during JDS.
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Figure 1: Quality spiral for monitoring processes (Cofino, 1994) as basis for planning the JDS.



Organising the JDS the main focus was put on the establishment of a comparable data set for the
whole longitudinal Danube stretch. The survey was based on the sampling and laboratory expertise
available in the Danube countries themselves.

Overall, the Joint Danube Survey tried to fulfil the following objectives:
• of both chemical and biological status of the whole extent of the Danube River and its main

tributaries.
• Producing homogenous data based on uniform methods.
• Identification, confirmation and characterisation of specific pollution sources (hot spots).
• Screening of pollutants as specified in the EU Water Framework Directive
• Assessment of the ecological river quality using the EU WFD quality parameters
• Provision of a forum for riparian country participation and intercomparison exercise.
• Establishment of specific training needs and improvement of in-country experience.
• Promotion of public awareness.

METHODS

JDS performance

The JDS was carried out with the German laboratory ship Argus and the Hungarian ship Szechnyi.
Core team members were permanently responsible for sampling and on-board analyses. Upon
entering a country, the ships were boarded by JDS national teams. For quality control, each sample
was analysed on-board as well as in national reference laboratories. This procedure allowed a
comparison of methods, serving as a basis for future harmonisation of different methodological
approaches. The results of JDS were published by the ICPDR (ICPDR, 2002).

JDS sampling sites

Between 14. August and 19. September 2001, overall 98 sampling sites were investigated for
2,581 Danube km (Annex 1). 74 sampling sites were located within the Danube main channel and
24 investigation sites within the major tributaries. Sampling was performed from the Danube’s
upstream to downstream sections. Each JDS site was sampled for five different types - water,
sediment, suspended solids, mussels and all biological parameters. Depending on the investigated
parameter, samples were taken either in the main channel or close to the left and right river bank.
Further, all 98 sites were documented by photography to allow later reconstruction concerning the
sampling sites’ morphology and characteristics.

JDS assessment of ecological status

Aquatic biological communities correspond very sensitively to anthropogenic pressures resulting
from water pollution and from hydro-morphological alterations of river structures. Therefore,
aquatic biocoenoses are commonly and successfully used for assessing the status of riverine
ecosystems. Naturally and besides anthropogenic impacts the occurrence and distribution of aquatic
organisms in running waters are dominantly defined by abiotic factors as flow velocity,
habitat/substrate composition, temperature, water transparency and physico-chemical conditions.
JDS enabled for the first time the investigation of the ecological quality/status for the whole
Danube stretch using uniform methods. The biological JDS sampling programme included all
quality parameters required for the status assessment by the EU Water Framework Directive (see
Table 1). Fish were not included in the programme as the sampling procedure was to time
consuming within the frame of JDS. Additionally microbiological parameters were investigated to
give an impression on the hygienic situation of the Danube River. Table 1 contains all investigated
biological communities including an overview where each parameter was sampled in the Danube
main channel and its tributaries.

To validate the top down JDS typology by biological data the non-metric multidimensional scaling
(NMS) was used as ordination method. Multivariate ordination can graphically demonstrate
whether the biotic species composition reflects the set a priori classification.
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NMS reduces the dimensionality of multivariate data in order to visualise and examined them with
other, more conventional, exploratory analyses. NMS develops an ordination from any distance or
similarity matrix. The procedure ranks distances in the original matrix, and then attempt to display
those ranks of distances in a specified number of dimensions, usually 2 or 3. In effect, NMS
produces a map of the entities from the distances among the sites. The goodness-of-fit of the
estimated distances is measured by the stress statistic (indicated in the figures). Additionally a
coefficient of determination (r_) for the correlations between ordination distances and distances in
the original n-dimensional space is calculated and indicated as the cumulative value of the axis
shown in the figures. The computational procedure is numerical approximation, beginning with an
arbitrary configuration and reducing the stress statistic in each successive approximation. When
plotted in ordination space, sites with similar species composition will be close together. Ordination
plots are thus used to verify or falsify the a priori classification hypotheses. NMS is relatively robust
for species composition data, and has been applied frequently in recent years to benthic
macroinvertebrate data (e.g., Reynoldson et al., 1995, Barbour et al., 1996; Schmidt-Kloiber
2002). The Soerensen/Bray-Curtis coefficient was used as distance measure. With presence/absence
data only, it is equivalent to the Jaccard coefficient (Legendre & Legendre, 1998).

Sampling and assessment Methods

As mentioned above, JDS aimed for using uniform sampling and assessment methods for each
biological quality parameter. To guarantee this uniformity the same sampling method was applied
by one responsible expert during the whole period of the survey. Details on sampling methods can
be found in the Technical Report of JDS (2002). The following briefly summarises general sampling
approaches for each parameter.

According to Bernerth et al. (2002) benthic invertebrate samples were taken from the river bottom
using a polyp grab in order to gain sufficient samples from larger water depths. This method has
been chosen as it had delivered good results during former investigation in the Rivers Rhine and
Main, while the use of dredges and core samplers has proven to be very time consuming and
sensitive. Taking invertebrate samples with nets at the river bank is only possible at low levels of
water. The polyp grab method also covers quantitative aspects, if necessary experience is present.
The polyp grab method was applied in the main channel of the Danube River but not in small
tributaries as Argus could not enter these rivers. Therefore, no samples were taken from the river
Hron, Ipoly, Timok, Olt and Russenski Lom. Mussel samples were collected in a selective manner
applying “kick sampling” and diving the actual habitats of these organisms. Sample evaluation in
the laboratory followed a four step process. Juvenile macroinvertebrates were separated from adult
stages and were then pre-sorted according to higher taxa (e.g. classes, orders, families). All taxa
groups were determined at least to the level of genera while very important taxa were identified at
species level. Taxa necessary for the calculation of the saprobiological index were definitely
determined. Due to time lack some taxa, which are difficult to be identified, were neglected. Using
a semi-quantitative sampling method the frequency for all taxa at each sampling point was
estimated according to a seven tiered classification system of abundance ranging form single
occurrence (1) to very abundant (7). The saprobic index was calculated following DIN 38410. The
calculated saprobic indices were transformed in biological water quality classes following the
Austrian standard ÖNORM 6232. 
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Benthic macroinvertebrates ���� ���� ����
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Phytoplankton ���� ���� ����
Zooplankton ���� ����

Table 1: Investigated biological quality parameters and location of abstraction point
concerning the 98 JDS sampling sites



Macrophyte sampling included the collection of aquatic plants and the recording of abiotic habitat
parameters as being crucial factors for the presence or absence of macrophytes (Janauer et al.,
2002). A motorboat was used to access the individual stretches near the bank at each sampling
point. At each site 0,2 to 5 river-km were surveyed for macrophyte growth on both the right an left
bank. Plant material was collected by hand or by using a rake. When necessary, especially within
the lower Danube stretches, plants were collected by snorkelling. Mosses were collected on hard
substrates only and were either scraped or plucked . Macrophytes were determined down to
species level. The abundance of all aquatic plant species was quantified by Plant Mass Estimates
(Kohler,1978) following a five scale system (1=very rare, 3=widely spread, 5=plentiful). The
estimated plant masses served as a sound basis for the calculation of Relative Plant Mass (Pall &
Janauer, 1995) for the Total JDS Reach and for the nine geo-morphological reaches of the Danube.
Makovinska et al. (2002) describe the sampling of phytobenthos during JDS. Phytobenthos algae
were sampled by scraping the upper millimetres of sediment on stones, woods and other artificial
materials with a blade or with tweezers or by washing these sediments with a brush. Macroscopic
filamentous algae were collected and searched for phytobenthos. Samples were preserved in
formaline (38%) at the ratio 1:10 immediately after sampling. In most cases, determination was
performed down to species level. The calculation of the saprobic index was based on an estimation
of relative abundance following a 5-scale system (1=isolated, 3=abundant, 5=mass). The Slovak
list of indicators was used and the saprobic index was calculated following the formula by Zelinka
and Marvan (1961).

The methods used for phytoplankton sampling and assessment during JDS were based on studies
by Sourinia (1978), Reynolds (1984), Nemeth & Vörös (1986), Wetzel & Likens and Nemeth
(1998). For phytoplankton determination unfiltered water samples were fixed with Lugol solution.
Determination was performed down to species level and for quantification total biomass (µg/l) was
calculated. Further, water samples were collected for chlorophyll-a analyses which were performed
on board of the laboratory ship immediately after sample collection. Analysis followed ISO 10260.
Zooplankton samples were collected in the middle of the Danube River and its tributaries. 50 litres
of water were filtered through 70 µm mesh size plankton net, put in sampling containers and
preserved with Lugol solution. Determination was performed down to species level and was
followed by both, qualitative and quantitative evaluations (Gulyas, 2002).

Described by Kavka & Pötsch (2002), microbiological water samples were collected from the
laboratory ship in sterilised 250cm3 borosilicate glass bottles. Samples were taken from a water
depth between 0,2-0,3 m. All samples were processed immediately after collection. The
determinants included colony count (22°C), total coliform bacteria (TC), faecal coliform bacteria
(FC) and faecal streptococci (FC). Aliquot water volumes were examined by membrane filter
method using 50mm diameter and 0,45ffim pore size cellulose nitrate filters for the isolation of all
determinants. The interpretation of microbiological water quality followed a new classification
system by Kavka&Pötsch (2002) which took the classification system of Kohl (1975) and the EU
Bathing Water Quality Directive 76/160 EEC into consideration.

RESULTS

Defining Nine Danube Reaches

Abiotic parameters like discharge, slope, depth/width variations and sediment transport are
characterised by geo-morphological landscape features and closely correspond with biological
aquatic communities effecting both their occurrence and distribution. The Danube is often
sectioned into three reaches: The upper, middle and lower reach. On a rough catchment scale,
Laszloffy (1967) sectioned the Danube River into four general units (Upper, Middle, Lower Danube,
Danube Delta). As a JDS result and based on geo-morphological landscape factors as well as on
significant anthropogenic impacts, nine geo-morphological reaches were defined for the whole
Danube reach (Annex 1). The nine reaches were defined for the purpose of river characterisation as
well as for the purpose of data evaluation. Data compliance and deviation between different
parameters and the nine Danube reaches should become obvious on a comparable basis. Table 2
contains a short description of each reach’s dominant factors.
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1. Neu Ulm - confluence with River Inn (river km 2,581-2,255)
Rhithron river characterised by alpine hydrologic regime. Main tributaries: Iller, Lech, Isar. Slope:
1,1 ‰- - 0,23 ‰. Anthropogenic pressure/impact by hydroelectric power plants (disruption of
river continuity, damming effects).

2. River Inn - confluence with River Morava (river km 2,255 - 1,880)
Rhithron river characterised by alpine hydrologic regime. The main tributary Inn discharges the
Danube with 737 m3/s and dominantly characterises the condition of the Danube. Further
tributaries: Traun, Enns. Mean slope: 0,43 ‰. Anthropogenic pressure/impact by hydroelectric
power plants (disruption of river continuity, damming effects).

3. River Morava -Gabcikovo dam, river km 1.880 - 1.816
Anthropogenic pressure: Damming impacts

4. Gabcikovo dam- Budapest (upstream), river km 1.816-1.659
Development from rhithron (upland) river to potamon (lowland) river. The Danube passes the
Hungarian lowlands. Main tributaries: Vah, Raab, Hron, Ipoly. Decrease of slope to 0,07 ‰.

5. Budapest (upstream) - Confluence with Sava River (Belgrade), river km 1.659 - 1.202
Danube passes Hungarian lowlands. Main tributaries: Drava, Tisa. Mean slope: 0,04 ‰.
Anthropogenic pressures by significant emissions of untreated wastewater at Budapest.

6. River Sava/Belgrade - Iron Gate dam, river km 1.202 - 943
Lowland River; teh Danube breaks through the Carpatian and Balkan Mountains. Main
tributaries: Sava, Velika Morava. Slope at Carpatian breakthrough: 0,25 ‰. Anthropogenic
impact by damming effects of the Iron Gate dam and significant emission input of untreated
wastewaters at Belgrade.

7. Iron Gate dam - confluence with River Jantra, river km 943 - 537
Lowland river; the Danube flows through the Walachian Lowlands (Aeolian sediments and loess).
Main tributaries: Olt Iskar. Mean slope: 0,04 ‰. Steep sediment walls characterise the Bulgarian
(right) river bank.

8. River Jantra - Reni, river km 537 - 132
Lowland river; alluvian islands between two Danube arms Main tributaries: Prut, Siret. Mean
slope: 0,04 ‰.

9. Reni - Black Sea, river km 132 - 12
The Danube split into three Danube arms; characteristic wetland and estuary ecosystem, mean
slope decreases to 0,001 ‰.

Recently - not as part of the final JDS report - both the originally used three Danube units (Upper,
Middle, Lower Danube) and the nine JDS Danube reaches have been validated using biological JDS
data (benthic macroinvertebrates, macrophytes, phytobenthos, phytoplankton, zooplankton). The
objective aimed for an approval/disapproval of the sections by the occurrence of characteristic
aquatic biocoenosis. 
Figure 2-Figure 4 show results of the NMS analysis for the JDS data set of benthic invertebrates,
phytoplankton and macrophytes. Data refer exclusively to the Danube main channel, data from the
Danube tributaries were excluded. All sites have been analysed independently from their ecological
status. In Figure 2-5 a clear distinction for the Upper, Middle and Lower Danube section becomes
obvious. In particular for benthic invertebrates all three reaches can be clearly separated indicating
a higher similarity of the benthic communities within sites of a reach than among the sites of the
three reaches. For macrophytes also (Figure 3) a clear distinction between the Upper (sites within
the circle) and Lower Danube section can be demonstrated. Due to changes of the Danube’s fluvial
character from an upland river to a lowland river, a corresponding decrease of both slope and flow
velocity the composition of macrophyte communities changes. Applied to phytoplankton
assemblages (Figure 4) NMS analysis show a clear separation for the Lower reach (sites within the
circle) from the two reaches upstream. Low flow velocities within this section seems to induce the
development of a distinct phytobenthos community. The overlay used in figure 5 illustrates the
results of NMS analysis which were performed with data on benthic macro invertebrates concerning
the separation of the nine JDS reaches. The distinction for the JDS reaches 1-5 is obvious but
becomes more diffuse for the lower reaches 6-9. Additionally a division in Upper, Middle and
Lower Danube is visualised. Recapitulating the bottom up validation of the JDS reaches confirms
the sections that have been delieated in the top down procedure.
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Reach Reach section and brief reach characterisation

Table 2: Nine defined Danube reaches based on dominant geo-morphological landscape
features and significant anthropogenic pressures.



Benthic Macro Invertebrates

During JDS 268 macrozoobenthos taxa are preferably used as indicator for organic pollution.
Adding all species which were sampled by light traps and sweep net the number increases to 300.
The highest number of species was collected in the upper Danube reaches (down to river km
1,900) with an average of 40 species (Figure 6). In the middle and lower JDS reaches, species
number ranges between 10 and 30. Comparing the left and right Danube bank the relating
number of species matches only up to 60%, whereas the most distinct differences could be
observed in the middle and lower reaches. The composition of grain size and changing flow
velocities dominantly influence the composition of macrozoobenthos species and are an evident
reason for the investigated differences. Species number within the Danube main channel and its
tributaries differ very slightly. 
The dominance of macrozoobenthic groups shows a varying distribution along the Danube River.
Species of the family of crustaceans were collected over the whole Danube stretch but the number
of insect larvae decreased significantly moving downstream. Molluscs and detrivores dominated the
middle and lower JDS reaches. The opening of the Main-Danube Canal in 1992 removed a natural
barrier between the Danube and the River Rhine. Therefore, fauna transfer between two rivers is
being enabled. In the case of the Danube River, the alien mussel species Corbicula could be
collected in the Danube Delta and proved an unwanted species exchange (e.g. via shipping).
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Figure 5: Distinction between the nine
defined JDS reaches applying NMS analysis
using benthic invertebrate data.

Figure 4: Distinction between Upper,
Middle and Lower Danube reach
applying NMS analysis using
phytoplankton data.

Figure 2: Distinction between Upper,
Middle and Lower Danube reach applying
NMS analysis using benthic invertebrate
data.

Figure 3: Distinction between Upper, Middle and
Lower Danube reach applying NMS analysis using
macrophyte data.



Corbicula was transported from the Rhine into the Danube river basin and was collected for the
first time in 1997. 1998/99 Corbicula reached the Hungarian Danube and 2001 the Danube Delta.
The sabrobic system, indicating organic pollution, consists of seven classes. Class I stands for
unpolluted conditions and class IV for excessive pollution. Quality class II (moderate pollution)
represents the general political water quality objective. The saprobity in the Danube River varied
between water quality class II and II/III (critically polluted). Taking into account that the saprobic
index is also influenced by morphological river features, moderate pollution (class II) could be
calculated for the Danube all the way to Budapest. Further downstream, when the Danube passes
the Hungarian lowlands, water quality decreased to class II-III. Further, downstream Belgrade to the
Iron Gate dam water quality ranged between class II and II-III.. Both cities Budapest and Belgrade
discharge untreated wastewaters into the Danube River which significantly impact the ecological
status. Overall the conclusion can be made that some of the Danube tributaries are impacted
significantly more than the main channel. For the tributary Sio (H) a saprobic index of III (strongly
polluted) was calculated. In the tributaries Iskar (BG), Olt (RO) and Arges (RO) no macrozoobenthos
could be collected which could be the result of toxic pollution effects.

Phytobenthos

Phytobenthos was collected at all JDS sampling points as indicator for trophic pollution. Altogether
340 species and higher level organisms were identified. Diatom (bacillariophyceae) which were
collected mainly on clay and sand substrate, were the species richest group with 264 identified
species. In the frame of species identification filamentous cyanobacteria, Chlorophyceae,
Zygnematophyceae and Rhodophyta could be determined. Figure 7 illustrates the species number
within the JDS reaches 1-9. The species number at the individual sampling points of the Danube
channel showed fluctuations between 20-96 species and in the tributaries between 16-109.
52% of 180 sampling points were inhabited by aquatic plants while 48% had no plant growth.
Altogether 49 different aquatic plant species were identified. The collected wee classified into six
species groups: 1)Bryophyta 2)Phycophyta, 3)Spermatophyta (higher plants)- submerged
Rhizophytes, 4)Spermatophyta- free floating and floating leafed plants, 5)Spermatophyta -
amphibious plants and 6)Spermatophyta - Helophytes.
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Figure 6: Number of macrozoobenthos species for both Danube banks and for each JDS
sampling point realting to the defined nine JDS reaches. The triangles indicate species
numbers in Danube tributaries. Right bank = blue bars, left bank = red bars. 



RPM was calculated for all species groups, for all nine JDS reaches (Figure 8) and the entire
Danube. Within the reaches 1, 2 and 4, Bryophyta (mosses) are clearly dominating due to high
flow velocities big stone blocks as bank structure, both representing preferable habitat conditions
for mosses. The species group Spermatophyta - submerged Rhizophytes, although ubiquitous, were
dominantly present within reach 7 where its preferred habitat conditions (high transparency and
high flow velocities) are provided. Spermatophyta - submerged Rhizophytes also show a dominant
share concerning RPM within reach 3 where transparency values increase at sampling points closer
to the dam of Gabcikovo power plant. Spermatophyta - free floating and floating leafed plants
occur within all reaches except reach 2. Dominant occurrence is recorded for reach 5, 6, 8 and 9
which are characterised by low water transparency and low to medium flow velocities. The Relative
Plant mass for the other three species groups are calculated with lower numbers. 

Concluding it can be said that besides the influence of water transparency and flow velocity on the
occurrence of aquatic plant, the presence and distribution of macrophyte species is crucially
determined by nutrients. The majority of the plant species collected during JDS are indicators for
eutrophic conditions. Some collected species like Ceratophyllum demersum, Potamogeton crispus
and Zannichellia palustris commonly serve as indicators for significant nutrient loading. The broad
distribution of these species indicates significant nutrient inputs. The collected species group
Characea (Phycophyta) serves as an indicator for oligotrophic habitats and high transparency.
Obviously such preferred conditions are occurring in some parts of the Iron Gate reservoir but they
are generally not typical for the trophic situation in the dammed area.
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Figure 7: Species number of phytobenthos over the nine defined JDS reaches.
Macrophytes

Figure 8: Relative Plant Mass (RPM) for all species groups and the defined nine JDS reaches.



Phytoplankton

Overall 261 phytoplankton species were collected, phytoplankton biomass fluctuations between 0.3
mg/l and 39.9 mg/l were measured. Clorophyll-a concentrations varied from 1.2µg/l to 137µg/l
(Figure 9). The highest eutrophication was detected for the JDS reaches of the middle Danube
section. Specifically the Szentendre islands (river km 1690) and the Budapest stretch was
dominantly impacted by high eutrophication. Biomass values ranged between 15 mg/l and 39 mg/l
with corresponding chlorophyll-a values. The increase in species richness in the middle and most
eutrophicated part of the Danube was caused mainly by the increasing number of coccal green
algae. Concerning the tributaries, the highest values of phytoplankton biomass/chlorophyll-a
concentrations were measured in the River Iskar (BG), Velika Morava (YU), Ipoly (SK/H) and Sio
(H). Parallel high nutrient values and oxygen super saturation confirmed these results.

Zooplankton

During JDS a total of 120 zooplankton species were identified, 79 of the 120 species were
identified as Rotatoria, 27 as Cladocera and 14 Copepoda. A gradual increase of zooplankton could
be observed moving downstream. Evaluations on the individual abundance of the zooplankton
communities showed large variations between 280 to 1,383,600 ind/m3 in the Danube main
channel and between 1,140 to 799.640 ind/m3 in its tributaries. The Danube sections passing
Hungary and Yugoslavia showed the highest population abundance whereas the lowest abundance
was determined for the German, Austrian, Romanian and Bulgarian Danube reaches. 
Figure 9 illustrates the longitudinal variation of phytoplankton biomass (mg/l) and zooplankton
density (ind/m3). For both a maximum within the JDS reaches of the middle Danube section
(approximately river km 1800-1000) can be noticed. It can be seen that the peak in phytoplankton
biomass is followed by maximum values in zooplankton density. When the abundance of
zooplankton reaches its highest values, a strong decrease of phytoplankton biomass becomes
obvious. This decrease can most likely be explained by the grazing effect of zooplankton, when
zooplanktic species feed on phytoplankton.

Microbiology
The JDS produced a reliable overview on microbiological determinants and therefore on the
hygienic condition of the Danube. Microbiological investigations supported the detection of
anthropogenic impacts. 
The results showed that the tributaries Russenski Lom (BG), Arges (RO), Siret (RO) and Prut
(RO/MD) were impacted significantly, lower bacterial values were observed in the upper JDS
reaches and downstream of the Iron Gate dam. High faecal pollution was analysed in the middle
section of the Danube down to river km 1100 and again downstream km 500 to the Danube Delta.
Especially below the big cities of Budapest and Belgrade which both discharge untreated
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Figure 9: Variation of phytoplankton biomass and zooplankton population abundance along
the Danube River during JDS.



wastewaters into the river, hygienic pollution was significantly high.
Figure 10 illustrates the colony counts of faecal coliform bacteria. Concerning the required,
comparable water quality class II, it can be stated that the relevant colony counts were exceeded by
49% of the JDS sampling point in the Danube main channel and by 58% in its tributaries.

CONCLUSIONS

The results of JDS provide a sound overview on the quality status of the Danube at the 98 sampling
points concerning physico-chemical, ecological and microbiological aspects. For discussing the
results it has to be kept in mind that JDS delivered exclusively information based on grab samples
at certain sampling points. The understanding of dynamical processes which are specifically needed
for complex ecological conclusions cannot be drawn on the basis of JDS. However, the performance
of the Joint Danube Survey enabled for the first time both the collection as well as assessment of
40 different chemical and biological parameters over the entire course of the Danube River and in
its major tributaries within a comparatively short time period.
The achieved experience and results elaborated by JDS represent an essential basis for further
planning processes concerning the development/improvement of monitoring programmes within
the Danube basin. Hence, the results showed that the existing TNMN monitoring network will need
adaptations following the requirements of the EU Water Framework Directive which will have to be
implemented within the Danube River Basin. This refers on one hand to the analysis of priority
substances on the other hand ecological assessment methods within the Basin demand for
improvement and adaptation to fulfil the future biomontoringobjectives. The joint investigation
procedure now serves a future harmonisation concerning sampling methodologies between the
Danube countries. Parallel analyses for certain parameters allow a quality comparison, further co-
ordination and harmonisation of analytical methods.
The repetition of such interdisciplinary and international surveys in regular frequencies seems useful
in order to elaborate comparable datasets for certain time periods.
The results in detail of JDS were published in a final report under the co-ordination of the ICPDR
and can be publicly downloaded (www.icpdr.org).
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The Baltic Sea is an ecosystem under severe stress, mainly due to nutrient losses from agricultural
activities. This paper describes the Monitoring and Assessment of Non-Point Source Pollution activity in
Component II of the Baltic Sea Regional Project, which is due to start in 2003. One of the main objectives
of this activity will be to quantify nutrient losses from agriculture. The monitoring activities will consist of a
catchment monitoring programme, a programme to monitor the effects of specific demonstration activities
concerning land use activities and a programme concerning the monitoring of agricultural hotspots and
drinking water wells. The programs are integrated as much as possible into existing national networks and
where necessary, new ones will be established. Additional measurements will be carried out to support
modelling and up-scaling of results to be obtained in the catchment monitoring programme and will
include data on various soil parameters for parameterisation and calibration of the dynamic models for
diffuse sources. A comprehensive training and upgrading programme of the modelling competence will be
carried out to improve the capacity in management and control of agricultural runoff. To enhance the
viability of the monitoring programme, the design and implementation is such that it will be suitable and
attractive for research and educational purposes and complies with international scientific standards. A
regional network will address the need for dissemination of achievements and outputs and the need for
co-ordinated exchange of experience, data compilation, analysis and assessment. The network will have a
transboundary assessment perspective and enhance communication between the Baltic Sea Regional
Project and the regional institutes. 

INTRODUCTION.

The Baltic Sea is an ecosystem under severe stress, and actions are needed to ensure its sustainable
development (Yurkovskis, 1993; Kahru, 1994). Although dramatic changes occurred in Baltic
agriculture since the early 1990s, the loads of nitrogen and phosphorous to the Baltic Sea, mainly
from agriculture, is one of the main reasons (Vagstad, 2002). In response to this situation, the
littoral countries initiated a Joint Comprehensive Environmental Action Program (JCP, 1992, 1998)
to support the “restoration of the ecological balance” of the Baltic Sea through a phased program
of action. Within this framework, assistance was requested from Global Environmental Facility (GEF)
through UNDP and the World Bank for a regional project to support the objectives of the JCP. The
GEF project proposal for a Baltic Sea Regional Project (BSRP) was introduced, and a core group was
composed of members from three international bodies: The Helsinki Commission (HELCOM), the
International Baltic Sea Fisheries Commission (IBSFC) and the International Council for Exploration
of the Sea (ICES). The project area includes the littoral countries Estonia, Latvia, Lithuania and
Kaliningrad. Component II of the project deals with the reduction of non-point source pollution
from agriculture through demonstration of environmental friendly farm management practices,
monitoring and institutional capacity building. One of the objectives is to establish a monitoring
network in agriculture, which can serve future needs at national as well as regional scale. The more
specific objectives of the monitoring network are; 
• Provide data on nutrient losses from representative agricultural areas to support national

authorities in the development of sustainable agriculture and to meet the data requirement for
the reporting to regional and international organisations 

• Demonstrate the efficiency of different nutrient reduction measures
Motivate farmers to be active partners and “good examples” in developing sustainable and
environmental sound agricultural practices
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Provide a basis for capacity strengthening of research - and educational institutions to make them
more attractive to young researchers

In principle in each country a set of monitoring activities has been proposed, having the objective
to provide data on the magnitude and range of nutrient loads from various types of agricultural
production systems and to document the effects of different types of mitigating measures. The
following monitoring elements are proposed: 1) catchment monitoring programme, 2) specific
demonstration activities, 3) contamination of drinking water in farm wells and 4) contamination of
surface- and ground water at local “hot spots”. A detailed description of the complete monitoring
programme has been prepared by Vagstad (2001b).

CATCHMENT MONITORING PROGRAMMES.

The catchment monitoring programme consists of measurement of the nutrient loads at catchment
level and will be an integrated part of demonstrations and other related activities in the catchment.
When necessary, measurements and samplings of groundwater are included. The catchment
monitoring sites are located in three Baltic countries (Figure 1 and Table 1).

(*) - number refers to location (Figure 1).

In order to obtain information about the nitrogen and phosphorus loads from agriculture, the core
of the monitoring system at the catchment level is a combination of discharge measurements and
water sampling.
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Country Catchments Size (km2) Agricultural land (%) Dominating soil type
Estonia Räpu(1*) 25.5 97 loam

Jänijögi(2) 23.7 60 loam
Rägina(3) 21.1 50 gley loam

Latvia Mellupiete(4) 9.6 70 loamy soil
Berze(5) 3.7 98 clay loam soil
Skriveri(6) 8.9 85 sand, sandy loam

Lithuania Graisupis(7) 13.7 70 loam, sandy loam
Vardas(8) 7.5 73 loamy sand
Lyzena(9 1.7 98 loam

Monitoring sites
1. Räpu
2. Jänijögi
3. Rägina
4. Mellupiete
5. Berze
6. Skriveri
7. Graisupis
8. Vardas
9. Lyzena
10. Kahametsa
11. Bauske
12. Ocre
13. Vecauce
14. Bariunai
15. Pabedinskoe

Figure 1: Location of monitoring
catchments, demonstrations sites and
hotspots

Table 1. Catchment monitoring sites.



Discharge measurements.

Discharge can be measured in several different ways but only “fixed” discharge measurement
structures with a known head – discharge relation are considered in the environmental monitoring
programme, having the advantage of a high degree of accuracy (Deelstra, 1998b). The selection of
a discharge measurement structure is determined by a combination of accuracy/quality demands,
maintenance requirements, cost and available resources and topography. A wide variety of
measurement structures is available, a good description of which is given by Bos (1978). In the
Nordic countries the V- notch is a widely used measurement structure (Granholm, 1989). However
when soil erosion is a serious problem it is not proposed because of its low capacity to transport
sediments. The structure has also limitations in flat terrain as it has to operate under free flow
conditions. 

An alternative is the Crump-weir, a short crested weir, which is extensively used in the Norwegian
Environmental Monitoring Programme of agricultural dominated catchments (Bechmann, 2002)
and which, contrary to the V-notch has the ability to transport sediments over the crest. To increase
the sensitivity of the discharge measurements at low discharges, a flat – V weir can be used, which
has good accuracy, both at low and high discharge. (Bos, 1978). 

Water sampling.

In the case of runoff from agricultural lands, the sources are diffuse and the solute transport is
influenced by a combination of factors such as climate, soil types, crop types, farming practices,
topography and season. In the BSRP, the objective is to quantify the total load from agricultural
lands. Different water sampling strategies can be applied but lead to quite different results
(Rekkolainen, 1991, Deelstra, 1996a; Deelstra, 1996b; Haraldsen, 2002). It is a well-known fact
that runoff and concentrations of both solutes and suspended material can show large variations
both over time and as a function of discharge. Water sampling routines should therefore be
selected which best can handle these variations. In general, one can distinguish between grab
sampling and flow proportional sampling. Grab sampling can be carried out in different ways
(Deelstra, 1998c). Most suitable for monitoring purposes is the grab sampling routine in which the
sampling is determined either by time or carried out on a volume proportional basis. Both methods
can provide valuable information on the dynamics and interactions of hydrology and nutrient – and
soil losses. However, the available resources for the water sample analyses can be a limiting factor
on the number of samples that can be taken. An alternative to grab sampling systems is flow
proportional composite water sampling Deelstra, 1998c) in which the sampling intensity is
determined by the discharge and composite sample represents the average concentration of the
runoff water over the sampling period. A data–logger is needed to steer the water sampling.
Rekkolainen (1991) combined grab sampling with fixed time intervals during low flow with flow
proportional sampling during high flow periods and obtained good results in load estimation in
two small agricultural catchments in Finland.

Additional data collection.
Climatological data

A minimum of climatological data has to be collected both for the interpretation of calculated
nutrient loads and to be used as driving variables in simulation models for water and nutrient
transport. Data required are air temperature, humidity, wind speed, precipitation and incoming
radiation. 
Farmer information
Information on farming practices, like timing and rate of fertiliser application, crop type, date of
sowing and harvesting in addition to yield level and the timing and type of tillage practices has to
be collected. The information will be used in the explanation of the measured loads from the
catchments.
Soil information 
Information on the prevailing soils and geologic formations has to be available for the necessary
interpretation of both the agronomic and agro-hydrological processes. Information on important
soil physical must be obtained for the dominating soil types in the catchments. 
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Quality control

No matter how sophisticated the data collection system is, good quality of the collected data
should be guaranteed and therefore, a data quality and control system has to be available (Willis,
1999). Discharge measurement and hence water level recording is the backbone of the load
calculation, and should therefore receive special attention such that under all conditions the “true”
water level is recorded. In addition, regular weekly or bi - weekly checks of the monitoring stations
have to be carried out to guarantee the correct measurement of the different variables. Collected
composite water samples have to be stored at a cool place and differences in analyses methods
should be avoided. To guarantee against such differences, international standards like the European
standard ISO 5667-3 for water sample analysis will be followed and inter-calibrations between the
involved national laboratories will have to be initiated. 

Modelling and scale issues.

Scale issues are important to be considered in analysing and comparing the results of nutrient loads
obtained in the different national environmental monitoring programmes. Measured differences in
nutrient load at catchment level can be influenced by the flow processes involved in the transport
of the plant nutrients from the rootzone to the catchment outlet. This became especially clear when
comparing nutrient loads in Nordic catchments showed that under otherwise similar crop and
fertiliser conditions the nitrogen load in Norwegian catchments was significantly higher than in
Danish catchments (Vagstad, 2001a). A similar conclusion was drawn by Deelstra (1998a), when
comparing hydrology and nutrient losses in Latvian, Estonian and Norwegian catchments. The
lower nitrogen loads might be caused by nitrate reduction processes in the groundwater due to the
presence of pyrite (Postma, 1991). In the interpretation of monitoring results one has to be aware
of the transport processes involved in order to prevent drawing conclusions on wrong assumptions.
The inclusion of the Mellupiete catchment in the BSRP will open up the possibility to study
nitrogen transformation processes at different scales as measurement will be carried out three
scales, i.e. plot -, drainage field - and catchment scale (Figure 2).

Figure 2: Layout of the Mellupiete.catchment.

From the viewpoint of the marine environment and the regional/drainage basin level management
it is a prerequisite to know the total contribution from agricultural activities. This however is from a
practical point of view impossible to measure. Specific tools (models) are needed to up-scale
monitoring results from the demonstration plots and monitoring catchments to the regional level.
Monitoring and modelling therefore have to be an integrated part in future management schemes
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of diffuse sources in agriculture while at the same time the monitoring catchments have to
represent the typical conditions with regard to climate, soils, crops and management practices. A
comprehensive training program and upgrading of modelling competence is considered a
significant contribution to the regional capacity building in management of agricultural pollution.
Concrete activities comprise training courses and transfer of knowledge and methodology,
collection of data needed for parameterisation of deterministic models, and the establishment of a
multi-scale empirical data-set to validate and test the model performance. The modelling approach
will be based on the SOILN-DB model, a dynamic model for the simulation of water balance and
nitrogen transport in the plant/soil interface (Johnson, 2002). This model is linked to the HBV-N
model, in its original form a rainfall - runoff model developed by (Bergstöm, 1972) and which has
been further developed to include the nitrogen retention processes at catchment scale. The final
output of the combined models is the amount of nutrients delivered at the river mouth. The
modelling concept is developed by the Swedish Agricultural University (SLU) and SMHI (the
Swedish Meteorological and Hydrological Institute), and is used for various purposes in Sweden
(among others the Helcom Pollution Load Compilations). 

SPECIFIC DEMONSTRATION ACTIVITIES.

The demonstration activities will be directed towards field and farm management practices, mainly
focussing on manure - and plant nutrient management, and be carried out at plot scale, located in
the monitoring catchments. In case the total loads are to be calculated on the basis of a
combination of discharge measurement and water sampling, the tipping bucket is a realistic
alternative to for example the V-notch and even at very low discharges has a reasonable degree of
accuracy (Yu, 1997). When making the necessary provisions, the tipping bucket can also be used as
a volume proportional water sampler (Khan, 1997). Also other methods, like the use of suction
cups, can be used to show the effects of different agricultural practices on nutrient leaching.
Natural buffering processes like transformation-immobilisation- and retention processes in the soil,
landscape and open waters may also affect the final load of nutrients entering larger rivers and
coastal waters and manipulation of the hydrological environment/landscape like the introduction of
wetlands or modified drainage systems may enhance these processes. Different locations are
selected to demonstrate the nutrient retention capacities (Vagstad, 2001b). The demonstration
activity sites are located in three Baltic countries (Figure 1 and Table 2).

Table 2. Special demonstration activities.
(*) - number refers to location (Figure 1).

MONITORING OF DRINKING WATER IN FARM WELLS.

The quality of drinking water in rural areas, and on private farms in particular, is generally
recognised to be poor and monitoring of private farm wells will be carried out within the
monitoring catchments. Access to clear evidence on how farm activities may impact water quality is
considered an important means to increase the environmental awareness among farmers

MONITORING SURFACE WATER AND GROUND WATER.

Very large animal production farms that are still in operation in the Baltic States may represent an
important source of nutrient losses (hot-spots). To maintain the awareness on these major pollution
sources, it is considered useful to provide a minimum of documentation on the potential losses
from these sources. The monitoring sites are located in four Baltic countries (Figure 1 and Table 3).
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Country Plot scale experiments Point sources Others
Estonia Räpu, Rägina, Jänijögi Räpu(sewage) Kahametsa(10*) (mod.drainage)
Latvia Mellupiete, Skriveri
Lithuania Graisupis Graisupis(natural wetlands)



Table 3. Monitoring sites for hotspots.

(*) - number refers to location (Figure 1).

REGIONAL NETWORK.

The most important task of the regional network is the dissemination and exchange of knowledge.
In addition should the regional network be in charge of the co-ordination of the activities carried
out by the different partners collaborating in the environmental monitoring programmes. The
network should also be responsible for the co-ordination and development of common routines for
both quality control of measured data and reporting and which should be in line with procedures
used in other Nordic countries. Important activities include:
Databases and internet tools
• Establish a regional catalogue of field- and catchment scale demonstration and monitoring

activities including all relevant background information
• Establish a regional database that is continuously updated with results of the agricultural

monitoring programs in the Baltic Sea. 
• Develop interactive tools to provide access to validated information, for communication within

the network, and between the network and out-reach to public, schools and media
Quality control, data analysis and reporting 
• Facilitate appropriate inter-calibration routines for the involved chemical laboratories 
• Develop common routines for data control of measured data, e.g. in line with the procedures

developed by Jordforsk for the Norwegian monitoring program 
• Develop common methods and approaches for data analysis and reporting 
• Produce reports at regular time intervals that summaries the results of the monitoring activities
Training courses and workshops
• Whenever needed, take the necessary steps to ensure that appropriate training courses can be

arranged
• Arrange network meetings and workshops to aid the communication between the involved

countries, and between the network and a wider audience of scientists, advisers and public
authorities.

There are already several existing networks in the field of agriculture and environment, including
the network-type bodies related to e.g. HELCOM and Baltic 21 activities. One should therefore be
aware the risk of overlapping activities, which in the long run may seriously hamper the motivation
and involvement from different actors. The fact that there are a limited number of potential
participants in the recipient countries should result in a careful selection of tasks, and efforts to
minimise the overall participation costs. Communication between different components and
activities within the BSRP will be taken care of by the project organisation and management
structures. The scope of the component II network activities should therefore primarily be the co-
ordination of institutions concerned with environmental management in agriculture, and the
communication with the “external environment”. 

CONCLUSIONS

Component II in the BSRP is a multi-stakeholder engagement to reduce non-point source pollution
from agriculture with the involvement of individual farmers, authorities, advisers, researchers and
regional institutions. The time - lag between actions in the field and environmental improvements
in the ecosystem may be considerable. Co-operative platforms are needed for bridging over from
the short-term actions of BSRP to the long-term changes needed in management of the Baltic Sea
ecosystem, and to ensure the sustainability of actions taken. It is a key issue to establish a
monitoring program that is scientifically defensible, that is operated in such a way that reliable
results are generated, and that is harmonised with similar programs in the Nordic and Baltic region
in terms of approaches and applied methods. Furthermore, the “sustainability” of the programs
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needs to be emphasised, i.e. the programs should not be extravagant with regard to future
capacities of the local counterparts. The program should be operative without long-term support
from external sources. One way to enhance the “sustainability” is that monitoring programs are
designed in such a way that they both are suitable and attractive for research and educational
purposes, without loosing practical scope which is to assist the authorities in reducing the adverse
impacts from agricultural activities. For these reasons, it is important to ensure that the applied
methods and procedures are sufficiently advanced to comply with common international standards.
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In 2001 The Netherlands and Flanders, an autonomous part of Belgium, published their joint vision 2030
for the Scheldt-estuary, situated between Ghent in Flanders and Flushing in The Netherlands. The vision
contained long term goals for the preservation of the estuarine system, safety against flooding, nature
conservation, the shipping channel to the port of Antwerp and the cooperation -for these matters-
between the Netherlands and Flanders.

One of the subsequent steps in the process towards an equally shared Dutch-Flemish management of the
estuary was a common long-term monitoring and research programme which has fairly recently started
with the development of a joint assessment framework for the estuary.

The joint assessment framework  will consist of policy-monitoring with policy-indicators, process-indicators
as well as relevant socio-economic data concerning the  “ecosystem services” that the public receives from
the estuary. The DPSIR framework will be used as a tool to develop the set of  process-indicators. The
joint assessment framework must also comply with several EU Directives such as the Water Framework
Directive.

Quality assurance of the joint assessment framework will be of paramount importance and will 
consist of scientific and  social components.

INTRODUCTION

With a view of future economic importance, in June 1998 the Belgian Prime Minister made a 
written request to the Prime Minister of the Netherlands to deepen the Scheldt estuary situated
between Ghent and Flushing. The Dutch Prime Minister wrote back that, before this request could
be approved, a common integrated long-term vision for the Scheldt estuary should be established. 
The long-term vision project started in January 1999 and was presented exactly two years later in
January 2001.The Vision (Ministerie van Verkeer en Waterstaat 2001) contains a sketch of the near
future, qualitative objectives for 2030 and 4 possible scenarios for 2010. The Vision was accepted
by the Flemish parliament in May 2001 and by the Dutch parliament in December of the same
year.

The central element of The Vision is  “target 2030” which consists of 5 objectives, set out in 
qualitative terms. These objectives are:
• the maintenance of the physical characteristics of the estuary as basic principle for
• the management of the estuary 
• maximum safety against flooding as an important condition of existence for both
• countries   
• optimal accessibility to estuary harbours as feature of economic importance
• health and dynamics of the estuarine ecosystem
• cooperation regarding the management of  the estuary

The next step towards a joint management of the estuary by  the Netherlands and Flanders was the
signing of the so-called Memorandum of Vlissingen by the concerning Dutch and Flemish ministers
in March 2002. This memorandum is the starting point of the Scheldt Estuary Development Project
(ProSes) and of a common long-term monitoring and research programme, called LTV O&M. 
To guarantee an ongoing sustainable development of the Scheldt estuary, ProSes will make, before
January 2005, a solid, broadly supported Development Sketch for the near future. LTV O&M has
started with the development of a joint assessment framework in the spring of 2003. In this paper
the broad outline of the assessment framework is presented in order to start cooperation and/or to
elicit comments on our approach. 
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POLICY MONITORING AND ASSSESSMENT

Figure 1 shows the first broad outline of the assessment framework for the Scheldt estuary. 

The joint assessment framework will consist of policy-monitoring with policy-indicators, 
process-indicators, relevant socio-economic data and data concerning the  “ecosystem services” 
that the public receives from estuary. The DPSIR framework will be used as a tool to develop the
set of process-indicators. The policy-indicators to be developed will consist themselves of indicators:
for the estuarine system, for safety against flooding,  for the optimum accessibility of the harbours
in the estuary especially the port of Antwerp, for fishery, for recreation and tourism, for
cooperation and for the socio-economic situation in the drainage area of the estuary. The
assessment framework will partly be based on the work done by Lorentz (1999), Graveland et al
(2002), Peters et al (2003), Van den Bergh et al (2003) and Cave  (2003). Some details are shown
in the following paragraphs.

Policy monitoring

Policy monitoring is defined here as the monitoring of progress in achieving the target objectives
for 2030 with the help of policy-indicators derived from these objectives. Good policy-indicators
integrate, broadly speaking, our knowledge on the functioning of the estuarine system and enjoy
strong societal support especially from the concerning authorities. These indicators render as well
adequate steering information. 

Policy-indicators have a concrete objective and should be limited in number. The choice of 
policy-indicators is therefore very important and must be formulated in a precise manner because
of the need of public support  and communication aspects. The policy-indicators should also ideally
be related to other policy plans that apply to the Scheldt estuary. Policy-indicators remain “ideally”
unchanged for a long period of time when rightly chosen.

Possible policy-indicators for the various objectives for 2030 are: 
• percentage of container-cargo transported regardless of the tide, 
• chance of flooding or evacuation, 
• oxygen concentration or number of seals and 
• percentage of tidal volume through main (shipping) channel. 

Process indicators

Process-indicators are intrinsically related to the policy-indicators. They explain the course in time
of the policy-indicator and evaluate the extent of measures taken to obtain the objective for the
connecting policy-indicator. Choice, formulation and number of process-indicators are therefore
very important. The number of process-indicators is usually higher compared to the number of 
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Fig. 1. (S-E.D. = social-economic data; P= process-indicator;  driving forces, pressures,
states, impacts, responses are the parts of the DPSIR framework).



policy-indicators. Process-indicators should have a strong scientific support yet, they have no 
objective. 
The set of process-indicators may probably change in time for the following three reasons:
• they may turn out to be a wrong choice as our understanding of the estuarine system increases.
• new research may result in better process-indicators than the existing ones.
• some process-indicators may no longer be needed if, as a result of measures taken, the goal for a

policy-indicator is obtained.
Possible process-indicators can be found in the example paragraph below.  

The DPSIR framework

The D(riving forces)P(ressures)S(tates)I(mpacts)R(esponses) framework will be used as a tool 
to develop the set of process-indicators since the suitability of this frame work to develop 
process-indicators  is generally accepted (see for example the work of the European Environment
Agency (2003)).  Here we may understand Driving forces being the social activities. Pressures, the
uses of resources and emissions. States,  the states of the environment. Impacts, the effects on
humans, nature, economy. And, Responses measures taken by society. The choice for the DPSIR
framework ensures that the complete cause-effect chain is taken into account. The example of the
Elbe catchment area that can be found in Nunneri et al (2002) illustrates our point.

Ecosystem services

Costanza et al (1997) but also Costanza and Jorgensen (2002), Tilman and Polasky (2003) and 
others have shown that the public receives many benefits, called ecosystem services, from natural
and managed ecosystems like estuaries. The Scheldt estuary, for example furnishes water treatment
and food like fish and shrimps. Depicting the ecosystem services that the estuary delivers adds
therefore valuable information to the assessment framework. This information is even more
relevant because other driving forces and pressures influence the kind and number of the different
ecosystem services. Economic activities for instance, result in emissions of chemical compounds
influencing the amount and/or quality of food or reducing or preventing activities like swimming. 

Socio-economic data

Numerous data other than the data that describe the states of the environment are collected and
stored in various data banks. Some data provide valuable additional information. The number of
houses from which waste water is not treated is an example. The socio-economic data will 
especially add valuable information concerning the driving forces, pressures and impacts. 
All available socio-economic data bases will therefore be screened for valuable additional
information which will become part of the assessment framework.

Other remarks

Quality assurance will be an important part in the whole process of developing the indicators. The
quality assurance will consist of both a scientific and a social component. Scientific quality control
means that the results are authoritative among colleague scientists, whereas societal quality control
means that results are authoritative among the various interested parties. The framework must also
fit within EU Directives like the Water Framework Directive. The quality assurance will consists of
presentations, publications, workshops, interviews, surveys and “group decision room” sessions.

AN EXAMPLE

The assessment framework is illustrated by the number of seals as a possible policy-indicator for
the objective “health and dynamics of the estuarine ecosystem”. Number of seals is chosen because
seals, being at the top of the food chain, reflect part of the ecological system and appeal to
managers, policy-makers, stakeholders and people living in the neighbourhood. The number of
seals can be measured; an objective for number of seals can be set and the results are easily
presented and spread to all persons in question. A possible presentation of this policy-indicator in
the future is shown in Figure 2.
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The choice of process-indicators for this policy-indicator is to a certain extent complex. The number
of seals is determined by the amount and quality of their food, the availability of suitable habitats,
disruption (especially by humans), the living conditions for seals in other areas and the occurrence
of certain (viral) diseases, which may reduce the number of seals to a large extent in a very short
time. Of these factors, the composition of their food and their habitat are not very well known. On
the other hand, the important pollutants in their food and the influence of disruption by humans
are relatively well known just as the number of seals in other areas. 

The influence of quality of their food on the number of seals for example is determined by the 
following cause-effect chain: 
production and/or use of chemicals - emissions of relevant chemicals – concentration/content of 
relevant compounds in the Scheldt – biological available fraction of relevant compounds in the
Scheldt – contents in the food chain – content in relevant fish species – consumption of fish – 
contents in relevant organs -  reproduction effects

As a first guess, after applying the DPSIR framework, the results may be the following 
process-indicators: 
• the driving force:  extent of production and/or present or future  use of certain chemicals
• the pressure:  actual emissions of certain chemicals
• the state variable: determination of certain persistent micropollutants in certain fish species. 
• the state variable: determination of the slope of sandbars and the surface of relatively deep water

around sandbars 
• the state variable: determination of the number of people walking on sandbars in certain periods

of the year, in combination with the driving force, in  this case, plans and prognosis concerning
the development of tourism and recreation. The information concerning this driving force may be
obtained from socio-economic data bases.

• the state variable: counting the number of seals in the entire Delta area.

THE FUTURE

The next phase after the development of the policy-indicators and process-indicators will be to
describe how to monitor the indicators followed by the start of the monitoring itself.
This might not be an easy task. For some indicators the questions concerning their when, where
and how will be difficult to answer. The limited financial resources will also play an important role
in the final decisions concerning the choice of the indicators.
The third phase will be the choice of the quantitative goals for the different policy-indicators. 
This phase will also present difficulties, nevertheless it may not be of crucial importance since the
monitoring itself can be brought to a start without quantitative goals. 
The fourth and last phase will consist of developing methodologies that should render efficient
reporting of results of the policy monitoring to all parties. i.e. governments, stakeholders and the
general public. In all probability this phase will be easy because the time between the start of the
monitoring and the first presentation of the results will take at least two years, a period long
enough to develop adequate methodologies. 
Finally, in a related parallel project a (mathematical) model that describes the complete assessment
framework will be developed. Moreover, it  will be used in advance to determine the extent of
measures necessary to achieve the quantitative goals of the policy-indicators and later on, to 
evaluate the measures taken.  
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SPATIAL DECISION SUPPORT SYSTEM FOR THE INTEGRATED
MANAGEMENT OF THE WERRA RIVER BASIN

Jörg Dietrich and Andreas Schumann 

Ruhr-University Bochum, Institute for Hydrology, Water Management and Environmental
Engineering, Universitätsstr. 150, D-44780 Bochum

The implementation of the European water framework directive follows an integrated approach
considering socio-economic and participatory aspects. New planning methods in river basin management
are required. A joint research project will work out an ecological and economical assessment of the Werra
river basin. Measures and management strategies for the objective of a good ecological state will be
defined. This paper focuses on the information system and the spatial decision support system. They serve
as a common information and service base for all disciplines involved in integrated river basin
management. A special component for interactive multicriteria trade off between strategies will support
the planning process and group decision making.

INTRODUCTION

The European Water Framework Directive (WFD) specifies the guidelines for integrated river basin
management within the European Union for the next decades. It postulates the protection of
surface waters and groundwater. A good ecological status or potential and a good chemical status
for all surface waters are principle objectives of the WFD. A combined approach of emission limits
and river-specific immission standards is mandatory to reach management goals. River basins are
the spatial units of water resources management. They are subdivided in water bodies, which are
important spatial units for ecological assessment and the definition of measures. Socio-economic
conditions have to be considered in the planning process. Stakeholder participation is another key
element of the implementation of the WFD.

The planning cycle of the implementation of the WFD is based on the general causal framework of
Driving Forces, Pressure, State, Impact and Response (DPSIR) adopted by the European
Environment Agency (1999). The response element of integrated river basin management
emphasizes the interaction between society (human activities in the river basin) and environment
(pressures and impacts, Fig. 1).

Figure 1: DPSIR scheme for integrated environmental assessment.

BMBF JOINT RESEARCH PROJECT „WERRA RIVER BASIN MANAGEMENT”

An exemplary research and development project is being carried out under guidance of the Ruhr-
University Bochum. The project is funded by the German Federal Ministry of Education and
Research (BMBF). Planners in water management will be provided with decision support tools for
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planning of integrated river basin management during the implementation phase of the WFD in
Germany. Research is carried out in the Werra river basin, a sub-basin of the Weser watershed. The
main goal of this project is to ensure a good ecological status of surface water within the river
basin. The complexity of this task demands cooperation of ecologists, hydrologists, water managers,
computer scientists and sociologists. Four subprojects carry out an ecological and economic
assessment of the state of the river basin. The influence of human activity on the ecological status
of the river will be predicted. Management strategies will be developed in cooperation with local
authorities and input from stakeholders. The possible consequences of measures will be simulated
by hydrological and ecological models (Fig. 2).

Figure 2: Structure of the BMBF Joint Research Project „Werra River Basin Management”.

SPATIALLY ENABLED INFORMATION SYSTEM

A wide range of different information has to be collected to set up water management schemes as
required by the WFD. For research and planning purposes an information platform that ensures
distribution of data among all the involved institutions is needed. It has to comply with the
following requirements:
• Common, spatially enabled information base for all disciplines involved, 
• exchange of specific information between the different disciplines (e.g. results of modelling,

location of measures),
• integration of all information available as a base for the decision support system,
• spatial aggregation of information using GIS methods,
• information for stakeholders to ensure public participation in the planning process at different

levels.
The development of a common, interdisciplinary spatial data model will be carried out with respect
to the European “Guidance Document on Implementing the GIS Elements of the WFD” (Fig. 3).
Special emphasis is put on the spatial distribution and the different scale of socio-economic,
ecological and hydrological data. The water bodies were modelled as linear events on the river
network topology using linear referencing features of the ESRI ArcGIS software (Zeiler 1999).

Use cases, activities and object models are specified using UML (unified modelling language) to
define the flow of information between actors and the workflow of river basin managers at
different levels. Thus workflow oriented tools to manage, evaluate and communicate data can be
developed and iteratively adapted to new management methods. A structured design of the
information system following an industrial standard will ensure the placing of data within a
dynamic context of driving forces, pressures, impacts and responses. 
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SPATIAL DECISION SUPPORT SYSTEM FOR INTEGRATED RIVER BASIN MANAGEMENT

An interactive, internet based, spatial multi-criteria decision support system (SDSS) will be the
outcome of activities. A challenging task is the integration of modelling results to create
management scenarios. However, to support the planning process a further aggregation of the
information using GIS is needed. Some interesting questions arise from the spatial scale of attributes
and decisions: How will management interventions based on the WFD alter the ecological status of
the river basin? How will this affect socio-economic development over the next few decades? What
requisites must the SDSS comply with to integrate both spatial and temporal effects of planned
management schemes?

The SDSS will be developed to support decision makers mainly in the planning phase and the
decision phase (Fig. 4), where the river basin management plan will be prepared. The concept of
the SDSS will be based on the workflow of river basin managers and decision makers in water
resources management implementing the WFD.

All measures and strategies (combinations of measures) will be stored in a scenario database. They
will be linked with the spatial representations of the consequences. From the scenario database a
decision matrix will be calculated as the starting point for the application of a method of
multiattribute decision making (MADM) in a discrete decision space. The modelling of decision
makers’ preferences is a very important task. Should this be done a priori? Are the decision makers
able to express weights and preferences on all relevant criteria? The implementation of the WFD is
a new field of policy for many authorities, even conflicting or coinciding with spatial planning. In
this project the interactive, learning-based Reasonable Goals Method (Gusev & Lotov 1994,
Jankowski et al. 1999) was chosen. It avoids problems of a priori preference modelling and focuses
on the interactive visual exploration of the decision space and the multicriteria trade-off of criteria
in a group decision situation. The RGM/IDM assists decision makers in the identification of a
reasonable goal (Fig. 5). A set of many decision alternatives can be reduced to several Pareto-
efficient alternatives, which are close to the reasonable goal. The performance of the RGM/IDM is
suitable for the exploration of a very large decision space due to the examination of the Convex
Edgewoth-Pareto Hull instead of all alternatives (for a detailed description of the RGM/IDM see
Jankowski et al. 1999).
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Figure 3: Simplified extract from the UML object model for the assessment of water bodies
showing ESRI specific classes (grey), freshwater bodies and ecological classification. 
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SOFTWARE ARCHITECTURE

The architecture of the information system and the spatial decision support system will be designed
as a 4-tier architecture with database server, application server, web server and internet clients. The
user interface for the SDSS internet client will be developed based on the UML model from the
requirements analysis. The RGM/IDM software will be adapted to communicate with the scenario
database, which will be linked with the ESRI ArcIMS service for spatial analysis and display of the
alternatives (Fig. 6).
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Figure 4: Phases of decision making in river basin management (Malczewski 1999, changed).

Figure 5: Exemplary use cases for multicriteria analysis with the RGM/IDM-Method.
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DISCUSSION

Three advanced hydrological and agro-economic simulation models and several tools for ecological
and economic assessment are used for the simulation of the consequences of measures during the
planning phase. These models and assessment tools will not be integrated in the SDSS mainly due
to performance issues. The application of advanced simulation models requires many tasks, which
could only be done by experts. Furthermore the computing time of hydrological models (water
balance and water quality) is still not adequate to the requirements of a participatory decision
process. The complexity of the decision phase should take into account stakeholders’ and decision
makers’ experience and needs. 
This might be a limitation of the SDSS, because the decision space is limited by the scenario
database and cannot be extended during the decision phase. Thus the generation of measures and
strategies is one of the most critical tasks of the project. 
Further research should be done in the development of scenario generators, which could produce a
large amount of alternatives in a semiautomatic process, and metamodels, which could be
integrated in an SDSS without the performance issues of numerical models.

CONCLUSIONS

An iterative software development process is a suitable way to cope with rapidly changing
requirements of river basin managers during the implementation of the WFD. Multicriteria methods
allow water resources managers to search for efficient measures, which take into account socio-
economic criteria and correspond with their preferences. New approaches of the WFD like
interdisciplinary spatial planning and participation of stakeholders recommend the use of learning
based interactive decision support methods.
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INTRODUCTION

Monitoring Tailor-Made IV is a conference dealing with strategies and practices for the collection
and dissemination of information in support of integrated water resources management. It is the
stage for scientists from different disciplines and policy makers alike and seeks to connect the
different worlds of these groups. The conference aims to obtain new views on information for
sustainable water resources management. The previous MTM-conferences converged towards the
need for multidisciplinary approaches and an overall integration over disciplines and space when
dealing with information for integrated water resources management. This relates for instance to
integration of surface water management and ground water management but is also connected to
transboundary river basin management. Monitoring Tailor-Made IV builds on this integrative idea
and deals with the transition from multidisciplinary to interdisciplinary in integrated water
resources management. The issue of spatial integration takes a global perspective by making
experiences from local and regional monitoring and assessment available to global assessments and
vice versa. The spatial integration stretches out from freshwater to coastal zones and the marine
environment.

This paper provides an overview of the main findings of the conference. It will go into more detail
on the needs for change that the present water management requires and its consequences for the
information-producing sector. Important developments in the use of indicators will be discussed as
well as the developments in the more classical monitoring and assessment, especially with respect
to the European Water Framework Directive. Finally, the significance of participatory processes will
bring us back to the needs for improved water governance.

GOVERNING WATER WISELY

Society today faces problems that can be characterised by large complexity, structural uncertainty,
high stakes, and steering problems. For instance Kremer in his presentation described the following
series of anthropogenic pressures in water management: agriculture, deforestation and forestation,
dams, industrial development, urbanisation, land reclamation and shoreline development,
transportation, recreation and leisure, overfishing and aquaculture, etcetera, leading to water
degradation and water depletion, increased hypoxia, increased erosion and sedimentation, saline
intrusions, oil and contaminants, wetland and ecosystem loss, extinct and reduced biodiversity,
invasion of non-native species, loss of sustainability options and an overall degradation of resources
and life systems. This non-exhausting listing clarifies the extent of stakes and problems that water
management is facing. Because of the complexity of the situation solving one problem may cause
aggravation of other problems or may be highly impacting certain stakes. Therefore this type of
problems is called persistent problems. These persistent problems cannot be handled by current
policies and current research and cannot be solved with incremental changes. As a result we need
structural changes in our thinking and acting; transitions in water management are needed. The
need for such transitions was emphasised by several authors (e.g. Rotmans, Merrey, Mostert and
Kremer). Rotmans summarised the transitions to be pursued as given in table 1. 
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Our societal complexity requires a new way of governance in which river basin management should
be seen as a social-relational activity in which no one entity is powerful enough or has sufficient
resources to manage river basins on his/her own. At the same time river basin management is a
technically complex task. So, water management requires cooperation; all stakeholders should
organise themselves around the issues at stake and start interacting. But the different stakeholders
have different values, different biases, different preferences, different cultural perspectives, in short:
different mindframes. True interaction can for that reason only be achieved when the actors are
aware of the existence of different mindframes and are convinced of the value of the inputs and
stakes of the other actors. When the actors realise this interdependence a process of social learning
can start. We will come back to this social learning process later on.

MANAGING THE MANAGEMENT PROCESS

One important aspect of information in water management is that a better orientation on the
results is needed, including a better focus on the “customer”, that is the stakeholders in water
management. The previous Monitoring Tailor-Made conferences already stressed this issue and the
user focus is explicitly included in the elements ‘specification of information needs’ and
‘information utilisation’ of the information cycle. This result orientation however must be built on
an enabling environment. This enabling environment in turn builds on leadership; a vision on what
is good water governance. Policymakers and management should be aware of the opportunities
that already exist in this respect in the results of the MTM conferences and for instance the
guidelines that are produced under the UNECE Water Convention.

Water governance requires a vision and leadership. This vision must be based on respect for
diversity of stakes and goals, the notion of reciprocity that the actors are interdependent and not
able to act alone, and on reflection on the means to reach goals as well as on the goals themselves.
Such a vision should aim at a long-term development and because of its multiplicity it will take an
extensive process to develop .The vision should then be translated into quantified targets to be able
to define measures as well as clear assessment criteria for monitoring the progress and evaluating
the results. In this way also the rationale behind seemingly irrational decisions becomes clear.

In developing a vision, the extent of the vision can be essential. Narrowing the spatial scale for
instance can exclude certain (groups of) stakeholders, which affects the outcome of the
participatory process. Extending the spatial scale on the other hand can make such a process
uncontrollable. In essence the choice of scale in developing the vision is political. The case of the
Scheldt gives a good example of developing a vision but also clearly shows its limitations.

LEADERSHIP

A vision on water governance needs to be directive as well as have consistence over time,
notwithstanding the need to be adaptive over time. The leadership to guide this has to account for
three types of processes: the legal and institutional arrangements, the integrated water resources
management policies and strategies, and the financial resources. All of these are necessary for
implementation of the leadership vision. The “customers” of the process are professionals, decision
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, )
Old management-style (20-th century) New management-style (21-st century)
Command and control Prevention and anticipation
Focus on solutions Focus on design
Monistic Pluralistic
Planning-approach Process-approach
Technocratic Societal
Sectoral water policy Integral spatial policy
Pumping, dikes, drainage Retention, natural storage
Rapid outflow of water Retaining location-specific water
Hierarchical and closed Participatory and interactive

Table 1. Required transitions in Integrated Water Resource Management (Van der Brugge
and others, this volume) 



makers and society. Each group needs to be addressed in a tailor-made way. As stated above, this
can only be achieved through involvement of these groups through a participatory process, where
the results from the process feed back into the enabling environment. Such a process should
become a social learning process, in which the participants not only give input to the process, but
also learn and develop through the process. Gradually, this participatory, social learning process can
grow into a continuous learning process leading to innovation and improvement of the water
management situation. Summarising, water management has to change from a monistic,
technocratic planning approach into a pluralistic, societal process approach in which the focus is
more on design and less on solutions, and the emphasis is on prevention and anticipation rather
than on command and control. Figure 1 provides a model for managing this process.

To realise such leadership is not an easy task, as integrated water resources management has to
deal with the elements coordination, integration, equity, and sustainability. Integrated water
resources management must be done at multiple levels, ranging from the local to the international
level. At each of these levels, the management must be transparent, meaning that information must
be shared with stakeholders to empower them to take and accept responsibility for decisions. In
this new constellation the importance of livelihoods is generally underestimated leading to
insufficient attention for local communities and local knowledge. Water governance for that reason
must account for sufficient public access to information, participation and justice. But as local
stakeholders may not have the capacity to act on the desired level and consequently not participate
in the social learning process, empowerment may be necessary to enable this participation. The
leadership consequently has to create a level information base and level playing field for all actors.

INTERNATIONAL COOPERATION

In a transboundary situation, water management under these multifaceted circumstances is even
more complex as it not only has to account for the variety in stakes and problems, but also has to
account for differences in culture, legal frameworks, institutional frameworks and historical
backgrounds of different countries as well as different levels of information. In that situation,
collaboration in transboundary monitoring has shown to be a solid start of establishing real
transboundary integrated water resources management. Experiences show that joint study trips,
samplings, workshops and discussions bring the co-operating people closer together within the
countries as well as internationally, thus starting the needed process of social learning. In this way,
basin-wide water management can become basin-wise water management.
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Figure 1 Model for managing and improving management processes (adapted by Cofino from the
EFQM Excellence Model (www.efqm.org))



The European Water Framework Directive takes important steps towards this new approach in water
management. It shows a clear vision towards a good ecological status as a basis for sustainable
development and shows leadership in giving clear directions on how to accomplish an improved
water management situation. Nevertheless, there is much freedom in implementing the EU-WFD
and in practice it shows that implementation is largely done on a national basis rather than
following the river basins. Having this in mind, the UNECE pilot projects have demonstrated that
the UNECE guidelines provide a solid basis for the implementation of the EU-WFD, for information
purposes as well as for institutional arrangements.

BRIDGING THE POLICY/PUBLIC - SCIENCE GAP

The new views on ‘IWRM leadership’ are reflected in monitoring and assessment where the
emphasis changes from the design of monitoring networks into linking networks to water
management. This is among others depicted in the monitoring cycle, where the explicit link is
made between information needs and the water management process on the one hand and on
information utilisation and the water management process on the other hand. The framework as
developed by the USA National Water Quality Monitoring Council shows this connection in the
outer circle of collaboration, coordination and communication (the framework is described in Ward
and others, this volume). These monitoring frameworks help to link between diverse
interconnected tasks. The convergence of thinking with respect to monitoring components leads to
comparability between the components and for instance to dedicated supply chain software. The
result is a well-defined water-monitoring programme. This consequently supports the production of
consistent and comparable data and information for decision-making and the public. However, the
interaction between policy and information needs is a troublesome area.

The general idea among scientists is that monitoring is used to collect data. These data are
combined into what is called information, which through a process of assessment becomes
knowledge. This knowledge eventually leads to the wisdom to govern water wisely. Politicians,
decision makers and the public at large on the other hand generally have experiences, perceptions,
beliefs and observations that are turned into knowledge, leading to wisdom based on which water
is governed. This difference in approach requires a substantial adaptation from the information
production community to produce information that feeds in a meaningful way into the water
management process.

Indicators are often presented as means to bridge the gap between policy and the public on one
side and scientists on the other side. They should simplify the situation at hand, appeal to the non-
scientists and give meaningful information. However, we still find that indicators are largely science
driven and as such find little appeal with the intended wider audience. Next to this, many
initiatives exist in developing indicators leading to an ever-diverging understanding of suitable
indicators where convergence is needed.

The quest for finding indicators that appeal to policy makers and the public is ongoing. One
important way of reaching this goal is by coupling indicators to the vision. However, often in this
process, the coupling gets lost and the resulting indicators are no longer clearly addressing the
objectives as initially defined. Another way of defining attractive indicators is by creating a
framework of indicators and indices with different levels of aggregation in an accountable,
traceable manner. On the highest levels of abstraction we can classify the information with the use
of among others: different colours (red is bad, blue is good, etc.), smileys (sad is bad, smile is
good), a combination of these two in coloured smileys, the GIWA scoring system scoring between 0
(no known impacts) and 3 (severe impacts), and the 5 classes for ecological quality of the EU-WFD
ranging from bad status to high status. That information gives a rough indication for a broad
audience. Ideally, if someone from this audience is interested in going deeper into a certain
situation, more detailed information is available.

A widely accepted framework of indicators is the DPSIR (Driving forces, Pressures, Status, Impacts,
Responses) framework that provides insight into the cause – effect relationships of problems.
Nevertheless, additional indicators are needed for policy-support namely policy indicators and
process indicators. Policy indicators are directly linked to the policy objectives and show the overall
effectiveness of the policy implementation. Process-indicators are necessary to explain the course in

336

MAIN FINDINGS



time of the policy-indicators. They indicate how the implementation of measures progresses and
this can be attributed to the links between the Response indicators and the Driving force, Pressure,
State and Impact indicators respectively. 

MONITORING AND ASSESSMENT

Regarding monitoring and assessment we see new needs arising. Where severe problems have
disappeared we see the need to monitor weaker signals. Where water management becomes an
interactive activity, we see the need for monitoring behaviour of “water actors” or stakeholders and
an overall interest into the social-cultural and institutional dynamics. Finally, where the importance
of the local levels as well as the international/transboundary level grows, there is a growing need to
account for these different levels.

Regarding the weaker signals, there is an important development portrayed by the Joint Danube
Survey. This is a prime example of perspectives of ecological monitoring and of integration of
chemical and ecological monitoring where chemical elements are supporting the ecological
network. Where the classical chemical monitoring no longer provides meaningful information as the
levels barely change, ecological monitoring can provide meaningful information of weak changes
over longer periods of time. Next to this, ecological monitoring may provide better value for
money for countries with few resources, especially as the investments into analytical equipment are
much lower. It should also be emphasised that still more emphasis is needed for tailor-making
monitoring through better explained and illustrated information needs and through applying step-
by-step approaches.

We also find that the quality of monitoring networks is not only defined by scientific standards but
also by societal perspectives. Monitoring is not the only source to provide meaningful information,
also alternative sources such as expert judgement, models and other sources should be considered.
Applying the monitoring cycle in developing and improving monitoring networks helps to advance
the quality of the network and facilitates achieving cost-effectiveness. It was noticed that the EU-
WFD in combination with reduced national budgets might lead to severe reduction in monitoring
efforts. Taking economic risks of inadequate information into account to justify monitoring efforts
may counteract this development. Decision makers as well as the public opinion may feel more
need for better monitoring in view of the related risks but this requires more than the current
public awareness. Active communication is essential in this respect.

As described above, choosing scales can be a political issue, but scale is also important in
developing monitoring networks. One reason is that on a small scale, very often, big fluctuations
occur that may be essential for decision-making at the local level. If that scale is not included in the
monitoring, these fluctuations may be missed. As different processes happen at different scales,
monitoring should account for these differences. 

EPILOGUE

As discussed before, public participation is a mandatory tool in water management. Public
participation is included in legal frameworks as the EU-WFD and the bathing water directive an in
conventions like the Aarhus Convention. We are now in the middle of a learning curve of how to
implement public participation, and especially important in this process is the aspect of social
learning. Monitoring and assessment on the one hand and public participation on the other hand
are not yet conceptually integrated in terms of establishing a two way communication and also
communication with decision makers is a point of concern. 

The conference showed impressive activities and examples of interdisciplinary designed integrated
assessments on different levels like the World Water Development Report, assessments of the Global
International Waters Assessment (GIWA) programme in Latin America and the Caribbean region,
the Land-Ocean Interactions in the Coastal Zone (LOICZ), and the established cooperation between
USA and Mexico. One important conclusion that can be drawn from these initiatives is that
although they use different indicators and indicator-frameworks, they are also very similar in
nature. Therefore, much can be learned from these initiatives. Another conclusion that can be
drawn from the many assessments presented is that Geographical Information Systems (GIS) are
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very powerful tools in visualising the actual situation and visualising impacts of possible decisions.
With regard to the latter it is also emphasised that the relationship between monitoring and
modelling should be strengthened. As stated, models can be helpful to provide information next to
monitoring and possibly at a lower cost. Also, in the interactive water management context, models
are imperative to enable assessment of the effectiveness of measures and also for screening of
alternative policies.

From the conference we can draw the following overall conclusions:
•In the pursuit of sustainable integrated water resources management we should not emphasise the

differences between institutions and countries, but we should commit to find common ground
and emphasise the similarities. This should enable to focus and combine our energy so as to
increase impact of measures. The World Water Assessment programme is an example of different
teams coming together in one international assessment thus providing a powerful representation
of the water sector.

• Communication should be based on the understanding that different people have different
mindframes leading to opinions of which the rationale may not be easily be understood by
others. Close cooperation towards the same goal on a concrete level, like joint development of a
monitoring network or joint assessment report, can be helpful to create a common
understanding. Also in this communication, the role for indicators needs to be strengthened and
further developed.

• The current water management situation requires drastic adaptations of management structures
into participatory processes. Monitoring in this situation has to adapt to serving a wider
audience, ranging from decision makers to the public at large. Monitoring also has to include a
wider range of disciplines to provide information on social-economic factors and policy
implementation next to the classical water quality trends and compliance testing, and the
information must be made freely available. These developments call for new innovative ways of
producing and disseminating information. More attention is therefore needed for applying ICT
tools like models, GIS and the Internet.

ACKNOWLEDGEMENTS

The main findings could not have been formulated without the invaluable support of the
rapporteurs: Cees Borst, Jeanette van Buren, Victor Langenberg, Willem van der Lee, Hans
Soeteman, Andrea Houben and Sandra Mol.

338

MAIN FINDINGS



THE USE OF SEDIMENT RATING CURVES FOR MONITORING SUSPENDED
SEDIMENT CONCENTRATIONS AND FLUXES: ISSUES OF TEMPORAL
RESOLUTION, ESTIMATION ERRORS, AND SAMPLING FREQUENCY

Arthur J. Horowitz

U.S. Geological Survey, Peachtree Business Center, Suite 130, 3039 Amwiler Road, Atlanta, GA
30360, USA

In the absence of actual suspended sediment concentration (SSC) measurements, hydrologists have used
sediment rating curves to estimate (predict) SSCs for subsequent flux calculations. Various evaluations of
the sediment rating-curve method were made using data from long-term, daily sediment-measuring sites
within large (>1,000,000 km2), medium (<1,000,000 to >1,000 km2), and small (<1,000 km2) river
basins in the U.S. and Europe relative to the estimation of suspended sediment fluxes. The sediment 
rating-curve method tends to underpredict high, and overpredict low SSCs. As such, the range of errors
associated with concomitant flux estimates for relatively short timeframes (e.g., daily, weekly) are likely to
be substantially larger than those associated with longer timeframes (e.g., quarterly, annually) because the
over- and underpredictions do not have sufficient time to balance each other. The evaluations indicate that
over periods of 20 or more years, errors of <1% can be achieved using a single sediment rating curve
based on data spanning the entire period. However, somewhat better estimates for the entire period, and
markedly better annual estimates within the period, can be obtained if individual annual sediment rating
curves are used instead. Relatively accurate (errors <±20%) annual suspended sediment fluxes can be
obtained from hydrologically based monthly measurements/samples. For 5-year periods or longer, similar
results can be obtained from measurements/samples collected once every 2 months. In either case,
hydrologically based sampling, as opposed to calendar-based sampling is likely to limit the magnitude of
flux estimation errors. 

INTRODUCTION

Since the 1970’s, there has been growing interest in estimating the fluvial transport of suspended
sediment. The reasons are numerous and diverse, and include such issues as contaminant transport,
water-quality trends, reservoir sedimentation, channel and harbor silting, soil erosion and loss, as
well as ecological and recreational impacts (Walling, 1977; Ferguson, 1986; de Vries and Klavers,
1994; Horowitz et al., 2001). The calculation of fluxes or loads requires both discharge and
concentration data (e.g., de Vries and Klavers, 1994; Phillips, et al., 1999). Typically, continuous, or
near-continuous discharge data are available from in situ devices such as a stage/discharge recorder.
On the other hand, suspended sediment concentration (SSC) data usually result from manually
collected individual samples taken at fixed temporal intervals; occasionally, the fixed interval
samples are supplemented by event samples. More recently, continuous or near-continuous SSC
data have been generated by employing automatic samplers, or by measuring applicable surrogates
such as turbidity (e.g., Walling, 1977; Horowitz, 1995). These newer approaches for determining
SSC require site-specific calibrations to produce cross-sectionally representative data. Further,
whereas the requisite equipment (e.g., in situ turbidometers, automatic samplers) is fairly
inexpensive to obtain, operational and maintenance costs are relatively high. Hence, currently,
continuous or near-continuous SSC data sets still are relatively rare. 

For more than sixty years, in the absence of actual continuous or near-continuous SSC data, 
hydrologists have used rating (sediment transport) curves to estimate (predict) SSCs for flux 
calculations. Although there are more than 20 methods for developing rating curves, the most
common is a power function (regression) that relates SSC to water discharge, with the discharge
measurement constituting the independent variable (e.g., Phillips, et al., 1999; Asselman, 2000).
This requires the log-transformation of SSC and discharge data prior to the analysis. Comparisons of
actual and predicted SSC, partially as a result of scatter about the regression line, as well as the
conversion of results from log-space to arithmetic-space, indicate that rating curves can substantially
underpredict actual concentrations (Walling and Webb, 1988; Asselman, 2000). To compensate,
various method modifications have been applied; these include dividing the SSC/discharge data
into seasonal or hydrologic groupings, developing various correction factors, or using non-linear
regression equations (Duan, 1983, Ferguson, 1986; Walling and Webb, 1988; de Vries and Klavers,
1994; Phillips, et al., 1999; Asselman, 2000). 
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In 1995-1996 the U.S. Geological Survey’s (USGS) National Stream Quality Accounting Network
(NASQAN) was revised from an occurrence and distribution-based network to a large-river 
flux-based water-quality monitoring network (Hooper, et al., 2001; Horowitz, et al., 2001). SSCs
were required to calculate fluxes for sediment, as well as for various sediment-associated
constituents (e.g., trace elements, nutrients). Due to resource constraints, the requisite SSCs/fluxes
had to be determined from site-specific rating curves. Over the past 7 years, the effect of using the 
rating-curve approach, relative to such issues as sampling frequency, temporal resolution, and errors
associated with flux estimates continue to be evaluated. Some of these evaluations are discussed
herein. 

METHODS

Within the NASQAN network, the Mississippi River at Thebes site is unique because it constitutes
the only long-term, ongoing, daily sediment-measuring site in the network. As such, the data from
this site are uniquely suited to evaluating such issues as sampling frequency, temporal resolution,
and estimation errors, in the context of rating curve-generated flux estimates. The initial sediment
rating curve evaluations were performed using daily data from this site. As the evaluation 
proceeded, additional data sets were employed (e.g., Rhine at Maxau, Yadkin River at Yadkin
College, Green River at Munford). In the majority of cases, these data sets had to contain daily 
SSC and discharge measurements for periods of at least 20 years.

Data generation

Although there are numerous formulas/methods for calculating suspended sediment fluxes, and
there is disagreement over which formula provides the most accurate flux estimates, the requisite
data components always are discharge and SSC (Porterfield, 1977; de Vries and Klavers, 1994;
Horowitz, 1995, Phillips, et al., 1999). All the SSCs and discharge measurements for the U.S. sites
were collected by the USGS. Discharge was calculated based on a ‘continuous’ (typically,
measurements are taken every 15 to 60 minutes) record of stage from site-specific stage-discharge
relations. However, for purposes of these calculations, mean daily discharge, determined from the
‘continuous’ data was employed. For the long-term (≥ 20 years) daily sediment stations, site-
specific techniques used for determining SSC were as follows:

Mississippi River at Thebes: the SSC from a single depth-integrated vertical sample
collected near the centroid of flow was related by a regression equation to a manually
collected cross-sectional isokinetic depth- and width-integrated sample with subsequent
laboratory determinations of SSC. 
Yadkin River at Yadkin College: the SSC from a single depth-integrated vertical sample
was used; the location of the vertical was adjusted annually such that the laboratory 
determined SSC from this non-representative sample was equivalent to the SSC from a 
representative isokinetic depth- and width-integrated sample collected from the entire
cross-section. 
Green River at Munford: see Yadkin River. 
Schuylkill River: see Yadkin River. 
Rhine River at Maxau: daily discharge and SSC were determined by the Bundesanstalt für
Gewasserkunde (BfG); SSC was determined on samples collected 1 m below the surface
(Deutscher Verband für Wasserwirtschaft und Kulturbau, 1986).

Flux calculations
Daily sediment fluxes for the U.S. sites used in this study were calculated using the following formula:

Suspended sediment flux (tonnes day-1) = [Q(ft3 s-1)][SSC(mg l-1)][0.00245]  (1) 
where Q = discharge, SSC = suspended sediment concentration. 

Note that the unit of discharge is non-metric because that is the U.S. standard, but fluxes were 
converted to metric units (tonnes) through the use of an appropriate constant (0.00245)
(Porterfield, 1977). On the other hand, daily sediment fluxes for the Rhine River site were 
calculated using the following formula:

Suspended sediment flux (tonnes day-1) = [Q(m3 s-1)][SSC(mg l-1)][0.0864] (2)
where Q = discharge, SSC = suspended sediment concentration. 
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In this case, metric units were used throughout (Porterfield, 1977). Fluxes for periods longer than
one day were calculated by summing the appropriate number of daily fluxes. 

Sediment Rating Curves and Flux Estimations

As noted previously, there are numerous methods for estimating SSC from discharge, in the absence
of actual SSC data (e.g., Walling and Webb, 1981; de Vries and Klavers, 1994; Phillips, et al.,
1999). The basis for the most commonly used procedure (extrapolation) is the determination of a
log-log regression relating SSC to discharge. The efficacy of this approach is dependent on the 
sampling frequency. In other words, estimation accuracy depends on the number of paired data
points available to develop the rating curve, and how well they represent the ranges of discharge
and SSC at a site (Walling and Webb, 1981; Roberts, 1997). Despite the existence of these various
methods, the NASQAN experience in estimating (predicting) SSCs for the calculation of annual or
longer-term suspended sediment fluxes indicated that typically, very good results (errors ≤ ±15%)
could be obtained using either linear or second-order polynomial sediment rating curves, with and
without a ‘smearing’ correction (Horowitz, et al., 2001).

The terms ‘error’, ‘percent error’, or ‘percent difference’, are used interchangeably in the text 
and table to refer to the differences between measured SSCs and actual fluxes (calculated from
measured SSCs and discharge), and predicted (estimated) SSCs derived from sediment rating curves
and estimated fluxes (calculated from estimated SSCs and measured discharge). It should be
understood that these terms do not encompass any of the potential errors associated with
sampling, nor the subsequent laboratory determinations of SSC. Further, these terms do not include
the potential errors associated with converting non-representative sample-derived SSCs to 
cross-sectional values through the use of either so-called ‘box’ equations nor adjusted sample 
locations (see site-specific techniques described above). The differences between measured and
predicted values may be expressed as a concentration (mg l-1) as in the case of SSCs, as a mass
(tonnes) in the case of fluxes, or as a percentage for either measurement. In the latter case, 
percentage was calculated as follows, and is based on the view that the measured value is the
‘standard’:

% Difference = [(Predicted Value) - (Measured Value)/(Measured Value)] x 100 (3)

A minus sign indicates an underprediction, whereas a positive sign indicates an overprediction 
relative to the actual (measured) value.

RESULTS AND DISCUSSION

Temporal Resolution and Associated Errors for 5-year Sediment Rating Curve-Based Flux
Estimates

The first evaluation entailed an examination of the temporal resolution, and associated errors, of
estimated suspended sediment fluxes at the Thebes site covering the first 5 years (1996-2000) of
the revised NASQAN program. The actual flux for that 5-year period was 414 Mt (megatonnes),
whereas the predicted flux, using daily values, was 409 Mt, a 1% underestimate. Despite this close
agreement for the entire 5-year period, maximum errors associated with daily estimates of SSC
ranged from -76% to +205%. (Table 1). The 5-year suspended sediment flux estimate using the
approximately monthly NASQAN samples was 439 Mt, a 6% overestimate. The various errors 
associated with different levels of temporal resolution also were calculated for the same 5-year period;
the errors tend to decline with increasing temporal resolution (Table 1). This accrues because the
rating-curve approach underestimates highs and overestimates lows. Hence, the longer the period
of interest, the greater the chance for the over- and underestimates to cancel each other out. 
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Table 1. Various levels of temporal resolution and their associated errors for the Mississippi
River at Thebes 
* - Fluxes were rounded to two significant figures, but percent differences are based on the
calculated values.

Temporal Resolution and Associated Errors for 20-year Rating Curve-Based Flux Estimates
and the Issue of Interannual Variability

The actual 20-year cumulative suspended sediment flux for the Mississippi River at Thebes site for
the 1981-2000 WY period is 2100 Mt (Fig.1). A single sediment rating curve using the entire 
20-year data set (a corrected second-order polynomial, Fig. 1a), yielded an estimate of 2000 Mt
for the same period, only a 5% underestimate (Fig 1a). This is a fairly standard approach for 
generating site-specific sediment rating curves where long-term data are available, and is 
predicated on the assumption that all the data from the site are part of the same statistical 
population. Note that despite the close agreement between the actual and estimated cumulative
suspended sediment flux for the 20-year period using the single rating-curve approach, the 
differences (≤ ±48% with an absolute mean of 18%) between the actual and estimated fluxes for
individual years (e.g., 1982, 1986, 1989, 1993, and 1995), can be substantial (Fig. 1a). On the
other hand, when individual annual sediment rating curves for the Thebes site are generated for
the same 20-year period, and the associated annual suspended sediment fluxes summed, only a
marginal improvement is observed in the estimated cumulative flux (Fig. 1b). The sum of the 
estimated annual suspended sediment fluxes of 2100 Mt matches the actual flux, within rounding
errors (Fig 1b). However, the individual annual suspended sediment flux estimates are now 
significantly closer (≤ ±8% with an absolute mean of 2%) to the actual annual fluxes than could
be achieved with the single rating-curve approach (Fig 1a; 1b). 

An examination of the records and sediment rating curves for a number of other long-term daily
sediment monitoring sites indicates that these conclusions are not confined to the Mississippi River
at Thebes. Similar patterns of marginally improved long-term flux estimates, and substantially
improved annual estimates, occur in such diverse locations as the Rhine River at Maxau, Germany,
the Yadkin River at Yadkin College, North Carolina, the Green River at Munford, Kentucky, and the
Schuykill River at Berne, Pennsylvania (Fig. 1). The annual median suspended sediment flux for the
Rhine River at the Maxau site for the 20-year (1974 to 1993 WY) period was 1.15 Mt based on
the results from individually generated annual sediment rating curves. This is on a par with the
median load (1.16 Mt) reported by Asselman (2000) for the slightly shorter 1974 to 1990 WY
period. The Thebes site represents a drainage area in excess of 1,800,000 km2; however, these
additional basins range downward to <1000 km2 (e.g., the Schuykill). Hence, the conclusions 
regarding improved predictions would appear to apply to medium and relatively small rivers as
well. However, note that the improvements in annual suspended sediment flux estimates tend to
decline with decreasing basin size (Fig. 1). This probably is a reflection of the ‘flashier’ nature of,
and/or that the annual interrelations between discharge and SSC are less consistent/display greater
variability in, smaller rivers relative to larger ones. In the case of really small watersheds, which can
display marked short-term variability in discharge and SSC, the single and/or annual 
rating-curve approach may be ineffective, even at temporal resolutions of a year or more (e.g.,
Walling, 1977). 
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 Maximum Underestimate Maximum Overestimate Absolute

 Actual Estimated  Actual Estimated  Mean Median

 Flux  Flux %  Flux  Flux % % %

Period (tonnes) (tonnes) Difference (tonnes) (tonnes) Difference Difference Difference

Daily 500,000* 110,000 -76 400,000 1,100,000 205 26 18

Weekly 1,300,000 480,000 -63 3,000,000 7,600,000 157 24 18

Monthly 13,000,000 7,200,000 -43 8,300,000 13,000,000 58 19 15

Quarterly 28,000,000 19,000,000 -33 8,200,000 9,900,000 21 13 12

Annually 32,000,000 28,000,000 -12 96,000,000 100,000,000 8 8 8



343

SEDIMENT RATING CURVES IN SUSPENDED SEDIMENT CONCENTRATIONS



The Impact of Sampling Frequency on the Accuracy of Rating Curve-Derived Annual and
Five-Year Flux Estimates

As a result of resource (monetary/personnel) constraints, most monitoring program designs tend to
represent compromises in which sampling frequency is balanced against a presumptive requirement
for a certain level of accuracy or an acceptable level of error. The underlying issue is what levels of
sampling frequency are required to achieve a minimally acceptable level of measurement/predictive
accuracy? Stated another way, how much error can be tolerated while still permitting sound 
management decisions relative to the problem at hand? Data from long-term daily monitoring sites
can be used to address these questions relative to sediment fluxes. 

Based on the previous results, which indicated that the effective temporal resolution of rating-curve
derived flux estimates were quarterly or greater, this evaluation was limited to periods of one and
five years. There were two potential methods for selecting the various data sets for this exercise: (1)
random selection, as occurs in Monte Carlo-type simulations (e.g., de Vries and Klavers, 1994); or
(2) calendar-based selection. The latter approach was used for both the one- and five-year 
evaluations because it better represents the method of sample scheduling used in the majority of
monitoring programs. Hence, for an evaluation of samples collected on a 15-day schedule, for a
one-year period, each day of the year was assigned a number from 1 to 15 consecutively,
beginning with October 1 and ending with September 30. Then, all the data from the days having
the same number were combined into 15 separate data sets, and a separate rating curve was
generated for each set. In turn, each rating curve was used to generate SSC data for the missing
days, and annual flux estimates were calculated for each of the 15 rating curves (Fig. 2). Thus, for
example, the 10-day annual evaluations generated 10 rating-curve derived annual flux estimates,
the 30-day annual evaluations generated 30 rating-curve derived annual flux estimates, the 50-day
five-year evaluations generated 50 rating-curve derived five-year estimates, etc. 

The effect of sampling frequency on the accuracy and associated errors of five-year rating-curve
derived suspended sediment flux estimates entailed using the daily discharge and SSC values for
the Mississippi River at Thebes site for the 1996-2000 WY period and the Rhine at Maxau site for
the 1989-1993 WY period. The sampling frequencies evaluated in this way corresponded to: (1)
once a day; (2) once every other day; (3) once every 3 days; (4) once every 4 days; (5) once every
5 days (weekly); (6) once every 10 days, (7) once every 25 days (monthly); and (8) once every 50
days (every other month). 

Not surprisingly the accuracy of the five-year estimates decreased, and the size and range of the
associated errors increased with decreasing sampling frequency (Fig. 2). Also note that the median
five-year flux values for all the sampling frequencies evaluated for the Thebes site displayed a small
but significant negative bias, whereas the Maxau site displayed a small but significant positive bias,
even though a ‘smearing’ correction was applied to second-order polynomial sediment rating
curves in both cases. Despite this bias difference, both sets of calculations produced similar results
relative to sampling frequency. There was little difference between sampling frequencies ranging
from one to five days. On the other hand, estimation errors from sampling frequencies on the order
of once every two months (once every 50 days) were little compromised, and tended to fall within
a range of ≤ ±20%. Because the calculations were based solely on calendar distributions, they
probably represent the maximum error likely to occur with this level of sampling frequency (Fig. 2).
If the same level of sampling (once every 50 days) were hydrologically distributed, such as to
encompass some 80 to 85% of the typical range of discharge at these sites, the associated
estimation errors likely would be substantially less (e.g., Horowitz, 1995).

The effect of sampling frequency on the accuracy and associated errors of annual suspended
sediment flux estimates for both Thebes and Maxau also was investigated concurrently (Fig. 2).
These evaluations covered high (Thebes/1982; Maxau/1987), median (Thebes/1995; Maxau/1980),
and low (Thebes/1989; Maxau/1976) flux years. The sampling frequencies evaluated in this way 
corresponded to: (1) once a day; (2) once every other day; (3) once every 3 days; (4) once every 4
days; (5) once every 5 days (weekly); (6) once every 10 days, (7) once every 15 days (fortnightly);
and (8) once every 30 days (monthly). The sediment rating curves for all of the Thebes, and the
high and median flux years for Maxau, were ‘smearing’ corrected second-order polynomials. 
However, the sediment rating curves for the Maxau low flux year were ‘smearing’ corrected linear
ones. Note that as with the five-year study, there is little difference between one- and five-day
sampling frequencies. 
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Further, even collecting a sample as infrequently as once a month, produced differences only on
the order of ≤ ±20%, regardless of the flux levels (high, low, or median). The same caveats apply
to the annual, as to the five-year study, hence, hydrologically based sampling, as opposed to
calendar-based sampling, is likely to produce substantially more accurate estimates. 

Fig. 2.  The effect of sampling frequency on the estimation of suspended sediment fluxes
for the Mississippi River at Thebes and the Rhine at Maxau sites covering a five-year period
and three one-year periods.  The single year plots cover high, median, and low flux years.



CONCLUSIONS

1 The composition of calibration sets can have a significant impact on suspended sediment rating
curves. It is not axiomatic that long-term data sets from the same site, even when generated by
consistent methodology, represent a single statistical population. This assumption should be
carefully evaluated prior to using all the data to produce a single sediment rating curve for the
estimation of suspended sediment fluxes for periods of at least five years, or less.

2 Despite the foregoing, excellent cumulative flux estimates (errors of <±1%) covering periods of
20 years or more, can be generated using a single sediment rating curve based on data spanning
the entire period; however, somewhat better estimates for the entire period, and markedly better
annual estimates within the period, can be obtained if individual annual sediment rating curves
are used instead.

3 Sediment rating curves tend to underpredict high, and overpredict low suspended sediment 
concentrations; as there typically are relatively few highs (events) compared to a large number of
lows (baseflow), the errors associated with short timeframes (daily, weekly) tend to be larger than
those associated with longer periods (quarterly, annually). 

4 It appears that sediment rating curves can be used to generate reasonably accurate (≤ 15-20%)
suspended sediment flux estimates for quarterly timeframes or greater, for large, medium, and
relatively small rivers. As such, for these longer timeframes, sediment rating curves represent a
markedly cheaper alternative than such methodologies as automatic samplers or turbidometers. 

5 Sampling frequencies can exercise a substantial impact on the accuracy of sediment rating curve-
generated flux estimates; however, good estimates (errors of ≤ ±20%) can be obtained from
relatively infrequent samples. This is particularly true if the samples are collected on a hydrologic
as opposed to a calendar-basis; good five-year flux estimates appear to require as few as 6
samples per year, whereas good annual estimates appear to require as few as 12 samples per
year. 

REFERENCES

Asselman NEM. 2000. Fitting and interpretation of sediment rating curves. Journal of Hydrology 234: 
228-248. 

de Vries A, Klavers HC. 1994. Riverine fluxes of pollutants: monitoring strategy first, calculation methods 
second. European Journal of Water Pollution Control 4: 12-17.

DeutscherVerband für Wasserwirtschaft und Kulturbau (DVWK). 1986. Regeln zur Wasserwirtschaft, 
Schwedstoffmessungen. Regeln zur Wasserwirtschaft, 125 pp. 

Duan N. 1983. Smearing estimate: a nonparametric retransformation method. Journal of the American 
Statistical Society 78: 605-610. 

Ferguson RI. 1986. River loads underestimated by rating curves. Water Resources Research 22: 74-76.
Hooper RP, Aulenbach BT, Kelly VJ. 2001. The National Stream Quality Accounting Network: a flux-

based approach to monitoring the water of large rivers. Hydrological Processes 15: 1089-1106.
Horowitz AJ. 1995. The Use of Suspended Sediment and Associated Trace Elements in Water Quality 

Studies. IAHS Special Publication No. 4, IAHS Press, Wallingford, UK; 58 pp. 
Horowitz AJ, Elrick, KA, Smith JJ. 2001. Estimating suspended sediment and trace element fluxes in large 

river basins: methodological considerations as applied to the NASQAN programme. Hydrological
Processes 15: 1107-1132. 

Phillips JM, Webb BW, Walling DE, Leeks GJL. 1999. Estimating the suspended sediment loads of rivers in
the LOIS study area using infrequent samples. Hydrological Processes 13: 1035-1050. 

Porterfield, G. 1977. Computation of fluvial-sediment discharge. Techniques of Water-Resources 
Investigations of the U.S. Geological Survey, Chapter C3, Book 3: 66 pp. 

Roberts G. 1997. The influence of sampling frequency on streamflow chemical loads. Journal of CIWEM 
11: 114-118. 

Walling DE. 1977. Assessing the accuracy of suspended sediment rating curves for a small basin. Water 
Resources Research 12: 1869-1894. 

Walling DE, Webb BW. 1981. The reliability of suspended sediment load data. In Erosion and Sediment 
Transport Measurement. IAHS Publication No 133. IAHS Press: Wallingford, UK; 177-194

Walling DE, Webb BW. 1988. The reliability of rating curve estimates of suspended sediment yield: some 
further comments. In Sediment Budgets, Bordas MP, Walling DE (eds). IAHS Publication No 174.
IAHS Press: Wallingford, UK; 337-350.

346

SEDIMENT RATING CURVES IN SUSPENDED SEDIMENT CONCENTRATIONS
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In arid areas where inadequate amount and unfavorable distribution of precipitation are cited as primary
limitations to good crop yields, the lack of proper management of the limited precipitation accentuates
the problem of aridity. Water harvesting emerges as a mean for water management and conservation. In
this study, a water harvesting reservoir siting methodology was developed and applied in a 335 km2 area
of Irsal-Lebanon where recent plantations of rainfed orchards are suffering from low fruit yield and
quality. This involved development and application of a three-step Hydro-Spatial Analytical Hierarchy
Process (AHP). First the GIS environment was used to produce pertinent spatial coverages: Base and
Topography, Land Cover, Soil. In the second step, Watershed Modeling System (WMS) was used to
simulate the runoff in the watersheds. The WMS model was selected because it supports the rainfall-runoff
model HEC suitable when no runoff data are available. To estimate runoff at each outlet, the scanty
meteorological data for the area were filled and used as input to WMS for generating hydrographs on a
subwatershed level. An attempt to simulate the water budgets using monthly conceptual lumped models
expected to be suitable for arid region was not successful because of the complexity of arid hydrology.
This attempt consisted of using HEC to generate synthetic streamflow data as a substitute for the observed
runoff data needed for input into both models. Finally, a decision hierarchical structure using the AHP was
developed and implemented to rank various potential reservoir sites according to their suitability. The
ranking criteria consisted of the hydrology and geology of outlets and the land cover of the subwatershed
in terms of a Reservoir Suitability Index. As a practical outcome of this study, a water harvesting reservoir
was actually excavated at the outlet of the highest ranking watershed.

INTRODUCTION

In arid and semi-arid areas, inadequate amount and unfavorable spatial and temporal distribution
are cited as primary limitation to good crop yield. Rockstrom et al. (in press) provides a thorough
review of the issue. The lack of proper management of the limited and sporadic precipitation
accentuates the problem of aridity. All these factors play to contribute severe water shortage. 
With an increasing population pressure (UNDP, 2003) expected to reach 9.4 billion by the year
2050 of which 3 billion will reside in arid and semi-arid environments (Lal, 2000), rainfed 
agriculture should in the foreseeable future gain more value and momentum (Rockstrom, 1999;
van Hofwegen and Svendsen, 2000).
In this context, water harvesting emerges as a crucial mean for water management and
conservation as reviewed by Boers and Ben-Asher (1982), Tabor (1995) for the Sahel region, 
Abu-Awwad and Shatanawi (1997) for Jordan, and van Wesemael et al. (1998) for Spain. Actually,
this technique has been used for thousands of years to supplement scarce water resources in arid
and semi-arid regions of the world (Evenari et al., 1982; Fraiser, 1994; Giraldez et al., 1988;
Hamadeh, 1999; Lavee et al., 1997; Reij et al., 1991; Siegert, 1994).
It is recently receiving renewed attention because in general it is environmentally sound, and it is
easily integrated with indigenous and traditional knowledge (Boers and Ben Asher, 1982; Evenari et
al., 1982; van Wasemael et al., 1998). 
The physical and hydrological aspects of water harvesting have been investigated through the use
of geographic information system (GIS) and hydrologic modeling in research studies. Sui and
Maggio (1999) reviewed the current practices of GIS-based hydrological modeling. Srivastava
(1996) reported that site selection for small irrigation reservoirs is based on hydrological, 
topographical, and socio-economical considerations, and cited several references on this issue.
Vorhauser and Hamlett (1996) used a GIS approach for siting farm irrigation ponds that was 
qualitative and knowledge based. Their site selection criteria included soil and slope suitability, 
current land cover and land use, and rain water harvesting potential in the area. For surface runoff
computation, they used the NRCS curve number method. Jakeman and Hornberger (1993), Ye et
al. (1997), and Gan et al. (1997) investigated the complexities facing modeling approach in arid
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and semi-arid environments. Nisar Ahamed et al. (2002) developed a GIS based algorithm for
determining the location of outlets for small watersheds, which would be potential sites for
reservoirs, which essentially utilizes a drainage map and a grid-DEM as input. Payraudeau et al.
(2003) tested the effect of land use aggregation and land use classification type on distributed
hydrological modeling and in particular on effective rainfall modeling using GIS. Baban and 
Wan-Yusof (2003) developed, implemented and evaluated criteria (hydrology and hydraulics,
topography, geology, economy, and environmental implications) to locate suitable large scale
reservoir sites in tropical environments based on remote sensing and GIS within an effective system
that provide assistance to decision makers. They also mentioned that although the GIS methodology
makes the decision making process more objective, there is still an element of subjectivity
associated with the 
allocation of map weights and scaling. Rockstrom et al. (2002) reviewed the benefits of
supplemental irrigation and water harvesting, and Fox and Rockstrom (2003) showed experimental
data on supporting supplemental irrigation as a dry-spell mitigation technique. 

Water harvesting in this context is defined as the surface runoff water collected from a relatively
large area that is conveyed by means of small channels, waterways, and/or small diversion dams to
a storage reservoir or to a cultivated field. This is a relatively low cost technique suitable for remote
rural areas.

In this study, a water harvesting reservoir siting methodology was developed as an approach for
increasing the availability of water during summer months through supplemental irrigation. In a
later stage, this methodology was applied to a selected pilot 335 km2 area of Irsal in the dry
marginal lands of Lebanon where recent plantations of rainfed cherry and apricot orchards are
suffering from low fruit yield and quality.

MODEL DEVELOPMENT

Water harvesting planning usually consists of the following steps: 1) collecting needed data on
hydrology, soil characteristics, land cover, and topography of the investigated area, 2) utilizing 
computer based analytical environment for data capturing, storage, manipulation, and analysis, 3)
performing comprehensive hydrologic analysis of the investigated area based on collected 
hydrologic data and hydrologic modeling, and 4) using decision making tools for evaluating the 
different alternatives of water harvesting systems, including site selection and storage volume.

Hydro-Spatial Analytical Hierarchy Process
The study involved the development and application of a three-step Hydro-Spatial Analytical
Hierarchy Process (HS AHP) for locating and ranking suitable sites for water harvesting reservoirs
on the basis on the overall suitability of each reservoir. 

The HS AHP used for reservoir siting is an extension and adaptation to the spatial-AHP
methodology conceived by Siddiqui et al. (1996) to identify and rank potential landfill areas based
on predefined criteria for preliminary site assessment. 

The HS AHP integrates the following to select the highest ranking reservoir(s):
a. GIS, 
b. hydrological modeling, and 
c. AHP criteria 
All criteria used in this methodology were integrated to yield the Reservoir Suitability Index
(RSI) calculated for potential sites as a measure for the suitability of the corresponding reservoir.

a. The GIS component
First, all spatial manipulations, analyses, and representations, were done within GIS that was used
to produce pertinent spatial coverages. These included base, topographic, land cover and soil
maps. GIS techniques are very useful for site selection studies due to their excellent capabilities in
storing, analyzing and displaying spatially distributed data 
according to user defined specifications
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b. The Hydrologic Modeling component
In the second step, Watershed Modeling System (WMS) software was used to simulate the runoff in
the watersheds. WMS is a comprehensive hydrologic modeling environment that uses a conceptual
model approach. This model was selected primarily because it supports the Rainfall-Runoff model
HEC-1 suitable when no runoff data is available as in the case of this study. It provides tools for all
phases of watershed modeling including geometric parameter computation, hydrologic parameter
computation, and analysis of runoff per outlet. The output would be a quantification of runoff at
each outlet. Two monthly conceptual lumped models that are not data intensive were then selected
to compute the water budget (direct runoff, interflow, baseflow, snowmelt runoff and
evapotranspiration) at the subwatershed level. These are Minrun and Wbudg and they are both
developed through academic research and are still at the experimentation level. The modeling
approach consisted of using HEC-1 generated synthetic runoff data as a substitute for the observed
runoff data needed for input into both models. The models would then generate net direct runoff
among other output.

c. The AHP component
Finally, in the third step, a decision hierarchical structure using the AHP was developed and
implemented to rank various potential reservoir sites according to their suitability for water
harvesting. This method quantitatively assessed decision alternatives using GIS attributes and
hydrologic modeling results in terms of a Reservoir Suitability Index (RSI). Six steps represent the
methodology used for RSI computation. 
Site attributes, related to different decision criteria, are determined through hydrologic modeling
and GIS applications. Both techniques are used simultaneously for estimating the necessary spatial
hydrologic parameters. The AHP decision procedure uses the calculated attributes in order to rank
potential sites based on their suitability for water harvesting reservoirs.

I. The identification of selection criteria
The first step was to define the two non-exclusionary criteria. For the ‘hydrology and geology of the
outlet’ factor, the three sub-factors the water budget, the topography and the soil type at the outlet
were included. For the ‘land cover of the subwatershed’ factor, two sub-factors ‘the proximity to
agricultural land’ and ‘the area planted in that land’ were included. 

II. The development of an adequate hierarchy structure
The selection criteria are arranged in a multilevel hierarchical decision structure. The first level of
this structure represents the ultimate objective of the decision process, the RSI. The major selection
criteria are placed in the second level of the hierarchy structure. These major criteria are further
detailed and categorized into different subcriteria within subsequent higher levels of the structure.
The highest level contains attributes or attribute classes that are determined through hydrologic
modeling and GIS applications. Classification of attribute values into a finite number of classes
would save on the efforts needed for the evaluation of a large number of tested sites. These are
shown in figure 1.

III. The determination of relative importance weights for sub-factors
Related selection criteria (shown at level 2 of figure 1), subcriteria (shown at level 3 of figure 1),
and attribute classes (shown at level 4 of figure 1) are compared to each other in pairs in order to
develop relative importance weights (RIW) for all elements in the decision hierarchy structure. All
pairs of attribute classes that belong to the same level are compared to each other. Experts
qualitatively judge all sub-factors for their RIWs in influencing the corresponding sub-factor in the
neighboring upper level of the hierarchy structure in a numerical scale. Table 1 shows the scale
used to represent different preference degrees in this case study, and table 2 shows the resulting
RIWs after the pairwise comparison of the attributes of the various criteria in each level of the
hierarchy structure.

IV. The calculation of the RSI for all tested locations
The Reservoir Suitability Index (RSI) for each outlet (i.e. the site for a potential reservoir) was
determined by aggregating RIWs at each level in the hierarchy as outlined in table 2. The higher
the suitability number of a given outlet, the more suited it is for water harvesting. 
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V. Ranking locations based on the calculated values of their indices
The computed RSI values are grouped into several classes, and the investigated potential sites are
ranked based on their respective RSI classes. Ranking the potential sites with respect to reservoir
suitability helps in assigning priorities for different sites in the terminal stages of the decision
process as shown in table 3.
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Preference Level Numerical Expression
Equal preferences of indifference 1

Weak preference 3

Strong preference 5

Demonstrated preference 7

Absolute preference 9

Intermediate values 2, 4, 6, 8

Figure 1. The hierarchy structure adopted in the Hydro-Spatial Analytical Hierarchy Process

Table 1. Levels of preference and their corresponding numerical expression



MODEL APPLICATION

Experimental Site

The village of Irsal is a large highland located on the western slopes of the northern part of the
Anti-Lebanon Mountains, which form the last barrier before the Syrian Badia with its continental
climate. The study area extends over 335 km2. Elevation ranges between 1000 and 2600 m. Irsal,
similarly to semi-arid areas, is characterized by low and erratic precipitation level with high yearly
variation. The 10-year average annual rainfall is 296.5 mm with a range varying between a 
minimum of 183.6 mm and a maximum of 443.5 mm. This climate variability is one of the major
constraints facing dryland agriculture (figure 2). 

Gis analysis
For the first step, all needed spatial coverages were assembled either from paper source or digital
format (figure 3): 
a. Base and Topographic Maps were digitized from hardcopies. 
b. Land Cover Map was processed using a satellite image, followed by ground truthing through

field visits to random location of the study area. 
c. Soil Map was clipped from the digital soil map of the country, supported by extensive fieldwork

through soil sampling and lab analysis. 
d. Both the stream network and the subwatershed map were then developed. 
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Attribute Value Attribute 
Value 1

Attribute 
Value 2

Attribute 
Value 3

    Eigen    
Value

Relative 
Importance Weight

High Medium Low
High 1 5 9 3.557 0.735

Medium 1/5 1 5 1.000 0.207
Low 1/9 1/5 1 0.281 0.058

Water Budget Topography Soil
Water Budget 1 8 9 4.160 0.798
Topography 1/8 1 3 0.721 0.138

Soil 1/9 1/3 1 0.333 0.064
Area Planted Proximity

Area Planted 1 7 2.646 0.875
Proximity 1/7 1 0.378 0.125

Hydrogeology Land Cover
Hydrogeology 1 4 2.000 0.800

Land Cover 1/4 1 0.500 0.200

RSI
Range

Suitability Class
Suitability
Score

Suitability
Score Class

0 Non Suitable 0 E
0-0.16 Weakly Suitable 1 D
0.16-0.32 Moderately Suitable2 C
0.32-0.48 Suitable 3 B
>0.48 Highly Suitable 4 A

Table 2. Relative Importance Weight stepwise calculation

Table 3. Suitability score classes.
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Figure 3. GIS input maps: stream network, land cover, soil type and subwatershed maps.

Figure 2. An overview of the landscape in Irsal.



Hydrological analysis
Meteorological data for Irsal and its surroundings is scarce for a multitude of reasons. Five weather
stations provided ten years of data that is scanty and does not consistently include all the
parameters. As most hydrologic data is estimated through surrogates, a monthly time step was
adopted. 
Within WMS, the hydrologic modeling was performed at the subwatershed level. 
• A composite curve number was computed for each subwatershed according the NRCS.
• The scanty meteorological data were filled and used as input to HEC-1 for generating

hydrographs and synthetic runoff on a subwatershed level. 
An attempt was made to simulate the water budgets of the watersheds using the two monthly
conceptual lumped models, Minrun and Wbudg. Most of input variables were used through
surrogates as data is lacking. Both models proved to be suitable for arid regions; however, they
were not successful in simulating the water budget at the subwatershed level in this application,
probably because of the known complexity of arid hydrology. 
Therefore, the runoff figures were used in later stages of the study not the net direct runoff
produced by these two models. The hydrologic tree with all levels of subwatersheds and their
outlets is shown in figure 4.

Ahp analysis

The developed Analytical Hierarchy Process was used to investigate all potential locations for water
harvesting reservoirs in the study area. For each outlet the RSI was calculated that determined the
suitability of the contributing subwatershed. Two scenarios, in which the preference weights for soil
and slope subfactors were exchanged, were undertaken to test for the variations in suitability.
Sensitivity to RIWs is important in understanding how ranks may shift given different weightings.
Finally, based on the DEM and the subwatershed divisions shown in figure 5, a common suitability
score map was generated (figure 6). A common score consisting of the sum of scores in each 
scenario evaluated the performance of each subwatershed. According to figure 6, six subwatersheds
are classified as class E (here to be excluded), forty six as class D, seventeen as class C, two as class
B, and eleven as class A (best class). These class A subwatersheds are the ones whose outlet are the
best potential sites for water harvesting reservoirs. Further investigation needs to be centered on
these ones.

As a practical outcome of this study, a water harvesting reservoir was actually excavated at the
outlet of the highest ranking watershed.
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Figure 4. Hydrologic tree as generated by WMS software showing the relationships
between streams down to the outlet.



CONCLUSION

The Hydro-Spatial AHP methodology for siting small water harvesting reservoirs combines the
capabilities of GIS, hydrologic modeling, and AHP. The application of the methodology shows that
it works efficiently for siting such reservoirs. Moreover, the methodology is highly flexible regarding
the number, types, threshold values, and RIWs of decision criteria on which the reservoir siting
process is based. The use of the same clearly defined hierarchical structure of decision criteria to
rank all candidate sites insures the general objectivity of the methodology. 
However, the development of the criteria RIWs is based on subjective expert preferences.
Therefore, special care should be taken in developing these RIWs that should always be defendable
and subject to cross checking. Furthermore, the lack of historical data for weather and hydrology
forced the use of a large time step for analysis and forced the use of approximation techniques.
Nevertheless, this method still provided a valuable tool for site selection in remote areas.
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Figure 6. Suitability map ranking the subwatersheds based on their Reservoir Suitability
Index of the outlet.

Figure 5. Output maps showing the DEM for the study area and the subwatershed 
divisions.



355

PROCEEDINGS MTM-IV - A METHODOLOGY FOR SITING A WATER HARVESTING RESERVOIR

REFERENCES:

Abu-Awwad, A.M. and M.R. Shatanawi. 1997. Water harvesting and infiltration in arid areas 
affected by surface crust: examples from Jordan. Journal of Arid Environments. 37: 443-
452.

Baban S.M. and K. Wan-Yusof. 2003. Modelling optimum sites for locating reservoirs in tropical 
environments. Water Resources Management. 17: 1-17.

Boers, T. and J. Ben-Asher. 1982. A review of rainwater harvesting. Agricultural Water Management. 5: 
145-158.

Evenari, M., L. Shanan, and N. Tadmor. 1982. The Negev: the challenge of a desert. Harvard 
University Press. Cambridge. Massachusetts.

Fox, P. and J. Rockstrom. 2003. Supplemental irrigation for dry-spell mitigation of rainfed 
agriculture in the Sahel. Agricultural Water Management.

Fraiser, G.W. 1994. Water harvesting/runoff farming systems for agricultural production. In: Water 
harvesting for improved agricultural production. Water Reports # 3. Proceedings of the FAO
Expert Consultation, Cairo, Egypt, 21-25 November 1993. FAO. Rome. 57-72.

Gan, T.Y., E.M. Dlamini, and G.F. Biftu. 1997. Effects of model complexity and structure, data 
quality, and objective functions on hydrologic modeling. Journal of Hydrology. 192: 81-103.

Giraldez, J.V., J.L. Ayuso, A. Garcia, J.G. Lopez, and J. Roldan. 1988. Water harvesting strategies in 
the semiarid climate of southeastern Spain. Agricultural Water Management. 14: 253-263.

Hamadeh, S. 1999. Sustainable improvement of marginal lands in Lebanon: Irsal, a case study. 
International Development Research Center.

Jakeman, A.J. and G.M. Hornberger. 1993. How much complexity is warranted in a rainfall-runoff 
model? Water Resources Research. 29 (8): 2637-2649.

Lal, R. 2000. Soil management in the developing countries. Soil Science. 165(1): 57-72.
Lavee, H., J. Poesen, and A. Yair. 1997. Evidence of high efficiency water harvesting by ancient 

farmers in the Negev Desert. Journal of Arid Environments. 35 (2): 341-348.
Nisar Ahamed, T.R., K. Gopal Rao, and J.S.R. Murthy. 2002. Automatic extraction of tank outlets in 

a subwatershed using digital elevation models. Agricultural Water Management. 57 (1): 1-10.
Payraudeau, S., M.G. Tournoud, and F. Cernesson. 2003. Sensitivity of effective rainfall amount to 

land use description using GIS tool. Case of a small Mediterranean catchment. Physics and
Chemistry of the Earth, Parts A/B/C. 28 (6-7): 255-262.

Reij, C., P. Mulder, and L. Begemann. 1991. Water harvesting for plant production. World Bank 
technical paper # 91. The World Bank. Washington D.C. Siegert, K. 1994. Introduction to
water harvesting: some basic principles for planning, design and monitoring. In: Water
harvesting for improved agricultural production. Water Reports # 3. Proceedings of the FAO
Expert Consultation, Cairo, Egypt, 21-25 November 1993. FAO. Rome. 9-21.

Rockstrom, J. 1999. On-farm green water estimates as a tool for increased food production in water 
scarce regions. Physics and Chemistry of the Earth, Part B: Hydrology, Oceans and
Atmosphere. 24 (4): 375-383.

Rockstrom, J., J. Barron, and P. Fox. 2002. Rainwater management for increased productivity 
among small-holder farmers in drought prone environments. Phys. Chem. of the Earth, 27:
949- 959. 

Siddiqui, M., J. Everett, and B. Vieux. 1996. Landfill siting using Geographic Information Systems: a 
demonstration. Journal of Environmental Engineering. 122 (6): 515-523.

Srivastava, R.C. 1996. Methodology for optimizing of integrated tank irrigation system. Journal of 
Water Resources Planning and Management. 122 (6): 394-402.

Sui, D.Z. and R.C. Maggio. 1999. Integrating GIS with hydrologic modeling: practices, problems 
and prospects. Computers, Environment, and Urban Systems. 23 (1): 33-51.

Tabor, J.A. 1995. Improving crop yields in the Sahel by means of water-harvesting. Journal of Arid 
Environments. 30: 83-106.

UNDP. 2003. Human development report 2003: Millenium development goals. UN, New York.
Van Hofwegen, P. and M. Svendsen. 2000. A Vision of Water for Food and Rural Development. 

World Water Council, Sector vision documents.
http://www.inweh.unu.edu/unuinweh/metadata/Appendices.htm.

Van Wesemael, B., J. Poesen, A. Sole Benet, L. Cara Barrionuevos, and J. Puigdefabregas. 1998. 
Collection and storage of runoff from hillslopes in a semi-arid environments: geomorphic
and hydrologic aspects of the aljibe system in Almeria Province, Spain. Journal of Arid
Environments. 40: 1-14.

Vorhauer, C. and J. Hamlett. 1996. GIS; a tool for siting small farm ponds. Journal of Soil and 
Water Conservation. 51 (5): 434-438.

Ye, W. B.C. Bates, N.R. Viney, M. Sivapalan, and A.J. Jakeman. 1997. Performance of conceptual 
rainfall-runoff models in low-yielding catchments. Water Resources Research. 33 (1): 153-166.



356

PROCEEDINGS MTM-IV - A METHODOLOGY FOR SITING A WATER HARVESTING RESERVOIR



“CLIMATE” FOR PEACE: CLIMATE CHANGE AND SUSTAINABLE PEACE IN
ISRAEL/PALESTINE

Jonathan Lautze, Meredith Reeves, Rosaura Vega and Paul Kirshen 

Tufts University, Medford MA 02155 (USA)

This paper analyzes the future water situation of Israel/Palestine under several different scenarios. Climate
change models are used to approximate decreases in water supplies by 2025. Population projections are
used to determine demographic changes by 2025. Finally, the Israeli water proposal put forth as part of
Camp David 2000 peace discussions is used to estimate the effect of a water resources allocation as part of
an Israeli-Palestinian peace agreement. The results of our analysis are used to indicate the degree of
sustainability and equity of different future scenarios. 

INTRODUCTION

Recent peace negotiations between Israelis and Palestinians fail to account for: 1) increased water
demand due to rapidly increasing populations, and 2) potential decreases in water availability due
to climate change. The combined water withdrawal by Israel and Palestine reached approximately
2375 million cubic meters per year (mcm/year) in 2000, which can be compared against a total
renewable yield of 2060 mcm/year from the same sources of water.

While the current situation in Israel/Palestine is one of substantial environmental stress, the region
may find itself in a much worse predicament by 2025. In an effort to develop an accurate picture
of future water conditions in Israel/Palestine, eight scenarios have been developed that take into
account different political and climatic realities. These scenarios evaluate the impact of climate
change on the water supplies of Israelis and Palestinians under both business-as-usual conditions as
well as under the proposed division put forth during the Camp David-Emmitsburg peace discussions
in July of 2000. 

Approximately three-fourths of the water supply of Israel and Palestine comes from the Mountain 
Aquifer, the Jordan Basin, and the Coastal Aquifer. The Mountain Aquifer consists of the Western, 
Northeast, and Eastern Aquifers. The Jordan Basin, which lies north of the Mountain Aquifer, 
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Source mcm/year
Jordan Basin 570
      Upper Jordan River(Hasbani, Bantes,
      Dan)

500

     Runoff above Sea of Galilee 140
     Galilee (rainfall, springs, runoff) 200
     Yarmuk River  70
     Evaporation from Galilee  -300
     Saline Discharge into Lower Jordan  -40
Mountain Aquifer 640
    Western 360
    Northern 140
    Eastern 140
Coastal Aquifer 330
   Israeli 270
   Gaza 60
Minor aquifers, runoff, cisterns, desalination 300
Reused wastewater 220
Total 2060

Table 1: Renewable Water Resources in Israel/Palestine (Rouyer, 2000)



provides water from the Sea of Galilee (also referred to as Lake Kinneret and Lake Tiberias) and 
rivers to its north.  The Coastal Aquifer lies west of the Mountain Aquifer, stretching along the 
coast from the north of Haifa south through the Gaza Strip (Figure 1). Additionally, the Israeli 
national water carrier (a series of canals and pipelines)transports about 400 mcm/year of water
from the Sea of Galilee (in the Jordan Basin) to regions as far south as Beersheba. While this serves
to supplement the amount of water available to Israelis south of the Jordan Basin, it also
significantly diminishes flow in the Lower Jordan River.

METHODS
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Table 2: Water Withdrawal in Israel/Palestine (mcm/year)
Sources: Kartin, 2000; Negotiations Support Unit (NSU), Palestinian National Authority, 2003;
Rouyer, 2000; Weinthal and Marei, 2002; Shamir, 2003; Brooks, 2000.
Water Source Israel Palestine Total Withdrawn Total Renewable
Jordan Basin 700 0 700 570
Mountain Aquifer 485 115 600 640
    Western
    Aquifer

340 62 402 360

    Northern
    Aquifer

105 30 135 140

   Eastern Aquifer 40 (in settlements) 23 63 140
Coastal Aquifer 430 125 555 330
   Israeli 420 5 425 270
   Gaza 10 120 130 60
Minor runoff,
cisterns,
desalination

300 0 300 300

Reused
Wastewater

220 0 220 220

Total 2135 240 2375 2060

Figure 1:  Mountain Aquifer Water Resources. Source: Brooks, 2000.

Table 2 shows approximate water withdrawal in 2000 by the various parties from the
various sources in the year 2000. It should be noted that, among both Israelis and
Palestinians, over 50 percent of the withdrawals are used for irrigation. 
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CAMP DAVID/EMMITSBURG RE-ALLOCATION OF WATER RESOURCES AND OTHER FUTURE
DEVELOPMENTS 

The most recent water negotiations between the Israeli and Palestinian governing bodies occurred
in July of 2000, in a conference parallel with that at Camp David. Camp David played host to
discussion of political issues—boundaries, refugees, Jerusalem, and others—while more technical
issues were dealt with in Emmitsburg, Maryland (NSU, 2003).  After formalities such as calls for
mutual recognition of water rights and future cooperation, the Israelis offered 50 mcm/year from
the Western aquifer, 10 mcm/year from the Northern aquifer, 80 mcm/year from the Eastern
aquifer, and the right to desalinate 40 mcm/year from the Lower Jordan River (see Table 3).
Additionally, the Palestinians would co-manage an American-financed desalination plant at Hadera,
which could supply the Palestinians another 50 mcm/year.

RESULTS 

This paper describes the influence of political agreements, population growth, climate change, and
development on water allocation strategies in eight scenarios:

Population Growth in Israel/Palestine (Source: UN, 2002)

Israel Palestine Total
Jordan Basin 660 40 700
Mountain Aquifer 385 255 640
    Western Aquifer 290 113 403
    Northern Aquifer 95 40 135
    Eastern Aquifer 0 (in settlements) 102 102
Coastal Aquifer 430 125 555
    Israeli 420 5 425
    Gaza 10 120 130
Minor runoff,
cisterns, desalination

450 70 520

    Existing 300 0 300
    New Desalination
    Plant at Hadera

50 50 100

    New Desalination
   Plant at Ashkelon

100 0 100

    New Desalination
    Plant in Gaza

0 20 20

Reused wastewater 220 0 220
Total 2145 490 2635

Population 2000 2025
Israel 6,023,000 8,486,000

Palestine 3,451,900 7,145,000

Table 3: Summary of Israeli-Proposed Water Division by Source at Camp David 2000
(mcm/yr) 
Source: NSU, personal communication, 3/13/03.



Climate Change in Israel/Palestine

Scenario results are listed below: 
• Business as Usual 2000 (BAU 2000)
• Business as Usual 2025 (BAU 2025)
• Business as Usual 2025 under Climate Change Scenario A (BAU 2025(A))
• Business as Usual 2025 under Climate Change Scenario B (BAU 2025(B)) 
• Camp David 2000 (CD 2000)
• Camp David 2025 (CD 2025)
• Camp David 2025 under Climate Change Scenario A (CD 2025(A)) 
• Camp David 2025 under Climate Change Scenario B (CD 2025(B))

The eight scenarios are listed vertically in Table 4. Listed horizontally are the indicators.

Please note that environmental surplus is equal to renewable water resources minus consumption.
Also, future desalination will increase water available to the environment.
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Scenario Israeli
Actual
With-
drawal

(mcm/yr)

Israeli
% of
target
With-
drawal

Palest.
Actual
With-
drawal

(mcm/yr)

Palest.
% of
target
With-
drawal

Israeli
Actual
With-
drawal

(l/c/day)

Palest.
Actual
With-
drawal

(l/c/day)

Environ.
Surplus

(mcm/yr)

Environ.
Surplus:
%change

from
BAU
2000

BAU
2000

2135 100 240 100 971 171 344 0

BAU
2025

2390 100 270 58 772 104 343 0

BAU
2025(A)

2390 100 270 58 772 104 296 -14

BAU
2025(B)

2390 100 270 58 772 104 189 -45

CD
2000

2144 100 402 100 975 318 452 +31

CD
2025

2299 96 540 65 742 207 397 +15

CD
2025(A)

2299 96 540 65 742 207 350 +2

CD
2025(B)

2299 96 540 65 742 207 243 -29

Climate Change Percent Decrease in Annual
Water Availability in 2025

Source

Scenario A 3 % Hadley Global Circulation
Model, Vorosmarty et al, 2000

Scenario B 10 % 1) Extrapolation based
upon report from Israeli
Ministry of the
Environment, 2000

2) Bou-Zeid, 2002

Table 4:  Overview of Results
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CONCLUSIONS

Four conclusions can be drawn from the above results:
1. Under all scenarios, Israelis receive most of the water, which satisfies their total demand.

Palestinians receive considerably less water and have a per capita supply approximately 25
percent of the Israeli per capita supply. In addition, Palestinian population growth negates any
increases in Palestinian water availability. 

2. Additional sources of water must be found for Palestinians. Reduction of irrigation in both
regions may be an alternative if additional sources can not be found.

3. Without climate change, environmental conditions, as measured by non-consumed water, remain
the same or could improve with the desalination under the Camp David re-allocation scheme.
Under climate change scenarios, the Business-As-Usual and Camp David allocations will result in
different levels of generally increased environmental stress. In all scenarios, withdrawals from the
coastal aquifer exceed the recharge. 

4. The above conclusions suggest that negotiators should consider the future negative consequences
of climate change and population growth, the depletion of the coastal aquifers, as well as
alternative, more equitable and environmentally sound water division methods between Israelis
and Palestinians. 

REFERENCES. 

Amery, H.A. and Wolf, A. (2000) Water in the Middle East A Geography of Peace. University of 
Texas Press: Austin, Texas. 

Berland, A. (2000). The Water Component of the Peace Process between the Israelis and the 
Palestinians. MALD Paper.

Blaustein Institute for Desert Research. (2000). Israel National Report under the UNFCCC: Impact, 
Vulnerability, and Adaptation. Available from <http://www.nasa.proj.ac.il/Israel-
Research/Climate_Change_Israel_National_Report.html>. Accessed 3/21/03.

Bou-Zeid, E. and M. El-Fadel. (2002). Climate Change and Water Resources in Lebanon and the 
Middle East. Journal of Water Resources Planning and Management. Sept/Oct, pp. 343-
355.

Brooks, D. B. and O. Mehmet, eds. (2000) Water Balances in the Eastern Mediterranean. IDRC: 
Ottawa.

Central Intelligence Agency. (2002). The World Factbook. Available from 
<http://www.cia.gov/cia/publications/factbook/>. Accessed 3/21/03.

Hammond, A. (1998). Which World? Scenarios for the 21st Century. Washington, DC : 
Island Press.

Intergovernmental Panel on Climate Change (IPCC). (2001). Climate Change 2001: Impacts, 
Adaptations, and Vulnerability of Climate Change. Cambridge: Cambridge University
Press.

Lonergan, S. and Brooks, D. (1994) Watershed: the role of freshwater in the Israeli-Palestinian 
conflict. International Development Research Centre: Ottawa, Ontario, Canada.

Ministry of National Infrastructures Water Commission (2002). Israel’s Water Economy. Available 
from <http://www.mfa.gov.il/mfa/go.asp?MFAH0mb00>. Accessed 3/2/03.

Negotiations Support Unit (NSU), Palestinian National Authority, personal communications with 
Rami Shehadeh, March-April, 2003.

Rouyer, A. (2000). Turning Water Into Politics The Water Issue in the Palestinian Conflict. Palgrave: 
New York, New York.

Shamir, Uri. Water Agreements Between Israel and Its Neighbors. Available from 
<http://www.yale.edu/environment/publications/bulletin/103pdfs/103shamir.pdf>.
Accessed 5/26/03.

Shehadeh, R. (2002) The Question of “Prior Use”. Bitter Lemons. August 5. Available from 
<http://www.bitterlemons.org>.

Shiklomanov, I. (1999). World Water Resources and Their Use (a Joint SHI/UNESCO database)
.Available from http://webworld.unesco.org/water/ihp/db/shiklomanov/index.shtml.
Accessed 5/13/03.

United Nations. World Population Prospects (The 2002 Revision) Online Database. Available from 
<http://www.un.org/esa/population/unpop.htm>. Accessed 5/13/03.

Vorosmarty et al, (2000). Global Water Resources: Vulnerability from Climate Change and 
Population Growth. Science. 289, 14 July.



Weinthal, E. and A. Marei. (2002). One Resource Two Visions: The Prospects for Israeli Palestinian 
Water Cooperation. Water International. 27 (4), pp. 460-467.

Wolf, A. T. (1995). Hydropolitics along the Jordan River: Scarce Water and its Impact on the 
Arab-Israeli Conflict. United Nations University Press: New York.

362

PROCEEDINGS MTM-IV - CLIMATE CHANGE AND SUSTAINABLE PEACE IN ISRAEL/PALESTINE


	001_TITEL
	003_CONTENTS
	007_Acknowledgem. MTM-IV
	011-Broeders
	015-Rotmans final
	031-neupane
	043-Lawford final
	051-Maurer final
	061-Revenga Paper Revised2
	073-Kabuta
	081-Villars revised
	091-Imbulana final
	103-Mostert final
	111-Gooch final
	121-Hamid final_rev_2
	129-Ridder
	141-Kerkhof final
	149-Huitema revised
	151-Dohou final
	155-Enderlein final
	161-Timmerman Langaas
	177-Jones final
	185-Harding final
	195-Ward final
	207-Scarsbrook final
	215-Karstens final
	225-Vreeken final version
	233-Arnold final
	241-Landsberg final
	253-Ruiten final
	259-Amore final
	267-Merrey2final
	277-Chilton final
	285-Klein final
	291-Vogel final
	303-Deelstra final
	311-Eck final
	327-Dietrich final
	333-Main findingsTimmerman
	339-Horowitz final
	347-Jabr revised
	357-Lautze final



