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Policy summary

Integrated Water Resources Management (IWRM) can be viewed as a complex process in which the
effect of adopted water management measures must be monitored and adjusted in an iterative way as
new information and technology gradually become available under changing and uncertain external
impacts, such as climate change. This report identifies and characterises uncertainty as it occurs in the
different stages of the IWRM process with respect to sources, nature and type of uncertainty. The
present report develops a common terminology that honour the most important aspects from natural
and social sciences and its application to the entire IWRM process. The proposed framework is useful
by acknowledging a broad range of uncertainties regarding data, models, multiple frames and context,
Relating this framework to the different steps of the IWRM cycle is helpful to determine the strategies
to better handle and manage uncertainties. Finally, this general framework is applied for a case study
in the transboundary Rhine river basin.
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1

Introduction

Integrated Water Resources Management (IWRM) which is based on the four Dublin principles
(GWP, 2000) is considered state-of-the-art in water resources management. It is a cross sectoral
approach for co-ordinated management and development of land, water and other related resources in
order to maximise the resultant economic and social welfare in an equitable manner without
compromising ecosystem sustainability (GWP, 2000). The concept of IWRM is essentially a response
to the much criticised top-down sectoral approach to water management (Pahl-Wostl et al., in press).
Many of the worlds’ socio-economic systems are becoming linked at an unprecedented rate. We are
witnessing the impacts of extreme climates in flood and drought conditions. It is within this setting
that water managers need to manage an increasingly scarce resource that varies greatly in space and
time. The pressures and complexity that they face are huge. IWRM processes will therefore need to be
responsive to change and be capable of adapting to new economic, social and environmental
conditions as well as to changing human values (Pahl-Wostl et al., in press). An awareness is
developing that we cannot study natural system in isolation. Human activities influence natural
systems at all scales. So it becomes more appropriate to focus on coupled socio-ecological systems.
The large uncertainties usually connected to water management with respect to the physical settings,
climate, socio-economics and political environment make it difficult to develop a consistent water
management strategy.
This report seeks to identify the various sources of uncertainty in the IWRM process and characterise
it with respect to nature and type of uncertainty. Recent research has addressed uncertainty in various
contexts of importance for IWRM. Refsgaard et al. (2005a) describes guidance and tools related to the
modelling process and its interaction with the water management process. Van Asselt and Rotmans
(2002) describe uncertainty in integrated assessment modelling, i.e. in a broader context with focus on
the decision process and the external societal factors. Dewulf et al. (2005) focus on the importance of
multiple frames or ambiguity among stakeholders and decision makers in the environmental
management process. These approaches combined are very useful within the context of identification
of uncertainty in the IWRM process as demonstrated in this report.
Recently, co-operation between ecologists and water managers has led to attempts to integrate an
ecosystem approach into IWRM. This approach recognises the multiple roles of water both in
ecosystems and human socio-economic systems (UNESCO, 2006). In this way, catchments have to be
viewed as socio-economic hydrological systems in which trade-offs are needed or will have to be
made socially acceptable by appropriate institutions, regulations and finance. A fundamental difficulty
in managing social-ecological systems for predictive purposes is that complexity renders such systems
inherently uncertain (Walker et al., 2003). Complexity is here understood as the way in which the
ecosystem is self-organising and adapting to changes through learning implying unpredictability and
uncertainty. Recently Brugnach and Pahl-Wostl (submitted) argued that the influence of human
activities on environmental systems has added substantial complexity to the way water is managed.
Thus human beings with their beliefs and perceptions are not an external, but an inherent part of the
system to be studied. Solving water management problems in an integrative and iterative way under
uncertainty thus requires a broad perspective; one that includes the technological, environmental,
economical and societal aspects of a problem, considers multiple spatio-temporal scales of analysis, as
well as the potential trade-off and long term implications of the different short term managing options.
When dealing with natural resource problems, ambiguity in defining operational targets for the
different managing goals, lack of predictability of the systems to be managed and changing
environmental and socio-economical conditions, are the norm rather than the exception (Pahl-Wostl et
al., in press). In light of these uncertainties managers are driven to create solutions that can be adapted
and changed as new insights about the problem emerge.
As uncertainty is an inherent part of managing resources in general it should therefore be an essential
part of IWRM. (Pahl-Wostl & Sendzimir, 2005) argue that Adaptive Water Resources Management
(AWRM) is an approach to advance IWRM to a stage where it can deal with uncertainty and point out
the necessity of flexible governance systems and management strategies. This arises from the
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recognition that i) ambiguity exist in defining operational targets for the different management goals to
be achieved, and ii) conflicts of interests require participatory goal setting and a clear recognition of
uncertainties in this process, and finally iii) the system to be managed is subject to change due to
environmental and socio-economic developments, calling for a flexible adaptation of the management
strategies. Adaptive Management can more generally be defined as a systematic process for
continually improving management policies and practices by learning from the outcomes of
implemented management strategies. The most effective form of AWRM employs management
programmes that are designed to experimentally compare selected policies or practices, by evaluating
alternative hypotheses about the system being managed (Pahl-Wostl et al., in press). The practised
IWRM process itself is very dependent on the geographical, historical, cultural and economic context
of a country or region.
The objective of this report is to identify where uncertain conditions emerge and how it can be
characterised and managed in current integrated water resources management systems, leading to a
more robust basis for decision making. The developed framework is then applied to illustrate current
water management practices in the Rhine river basin.

2

Uncertainty terminology

2.1 Discussion of existing terminology
Uncertainty is defined differently by different authors, see Walker et al. (2003) for a review. As
illustrated by the three examples below the differences to a large extent reflect the origin and focus of
the authors with respect to scientific discipline.
Klauer and Brown (2004) and Refsgaard et al. (2005b) analysed uncertainty in the water management
process with a focus on uncertainty in environmental data and models. They considered uncertainty as
a subjective property and defined uncertainty by: ‘a person is uncertain if (s)he lacks confidence about
the specific outcomes of an event or action. Reasons for this lack of confidence might include a
judgement of the information as incomplete, blurred, inaccurate or potentially false or might reflect
intrinsic limits to the deterministic predictability of complex systems or of stochastic processes’. They
further categorise the nature of uncertainty like Walker et al. (2003) into (i) uncertainty due to inherent
variability of the system (ontological uncertainty); and (ii) imperfect knowledge of the system
(epistemic uncertainty). In accordance with Walker et al. (2003) Refsgaard et al. (2005a) grouped the
sources of uncertainty into three main classes: (a) context and problem framing; (b) environmental
data; and (c) environmental models.
With a background in the integrated assessment community Van Asselt and Rotmans (2002) performs
a theoretical analysis of the concept of uncertainty and proposes a typology of sources of uncertainty.
They define uncertainty indirectly through classification according to the two main sources of
uncertainty into two main classes, each subdivided into 5-7 sub-classes: (i) variability uncertainty
(inherent randomness of nature, value diversity, behavioural variability, societal randomness,
technological surprise); and (ii) limited knowledge uncertainty (inexactness, lack of
observations/measurements, practically immeasurable, conflicting evidence, reducible ignorance,
indeterminacy, irreducible ignorance). Both these sources were then further subdivided into 5-7 subclasses.
With a background in multi-stakeholder negotiations and social learning Dewulf et al. (2005) consider
three terms: (i) indeterminacy as the inherent unpredictable and chaotic nature of certain phenomena in
the outside world; (ii) uncertainty as a lack of knowledge or information about a phenomenon; and (iii)
ambiguity as the simultaneous presence of multiple frames of reference about a certain phenomenon.
At a first glance these three sets of definitions may appear somewhat contradictory, but a closer
inspection reveals that the differences primarily reflect the differences in focus between the one
originating from natural science and modelling (Klauer and Brown, 2004; Refsgaard et al., 2005a) and
the two originating from social science and decision making (van Asselt and Rotmans, 2002; Dewulf
et al., 2005). Firstly it is noted that the terms are often slightly different. Thus the term ontological
uncertainty is not used by Van Asselt and Rotmans (2002) and Dewulf (2005). Instead they use the
terms variability and indeterminacy for the same meaning. Similarly they use the terms limited
iv

knowledge and uncertainty instead of epistemic uncertainty. Secondly, in all definitions uncertainty is
fundamentally considered a subjective property (state of confidence) of the person who considers
uncertainty rather than an objective property of the object in question. This is explicitly clear from the
definition by Klauer and Brown (2004) that mainly refers to the relation between a person and a
phenomenon, while the subjectivity becomes inter-subjectivity between (groups of) persons when
Dewulf et al. (2005) and Van Asselt and Rotmans (2002) discuss multiple frames or perspectives as a
major source of uncertainty in the decision process. Finally, both Van Asselt and Rotmans (2002) and
Dewulf et al. (2005) in reality classify uncertainty according to what Walker et al. (2003) denote
nature of uncertainty. Both of them use (i) variability (ontological) uncertainty and (ii) limited
knowledge (epistemic) uncertainty, while Dewulf et al. (2005) introduce a third category (iii) multiple
frames in which the system can be understood. In comparison, Refsgaard et al. (2005a) in their
classification categorise uncertainty both according to nature (ontological and epistemic uncertainty)
and according to source (context/framing, data, models). Refsgaard et al. (2005a) consider multiple
frames as a source of uncertainty, rather than as uncertainty of a different nature, as Dewulf et al.
(2005) do. In conclusion the appearance of the uncertainty classification system and terminology is
seen to differ somewhat. However, the three sets of terminology include the same elements. While the
difference between these three sets of definitions is relatively small, they put the same basic elements
in a different relation to each other and thus represent somewhat different approaches.
2.2 Uncertainty terminology and classification adopted in the present report
To avoid confusion further on in this report it is imperative to be consistent with respect to
terminology and classification of uncertainty. We will here characterise uncertainty related to the
IWRM process according to its nature, type and source and use these categories when we in the next
chapter identifies where uncertainty occurs (the location) in the IWRM process. The classification of
uncertainty into nature, type and source is chosen because it is well founded in literature and practical
applications which also could facilitate tool selection and development at some point in time.
2.2.1

Nature of uncertainty

The nature of uncertainty is categorised into two main groups:
• Ontological uncertainty, i.e. uncertainty due to inherent variability of the system.
• Epistemic uncertainty, i.e. uncertainty due to imperfect knowledge of the system.
A fundamental difference is that while epistemic uncertainty can in principle be reduced, ontological
cannot. The possible means to reduce the epistemic uncertainty depend on its type and source. For
example statistical uncertainty in data can be reduced by further data collection, while uncertainty on
model structure may be reduced by improving the conceptual understanding through research studies.
Uncertainty related to multiple frames can in many cases be dealt with through stakeholder dialogue,
where the imperfect system knowledge among each of the stakeholders can improve. In case
knowledge differs without necessarily being imperfect uncertainty is dealt with reaching agreement
and consensus.
However, the fact that epistemic uncertainty is in principle reducible does not imply that additional
data and analysis automatically will lead to a reduction of epistemic uncertainty. In some cases, more
information may increase it. For instance new data may reveal that our understanding of a natural
process that we until now thought we knew quite well cannot be correct and that science therefore has
not yet discovered what mechanisms or internal system feedbacks, or other factors were overlooked.
Further more, when epistemic uncertainty is related to the different views and perspectives the various
stakeholders have (i.e., multiple frames), reducing uncertainty by gathering more data or performing
further analyses is not feasible. In such cases, a common understanding of the problem may be only
reached by stakeholder dialogues.
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2.2.2 Type of uncertainty
Walker et al. (2003) distinguish between various types (levels) of uncertainty: determinism, statistical
uncertainty, scenario uncertainty, recognised ignorance and total (unrecognised) ignorance. Refsgaard
et al. (2005) added qualitative uncertainty from Brown (2004). The different types of uncertainty are
illustrated in Figure 1.

Determinism

Statistical
Uncertainty

Scenario
Uncertainty

Indeterminacy

Qualitative
Uncertainty

Regognized
Ignorance

Total ignorance

Figure 1. Types of uncertainty (modified after Walker et al., 2003 and Refsgaard et al., 2005a)
There is thus a gradual transition for uncertainty types from statistical uncertainty to total ignorance, in
which:
Statistical uncertainty can be described in statistical terms, e.g. measurement error due to sampling
error, inaccuracy or imprecision.
Scenario uncertainty cannot be described statistically. Scenarios are common in policy analysis to
describe how a system may develop in the future as a functions of known controls like changes in
management, technology and price structure. It is used when the possible outcomes are known but not
all probabilities of such outcomes are known (Brown, 2004).
Qualitative uncertainty occurs when uncertainty cannot be characterised statistically, and not all
outcomes necessarily are known (Brown, 2004).
Recognised ignorance occurs when we are aware that we lack knowledge on a certain issue, but are
not able to categorise it further.
Total ignorance denotes a state of complete lack of awareness about imperfect knowledge.
2.2.3

Source of uncertainty

The origin or the source of uncertainty in the water management process may be classified in four
main groups:
• Data uncertainty. This is probably the most common source of uncertainty considered in studies
confined to natural science topics. Many technical approaches exist to assess and includes such
source of uncertainty in simulation models (Brown et al., 2005, van Loon and Refsgaard, 2005).
However, it should be noted that there is also a considerable uncertainty in socio-economics data.
• Model (or conceptual) uncertainty, i.e. uncertainty in system understanding. This manifest itself in
terms of incomplete understanding and description of how a system functions. This applies to
natural systems as well as to human systems, where the uncertainty relates to human behaviour.
• Multiple frames. Stakeholders may have different perceptions of what the main problems are, what
is at stake, which goals should be achieved and what are the likelihood of success of various
measures, etc. The simultaneous presence of multiple frames of reference to understand a certain
phenomenon is also called ambiguity (Dewulf et al., 2005).
• Context. Future regulatory conditions and other external factors such as the impacts of future
economic, environmental, political, social and technological developments may often not be
possible to account for explicitly in a study and management process and should therefore be
considered as an uncertainty in ‘boundary conditions’ or context (Neweg et al., 2005).
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All the sources of uncertainty may have their origin from natural, technical or social processes (Van
Asselt and Rotmans, 2002). Examples, further distinguished into nature of uncertainty are:
• Ontological uncertainty
 Natural. Inherent randomness of nature, the non-linear, chaotic and unpredictable nature of
natural processes such as weather and ecosystems.
 Technical. Technological surprises or unexpected consequences: new developments or
breakthroughs in technology and/or infrastructure. An example would be new agricultural
technology with improved water use efficiency and reduced need for pesticide application.
 Social. Value and belief diversity: differences in people’s norms and values. Human behaviour:
behavioural variability, ‘non-rational’ behaviour. Social, economic, cultural and political
dynamics (societal variability): the non-linear, chaotic and unpredictable nature of societal
processes.
• Epistemic uncertainty
 Natural, i.e. limitations in data, models and limited understanding of processes in a broad sense.
This type of uncertainty, as opposed to inherent variability, may be reduced by collecting more
data and by carrying out research in order to increase the understanding of the system, for
example by refining the process description of an environmental model. In the context of
environmental modelling any model is an abstraction and a simplification of reality and
therefore implies a reduction of complexity. Consequently, the incompleteness of a model
structure always results in uncertainties in model predictions.
 Technical, i.e. limited knowledge on the technical component(s) of the system at hand. A typical
example would be uncertainty on efficiency of existing waste water treatment plants.
 Social, i.e. limited knowledge on the social- and economic components of the system. One
example could be uncertainty on statistical economic data from a river basin, because all
existing data bases are disaggregated into administrative units that are not coinciding with river
basin boundaries. Another example is the economic consequences of various measures for
groups of stakeholders. A third example is the attitude and likely response of different
stakeholders to certain regulations in water use. In all examples more data and/or participatory
processes can help reduce the uncertainty.
The uncertainty from the various sources may materialise itself as either potentially reducible
(epistemic) or non-reducible (ontological) uncertainty or often as a combination of the two.

3

Uncertainty in the IWRM process

3.1 Key elements in the IWRM process
The main elements of the IWRM process is graphically depicted in Figure 2 as a sequence of stages
making up the IWRM cycle and is essentially a process of moving towards an enabling environment
of appropriate policies, strategies and legislation for sustainable water resources development and
environment, i.e. creating an institutional framework through which policies, strategies and legislation
can be implemented (Jønch-Clausen, 2004).
The cyclic IWRM process starts with the planning process and continues into implementation of the
framework and actions plans and monitoring of progress. At this stage in the cycle it is assessed
whether reforms result in expected and desired effects and whether the cycle has to be repeated for
obtaining such effects. Active stakeholder involvement is the key to providing feedback on any stage
in the IWRM cycle and may result in adjustments and parts of the cycle to be repeated. Prioritisation
of the water resources and the status of the present water resource management system and
vii

commitment to reform require political will, awareness raising and an active stakeholder dialogue.
Moreover, there is a need to take uncertainty into account as argued in Section 1. Key drivers for
IWRM such as climate change and socio-economic conditions are inherently uncertain and new
management strategies (adaptation) must be continuously formulated through learning from previous
implemented strategies. This can be achieved by iteratively comparing new adaptation strategies with
existing policies or practices under alternative scenarios, including uncertainty. This leads not to direct
problem solving, but rather to increasing the adaptive capacity of the system and raising increased
awareness among water managers that a substantial part of the information they use is highly
uncertain.
Within the IWRM system, depicted in Figure 2, uncertainty emerges at every stage and is also
connected to the feedback processes (double sided arrows in Figure 2) between stages (Pahl-Wostl and
Sendzimir, 2005). The first feedback between the blocks denoted ‘Establish Status and Goals’ and
‘Build Commitment to Reform’ deals with prioritisation of the water resources and the status of the
present water resources management system as influenced by recent international developments. The
priority setting and commitment to reform, i.e. to adapt, the present water resources system, requires
political will, awareness raising and a participatory process by means of stakeholder involvement. This
feedback system is associated with uncertainty due to multiple perceptions by various stakeholders on
what needs to be prioritised, what is politically desirable and feasible for adapting current water
management. Thus, as stated previously, perceptions among stakeholders may diverge considerably
about what really is at stake, i.e. there exist ambiguity on how to frame the problem. The second
feedback between the blocks ‘Prepare Strategy and Action Plan’ and ‘Build Commitment to Action’
deals with the process of preparing the strategy and the action plan after the gap analysis. Also this
feedback requires stakeholder and political involvement and acceptance and uncertainty connected to
this must be recognised. Moreover, the preparation of strategies by scenario analysis, defining
measures and assessment of their effects on predefined goals, e.g. water quality requirements imposed
by the WFD, involves use of a broad range of tools, including integrated assessment models and
participatory tools. The integrated assessment tools are necessary due to the full complexity of the
water management system to be analysed, and taking into account uncertainty related to socioeconomic developments. The participatory tools are required to support the social learning process that
is required to create a transition towards adaptive management.

Monitor and Evaluate
Progress (7)
• IWRM framework
• River basin action
plan

Implement IWRM
Framework and
Action Plan (6)
• IWRM framework
• IWRM leadership
• River basin action
plan

Establish Status and
Goals (1)
• Water Resources
Issues
• Progress towards
IWRM frameworks
• Recent international
developments

Build Commitment to
Action (5)
• Political adoption
• Stakeholder
acceptance
• Commit financing

Build Commitment to
Reform (2)
• Political will
• Awareness raising
• Multistakeholder
dialogue

Prepare Strategy and
Action Plan (4)
• Enabling environment
• Tools and guidelines
• Monitoring system
• River basin action
plan

Analyse Gaps (3)
• WR management
functions
• Gaps to meet WR
goals
• Management
potentials and
constraints

Figure 2 The seven different steps with their main processes in the IWRM cycle. Modified after
Jønch-Clausen (2004). The numbers in parenthesis denote the step 1-7.
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3.2 Identification and characterisation of uncertainties in the IWRM process
In the next sections uncertainties emerging in the IWRM process are characterised by their nature,
type and source according to the above classification. The location of the uncertainty is described with
reference to the key IWRM steps shown in Figure 2. The point of departure is an analysis of the
processes indicated by bullet headlines in each of the seven boxes in Figure 2. For some of the steps
these bullets have been supplemented in order better to reflect typical practices both in Europe and
worldwide.

3.2.1
•

Establish Status and Goals (Table 1)

Water resources issues. The starting point of the IWRM process is the identification of water
resources management and development issues. Uncertainty arises with respect to:
 Priorities and goals. The priority setting is complicated by different, and often conflicting,
interests by various sectors and stakeholders e.g. related to water supply, agriculture, industry,
navigation, hydropower, tourism and environment. The uncertainty here is related to multiple
frames and can be dealt with by involving different stakeholders in a participatory process.
 Assessment of present situation. This is typically assessed by means of monitoring data and
possibly supplemented by environmental models. The uncertainties here are mainly related to
limited knowledge and may be reduced by more data and some times by better models.
 Assessment of future situation including possible future anthropogenic pressures. This is much
more difficult and uncertain than assessment of the present situation, because it is an
extrapolation beyond actual monitoring data and present societal conditions and behaviour. Here
integrated assessment tools comprising both environmental and socio-economic elements are
required. Depending on the purpose of the assessment and on how much is at stake the
assessments tools may range from complex and data demanding models to very simple tools and
expert judgements. The uncertainties here are related to data and models and, very importantly,
to the assumptions on future pressures and other external conditions. The model uncertainty
includes elements of the natural system (e.g. related to water quality and ecosystem processes),
the technical system (e.g. which technological development will occur) and the social system
(e.g. how are people responding to future changes, how are the social and economic structures
affected by future changes). The latter uncertainty (context) that also occurs in both the natural,
technical and social systems is typically dealt with through scenario analysis.

• Progress towards IWRM frameworks. The progress towards a management framework within
which issues can be addressed and agreed and overall goals be achieved must be monitored. The
key elements in an IWRM framework include in particular: i) the enabling environment, i.e.
national water resources and water services, laws and regulations; ii) the institutional framework,
i.e. transboundary organizations, national agencies, regulatory bodies, local authorities, private
sector and civil society groups; iii) management instruments in terms of water resources and
demand assessments, economic instruments and water resources information and monitoring; iv)
national plans, e.g. relevant Sector Reform Plans, Infrastructure Plans and National Environmental
Action Plans; v) endorsed international agreements and processes; vi) fora for cross-sectoral and
multi-stakeholder dialogues, e.g. partnerships at national and/or local level, active NGO’s or other
civil society organizations through which dialogues take place; vii) capacity building and
empowerment activities to enable stakeholders at all levels, both men and women, and in relevant
structures (public, private, civil society) to play their role. The uncertainties related to this process
occurs in the evaluation of the progress regarding to which extent an IWRM is implemented. This
requires appropriate indicators and monitoring. The uncertainties can typically not be quantified
nor addressed by scenario analysis and may be characterised qualitatively.
• International developments. Finally, the uncertainty related to effect of international developments,
their potential and constraints has a societal nature and can be evaluated by scenario analysis. An
example is uncertainty on future agricultural policies due to changes in EU’s Common Agricultural
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Policy and/or regulations by World Trade Organisation. Another example is changes in global
regulations on climate issues, such as follow up to the Kyoto protocol.

3.2.2

Build Commitment to Reform Process (Table 2)

Building commitment to decide and implement the necessary reforms to achieve the goals specified in
the previous step involves three main processes:
• Political will. Establishment of a political will to the reform process is a prerequisite for the
following processes. In this respect there will be uncertainty on how much political will can be
mobilised, i.e. to which extent the political system can be convinced that a reform process is
required and desirable. The interests of the political establishment to commit to this process will
often be dependent on the level of awareness among stakeholders and the general public, and as
such there is a clear interaction between this process and the ‘awareness raising’ described below.
• Awareness raising. Without a common acceptance among political decision makers, water
managers, stakeholders, practitioners and the general public that the water management process
needs to be reformed the process will most likely fail. Here the main uncertainty is related to the
question of to which extent it will be possible to convince the various actors of the substance of the
matter and motivate them, so that a common understanding of the need for reforms can be
established. The main uncertainty is here related to different perceptions among stakeholders on
the importance of this particular issue and that all actors have to prioritise their limited resources
among competing issues.
• Multistakeholder dialogue. Given a common awareness and a political will a multistakeholder
dialogue needs to be conducted to decide on how the reform process should be performed and
what the ultimate conclusions would be. Here uncertainty is related to the different, and often
conflicting, interests among stakeholders that inevitably leads to multiple frames.
In all three processes the source of uncertainty is multiple frames which to a large extent can be
reduced (epistemic uncertainty) through dialogue processes, but where some (ontological) uncertainty
will always remain. In Table 2 the type of uncertainty has been classified as qualitative uncertainty for
the first two processes and scenario uncertainty for the multistakeholder dialogue. In practise it will
probably be a mix of the two types in all three processes with the dominant ones as outlined in Table
2.
3.2.3

Analyse Gaps (Table 3)

On the basis of the established status and goals (IWRM Step 1) and the existing policy, legislation and
institutional framework a gap analysis is carried out to identify the further functions required to
achieve the agreed goals. The gap analysis includes the following main processes:
• IWRM functions. The task is here to identify the improvements/additions to the existing
management functions that are required. This includes:
 Resource management functions such as formulation of policies for international co-operation
on transboundary waters, water allocation and wastewater discharge permits, water resources
assessments, monitoring, enforcement, mediation, training and information. This is a wide
variety of functions ranging from legislation to monitoring systems, practical tools and capacity
building. Most of the uncertainties are related to different assessments of what will be required,
which to a large extent may be coloured by the differences of interests among the different
actors. The source of uncertainty in this respect is the multiple frames that exist at the end of
Step 2. As the main part of the multistakeholder dialogue took place under Step 2 this
uncertainty cannot be expected to be significantly reduced further and may hence be categorised
as ontological. However, some uncertainty is also related to water resources assessment and the
needs for a new monitoring system. These uncertainties relate mainly to conceptual
understanding (models) of the natural system. Finally, there is uncertainty related to the human
behaviour, i.e. how efficient will various enforcement mechanisms be and how much is required
x

of mediation and capacity building. This uncertainty relate mainly to conceptual understanding
(models) of social systems.
 Water services and infrastructure management functions including frameworks for water
services with the associated policies, laws, regulations and enforcement. Outlines of
infrastructural requirements with associated social and environmental impacts, as well as water
use efficiency standards are also included. The uncertainties related to the institutional
frameworks are predominantly emerging from multiple frames, while the uncertainty related to
water use efficiency standards has elements of both natural system understanding and new
technological developments.
 Financing functions and mechanisms including items such as national and local capital markets
and mechanisms like grants and internal sources, user payments, subsidies, loans and equity
capital. The main source of uncertainty here is related to the future societal developments, i.e.
external social factors (context). This will typically be dealt with as scenario uncertainty that at
the time of analysis is non-reducible (ontological).
• Gaps to meet water resources goals. This implies to assess the gaps between the agreed goals and
the status based on the present situation and the future pressures in terms of specific water
resources issues such as water allocation, water quality and ecological status. The uncertainties are
here mainly related to data and models of the natural system.
• Management potentials and constraints. This implies to identify management potentials and
constraints, e.g. in terms of a SWOT analysis, at all levels, i.e. central, local and community, in the
management hierarchy. The main source of uncertainty in this respect is the multiple frames among
the different actors at the different management levels.
3.2.4

Prepare Strategy and Action Plan (Table 4)

Following the gaps analysis, the Strategy and Action Plan will describe the road towards fulfilling the
agreed goals. The key elements are:
• Enabling environment. This implies to finally design the necessary measures with regard to the
enabling environment, including changes in legislation and changes in institutional frameworks and
establishment of linkages to national and international policies. These tasks are mainly the
responsibility of the political system and central government. Hence the uncertainties in this respect
are mainly related to the political systems.
• Tools and guidelines. This includes the preparation of plans for development of necessary new
types of tools as identified under Step 3 and preparation of guidelines for the various actors. This
can be seen as a part of the ‘enabling environment’, but comprises the more technical elements.
Therefore the sources of uncertainty can in this case often be reduced through further information
and studies.
• Monitoring programme. Design of a new monitoring programme so that it can be used to check to
which extent the agreed goals will be met and so that it is tailored to monitor the efficiency of the
specific measures that are included in the river basin action plan (see below). The uncertainties here
are related to analyses of which parameters to monitor with which spatial and temporal frequency
in order to ensure a desired level of accuracy of the monitoring programme. The uncertainty
therefore mainly concerns our conceptual understanding of the natural systems.
• River basin action plan. Preparation of an action plans with a programme of measures that can be
implemented in order to achieve the agreed goals. This includes analysis of costs and effects of a
number of alternative options in order to arrive at a final plan. Feedback from the stakeholder
involvement that is part of the Step 5 is crucial here. The uncertainties are here related to:
 Effects of measures. The uncertainties here originate from natural systems (uncertainty on data
and models to predict effects in nature), technical systems (uncertainty on new technical
developments that may affect the efficiency of a measure) and social systems (behaviour of
actors in response to actor related measures such as economic instruments).

xi

 Costs of measures. The uncertainty related to the costs of implementing a measure originates
from social systems (data).
 Acceptance of measures. The acceptance of given measures is uncertain because we can not
know exactly how people will respond. This uncertainty can be reduced through participatory
processes.

3.2.5

Build Commitment to Actions (Table 5)

Like the iterations between Steps 1 and 2, this step is performed in close interaction with Step 4. Step
5 should be seen as the participatory process of the main part of Step 4. The three main processes in
Step 5 are:
 Political adoption. An IWRM Action Plan will typically include elements of legislative and
changes in institutional responsibility that require central political acceptance. Adoption at the
highest political level is therefore a prerequisite for any further progress. The uncertainty in this
regard is therefore associated to the political system.
 Stakeholder acceptance. Full stakeholder acceptance of both the political, the more technical
elements and in particularly the river basin action plan with its proposed measures is essential
for a successful implementation.
 Commit financing. Financing may come from either the (central or local) government and/or
some of the stakeholders.
3.2.6

Implement Framework and Action Plan (Table 6)

Implementation of the IWRM framework and the river basin action plan with the agreed measures
may be a major and difficult effort. The key elements and the associated uncertainties are:
• IWRM framework. The enabling environment, the institutional roles and the management
instruments have to be implemented. Reforms often imply considerable changes in established
structures and roles and are likely to meet friction. There may be a shift in power between
management institutions and there will also be implications for employment and positions. The
related uncertainty deals with possible obstacles in the political system when it comes to actual
implementation.
• IWRM leadership. Even if the strategy and the action plan have been well prepared in a
participatory process the implementation of the IWRM framework and the specific measures in the
river basin action plan will require a strong leadership. Leadership is here meant in a broader sense
than one person but rather as the capacity of the key decision makers, institutions and stakeholders
at all levels to adapt to changing situations. The uncertainty is therefore related to the level of
adaptive capacity of the system.
• River basin action plan. The river basin action plan needs to be implemented. This will affect many
stakeholders. The main uncertainty in this regard is related to how the acceptance of the plan and
its specific measures are when it comes to actual implementation. Another uncertainty is whether it
is actually technically possible to implement all aspects of the plan.
3.2.7

Monitor and Evaluate Progress (Table 7)

Monitoring of progress and evaluation of the process inputs and outcome are necessary information
that may facilitate adjustments to the course of actions. In this respect choosing proper descriptive
indicators is essential to the value of monitoring. The key processes and related uncertainties are:
• Monitoring of IWRM framework. This involves monitoring of the progress of implementing the
enabling environment, new tools, guidelines and capacity development. Progress is monitored by
use of indicators that typically are based on aggregated information and do not describe all details
correctly. The main uncertainty here relates to how well the indicators (adopted under Step 4) are
suitable to reflect the real-life situation.
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• Monitoring of river basin action plan. This involves monitoring of the state of water and
environment (natural system) as well as the socio-economic costs and benefits of the implemented
plans. The uncertainties are here related to the monitoring data themselves and to their
interpretation that depends on the conceptual understanding (models) of the natural and social
systems.

4

The Rhine case

4.1 The Rhine river basin
The Rhine basin covers an area of approximately 185,000 km2, distributed between 9 countries. Two
third of the basin is located in Germany, whereas the alpine countries of which Switzerland is the most
important form 20 % of the area (Buck et al, 1993). With its 1320 km, of which 880 km is navigable,
the Rhine is one of the longest rivers in Europe (Frijters and Leentvaar, 2003). It flows from the
Rheinwaldhorn Glacier at 3353 m above sea level in Switzerland through Germany to its outlet at
Rotterdam in the Netherlands. From the source to the mouth, the river consists of the High Rhine, the
Upper Rhine, the Middle Rhine, the Lower Rhine and the Rhine Delta.
About 60 million people live in the Rhine basin (Figure 3). The river is one of the most busy
waterways in the world and a valuable source of water for the socio-economically important parts of
the basin. The Rhine’s water resources and land area are mainly used for industrial and agricultural
purposes, for the generation of energy, for the disposal of municipal wastewater, for recreational
activities, and for providing drinking water. The main issues in the Rhine basin are pollution and
flooding. From being one of the most polluted rivers in the 1960’s and 1970’s, transboundary
cooperation aided substantial reduction of especially point source pollution. Today, most effort for
further reduction of pollution is directed towards diffuse sources from agriculture, mainly from
fertilizers (N & P) and pesticides, and towards restoring ecology in the rivers and floodplains.
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Figure 3. The Rhine basin (Frijters and Leentvaar, 2003).
Integrated water resource management is implemented in the Rhine basin by assessing the current
water management situation, formulating a management strategy, intervening at the operational,
organisational, and constitutional levels, and monitoring impacts. One of the major problems facing
the catchment is the dealing with flooding and low flow situations leading to droughts also threatened
by climate change (Middelkoop et al., 2004). Another main issue is the transboundary pollution
control. Extremes in Rhine discharges have caused severe problems for local water managers (water
boards, in the Netherlands) which makes it necessary to co-manage strategies taken for the whole
basin with measures taken at the local level. In the Netherlands, assigning areas for flood detention has
led to severe conflicts with local stakeholders as they perceive that it is not their responsibility to
implement adaptations, and feel that other countries upstream should undertake additional measures
(van Ierland et al., 2001).
Measures and strategies for flood reduction do not stand alone, but should be seen within the context
of other river functions and part of the spatial planning process. In response to the 1993 and 1998
floods, rapid large scale upgrading of the dike system was followed by a more radical policy for the
longer term: to create more room for the river. The flood action plan of the ICPR was also launched
after these floods.

4.2 Uncertainties in the IWRM process
Uncertainties in IWRM practice for the Rhine basin are related to future climate and development of
socio- and agro-economic- conditions that will affect the land use and water demand. Coping with
such uncertain developments needs to be an integrated part of IWRM in order to make it adaptive, as
explained in Section 2. Use of scenarios is a helpful technique in developing, analysing and evaluating
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future strategies. In Table 8-13 uncertainties in the IWRM process has been analysed for the
transboundary Rhine basin and listed according to the proposed seven step uncertainty terminology
and framework listed in the Tables 1-7 above.
4.2.1

Establish status and goals (Table 8, Rhine basin)

Establish status with regard to water resources issues includes sources of uncertainties regarding
identification and assessment of the present water management situation and effects of future pressures
(Table 8). Priority setting is complicated by different and often conflicting interests displayed by the
various formal- and non-formal actors in the decision making process. This is compounded by the
transboundary character of the Rhine basin. The International Commission for the Protection of the
Rhine (ICPR) is a transboundary body, but has no formal decisive mandate in the member states
where decisions are made by the individual countries. The WFD and the newly introduced flood
directive places the authority of the ICPR within the individual countries. Agreements are formally
made by the Rhine ministers conference. The assessment of present and future states of the basin
requires an appropriate monitoring system and the use of integrated- or more simple models for the
prediction of future scenarios including effects of implemented measures. Such integrated models
should also include socio-economic aspects. In the Netherlands for the Rhine basin the Waterwise
model (www.alterra.wur.nl) is an example of an integrated model system applied at the local scale.
Uncertainty is here related to applicability of such integrated modelling systems, integrating natural-,
social- and economic data for the Rhine basin, e.g. in the ‘Kromme Rijn’ sub-basin (van Walsum et
al., 2006) and flood management (Middelkoop et al., 2004). Hydrodynamic models like SOBEK have
been applied for several stretches along the Rhine, but have not been connected at the scale of the
entire Rhine spatial scale. Major uncertainties for current (linked) models have been identified for the
Rhine for various scales (van de Langemheen et al., 2002): i) overestimation of floodpeaks, ii)
prediction of low- and high flows outside calibrated range, and iii) several river stretches not included
in such models, resulting in uncertain simulation of peak flows. Participatory processes are essential
here to reduce uncertainty due to multiple views on what is at stake, i.e. multiple frames. Uncertainty
related to the evaluation as to which extent progress towards IWRM measures (see Section 3.2.1) is
made is the use of indicators and monitoring.
4.2.2

Build commitment to reform (Table 9, Rhine)

In the Rhine basin the national governments are responsible for the implementation of measures
agreed upon in a transboundary context. In the political arena multiple views representing
governmental and non-governmental bodies exist. Uncertainty is in some cases also a bottleneck for
progress (e.g. political will). The participative process is done on several levels. First on the higher
level of the goals and later by the implementation. However while implementation is done at the local
level (e.g.. Kromme Rijn) other organistions are involved.
In the Netherlands, participatory processes (PP) mostly have the character of participation of
representatives of interest groups where the link between PP and political decision making is a source
of uncertainty. This is so because PP is not an integral part of the (political) decision making, but
rather an addition to it in the form of consultation of stakeholders (Enserink et al., 2003). In general,
PP is lagging behind in comparison to the spatial planning sector in the Netherlands and this is a major
source of uncertainty for the implementation of WFD. The sources of uncertainty connected to the
process of commitment building for reform are shown in Table 9.

4.2.3

Analyse gaps (Table 10, Rhine)

Sources of uncertainty related to the process of gaps analysis with respect to IWRM functions,
meeting water resources goals as well as management potentials and constraints are included in Table
10. IWRM functions for the Rhine basin are of a transboundary character and involve international
cooperation subject to substantial uncertainty as the international cooperation across the Rhine
catchment, i.e. ICPR, for the coordination of transboundary issues are not legally binding and
implementation is the responsibility of the member states. Assessment of gaps between agreed goals,
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e.g. compliance to the WFD, within the Rhine catchment or subcatchments with respect to water
quality and quantity are assessed by means of integrated models covering the whole (Integrated Basin
Model for the Rhine) or parts of the Rhine basin, e.g. the ‘room for the river’ toolbox
(www.ruimtevoorderivier.nl) or the Modflow-Simgro-Sobek model complex and Waterwise
(www.alterra.wur.nl). The integrated models here are examples and no attempt is made to compile a
complete list of models used in the countries located in the Rhine catchment. Uncertainty emerges as a
consequence of diverging views among stakeholders of what really is at stake and this uncertainty can
be dealt with through multistakeholder dialogues. With respect to the use of models in the analysis of
gaps uncertainty relates to the model concept and a mismatch between the spatial scale at which the
model tools operate and the scale of policy decision making. The ICPR set goals, e.g. the flood action
plan contains a list of the total area retention per country that is set as goal along with an estimation of
costs. The implementation of the measures and defining the measures is the responsibility of the
individual countries. Hence, uncertainty with respect to financing of ICPR measures is thus a
consequence of the disparity between ICPR common measures and the financing by the individual
countries.
4.2.4

Prepare strategy and action plan (Table 11, Rhine)

In the process of preparation of strategy and action plan uncertainty surfaces through the enabling
environment, i.e the institutional framework, legislation and links to national and international
policies, i.e. the ICPR cooperation contra decision making by individual member states. Multiple
views by stakeholders at the national and transboundary level of the Rhine basin add to uncertainty
surrounding the enabling environment for changes imposed by the adaptive character of IWRM. Tools
and guidelines to support incentives to change water management policies and facilitate stakeholder
participation processes are in the process of development (Bromley and Medema, 2006). The
monitoring system that supports the use of models and guidelines suffers from the potential
uncertainty due to temporal and spatial scale mismatch, i.e. the operational scale for environmental
models is not equal to the scale of measurements provided by the monitoring system and usually also
different from the scale relevant for policy making. This is not to say that this inhibits use of models
and monitoring data, but underlines the need for awareness (raising) at this stage of IWRM. The river
basin action plan accounts for the effects-, costs and acceptance of measures to be implemented at this
stage in the IWRM process. Uncertainties relate to indicators to assess the effect of measures as
measured by the monitoring system, and simulated by means of models for
i) the natural, e.g. the Waterwise system (www.alterra.wur.nl), developed to provide planning
solutions for lowland areas of intensive land use and high population density, and
ii) social system, e.g. through Baysian Network modelling for participatory processes (e.g. Henriksen
et al., 2006; Bromley, 2005; Bromley et al., 2005).
4.2.5

Build commitment to actions (Table 12, Rhine)

Interaction between this stage and the previous is the main source of uncertainty, i.e. there is an
interaction between stakeholders to reach agreement on preparation of a strategy and subsequent
action plan and get stakeholders to commit themselves to an adopted strategy and action plan and
framework. The political will, stakeholder acceptance and financial commitment contribute to the
overall uncertainty. This is so because execution of the action plan for the entire Rhine basin is a
transboundary action coordinated by the ICPR, whereas the legislative binding authorities is at the
national levels of the Rhine basin member states. Stakeholder acceptance for adoption of tools,
guidelines and action plan is subject to uncertainty due to diverging views, i.e. multiple framing
options. Multistakeholder dialogues can reduce the uncertainty resulting from multiple frames.
4.2.6

Implement framework and action plan (Table 12, Rhine)

The implementation of the framework and action plan involves uncertainty regarding actually
changing existing policies and replacing them with the adopted ones from the previous stage. In the
Netherlands recent flood events triggered cooperation in flood management (Raadgever, 2005). This
caused flood management strategies to change from construction and improvement of dikes as a
preventive means of protection to involvement of stakeholders and exchange of information, which
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ultimately resulted in the adaptive ‘room for the river programme’ (www.ruimtevoorderivier.nl). This
paradigm shift from a ‘control’- to an adaptive strategy was triggered by new scientific insights on
transition dynamics (van der Brugge and Rotmans, 2005; Loorbach and Rotmans, 2006) and was
finally adopted in the Rhine basin. Implementation of the WFD and the flood directive in the Rhine
basin requires changes in national law and changes in the institutional structure of each of the Rhine
member states (Raadgever, 2005), whereas planning and management is required at the overall basin
level.
4.2.7

Monitor and evaluate progress (Table 13, Rhine)

The final step in the IWRM process involves the monitoring and subsequent evaluation of the
implemented action plan. Uncertainty at this stage is related to the indicators used in the monitoring
process and the use of models to evaluate progress in the desired direction by means of models for the
natural and social system. As in Step 3 on the analysis of gaps, with respect to the models applied for
the natural system, uncertainty relates to mismatch of scales at which models operate and at which
policy making is done. Moreover, use of complex models integrating natural- and socio-economic
process, e.g. the Waterwise model for the ‘Kromme Rijn’ subcatchment gives rise to uncertainty on as
to how such integration is representative for real processes. Uncertainty is compounded by external
influences like climate change (Middelkoop et al., 2004).
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Discussion and conclusions

Novelty of this framework. We have not seen other studies that have undertaken to map the various
sources of uncertainty in the whole IWRM cycle. Previous studies have focused on part of the process,
such as the modelling process (Refsgaard et al., 2005a), the policy and decision process (Van Asselt
and Rotmans (2002) or the participation process (Dewulf et al., 2005). And in each of these cases the
applied terminology was not directly understandable for practitioners and researchers in the other
fields. The main novelty of the present study is the development of a common terminology that honour
the most important aspects from natural and social sciences and its application to the entire IWRM
process.
Classification of uncertainty types. It is not trivial to classify the type of uncertainty at the various
occurrences in the IWRM process. Thus, in some of the cases the selection of the type of uncertainty
listed in Tables 1-7 may with some reason be questioned. In practise the uncertainty will often contain
elements of more than one type. Nevertheless the types of uncertainty listed in Tables 1-7 show that
statistical uncertainty occurs by far less frequent than qualitative uncertainty. This is remarkable,
because the main efforts in natural science until now have been devoted to statistical uncertainty. The
present study suggests that there is a great need to study and apply qualitative uncertainty also in
natural science. This can probably best be done in joint studies with social scientists that have a longer
tradition for dealing with qualitative uncertainty.
The classification of nature of uncertainty. Often the uncertainties involved contain elements that are
potentially reducible (epistemic) and some that are not (ontological). We have given our best
assessment of the dominant nature at the various occurrences given in the Tables 1-7. Uncertainties
have often been perceived as something where the main goal has been to reduce and control
uncertainties (Pahl-Wostl et al., in press.). However, such a strategy may be counterproductive when
uncertainties cannot be reduced. Instead, an approach which delicately acknowledges uncertainties in
all its complexity along with an open negotiation process may help to move entrenched positions and
start constructive dialogue as different actors may perceive opportunities in collaboration efforts rather
than continuing to defend their rigid positions.
The classification of the sources of uncertainty. Often multiple sources of uncertainty are involved at
specific steps in the IWRM process as discussed in 2.2.3. Interestingly, for over half of the identified
uncertainty locations in the IWRM cycle, multiple frames appear as a source of uncertainty, while
relatively little attention has been given to this issue in the IWRM literature. A specific area where
cooperation between natural and social sciences might prove useful on this point, is where multiple
frames between scientists and policy makers or stakeholders are involved.
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How good is the GWP representation of the IWRM process? We have based our analysis of the IWRM
process on the well know and widely applied GWP description. During the course of the analysis we
had to modify Figure 2, so that it is now not fully identical to similar figure in Jønch-Clausen (2004).
The reason for this is that the original GWP description focuses on situations in developing countries
where institutions often are weak and where donor funding is an important issue. We find the overall
seven steps a good decomposition of the overall IWRM cycle, but we want to adapt it more to also suit
European situations where institutions and stakeholders are stronger and where the main conflicts of
interests and decisions to be made do not necessarily deal with institutional changes, but rather with
which practical measures (water allocation, development project, etc.) should be implemented.
The general framework and the Rhine case study. The application of the general framework on the
Rhine case study suggests that the framework is suitable for this basin. This is not surprising, because
the framework (tables 1-7) during the course of the study was slightly modified inspired by the case
study. The interesting question is therefore rather to which extent the framework is applicable
generally to most other river basins. This remains to be tested.
Usefulness of framework. A prerequisite for performing adaptive management in the IWRM process is
the existence of a common or shared uncertainty terminology. The proposed terminology is useful by
acknowledging all the aspects of uncertainty, both data, models (conceptual uncertainty), multiple
frames and context, and further make a clear distinction between uncertainties that can not be reduced
(ontological) and uncertainties that can potentially be reduced (epistemic). Further on, relating this
classification with the different steps of the IWRM cycle is helpful to determine the strategies to better
handle and manage uncertainties. Finally, the framework acknowledges that uncertainties sometimes
can increase even though managers attempt to reduce them. As a limitation of the framework and a
possible track for further research we can ask the question if the specificity of the situation with
multiple frames is well represented in our classification. Specifically, the kind of uncertainty involved
in those situations is not easy to describe with the range of uncertainty types we identified. The
concept of multiple frames tries to capture the difference between multiple but equally valid forms of
knowledge, which results in ambiguity (Dewulf et al., 2005). Weick (1995) defined ambiguity not as a
lack of information, but as too many interpretation possibilities of a situation. In that sense, the
relevant dimension for ambiguity is not the one from complete knowledge to complete ignorance, but
something ranging from unanimous clarity to total confusion caused by too many people voicing
different but still valid interpretations. Considering ambiguity as a different nature of uncertainty
(rather than just another source of uncertainty) could also help to develop more useful strategies to
deal with it. Rather than ‘correcting’ different frames until they are more similar (epistemic strategy)
or accepting these frame differences as an unchangeable fact (ontological strategy), strategies can be
developed that aim at negotiating a mutually acceptable view or at finding a workable relation between
the different views and actors.
This may serve as a new tool for supporting adaptive management. Experience from European river
basins documents the need for such guidelines: a) due to the complex socio-ecological nature of river
basin environments and the inherent uncertainties associated with their management which have to be
taken into account in policy development and implementation, b) because the selected management
strategies need to be robust and perform well under a range of possible, but initially uncertain, future
developments, c) because effort should be devoted to build trust and social capital for problem solving
and collaborative governance, because trust in a collaborative process is a more robust strategy in
conditions of uncertainty than any belief in prediction and control, and d) because entrenched
perceptions and belief block innovation and change require space to be provided for creative and outof-the-box thinking and finally. Since there also is a significant need to train a new generation of water
management practitioners skilled in participatory system design and implementation (Pahl-Wostl et
al., in press.), we believe that a first and important step is to provide the present uncertainty
terminology properly linked to both IWRM and WFD framework and planning cycle.
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Annex: Tables

Table 1. Uncertainties in IWRM Step 1: Establish Status and Goals
Process in Step 1
Water resources
issues

Location - uncertainties related to
Identification and priority setting of urgent water
resources problems. Conflicting interests among
sectors and stakeholders
Assessment of existing situation

Assessment of effects of future pressures

Progress towards
IWRM measures

Indicators of effect of measures, involving
monitoring

Recent international
developments

International agreements potentials/constraints,
Politics

Source of uncertainty
Multiple frames (social system)

Type of uncertainty
Scenario

Nature of uncertainty
Mainly epistemic plus
some ontological

Data (natural systems)
Models (natural systems)

Statistical
Epistemic
Statistical / qualitative Epistemic
/ ignorance

Data (natural and social systems)
Models (natural, technical and
social systems)
Context (natural, technical and
social systems)
Multiple frames (social system)

Statistical
Epistemic
Statistical / qualitative Epistemic
/ ignorance
Scenario / ignorance
Ontological
Qualitative

Mainly epistemic plus
some ontological

Context (social system)

Scenario / ignorance

Ontological

Nature of uncertainty
Mainly epistemic plus
some ontological
Mainly epistemic plus
some ontological
Mainly epistemic plus
some ontological

Comments
Participatory process
important to deal with
uncertainty
Often dominant
Often not so important
Often not so important
Often important
Often dominant
Participatory process
important to deal with
uncertainty
Interacts with ‘assessment
of future pressures
(Context)’

Table 2. Uncertainties in IWRM Step 2: Build Commitment to Reform
Process in Step 2
Political will

Location - uncertainties related to
Convince political sector of reforms

Source of uncertainty
Multiple frames (social system)

Type of uncertainty
Qualitative

Awareness raising

Creating common understanding of needs for
reform
Conflicting interests among stakeholders

Multiple frames (social system)

Qualitative

Multiple frames (social system)

Scenario

Multistakeholder
dialogue

Comments
Interaction with
‘awareness raising’
Interaction with ‘political
will’
Social learning
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Table 3. Uncertainties in IWRM Step 3: Analyse Gaps
Process in Step 3
IWRM functions

Location - uncertainties related to
Resource management functions (international
co-operation, permits, WR assessments,
monitoring, enforcement, mediation, capacity
building)
Water services (infrastructure, water use
efficiency standards)

Financing functions and mechanisms
Gaps to meet WR
goals

Management
potentials and
constraints

Assessment of gap between agreed goals and
present/future status on specific water resources
issues (e.g. water allocation, water quality,
ecology)
Different perceptions/interests between
management institutions and stakeholders at
central, local and community levels

Source of uncertainty
Multiple frames (social system)

Type of uncertainty
Qualitative

Nature of uncertainty
Ontological

Models (natural system)

Qualitative

Epistemic

Models (social system)

Qualitative

Ontological

Multiple frames (social system)
Models (natural system)
Data and models (technical
system)
Context (social system)

Qualitative
Scenario
Scenario

Ontological
Epistemic
Epistemic

Scenario

Ontological

Data (natural system)
Models (natural system)

Statistical
Statistical / qualitative
/ ignorance
Scenario / ignorance
Qualitative / ignorance

Epistemic
Epistemic
Ontological
Mainly epistemic plus
some ontological

Need for social learning

Source of uncertainty
Multiple frames (social systems)

Type of uncertainty
Qualitative

Nature of uncertainty
Ontological

Comments
Mainly political factors

Models (natural and social
systems)
Models (natural)

Qualitative

Epistemic

More technical factors

Data and models (natural system)
Models (technical systems)
Models (social system)
Data (social system)
Multiple frames (social system)

Statistical /Qualitative
Qualitative / ignorance
Qualitative / ignorance
Statistical
Qualitative

Context (social system)
Multiple frames (social system)

Comments
Often dominant

Table 4. Uncertainties in IWRM Step 4: Prepare Strategy and Action Plan
Process in Step 4
Enabling
environment
Tools and guidelines

Location - uncertainties related to
Changes in legislation, institutional framework
and links to national and international policies
Development of new tools

Monitoring system

Which parameters to measure, spatial and
temporal frequency
Effect of measure (natural processes, technical
development, actor response)

River basin action
plan

Cost of measure
Acceptance of measure

Statistical / Qualitative Epistemic

Depends on content of
‘River basin action plan’

Epistemic
Ontological
Ontological
Epistemic
Mainly epistemic plus
some ontological
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Table 5. Uncertainties in IWRM Step 5: Build Commitment to Actions
Process in Step 5
Political adoption
Stakeholder
acceptance
Commit financing

Location - uncertainties related to
Commitments on legislation and changes in
institutional framework
Acceptance of tools, guidelines, and river basin
action plan with its measures
Commit financing between governments and
stakeholders

Source of uncertainty
Multiple frames (social system)

Type of uncertainty
Qualitative

Nature of uncertainty
Ontological

Comments

Multiple frames (social system)

Qualitative

Ontological

Multiple frames (social system)

Qualitative

Ontological

Linked to ‘Political
adoption’ and ‘Stakeholder
acceptance’

Source of uncertainty
Multiple frames (social system)

Type of uncertainty
Qualitative

Nature of uncertainty
Ontological

Comments
Uncertainty in the political
system

Multiple frame (social system)

Qualitative

Ontological

Adaptive capacity large
enough

Multiple frames (social system)
Data and models (technical
system)
Models (social system)

Qualitative / ignorance Ontological
Qualitative / ignorance Epistemic

Table 6. Uncertainties in IWRM Step 6: Implement Frameworks
Process in Step 6
IWRM framework

IWRM leadership
River basin action
plan

Location - uncertainties related to
Implement enabling environment (legislation,
new institutional framework), tools, guidelines
and capacity development
Decision makers, institutions and stakeholders
able to adapt to new conditions?
Stakeholder co-operation, implementation of
technical infrastructure and regulatory measures

Qualitative / ignorance Epistemic

Table 7. Uncertainties in IWRM Step 7: Monitor and Evaluate Progress
Process in Step 7
Monitoring of IWRM
framework
Monitoring of river
basin action plans

Location - uncertainties related to
Suitability of indicators to reflect real-life
situation
Analyses of monitoring data

Source of uncertainty
Models (social system)

Type of uncertainty
Qualitative

Nature of uncertainty
Epistemic

Data (natural system)
Models (natural system)
Data (social system)
Models (social system)

Statistical
Statistical / Qualitative
Statistical
Qualitative

Epistemic
Epistemic
Epistemic
Epistemic

Comments
Indicators agreed under
Step 4
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Table 8. Summary table of uncertainties for the Rhine transboundary river basin (step 1). Greyed columns are from Table 1.
Process in Step 1
Location – uncertainties related to
Establish status and
Goals
Water resources
Identification and priority setting of
issues
urgent water resources problems.
Conflicting interests among sectors
and stakeholders
Assessment of existing situation

Assessment of effects of future
pressures

Progress towards
IWRM measures

Indicators of effect of measures,
involving monitoring

Source of uncertainty

Type of
Nature of
uncertainty uncertainty

Rhine at (sub-) catchment level

Multiple frames (social system):
Three main groups of threats are at the scene:
climate, socio-economics and governance.

Scenario

Data (natural systems):
The quantity of data is not the only issue; data
collected must also be of a high quality and
dependable.
Models (natural system):
Development of integrated basin model
(flooding and pollution).

Statistical

Mainly
epistemic plus
some
ontological
Epistemic

Participatory process important to deal with uncertainty:
Participatory goal setting: consultation of stakeholders, commenting
and objecting on goals and transboundary aspects (Enserink et al.,
2003; Raadgever & Mostert, 2005).
International monitoring network set up bu ICPR. Sustainable
transboundary cooperation needs a thorough, indisputable, scientific
assessment of facts (Frijters & Leentvaar, 2003)

Statistical /
qualitative/
recognised
ignorance

Epistemic

Modelling capacity needed for simulating effects from climate
change and cross boundary adaptation measures. In the Netherlands
for hydrodynamic model systems like SOBEK-WAQUA (local
level) and e.g. for Rhineflow (basinwide) considerable uncertainties
exist (Weerts et al., 2003)

Data (natural and social system):
Consistent and relevant data for monitoring,
transboundary flooding (flood management)
and water quality

Statistical

Epistemic

Provision of common basis for an objective assessment of water
quality. Monitoring and assessment guidance for transboundary
waters, prepared and agreed upon in common understanding, created
the basis for the formulation of joint measures (Frijters and
Leentvaar, 2003)

Models (natural, technical and social systems):
Uncertainty has to be incorporated:
•
climate change and variability
•
socio economic development.

Statistical /
qualitative /
recognised
ignorance

Context (natural, technical and social
systems):
Transboundary issues with many different
spatial scales. Socio economic and climate
change are important.
Multiple frames (social system):
Water uses such as navigation, hydroelectric
power generation, flood protection must be
harmonized with environmental objectives,
being ecologically compatible.

Scenario

Ontological

Scenario

Ontological
and epistemic

Participatory processes to reduce uncertainty:
Integrated basin model for the Rhine: DSS for supporting decision
making on e.g. flooding and pollution (water, economics and
uncertainty).
Dominant:
Complex Integrated System Analysis (CISA): Integrated modelling
and assessment for examination of complex relationships between
different disciplines => broad integrated output (but not
quantitative)
Participatory processes to deal with uncertainty.
Closer cooperation of all the basin states to establish a special river
authority (ICPR) with powers to allocate the water uses within the
basin (all water users including nature conservation)
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Recent international
developments

International agreements
potentials/constraints,
politics

Uncertainty about the Rhine commission
(ICPR) mandate to set rules for IWRM for
tributaries / countries.

Scenario

Ontological

Interacts with ‘assessment of future pressures’ (context)
In the future, as diffuse sources of pollution form a growing part of
the Rhine pollution issue, consultation at higher levels will become
more important (EU, pesticide regulation, atmospheric deposition )

Table 9. Summary table of uncertainties for the Rhine transboundary basin (step 2). Greyed columns are from Table 2
Process in Step 2
Build Commitment
to Reform
Political will

Location – uncertainties related to Source of uncertainty

Type of
uncertainty

Convince political sector of reforms

Multiple frames (social system):
Qualitative
A lack of political will is a hurdle in dealing
with cross-border flooding and pollution
and the creation of an international regime.

Awareness raising

Creating common understanding of
needs for reform

Multiple frames (social system):
Room for the river campaign.

Qualitative

Multistakeholder
dialogue

Conflicting interests among
stakeholders

Multiple frames (social system):
Workshops in small Dutch subcatchments
(room for the river)

Scenario

Nature of
uncertainty

Rhine at (sub-) catchment level

Mainly epistemic Interaction with ‘awareness raising’:
Convince institutional actors to reform at local, national and
plus some
ontological
transboundary level. Formal actors, i.e. EU, ICPR
(transboundary), ICPR with representations at governmental level
(Raadgever and Mostert, 2005).
Mainly epistemic Interaction with ‘political will’:
plus some
Awareness raising about alternative solutions to flooding
ontological
problems focusing more on spatial planning than dikes.
Mainly epistemic Reduce uncertainty by participatory processes and social learning:
plus some
Informal actors, e.g. agricultural organisations, waterworks,
ontological
industry and power generation, environmental org., citizen org.
and scientific community (Raadgever and Mostert, 2005).
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Table 10. Summary table of uncertainties for the Rhine transboundary basin (step 3). Greyed columns are from Table 3
Process in Step 3
Analyse gaps
IWRM functions

Location – uncertainties related to Source of uncertainty
Resource management functions
(international co-operation, permits,
WR assessments, monitoring,
enforcement, mediation, capacity
building)

Water services (infrastructure, water
use efficiency standards)

Gaps to meet WR
goals

Management
potentials and
constraints

Multiple frames (social system)
Stakeholder involvement
Models (natural systems)
Public participation in modelling processes
and QA is limited
Models (social systems)
Multiple frames (social system)
Conflicting interests between stakeholders
at different scales (upstream/downstream)
Models (natural system)
Scale problems in integrated modelling
Data and models (technical system)
Technological surprises.

Financing functions and mechanisms Context (social system)
Economic development and social
processes. Cultural dynamics (institutional
processes)
Assessment of gap between agreed
Data (natural system)
Quality assessment of data collection
goals and present/future status on
specific water resources issues (e.g. system and appropriate scale and related to
policy
water allocation, water quality,
ecology)
Models (natural system)
Gaps of certain kinds of information,
communication about uncertainties,
assumptions needs etc.
Context (social system)
Changing requirements coming e.g. from
EU
Multiple frames (social system)
Different perceptions/interests
between management institutions
Different perceptions about water quality
and stakeholders at central, local and and flooding issues at different scales
community level

Type of
uncertainty
Qualitative

Nature of
uncertainty
Ontological

Qualitative

Epistemic

Qualitative

Ontological

Qualitative

Ontological

Scenario

Epistemic

Scenario

Epistemic

Scenario

Ontological

Statistical

Epistemic

Scale for data collection does not correspond to scale of policy
making (Refsgaard et al., 2005b).

Statistical /
qualitative /
recognised
ignorance
Scenario

Epistemic

Scientific controversies with experts having very different
opinions have reduced public trust in the supremacy of
professional expertise and science. Growing public suspicion of
links between state and scientific expertise (Kallis et al., 2004)
Koyoto, WFD water quality standards, changing awareness of
ecological requirements due to WFD etc.

Qualitative

Mainly epistemic Need for social learning
plus some
An example: Flooding is not considered as a main issue by local
ontological
stakeholders in Kromme Rijn, although scientists believe it is an
issue (de Bruijn and Klijn, 2001),

Ontological

Rhine at (sub-) catchment level
Dominant
Transboundary (ICPR), national and local level
Example Dutch modelling handbook
“Everybody likes it, but nobody uses it” (Scholten, pers.comm.)

Transboundary flooding and water quality problems between
upstream and downstream subcatchments.
No single water allocation authority (different member states)
Multiple scale management not implemented for member states
Integrated assessment of climate change. Problems of integrating
surface water and groundwater at the basin scale
(van Asselt and Rotmans, 2002)
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Table 11. Summary table of uncertainties for the Rhine transboundary basin (step 4). Greyed columns are from Table 4
Process in Step 4
Prepare strategy
and action plan

Location – uncertainties related to Source of uncertainty

Type of
uncertainty

Nature of
uncertainty

Rhine at (sub-) catchment level

Enabling
environment

Changes in legislation, institutional
framework and links to national and
international policies
Development of new tools

Qualitative

Ontological

No transboundary authority enforcement regarding water
allocation, flooding and water quality issues

Qualitative

Epistemic

Interactive planning process in ‘room for the river project’ by
means of stakeholder involvement (Tutein Nolthenius &
Voorsluijs, 2005). Integrated modelling and spatial planning in
the Langbroekerwetering area, HDSR (van Walsum et al., 2005)

Statistical /
Qualitative

Epistemic

Water management taking account of extreme weather events,
low flow conditions (www.droogtestudie.nl) , all compounded by
climate change (Middelkoop et al., 2004).

Statistical
/Qualitative

Epistemic

Qualitative

Ontological

Models (social system)
Participatory modelling (e.g. BBN) for
surfacing belief systems and values not yet
in use
Data (social system)

Qualitative

Ontological

Statistical

Epistemic

Multiple frames (social system)
Acceptance of measures due to interest
conflicts and lack of stakeholder
involvement

Qualitative

Mainly epistemic Conflicts of transboundary nature may stem from pollution, water
plus some
scarcity, political use of water, cultural differences. Conflict
ontological
prevention and resolution, e.g. ‘Rhine alarm model’ (Frijters and
Leentvaar, 2004).

Tools and guidelines

Monitoring system

River basin action
plan

Multiple frames (social systems)
Institutional diversity, changes in legislation
imposed by WFD (river basin)
Models (natural and social systems)
Tools to facilitate the stakeholder process,
integrate output of models and improved
hydrological and hydrodynamic modelling
yet not fully developed and available
Models (natural system)
Which parameters to measure,
spatial and temporal frequency
Spatial and temporal scale mismatch
between different models and data and
models (Heuvelink & Pebesma, 1999)
Effect of measure (natural processes, Data and models (natural system)
technical development, actor
Indicator ambiguity with respect to effects
response)
of measures
Models (technical systems)
The integrated basin model for the Rhine is
not yet fully developed

Cost of measure
Acceptance of measure

Only partly documented and not yet fully formulated (Hooijer ,
2004; Aerts and Droogers, 2004). An Integrated Model would aid
the alleviation of flooding in the basin through the improvement
of storage potential, catchment protection, and the reactivation of
flood zones along the tributaries, along with other technical flood
reduction measures.

(Brouwer, 2005)
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Table 12. Summary table of uncertainties for the Rhine transboundary basin (steps 5 and 6). Greyed columns are from Table 5 and 6
Type of
uncertainty

Nature of
uncertainty

Rhine at (sub-) catchment level

Multiple frames (social system)
Legal and organizational structures are very
comprehensive and complex

Qualitative

Ontological

Multiple frames (social system)
Information available but limited social
economic and institutional information.
Longterm prediction is still very uncertain.

Qualitative

Ontological

Multiple frames (social system)
Collective water management issues in the
Rhine are financed from public resources,
whereas the cost of water management
connect to specific water users and
polluters.
Location – uncertainties related to Source of uncertainty

Qualitative

Ontological

Future management of the Rhine will ask for a close cooperation
of all the basin states to establish a special river authority with
powers to allocate the water-uses within the basin (including
nature conservation) (Bromley et al, 2005;Raadgever and Mostert,
2005; Raadgever, 2005)
In basins it takes a lot of effort to establish communication and
information exchange between national governments. The
involvement of stakeholders is very challenging. NGOs find the
access of information limited at the Dutch and German national
level (Raadgever, 2005)
Linked to ‘Political adoption’ and ‘Stakeholder acceptance’
(Raadgever and Mostert, 2005; Raadgever, 2005)

Type of
uncertainty
Qualitative

Nature of
uncertainty
Ontological

Process in Step 5
Build commitment
to action
Political adoption

Location – uncertainties related to Source of uncertainty

Commitments on legislation and
changes in institutional framework

Stakeholder
acceptance

Acceptance of tools, guidelines, and
river basin action plan with its
measures

Commit financing

Commit financing between
governments and stakeholders

Process in Step 6
Implementation
IWRM framework

Implement enabling environment
(legislation, new institutional
framework), tools, guidelines and
capacity development

Multiple frames (social system)
In some cases sufficient implementation
takes a long time. The implementation is
evaluated on a regular basis but it is not
clearly determined if and how policy can be
changed based on the evaluations.

IWRM leadership

Decision makers, institutions and
stakeholders able to adapt to new
conditions?

Multiple frame (social system)
Different IWRM leadership styles in
member states.

Qualitative

Ontological

River basin action
plan

Stakeholder co-operation,
implementation of technical
infrastructure and regulatory
measures

Multiple frames (social system)

Qualitative

Ontological

Data and models (technical system)
Models (social system)

Qualitative
Qualitative

Epistemic
Epistemic

Rhine at (sub-) catchment level
Uncertainty in the political system
Considering the present-day and future uncertainties for water
management in the Rhine basin research should be more aimed at
defining integrated and coherent scenarios that can underpin
adequate water management strategies. Combining social sciences
with environmental sciences and combining
physical/mathematical models with expert sessions and
participatory stakeholder processes is needed (van Asselt, 2001;
Middelkoop et al., 2004)
Adaptive capacity large enough
Current Dutch flood risk management can be characterized as
complying with a Hierarchist management style, while German
and Belgian management styles have common characteristics with
an Individualistic style (van Asselt et al., 2001)
Horizontal cooperation between different policy section of
importance dealing with complex river basin management
concerning water management, spatial planning, agriculture and /
or energy production (Raadgever and Mostert, 2005)
Tools for integration of data needed (Aerts and Droogers, 2004)
Public participation / participatory modelling lacking.
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Table 13. Summary table of uncertainties for the Rhine transboundary basin (step 7). Greyed columns are from Table 7
Process in Step 7
Monitor and
evaluate progress
Monitoring of
IWRM framework

Location - uncertainties related to

Source of uncertainty

Type of
uncertainty

Nature of
uncertainty

Rhine at (sub-) catchment level

Suitability of indicators to reflect
real-life situation

Qualitative

Epistemic

Indicators agreed under Step 4
(Raadgever and Mostert, 2005)

Monitoring of river
basin action plans

Analyses of monitoring data

Models (social system)
List of criteria and indicators although not
incomplete are open to improvements based
on growing insight in the concept of
adaptive management (AM)
Data (natural system)
Scale mismatch between monitoring,
modelling and policy making scales
Models (natural system)
Model structure and mismatch between
modelling scale and policy making scale

Statistical

Epistemic

(van Walsum et al, 2006)

Statistical /
Qualitative

Epistemic

Data (social system)
Models (social system)

Statistical
Qualitative

Epistemic
Epistemic

Underlying assumptions in integrated modelling uncertain.
Tackling water management problems: Integration of
MODFLOW for groundwater, SIMGRO for the soil water and the
small surface waters and SOBEK for larger surface waters. Water
management and spatial planning have interest conflicts (van
Walsum et al, 2006) in e.g. the Kromme Rijn subcatchment.
Social and economic dynamics (societal variability)
Uncertainties introduced as a result of various yet unknown social
economic and agro-economic developments that will affect the
hydrological cycle: land-use changes, urbanisation and use of
different crop types or determine water demands, population
growth, industrial expansion (Middelkoop et al, 2004).
Climate change can affect the above uncertainties.
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